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fract, be metabolically stable and possess favorable pharmacokinetic properties. When targeted against

25 receptors in the central nervous system they should cross the blood brain barrier freely and when targeted
selectively against receptors in the peripheral nervous system they should not cross the blood brain barrier,
They should be non-toxic and demonstrate few side-effects, Furthermore, the ideal drug candidate will
exist in a physical form that is stable, non-hygroscopic and easily formulated.

30 Summary of the Invention
in this invention, it has now been found out that (1) replacing the quinuclidine ring with a

piperidine/pyrrolidine ring improves affinity for 5-HT, receptor, and/or (2} infroduction of the carboxy moiety
decreases affinity for dofetilide that results the prevention of the QT prolongation.
Therefore, it has now surprisingly been found that compounds of this invention have stronger
35 selective 5-HT, agonistic activity and/or improved dofetilide affinity, compared with the prior art, and thus
are useful for the treatment of disease conditions mediated by 5-HT, activity such as gastroescphageal



reflux di sease, gastrointestinal disease, gastric notility disorder,

non-ul cer dyspepsia, functional dyspepsia, irritable bowel syndrone (IBS),
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| east one heteroatom selected fromA, O, anﬂ?-s; 15 R is an isopropyl group
or a cyclopentyl group; R2 is a hydhogen Mal ogen atom or a hydroxy
group; R3 is a carboxy group, a teé&?ﬂyl E a

5-oxo0-1, 2, 4- oxadi azol e- 3-yl N aH5-dxo- 3y 2, 4R3hi adi azol e- 3-yl group;
and mls the integer 1 or 2. e%n_i(gdi oAThe invention provides a
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m is the integer 1 or 2.

( 20 One embodiment of the invention provides a compound of formula (1), as set forth above, or a
R pharmaceutically acceptable sait or solvate thereof, wherein:
Ais an alkylene group having 1 to 4 carbon atoms, said alkylene group being unsubstituted or substituted
with 1 to 4 substituents independentty selected from the group consisting of a halogen atorn, an alkyl group
having 1 to 4 carbon atomns, a hydroxy-alkyl group having 1 to 4 carbon atoms and an alkoxy-alikyl group
25 having 2 to 6 carbon atoms, wherein any 2 non-haiogen substituents can be taken together with the
carbon atoms fo which they are attached to form a 6-membered ring optionally containing at least one
heteroatom selected from N, O, and S;
R'is an isopropyl group or a cyclopentyl group;
R?is a hydrogen atom, a halogen atom or a hydroxy group;
30 R'isa carboxy group, a tetrazolyl group, a 5-oxo-1,2,4-oxadiazole-3-yi group or a
5-ox0-1,2 4-thiadiazole-3-yi group; and
m is the integer 1 or 2.
One embodiment of the invention provides a compound of formula (1), as set forth above, or a
pharmaceutically acceptable salt or solvate thereof, wherein:



to 4 carbon atons, a hydroxy-al kyl group having | to 4 carbon atons and an
al koxy-al kyl group having 2 to 6 carbon atons, wherein any 2 non-hal ogen
substituents can be taken together with the carbon atons to 5 which they are
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het er oat om fromN, O, and S; Rl is an isopropyl. qgroup or a

cycl opentylwgrzgﬁ%f;%g?% I s a hydrogen atgm a hal ogen at Oﬁcgﬁngo ‘Wﬁzéxy group;
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Preferably, the present invention also provides the use of a compound of formula (1) or a

pharmaceutically acceptable salt or solvate thereof, each as described herein, for the manufacture of a

30 medicament for the treatment of diseases selected from gastroesophageal reflux disease, gasirointestinal
disease, gastric motllity disorder, non-uicer dyspepsia, functional dyspepsia, irritable bowel syndrome
(1BS), constipation, dyspepsia, esophagitis, gastroesophageral disease, nausea, ceniral nervous system
disease, Alzheimer's disease, cognitive disorder, emesis, migraine, neurological disease, pain,
cardiovascular disorders, cardiac failure, heart arthythmia, diabetes and apnea syndrome.

35 Also, the present invention provides a pharmaceutical composition comprising a compound of
formula (!} or a pharmaceutically acceptable sait or solvate thereof, each as described herein, together
with a pharmaceutically acceptable carrier for said compound.

Further, the present invention provides a method of treatment of a condition mediated by 5-HT,
receptor activity, in a mammalian subject, which comprises administering to a mammal in need of such

40 freatment a therapeutically effective amount of a compound of formula (1) or a pharmaceutically acceptable



Exanpl es of conditions nediated by 5-HT4 receptor activity include, but are
not limted to, gastroesophageal reflux disease, gastrointestinal disease,
gastric notility disorder, non-ul cer dyspepsia, functional dyspepsia,
irritable bowel syndrone (1BS), constipation, dyspepsia, esophagitis, 5
gast r oesophat WPS/H3HBase, nausea, central nervous syst erRCIVIBHAS®1825

Al zhei ner's di sease, cognitive disorder4 enesis, nigraine, neurol ogical

di sease, pain, cardiovascul ar disorders, cardiac failure, heart arrhythm a,

di abet es a@g.t&ggeéeﬁgggg%ﬁaségsmedgé}gnpr esent invention provides a conpound
of formula (XI) 10 or a salt thereof, wherein: RR2
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al kyl ene graprgﬁhrmg\egaggeé a,;dgpgeagg%&p . atons, said al kyl ene group being

unsubstitute stit with 1 to 4 substltuents I ndependent | y
sel ected from t h&sgMeRrEsediverlion pgvidss aromaeusd e an al kyl group havi ng
1 to 4 carbon atops, aanydroxy al kyI group having 1 to 4 carbon atonms and an

al koxy-al kyl gr on~N ' carbon atons, wherein any 2 non-hal ogen
substituents can beqt r with the carbon atoms to which they are

attached to forma 3t \rrﬁnbered ring optionally containing at | east one
heteroa@%m%éﬁ%‘d’?%@ff'ﬁhﬂ'ﬁwN 0, and S; 25 R2 is a hydrogen atom a hydroxy
gr oyp- or aRﬁ&la}gabgmtatum a hipirbxy geoup ki iestogegstorp or  a car boxy- prot ecting
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of the Lavenkis Q,ﬂ I'n the conpounds of the present invention: Wiere Ais an

al kyl ene group having 1 to 4 carbon atons, this may be a straight chain
group, and 35 eRiEfnfedeesentinveriian pryidesacempgind Pﬁfﬂ’i"’tuéd'xﬁb a met hyl ene,

et hyl ene, trinet hgl eneg@nd tetranethyiene. O these, nethylene and ethyl ene
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a)

or a sait thereof, wherein: _
Ais an alkylene group having 1 to 4 carbon atoms, said alkylene group being unsubstituted or substituted

20 with 1 {o 4 substituents independently selected from the group consisting of a halogen atom, an alkyl group
having 1 to 4 carbon atoms, a hydroxy-alkyl group having 1 to 4 carbon aioms and an alkkoxy-alkyl group
having 2 to 6 carbon atoms, wherein any 2 non-halogen substituents can be taken together with the

(J carbon atoms to which they are attached to form a 3 to 6-membered ring optionally containing at least one

heteroatom selected from N, O, and S;

25 R?is a hydrogen atom, a hydroxy group or a halogen atom;
R*is a hydroxy group or a carboxy-protecting group;
R®is a hydrogen atom or an amino-protecting group; and

mis1tor2
The compounds of the present invention may show less toxicity, good absorption, distribution,

30 good solubility, less protein binding affinity, less drug-drug interaction, and good metabolic stabllity.

Detailed Description of the Invention
In the compounds of the present invention:

Where A is an alkylene group having 1 to 4 carbon atoms, this may be a straight chain group, and

35 examples include, but are not limited to, a methylene, ethylene, trimethylene and tetramethylene. Of these,
methytene and ethylene are preferred; and ethylene is most preferred.

Where the substituent of A is an alkyl group having 1 to 4 carbon atoms, this may be a straight or



Where the substituent of AisS an al kyl group having | to 4 carbon atons,
this may be a straight or WO 2005/ 123718 PCT/ |1 B2005/ 001825 5 branched chain
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Where the R% is the amino-protecting group, this represents a protecting group capable of being
cleaved by chemical means, such as hydrogenoiysis, hydrolysis, electrolysis or photolysis.and such
amino-protecting groups are described in Protective Groups in Organic Synthesis edited by T. W. Greene
ef al, (John Wiley & Sons, 1999), and examples include, but are not timited to, benzyl, C2H:0(C=0)-,

40 CHz(C=0)-, t-butyldimethyisilyl, -butyidiphenyisilyl, benzyloxycarbony! and -buthoxycarbonyl. Of these



"at at. (John Wley & Sons, 1999) _aﬁd e'x'arrpl es Include, but are not limted
to, benzyl, CZHSQ(C=O , 40 CH3(C=O -, t-butyldinethylsilyl,
t - butyl di phenyl silyl, benzyl oxycarbonyl and t-buthoxycarbonyl. O these WO
2005/ 123718 PCT/ 1 B2005/ 001825 6 groups, t-buthoxycarbonyl is preferred.
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30 group having 1 to 4 carbon atoms, a hydroxy-alkyl group having 1 to 4 carbon atoms and an

alkoxy-alkyl group having 2 fo 6 carbon atoms, wherein non-halogen geminal subslituents can be
taken together with the carbon atom to which they are attached to form a 6-membered ring optionaily
containing at least cne heteroatom selected from N, O and S;
{H) Ais an alkylene group having 1 to 2 carbon atomns, said atkylene group being substituted with 2

35 substituents independently selected from the group consisting of an alkyt group having 1 to 4 carbon
atorns, a hydroxy-alkyl group having 1 to 4 carbon atoms and an alkoxy-alkyl group having 2 to 6
carbon afoms, wherein any 2 said substituenis can be taken together with the carbon atoms to which
they are attached to form a 5-membered ring optionally containing at least one heteroaiom selected
from N, O, and S; '

40 (1) Ais an alkylene group having 1 to 2 carbon atoms, said alkylene group being substituted with 2



they are attached to forma 5-nenbered ring optionally containing at |east
one heteroatorn selected fromN, 0, and S; 40 (1) Ais an al kyl ene group
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group or a tetrazolyl group; Ais an alkylene group having 1 to 2 carbon
atons, said al kyl ene group being unsubstituted or substituted with 1 to 2
substituents i ndependently selected fromthe group consisting of a hal ogen
atom an al kyl group having 1 to 4 carbon atons, a hydroxy-al kyl group
having | t atons and an al koxy-al kyl group having 2 to 6 carbon
at orrs, \/\hergﬂﬁmgﬁ{/zgﬁgnon hal ogen 10 sufstituents can be RCAREHOMYY8Bher with
the carbon atoms to which they are attdched to forma 6-nmenbered ring
optionally containing at | east one heteroatomselected fromN, 0, and S; and
mis the Integer 2; (S) R is an isopropyl group; R2 is a hydrogen atom R3
is a carboXy oup or a tetrazolyl group; Ais an alkylene group having 1
to 2 carbon ror sai d al kyl ene group being substituted with 2 gemnal 15
substituents independently selected fromthe group consisting of a hal ogen
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(AC) R'is an isopropy! group; R is a hydrogen atom; R®is a carboxy group or a tetrazolyl group; A s an
alkylene group having 1 to 2 carbon atoms, said alkylene group being substituted with 2 geminal
subsfituents independently selected from the group consisting of an alkyl group having 1 to 4 carbon

35 atoms, a hydroxy-alkyl group having 1 to 4 carbon atoms and an alkoxy-alky! group having 2 to 6
carbon atoms, wherein said geminal substituents can be taken together with the carbon atom to which

they are attached to form a 3 to 4-membered ring optionally containing at least one heteroatom



and mis the integer 2; (AG R is an Isopropyl group, R2 Is a hydrogen
atom a fluorine atomor a hydroxy group, R3 is a carboxy 15 group, A is vx
or 0 and mis the integer 2; or (AH R is an isopropyl group; RZis a
hydrogen atom R3 is a carboxy group or a tetrazolyl group; Ais or /CxJI O
and mis tYEOPHPEYAS 2. 20 One enbodi nent of the inventPormBposMIges a
conpound sel ected fromthe group consiOting of:

4-{[4-({[ (3-isopropyl -2-o0xo0- 2, 3-di hydro-) H benzim

i dazol - 1- yls)eg,@t de?NN @%&‘Q}dﬁﬁml%)aﬂké&@i din-1-yl]Jmethyl }t etrahydro
2H pyr an 1 c acl

1-{[ 4- ({ R} ﬁ §@BFBE{9!PV' 9'06‘3(82 is aBygipae) @logt Riis B 6399 0IwHR o a tetrazplyl ERUBAS | | ani no}

met hyi ) pi peri di -yl ]methyl} cycl ohexanecarboxylic acid; 25
(4-({[ %opyl 2- oxo 2, 3-di hydr o- JH benzi m dazol - 1-y| ) car bonyl ] am no}
h

[

)

yl) pi d%% e}é |} cycl opent anecar boxyli c aci d;
4- ({[(3- |soprbap')1y 5 523, di hydro-| H benzi m dazol -1
yl ) car béAR) IR Eranrespieey BxpuY: R e hydtogentatgrn] anfisiotingl fom enaciivororpeawRitis Hestydxy c

aci d; 8- ([ 4gréupdi @ akyiéne érb&ﬁmm@m@@yém&rﬂm aa@a«dﬁémé%mp DEiné SubEiithied with 2

'_S?]Z %t ﬁylyl) %‘Fugﬁsg){tglﬁpam 'l@%§q%1%dy ‘Jé‘)@f) gvgegrn%up conmstmg gf a halogen atom, an alkyl group
1-{[4- ({]( wsmmtmwrb@ oS, za tyydigiafey rowr-hayisa Atad eribasl atems and an alkoxy-alkyl

. 3(/:IT 3 fgrz 882}@% 1“3?%}'11?8 f&arbbrpét@itiﬁ iwhré&in amwi qoﬂﬁlblbyénésumaﬂé)gﬁnﬁ&é@togemer with
c aneca i c.aci ceu
accept abl e tgafa?b 55' It?/éﬁcéh &%V ?r%o% E%ﬁ R "?ﬁ“%S’F" Ppioq?ﬂr\'n/égmqn "'Eraé)w des
a conpbund leasbenethrterogiom seledterhfsinshl 1gnd$i.and mis the integer 2;
<bé4 ({ (AP R map fsﬁﬁyﬂyf o RE ig a Bydilbdel Eof; d fluorine atom or a hydroxy group; R® is a carboxy

1-(
et
1-4
-yl

n2|n1d - -yI car bonyl ] am no} net hyl ) pi peridin-1-ylJnmethyl}t 5
etrahydro yran 4-carboxylic acid; 1-{[4-({[(3-isopropyl-2-o0xo0-2,3-di hyd
ro-1 H benzj -1- yI)carbonyI]an1|no)nethyl)plperldln 1-yl] methyl}
cycl ohex ec oxyllc acid; and a pharnaceutically acceptable salt and
solvate th qmgnﬁgp@qh pg. of the invention provides a conpound from

t he grou n { Bé I-2 ox0- 2, 3-di_hydr o

H benzi m%fgﬁ%rs PRl P %aﬁ% oy PR BERDT 2 T WA b o carbany
cycl opengaaedas boxyl ic acid; and a pharmaceutically acceptable salt and
sol vate thereqf. enbodl rrent of thg i nvention provides a conpound from

t he grou BY) {[4 =i sopropyl - 2- oxo- 2, 3-di hydro-|
H benzi m $ I]amnonehyl)plperldln1y|]rrethy|} 15
cycl opropane arb . P4 (3-isopropyl - 2-oxo- 2, 3-di hydro-1

H benzi m dazol - 1-yi )car bony! ] am no} t hya™§ B R ITHATRC 2 O | | et hyl }
cycl obut ma%rstmmbrbpyl goi R® 3 achydrogeh atonB BEs! & carBdy yroag creyibiadablgl geeubtA iand

sol vat e t hereqf Ph rrraceutl cally accgpt able salts of a conmpound of formula
(1) Incl ug tian an
or
O and m is the integer 2.
20 One embodiment of the invention provides a compound selected from the group consisting of:

4-{[4-{{[(3-isopropyl-2-oxo-2,3-dihydro-1 H-benzimidazol-1-yl)carbonyllamino}methyl)piperidin- 1-yilmethyt}t
etrahydro-2H-pyran-4-carhoxylic acid;
1-{[4-({[(3-isopropyl-2-ox0-2,3-dihydro-7 H-benzimidazol-1-yl)carbonyljamino}methyi)piperidin-1-yljmethyl}
cyclohexanecarboxylic acid;
25 1-{[4-({[(3-isc>propyl-2-oxo-2,3—dihydro-1H-benzimidazol-‘I-yl)carbonyl]amino}methyt)piperidin-1—yl]methyl}
cyclopentanecarboxylic acid;
1-{[4-({[(3-isopropyl-2-oxo-2,3-dihydro-1 H-benzimidazol-1-yi)carbonyllamino}methyl)piperidin-1-yllmethyl}
cyclopropanecarboxylic acid;
1-{[4-hydroxy-4-({[(3-isopropyi-2-oxo-2,3-dihydro-/ H-benzimidazol-1-yl)carbonylfamino}methyl)piperidin-1
30 -yllmethyi}cyclohexanecarhoxylic acid;
1-{[4-({[(3-isopropyl-2-ox0-2,3-dihydro- ! H-benzimidazol-1-yi)carbonyllamino}methyl)piperidin-1-yiimethyl}



20 salts (including disalts) thereof. Suitable acid addition salts are
formed from acids which formnon-toxic salts. Exanples include the acetate,
aspartate, benzoate, besylate, bicarbonate/carbonate, bisul phate/sulphate,
borate, cansylate, citrate, edisylate, esytate, formate, funarate,

gl ucept at eW%¥Q9€’é??é18e gl ucuronate, hexaf | uor ophosphat RT/AiRESNTSLE,

hydr ochl ori de/ chl ori de, hydr obrom de/ bt oni de, hydr oi odi de/i odi de, 25

i sethlonate, |actate, nalate, naleate, mal onate, nesyl ate, nethyl sul phate,
napht hyl %ygobu@né@,@ !@gc%, angni Cotinate, nitrate, orotate, oxalate, palntate,
panoat e, 0 e/ h hosphat e/ di hydr ogen phosphate, saccharate,
stearat e,? W@F?‘r'i\ XCFM‘*&?E" @gtﬁlﬂ'%?fe@ ‘and trifluoroacetate salts. Suitable
base salts ar &ng ernmsldnmtmfmetm'swnmtmmdés & @mpoumdromndbe groupabsistindgofanpl es

i ncl ude Li 9IBko-2B8ih r@-@H—b@ﬁ‘zﬁM L1 feiitib) -1-

di et hy%,J amigécfggp ngm 1,ne, %’5& W ne, lysi ﬂ%ﬁ 1rra§ahrg@|5{um %Omrrgb‘f}ﬁ"rﬁ nyl]memrl}t

pot asstu ;%’ (o1} AaREe and zinc salts. For a review on suitable
salts, sdd4{H3rsbpopk-2ako-PAdihydictbberzinlidaSal t)carbimgifeanitolreathyl)Spdriginti-imethgind

Use" by %E,@Jp,gxa?,gg,,g&ﬁ,gg&@ (Wl ey-VCH, V‘él nheim Germany, 2002). A
phar maceu a}IFalé% aCCCﬁlFt able salt of ound of formula (I) may be

readily pf aqgyt yﬁ??@“f"ﬁ@@‘(ﬁ?@ﬁ"'%‘?'{']? ns of the conpound of formula
(I') and t he d ©ne erlbdipusntiof the investion pasidegzproopounaifrem thEoupabasistiegofpr eci pit at e

from gel Ht{[elqusfi%ﬁropﬁ-z%ﬁo-ﬁ deih?fr&@ﬁ | bBsintididzbil1@kSHon ?ﬁani%YmQﬁyl)ﬁ E&B\ﬁqrﬁﬁleﬂ}’l}

evaporation 0 e sol vent degree of ionisation in the 't may” Vv
from conﬁY‘é‘lpgn eﬁm‘?’%é’c?c'fjo al nost non-ioni sed. The conpounds of t he
| nventi oramlmphma@tmcalry aoeeptable saidnd athede therdofsol vat ed forns. The term

i%éﬁ% 3 | S OWE BflbdaffeRt o teGvaRRA bloRBest dﬁﬁllpﬁ'tﬁglrfr@rrngt %ns%@i%i:it gglg
sol vent f‘*é@@r'%&’”\?%?"%ga%rdé 1’2??,’};}51%?320!119@)0?%%”1? 51? ygzlp?r‘g'”é'nyﬂfnﬁ'yﬂb 40
when @i dyslapropenecarbexyliccacdr . WO 2005/ 123718 PCT/ 182005/ 001825 12

Phar rraceut{[a;qmal.aepr%sﬁ ORLSP b@|h§d?$-‘1’ﬁ~b&&wﬁléhzaﬁl%ﬁﬁﬁd?&l%n'ﬁﬂoﬁlﬂeﬂﬁgﬁ)ﬁpérﬂfﬁﬁQl’l]h@tﬂyl}
I ncl ude hy rates sol vates wherein the 'solvent of crystallization may be

i sot opi c&FPU E‘fﬁfé@?’fyh%%@ e.g. D20, de-acetone, dg-DVSO Included within the
scope of antheph!awmeuticeltymwtablemlmgdvatmﬂ)brea‘s cl athrates, drug-host inclusion

5 conpl exes Wﬂﬁhﬁééﬂhcallf‘ac@éﬂf&bfe%%ﬁs dr 8 corifourd SERARE 1) iR tt&%&i%&&tﬁm ahdiGasdl UY
and hg@ a]£52 @ dn 9‘ 0| chionetric or non-stoichionetric anmounts. Al so
o saisgnEesi dpus) teredt

i nclu he drug containing two or nore organic and/or
i nor gani ¢ cofpitaieratid additiop mallvate forened frons Reifisowhiahriertnmor-taxic salsnExatmples incladeet i ¢

anmount s. theTéaaat@%gértatewgerﬁm@b&ep@fe m@avbohaekaﬂén%%db.s.g}%@sa;bw b&thS ed, or
non-i oni sed

(8), 1269 ci'ﬂﬁ’g"t%ﬁ'"?a—lﬁllegw?etﬁ r?s’(‘%ﬁg?ﬁ‘?teifggﬁé gi‘é?'i’—*@?‘eﬂ"‘?‘f&'ﬁee P'uﬂir‘?"af‘eef erences to a
conpound hexafliasentrosphate.| hibenzatd, bydieochleridefchintideshydwbromidedromids, hyaraingidgfiedide.conpl exes

2 Pe{ ﬁg& ﬁdagﬂwae 4t hidRted MdleRE mucﬂét?ﬁg Mﬁ@?ﬁ%’tﬁyl&fﬁﬁ&t@%‘aphﬂ% bRARyiateOPOUNd
i ny I NV
e ey o SR B, e He b oS o B | oo,
p ynor ppBgsphate daastrate catadrates syrcingfe ttirtateddsylatd ahd mikamdicetsfesgltsi cal , geonetric

and taut oner 'SGltabﬁ(BH&rs%ﬁs aéfoh@éﬁowagé%rwn&ﬂ?dnﬂadn-ﬁmsé:tgosxa.lab@@.héawelt@bel ed 15
conpounds, of .f or L nventi on '

co- cal | e dumHgPINEe, dsplnie. S SRS P SRR oty e e, R,
deri va@ i yreslumine coiamina, priassiym, fodiuputremethamingtend singaslis.have little or no
phar macol ogi eada rafidw oH dullable saits, see “Handbook of Pharmaceutical Salts: Properties, Selection, and
Use" by Stahl and Wemuth {Wiley-VCH, Weinheim, Germany, 2002). A pharmaceutically acceptable
salt of a compound of farmula (1} may be readily prepared by mixing together solutions of the compound
of formula (1) and the desired acid or base, as appropriate. The salt may precipitate from solution and be
35 collected by filtration or may be recovered by evaporation of the solvent. The degree of jonisation in the
salt may vary from completely ionised to almost non-ionised.
The compounds of the invention may exist in both unsolvated and solvated forms. The term ‘solvate’
is used herein to describe a molecular complex comprising a compound of the Invention and one or more
pharmaceutically acceptable soivent molecuies, for example, ethanol. The term ‘hydrate’ is employed

4 when said solvent is water.



t hensel ves can, when adm nistered into or onto the body, be converted into
conpounds of formula (1) having the desired activity, for exanple, by
hydrol ytic cleavage. Such derivatives are referred to as 20 " prodrugs'.

Furt her |nf‘g{) L 2 ely the use of prodrugs may be found in 'Pro-drugs as
Novel Deli g& éfp? Berms, Vol . 14, ACS Synposi um Ser i es PET/M2BBPONI82%8nd W
Stella) and ' Bi oreversi bIe Carriers iﬁ Drug Design', Perganon Press, 1987
(ed. E B Roche, American Pharnaceutical Association). Prodrugs in accor dance
with the i nvmnamaemeanyaécemammpdeem docorgunexivithaik ilentich ok REIrAdENOPr | at e

funct i onaly) bk andie BiE Wiven Ll Qﬁag%é% ogic@r,@wsﬁm{eb )e %béc? sreto%n

noi eti es known to those s pro-
descri bedsDMSC exanple, In " DeS| gn of Prodrugs" by H Bundgaard (EI sevi er,
1985). Sone ledephit thd scppedf tHegi/ehtion araomplexts @ushizk BlathRees| dhighdst ivdusioAc| ude:

(1) V\’hgr gﬁorn Exe?swg c&'ftra&t.t% tma'Lx eHe)ﬁtro &ﬂ#oﬁh &-?H éﬁg)ﬁégt 'rar% é:?e%lelq in of

function ester ereo t he
hydr ogen W"fhﬁ’"\eﬁi DWéFW'PmEt('? ?T°%e‘?‘"€° inghisled & ﬁﬁ@iﬂﬂ@‘eﬁf-’f q*Qﬁ"iﬁr‘FO&fa("![‘)B Wt ai ns
an al cohahort uigeric anamt inbrgar(ic domponedd wiich efay bitias®RhiométfE or ndR sierAOMtE: amounts.

repl ace %d&g?ﬁq;‘t%mﬁ%fg Whrg%hé ﬂaﬂg@u@:c}(mgx %ﬂéé@?&&y L\rrevﬂggucﬁ'rlcbrjngle)&g ere

the conpoun
f unct i onaieptZhammgop 64(8),1 23%%'?'@9@3“(“‘9“3‘1% hm de thereof for exarrpl e,
repl aaenent derdinatterail rdfpérivedty dicogsiuad Wfbdmura((rmcr%@fadekaawdaus Eolvatdaeid

exanpl es &@kﬁ%ltﬁeﬁ: ?’E‘rﬂrttogcﬁ&ég%nd &n@g&gggﬂg?.emo;h the foregoing exanples and

exanpl es er prodrug t ound in the aforenentioned
ref erences. PPREM yeompeind ofthe i H’d’ﬁ""@ﬁ"“‘l“@r"ﬁ‘ﬂ? Bventign” sefers {opnigse gisdtedict  as
prodr ugs aitferwise) e corsmumpaf fiisuie {i) astheranbkfare(defined, Golymorphs] prodiugs, andisdnserg threof

cont ai Ni NghoRifRy %ﬂé&n&ﬁ&’dﬂﬁ%@h&g&@%ﬁﬁla%h%%ﬁaﬁ?&ﬁﬁé&' anl |sgt§p1{:%i\g-lna§%|e% rmr €

st er eqi_ SONErs. conmpoun contains an a
al ken}PerFQ"‘@P‘S‘ﬂﬁ“E@B‘ﬁﬂ ric 40 cis/trans (or Z/E) isonmers are possible.
Wher e t he conpisunthicibetapesf,thd ioventionamesdoesaileal ‘dradragstaf thexcbmpougdsoaf forrd (1).

2005/ 1237 B¢ BEGiL|BIRARRE gg&ﬁgémdégf f&{nulg'ﬁ) ?ﬁ ﬁméf h%t RS Ho p BIHE Sctivi
8

i sonerism (' tautoneri s can at a single corrgoun
exhi bi t nBYESEVESFRNOHen aFpiaisigred |‘%?Fé’f‘ﬁ°§'?ﬁ boty, p¢ Eﬁﬂ'éﬂteﬂn‘"f"rﬁ"ﬁ‘pf"ﬁﬂs dfiypuladhy ¢ he
present ihavieqgthiedesirad actigity] forsemgie ibg byreelgic cigaape Suchcderietivearase rafeded hasit oner i ¢

for ms ogf %l@&'uﬁsﬁ) W%Sépﬂﬁarrﬁgtlort H tﬂé‘h& o br)odrubﬁﬁég)-ﬂi'f&ﬂd %OIBPB%HI&Q 3s ﬁ&ﬂ.‘&i @[r&ér;{ﬂg rmr e

t han one ONeri s her eof

i ncl uded %Vrs m&c“f°!:l1%t£@§tqyf5'ﬁ°§'}'rm %eé'g%(Ts"élql'{cE' %‘Q’r%‘?"ﬁ) "l”ﬂeB"EfB‘{?Fﬂbé‘arqalﬁrr'?rﬁ gl 5"& i caI |y
active, fDesige¥Perpdnen Fkska@8aed. OB RbeheyArnatiean Rimarmanedios dssobietonpxanpl e,

DL-tartrate Qigqg ‘ir?a(c%r&'én@fwrth%é(n%nﬁ&?cah Sf&@érﬁplérmf p#&@uc@@ Weﬁl%@r% Jﬂyropnate

conventional tec ues we

exanpl e, TuPRlgRlY eagrea%gv thefampouRgds pfdpgple 2'? V'ﬁ'tcéﬁ'” E‘&‘F‘Feé r’f"""‘I'd“ EB?ﬁFéﬂ?q B g
t echni2fu est dscoro-trioietigs! sspiascaibadoief exaoiple! in (Pesigh of fradrugstibiet! Benigeerd (Heevig, 1988). ude

Chi ral Syd?ﬁe"lﬁéhﬁestfBEHﬁgéiHb&c%hl%ﬁce%'tr{éfirjn)eb(hoﬁ%ﬁdé)recurSor or resolution of

e race racemat e e) using, for exanple,

r al {T@ H%é'?éﬂ?‘%‘"\"f’ &U?’H‘”l"f‘l‘ﬁﬁ??ﬁ'ﬁ@rcéﬁﬁvhimf@ﬁm Y ernatively, the
r acemat e (@20}, aresstentherepl; rexample,) repleogmbet of e bydesgenwih(CaCqalky;abl e optical ly

active CEREthe go@madm&rﬁ.utaa(n c%hﬁﬁ?%h ,alcgﬁcl fdn@tlJnQﬁy CORE MNaHeR s, for

St Mt itehe e Nkt e b e,
di ast er edfiipwhere iire xeropogncheijoryela § gentaias a ¢drimgry etrprecondans gninp fupctipnalivdNHz oadHRonal
crystal | igatd @ 2nd), Ope aflde DREBorOFort B&mple, replacement of one or both hydrogens with
(C1-Cyo)alkanoyl.
Further examples of replacement groups in accordance with the foregoing examples and examples
35 of other prodrug types may be found in the aforementioned references.
Finally, certain compounds of formula () may themselves act as prodrugs of other compounds of
formula {I).
Compounds of formuia (I) containing one or more asymmetric carbon atoms can exist as twa or
more stereoisomers. Where a compound of formula (1) contains an alkenyl or alkenylene group, geometric
40 cisftrans (or Z/E) isomers are possibie. Where the compound contains, for exampie, a keto or oxime group



di astereoi soners converted to the correspondi ng pure enantioner(s) by neans
well known to a skilled person. Chiral conpounds of the invention (and
chiral precursors thereof) nmay be obtained in 20 enantionerically-enriched
form usi ng chromat ography, typically HPLC, on an asymmetric resin with a
nobi | e pha§¥°&%ﬁ@¥%gﬁng of a hydrocarbon, typically hepPGrEB2e050p8BNE,
containing fromO to 50% isopropanol]3typically from2 to 20% and fromO
to 5% of an al kylamne, typically 0.1 % diethylam ne. Concentration of the

el uate afcfr@ﬁ Q@mhﬂ%o‘féﬂf iaﬁlhﬂgrld’}%dﬂe\’lén?(talﬁﬁrﬁérﬁﬁ’ilﬁ%urclt fﬁlﬂﬂ@ Itl‘%f@él ée&) hdo€
separ at ed g’%/engﬁona ues known to those skil the art -

see, for B zf?ﬁﬂ?’ 'éP'éeot}il?‘? sg’?? Mof Organi ¢ Conpounds” by E L EI i e[
(Wley, New Ywiuded withixddg scofiend themessem inventivreart albsteresisdmetks geaprelric isomers and

mg; gllac e%ﬁ&%&ﬁﬁ&@@@mbﬁgﬁ&ﬁgga J, In¥redi Hp&%dg%ﬁﬂﬂggﬁre%r?g oggfgrgnylga (1)
nunber 2 HEAMeS{M. agd B'Hﬁ' %g%’? DBF“’WS'@% oﬁ&ﬁﬁé\c dfqr%?céjrﬁddﬁ?'b‘?h%?ﬁ?éaﬁstwqg‘ ess or
Mass nunieenterion & dptjcafoastive, fonexaaipla; Rlact3® oBxysips, esracdmic, §0 exuele, Biatteld @ f or

i ncl usi onpl.4, ,p,,h@ compounds of the invention include isotopes of hydrogen,

such as 2H a 3H, . carbon, K suc 13C a 14C, chlorine, such as 33Cl,
£l uorine, rcli'ﬁ’tﬁ’ﬁs o RS b THEST8 by AT eE ] ke e kIR 2 ns 13N

and 15N, m@og@ﬁmplsmmgfbﬁﬂ and ¥actiematicridizaphosphor us, such as 32P, and

() ey o peenibhtectRhict i i3fpRididsditod Shiehidal .%WW*"‘“&“@ g eru
1 dr ug. AONGE s iabbeobebuhiE b b rpulen o Gipeea ity ras rasat o

I sot opes detivative) using, for example, chira igh arebsire libdid chiromatodrdi®y (RRLE).par ti cul arly usef ul

g:ét [n S pur maﬁatway.me%emfatet(&]@ raceﬁﬁﬁﬁecmsm B¢ 6 @ﬁt&tw.ﬁ@sm@|eros@£ éH?\%”S of
Cll on

o ot { OB TS, 2 ol ST e et PR R ek Bicatits &) | o
st abi 11t yor bﬁmmmWB@d Orlbﬁ%&%leismaﬁaﬂc etid/or 1kphemyidtiyiamingr Thegehytieaidiastedeaiesie g e

r2 88 g; rl g ggrﬁﬂétargd e znr&ﬂatagras‘wgﬁctm tfrh?mm Eﬁstﬂllz’éﬁdﬁ%?&@&%oth ¥he
stitution Sitr

ot opes, BIERRTSE e"vefgeghéacﬁﬁam%ﬂ? P e mpttene reene v B 6K o1 on

Topogr apt®erseRET) st udi es for exanm ning substrate receptor occupancy.

| sot opi cal | ?/'C{hﬁél%rﬁ%uﬁd%@@uﬁﬂﬂ&ﬁgﬁ (a&@érmdllp?ecﬁﬂsa,rs@r@rbogﬁ-fa%@wtanéa% prepared by
I oOna ec

conve the art or Qcesses
anal odBus e ial-ltde aiB He e kaann SRV HELS 23 adirine e naBlty ot ons
usi ng an raghie phese eansisting of dinidegarpan. typibaliy bebtane aykexens. tontaiingfem@rto §ie

nhon- | abel |§l$ropétﬂﬁ%l&§||y%ﬁ%\ﬁ 6 b, Yan @ iGth 03655% ofth aikRhmihé) @pkalyROYNElghyEmitd) e

formul a (¢3 gt 8L el\% '%6 roc dures described in the general

nmet hods CSENTE] °ber B oF %%eém% ur% met hods described in the Exanpl es
section and tS%eOIWETMOaﬂWWBWﬁe@ﬁPaWd hiy\eomvgotiona] dechiigiies knowp tohesersidiiade of .

The pregsenthelalV S¥, foPdkamble 'SRAGEHEMREP SIOrga: CophpalRis Oy ETEIel (Wleyl R&BPorRr OCesses
for prepay @g t he conpounds of forrmula (1), in addition to any novel
ternmedi ates used therein. General Synthesis The conpounds of the present
dent i on nayThB erepantinwantien ingludgs lphpisageugieally pesertahiuisotgpiqally-IRbeligthrompaunts pf t he
prepar at i @imuf()) waéfaﬁ Uil nidke dtbthsSard bepRced ) aiha Mg tRSsafir@Wid rundbbebdtah | owi ng
Met hods Aété ic 88?5 %ss r]q.lj'nbg\%f@% lc\]%‘hﬂﬂg gtom:c%gsgn#asL mbe%sﬁal&l?cﬁmg [nq'BE'JF ation of

conpounds 0
Examples of lsotopes suitable for inclusion in the compounds of the invention include isotopes of

hydrogen, such as 2H and *H, carbon, such as "'C, *3C and '*C, chlorine, such as *Cl, fluorine, such as **F,
iodine, such as 2 and 1, nitrogen, such as *N and **N, oxygen, such as °0, 70 and "®0, phosphorus,
such as **P, and sulphur, such as *8
Certain isotopically-labelled compounds of formula (1), for exampie, those incorporating a
35 radioactive isotope, are useful in drug and/or substrate tissue distribution studies. The radioactive isotopes
tritium, i.e. °*H, and carbon-14, i.e. *C, are particularly useful for this purpose in view of their ease of
incorporation and ready means of detection. ‘
Substitution with heavier isotopes such as deuterium, i.e. 2H, may afford certain therapeutic
advantages resulting from greater metabolic stability, for example, increased in vivo half-life or reduced
40 dosage requirements, and hence may be preferred in some circumstances.



C through Gillustrate the preparation of various internedi ates. Unl ess
otherwi se indicated, RL, R2, R3, mand Ain the follow ng Methods are as
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car boxy- pésgestptevibgshOsniplayed. The term " car boxy- protecti ng group”, as used
herei n, signifi | I f ' I . ) cal
means, such ggbﬁ@eﬁ g%édr?\‘tg%ftsﬂb S, E{?gbg?“;%&ga‘gﬁg%?‘?E%@?%g%ﬁ%gf’g‘%?é‘?‘gg‘ and
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5 7 1820 et ' J Typi ca
car boé@- 6] I?‘%?J:rﬁ[lé ng gg'[ﬁg%}%?r@l pﬂ% gfmeglgrﬁet%g P éu%ﬁ%@ ft}%bﬁg)l(qéﬁﬁ ?%glzﬂénr;g% ﬁg@?l et hoxy,

t - but yl oiffermadipteouspthibereixy, 2, 2, 2-tri chl or oet hoxy, benzyl oxy,
di phenyi net hoxy, trimethylsilyloxy, t-butyldinmethylsilyloxy and allyl oxy.

Ot hese &mﬁﬁm&ﬁbutyl oxy, nethoxy or ethoxy is preferred. Step Al 5 In

t hiis step, red conpound of formula (1) of the present invention is
prepared by caPERpeuds efihesresenidnventiop 813K Be Bierarest g varigty of pragesses walnewhpound
% fOIlﬂU|féi'ttée| drép)a}]:atimlcé‘r@ﬂml ﬁémﬂth@ftypg;ffﬁfdﬁhﬂe éddéhbwﬂ.mtmmd_ ing Malhbys avmid. abl e.

e conpouna o or nu C [epared. according, t t ho et
fort h ot ow THie Pl MstropsA i hhor® b Brepsared ok Biripoutie bt () fyethods
presence Gfrogg & duirate Theenreparaiomal vivipus intemegliates.10 restriction on the nature of
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| east to 10BIREM cFIERE Y%A ioed Ngrinateroean e k) GaPRY T GHROHTS 9HR ot
| i mtaa tvdiichliredetsgtethinanetypita) tydowa icrbery or amighpratectin gleups deatrbedin Erotectivel Groupsor m
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benzene, following general syntheses may be commercially available or obtained by conventional methods known to

those skilled in the art, such as Eurgpean Joumnal of Medicinal Chemistry, 12(1), 87-91; 1977 and the
disclosures of which are incorporated herein by reference.
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| Method A
<w This illustrates the preparation of compounds of formula (1).
Reaction Scheme A
o>\_ R?
H N Jm
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()
30 In Reaction Scheme A, R* is R® as defined above or a group of formula -G(=0)-R*, wherein R* is

a carboxy-protecting group.

The term “carboxy-protecting group”, as used herein, signifies a protecting group capable of
being cleaved by chemical means, such as hydrogenolysis, hydrolysis, electrolysis or photolysis, and such
carboxy-protecting groups are described in Protective Groups in Organic Synthesis edited by T. W. Greene
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acid commonly used In _reactions % ﬁ¥ % be use here
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The deprotection reaction is normally and preferably effected in the presence of solvent. There is

35 no particular restriction on the nature of the solvent to be employed, provided that it has no adverse effect
on the reaction or the reagents involved and that it can dissolve reagents, at [east to some extent.
Examples of suitable solvents include, but are not limited to: halogenated hydrocarbons, such as
dichloromethane, chloroform, carbon tetrachloride and 1,2-dichloroethane; and aromatic hydrocarbons,
such as benzene, toluene and nitrobenzene. Of these solvents, halogenated hydrocarbons are preferred.

40 The deprotection reaction is carried cut in the presence of an acid. There is likewise no particular



to about 50C. The tinme required for the reaction may al so vary w dely,
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in Reaction Scheme B, R™ is as defined above; R® is an amino-protecting group; A® is A as
defined above or an alkylene group having from 1 to 3 carbon atoms, said alkylene group being
unsubstituted or substituted with 1 to 4 substituents independently selected from the group consisting of a
halegen atom, an alkyl group having from 1 fo 4 carbon atoms, a hydroxy-alky! group having 1 to 4 carbon

25 atoms and an alkoxy-alkyl group having 2 to 6 carbon atoms, wherein 2 of said substituents may optionally

be taken together with the carbon atom(s) form a 3 to 6 membered ring; and X is a halogen atom such as
an iodine atom, a chiorine atom or a bromine atom.

The term “amino-protecting group”, as used herein, signifies a protecting group capabie of being



I nvol ving the protecting group t buthoxycarbonyl. The reaction is normally
and preferably effected in the presence of solvent. There is no particul ar
15 restriction on the nature of the solvent to be enployed, provided that it
has no adverse effect on the reaction or the reagents Involved and that it
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25 tenpergt is not critical to the invention. The preferred reaction
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Step B2
In this step, the desired compound of formula (1) is prepared by the coupling (B2-a) of the
36 compound of formula (V) prepared as described in Step B1 with the compound of formula (V1) or by the
reductive amination (B2-b) of the compound of formula (V) with the compound of formula (VII}.
B2-a) coupling with the compound of formula
The reaction is normaily and preferably effected in the presence of solvent. There is no particular
restriction on the nature of the solvent to be employed, provided that it has no adverse effect on the
40 reaction or the reagents involved and that it can dissolve reagents, at least to some extent, Examples of

suitable solvents include, but are not limited to: halogenated hydrocarbons, such as dichloromethane,



qui noline, N, N-dinethylaniline, N, Ndiethylaniline, 1,5-
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t ake pl aCt%uQM%ﬁff'&- wi de range of tenperatures, and the precise reaction
tenmperature s not critical to the invention. The preferred reaction

t enper@t uBdbieductigaginalion;non such factors as the nature of the solvent, and
the starting mahereaetion is nbiovslly ad preferatgystiectad in thetprdsnce @nsobenteTHereliOno matfctiyir out
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and butanol; acetic acid; and water. Of these solvents, halogenated hydrocarbons are preferred.
The reaction is carried out in the presence of a reducing reagent. There is likewise no particular
restriction on the nature of the reducing reagents used, and any reducing reagent commonly used in
35 reactions of this type may equally be used here. Examples of such reducing reagent include, but are not
limited to: sodium borohydride, sodium cyanoborohydride and sodiurn triacetoxyborchydride. Of these,
sodium friacetoxyborohydride is preferred. The quantity of the reducing reagent required for the reaction
may also vary widely, depending on many factors, notably the reaction femperature and the nature of the
starting materials and solvent employed. However, that the reaction is effected under preferred conditions,
40 a chemical equivalent ratio of 1 to 3 of the reducing reagent fo the starting material will usually suffice.



10 yield a carboxy group. The reaction may be carried out under the sanme
conditions as described in Step Al of Method A Method C This illustrates
the preparation of the conmpound of formula (I11). 15 Reaction Schenme Cs R2
S RR RRNNm Step C1 R-HN~ M Step C2 H NH N R3a X¥%A Rsa or OHC Aa. Raa A (VWp
NO (VI1) (IXywomes/t28)m N A R3a (I111) In Reaction Schemasfiosmoissh, Aa ,
and R3a, R6 and are each as defined abol®. Therefore, when Raa is -C(=0-R,
t he above conpound of formula (I X) is as follows. R2Zs R\AN)m'O (IXa)
HN AR4 20 Step I the ¢ ound f fo repared by
t he coupling ég%%p"%n ng‘lac Wgra‘? ra Q?Iclf e}“pera{uﬁesa 8ghr?x%eun ¥ af:te':E'orrrul a
(M) or by tﬁtmvera\!%ﬁ eetlcvwabtmhﬁawmﬁﬁn dhe Em@nwﬁwgm@mwam@r«ﬂneaer(d\nppm guchyi t h

t he conpoufstions asfﬂwmur@of(uw sJoDvent HRE tre GRRAY ﬁﬂteﬁéls Howeet, & devarhll i is 6@ Verléht to

d di E G [
Ve abl e 984 B8 et { {ordyre Aot o ol ot it e e e
pr epar edd byeackns r@mfplsemwldelm déme"ﬂlh@ft@mydﬂnms Oﬂtabhf ibe reattion fameprapregndrtked as

descri bed lnamﬁtoethe@amn Jaeter@saa?‘a Is@entiEy x@ed Wwee(ardmsd Mﬁ(*%rreédﬂéh i5 8ff@ted
condi ti ons St ep ﬁl of

Vot hod B M58 PRTSRRR S a%deagf’%en%m’;sw@sfafwmbsw ST B TRl
formul a (1 upugly suffiReacti on Scheme D2 2 RRR\N2 mStep DL R\ Step D2 H N
~m H NH HY H NiYhd®aE: whofe k¥ A o4rfd of formuldR€(=0)-R*, the deprotection reaction will fallow to

10 yield a carboxy group. The reaction may be carried out under the same conditions as described in Step At

of Method A,
( B Method C
- . This llustrates the preparation of the compound of formula (111).
15
Reaction Scheme C
Re. ’ Step C1 R? R? Step C2
N Jm — > " “HN ' m
H/\t(:\NH /\tt\N\ _R%
X. A,R"a o OHC\Aa.Raa
(Vi) (v) Vi) (%)
RZ
HzN/%E\ Jm
N /Raa
) (1 .
k\u\ in Reaction Scheme C, X, A, A%, 'and R*, R® and are each as defined above. Therefore, when
R® is -C(=0)}-R*, the above compound of formula (IX) is as follows.
8 R?
® \ﬂ/\t@ mQ (xe)
N“‘A)I\R“
20 Step C1
In this step, the compound of formula (IX) is prepared by the coupling of the compound of formula
(VIl) with a compound of formula (V1) or by the reductive amination of the compound of formula (VIll) with
the compound of formula (VIl).  The compound of formula (VIil) can be prepared according to Methods F
and G set forth below or is commercially availabie.
25

Step C2
In this step, the compound of formula (113} is prepared by the deprotection of the compound of

formula (IX) prepared as described in Step C1. The reaction may be carried out under the same conditions



(Mill)y (X)) (XI) R4 (Ilia) 5 (XIl) In Reaction Schenme D, Rte, R4, R6 and Y
are each as defined above and R is a silyl group such as t-

butyl di net hyl silyl, t-butyldiphenylsilyl, triethylsilyl or trinethylsilyl,
preferably trinethylsilyl; R8 and Ra independently represent a hal ogen
atom an al Wm&?”(% ghavi ng 1 to 4 carbon atons, a hydr @CIAB2Ks018S0UpP
having 1 to 4 carbon atons and an al k(?)@y-al kyl group having 2 to 6 carbon
atons, wherein R6 and RO nay 10 optionally be taken together with the carbon
atom t o wad gddcribb@i shipB1¥feskesl to forma 3 to 6 nmembered ring; Pb is A as
defined above with proviso a nethyl ene group and a substituted nethyl ene
group are excluded. Step D1 15 In this step, the conpound of fornula (XlI)

i s prepar Mdthog Dcondensati on of the conmpound of fornmula (Vill) with the

compound of f oY ikskals thebréddRui H¥RERnlha BABAAIHRY dehyde. A compound of

formula (Vill) cap be prepared according to Metho and Gor is
conmmer ci allyﬂ%v%%%. In the case that Y is not an al koxy group, the

reaction is normally and preferably effected in the presence of solvent.
There is no pBﬁr\t,.j m! ESPPicti Bh he natur &epb2the sol yvefftt o be

enpl oyed, provided that—t—has Wrﬁmt%% h%(g)a or the
reagents invol ved amd t hattHvt can di ssofvE re nts, at |eas OASONE
extent. Exanples of suitablpg sol vents include, &'e not |i Mhhed to:

hal ogenat ed hydr oc¥bons, such as di c¥boronet han& chl oroform carbon
tetrachforide and 1, 2-dichioroethane; and al cohgfs. such as methanol,

et hanol®, propanol, 2-propanol and hutanol;. O these, dichloronethane or-
ethanol is prefl@Reastion Sohemp R, Ra &R GRd ¥ 21 epelkas dsfingd aboypand B s gyl gratimgachf

t enper at uees butpdidethyisylpirbtyldipbentyBiyt, trietgisiyt @ rpestiaisiy, @refesabictimethyidiiicrflant &° t he

| nvent i oninadiaRadfiykEderth KRBT d6, s SRAGHR Hé@%&hﬁ#&%&%ﬁ@%@% bt Or S
as the nature of the solvent, and the starting naterials. wever, |B
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f r om alibutptoeily be mkemicgehBOGH the@irkion plemiteghich they froattatie to foaas B taBmenalyerad so
vary w dehyy ndgReaHnRg é%ﬁveﬂﬂﬂ%rév@@&ﬁ{e&yle%ﬁmlaﬁdgQ&sﬁt@t@@hbﬂﬂeﬁeﬁgaﬁrafg ure and
the 30 nature of the starting materials and sol vent enpl oyed. wever,

provi ded ¥ ®he reaction is effected under the preferred conditions
outlined above, a period of fromabout 5 mnutes to about 48 hours, wll
usual |y sg{eé'b@e. WD 2005/ 123718 PCT/ |1 B2005/ 001825 21 Step D2 In this step,
t he coppound of forrrul&ﬁ('l i a%F i ?ngre red by Mannnj ch reaction of the
conpoultd of  f dP HYF SiePc p sormopad qf Foemilaifhdt RiePagd by Genrgnsationd' fhy compaund 5 et i on

i s nor nal fopmigan@¥IIP witt e adyhppurst df Eonigal(X) in theresenesd parefowfaldsinide.c it comiphiedef | s no

par ti cul afmaa (VAH bad Belgr&Ared BedoRifhg AR & Pdndld 6 iS@myiRRbany Kalkdiee Pl oyed,
provi ded that 1t has eggﬂqgﬁvtgogse ef fect

n the .reactl on or, the e e S
Pnvol ved and t HAfe s S0y S, P St § ot B REEb LSl P e
Exanpl es ofesenseidfiselisand Therk isen parti¢uiee fegidetion buthe aatarenbthe sdiventte ble eroployrdipoydedit ed
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25 The reaction can take place over a wide range of temperatures, and the precise reaction
temperature is not critical to the invention. The preferred reaction temperature will depend upon such
factors as the nature of the solvent, and the starting materials. However, in general, i is convenient to
carry out the reaction at a temperature of from about 0°C to about 120°C. The time required for the
reaction may also vary widely, depending cn many factors, notably the reaction temperature and the

30 nature of the starting materials and solvent employed. However, provided that the reaction is effected
under the preferred conditions outlined above, a period of from about 5 minutes to about 48 hours, will
usually suffice.



The reaction is carried out in the presence of a Lews acid. There is

| i kewi se no particular restriction on the nature of the Lewi s acids used,
and any Lewis acid comonly used in reactions of this type nay equally be
used here. Exanples of such Lewis acid include, but are not |imted to: BF3,
Al Cl 3, 15 PREeR#SAGHE 2, AgCl, Fe(NOB66 CF3SMBSi (CH3) 3, ROI/BRESORE and
SnCl4. Of these, Yb(CF3 SO3)3, MyCl2,21or CF3SO8S! (CH3)3 is preferred. The
reaction can take place over a wi de range of tenperatures, and the precise
reactionMerature is not critical to the invention. The preferred
reaction terrp glure wi | | depen% uLanrﬂ such fach&rs as the nature of the
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Reacti on ene a are each as defined above; each of R and

R is an di% ’“%92'68‘?791’2%718 PCT/ | B2005/ 001825 22 group having 1 to 4

carbon atons, [Fhefeeastiabisgariehnt inyie weseoge,of @ kevisacit Fhdts/is likpmisa po partidvlans a
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There is @@Fmag,(mﬂj @rprefér@at riction on the nature of the solvent to be
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reaction may also vary widely, depending on many factors, notably the reaction temperature and the
nature of the starting materials and solvent employed. However, provided that the reaction is effected
under the preferred conditions outlined above, a period of from about 5 minutes to about 24 hours, will
: usually suffice. ‘

25

P Method E
\.
L/ This illustrates the preparation of the compound of formula (Il1) wherein R? is a hydrogen atom and
AisA®.
Reaction Scheme E
% )
Step E1 Step B2 m
a a
NC’A\ Raa H2N AL Raa R . N\Ah'Raa
(X xiv) m{at R
o= | % (Vi)
Xv)
NC
Step E3 - Step E4 HZN/\C:\)m
—_—— - 3a
N\Ab‘Raa N - Ab-R
(XVIt) (llib)

30 in Reaction Scheme E, A%, A° and R™ are each as defined above; each of R and R’ is an alky]



al cohol s, such as nethanol, ethanol, propanol, 2-propanol and butanol. O
these, nethanol is preferred. The reaction is carried out in the presence
of a reducing agent. There Is |likewi se no particular restriction on the
nature of the reducing agents used, and any reducing agent conmonly used in
reacti ons P 2R1B™Bype may equal |y be used here. Exanpt@BIBaiosousts r educi ng
agents include, but are not limted td 15 netal borohydrides such as

sodi um bor ohydri de and sodi um cyanobor ohydri de; conbi nati ons of hydrogen gas
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provi ded that it has reacti o r reagent s
D e N i Bl AP ekl poch it P e o o
Exanpllés rudtal bgrolivdiides euch @b sesivmsbaraigdride end sodiuimayamolmehytiidei dogdingtions ufmwfogenan d
al cohol s, a§H£JTa é&ly&%h&?é}%uad%hﬂﬁﬂﬁh 1pidilﬁti?fpé’da¢ianey rﬁ’cké\ré?la% ide %?ﬁbobﬁ&”s%ﬂ’&'
t hese, a re of ‘iB'LdaeJ] ]haﬁ_gg |slgd q:@ on is
carried “T’Wﬁ"?ﬁga AT “?ﬂb"“ﬁ R By Of esF fy gke png?' “cul ar
restrict | on onThQ leectipmtanrtake pface duer dade ranceef tempathtunesy argdkreprecinemenstion used in

reacti onaerﬂéerénh}b& nbt‘/d?iﬁcaﬁ%)ti‘ne@l%ﬁﬂohy{‘he rs\s%sireaa@ﬁ %mpgﬁéﬁlm@&ap@rfld BHE Euchas es

I d .t k t hi
R e T it e e T
such as smmmmmmﬁmllauelempsr@umﬂfrfm okt &6 to phout981C e timpreqwirpdiier theind  al kal i

rret al carrbmai rﬁ§yx alsd¥s wﬁﬁuy.l debéndmabﬁ %bp@@&re,noﬁaﬁthemacﬂcm t&ﬁmmna&@ tRnd
pot assi um

5005/ 123 a8 EPttAE I so SRy eu Hoviied Bolhe BT E o8 i g
range of méfmﬂ@rmfmgﬂﬂdamb‘ quttineqrahord, 9 @enod atirdmpzbout Semipdessto gbaut 2&horst witr i t i cal
to thesi N4t keize. The preferred reaction tenperature will depend upon such
factors as the nature of the solvent, and the starting materials. However,
i p~general, it is convenient to carry out the reaction at a tenperature of
f rom aboudten®2 t o about 120C. The time required for the 5 reaction nmay al so
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e nature o erials enpl oye wever

provi ded WQ PHECE L}@?va%ab%r ¢ ei\‘?oeg?ueng%ﬁg"@% (X@ﬂe preferred conditions

out | i 38d above Therepipn s aoravally and prefaraiin effectsed im the aresense giisglyent Theng s oPartighiar|
usual |y swdtfidtisrton thdnabir@f tedsolvent tdbesensploi, pioticedarurnasyvib diferfosfiettion teXVI 1) |'s
prepar ed rQXctlgnocﬂYh% édg@ﬂs ﬁ'lpcﬁveﬁ %ﬁ&)ﬂgtyrtl calg E'Q%Rre pefag&#se at least to some extent. Examples of

suitable solvents include, but are not limited to: water; and alcohols, such as methanol, ethanol, propanol,

2-propanol and butanol. Of these, a mixture of water and ethanol is preferred.

35 The reaction is carried out in the presence of a base. There is likewise no particular restriction on
the nature of the base used, and any base commonly used in reactions of this type may equally be used
here. Examples of such bases include, but are not limited to: alkali metal hydroxides, such as lithium
hydroxide, sodium hydroxide and potassium hydroxide; alkali metal alkoxides, such as sodium methoxide,
sodium ethoxide, potassium t-butoxide; and alkaii metal carbonates, such as lithium carbonate, sodium

40 carbonate and potassium carbonate. Of these, potassium carbenate is preferred.



conpound of forrmula (XVI) to a cyano group in the presence of

p-tol uenesul f onyl net hyl isocyani de. The reaction Is normally and preferably
effected in the presence of solvent. There is no particular restriction on
the nature of the solvent to be enployed, provided that it has no adverse

ef fect on t'Wa200882¥tacti on or the reagents invol ved andetim2oostoosan di ssol ve
reagents, at |least to sone extent. Ex&®ples of suitable solvents include,
but are not limted to: ethers, such as diethyl ether, diisopropyl ether,
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range of tenperatures reci'se reaction nperature 1s not critical
to the i niFEplySsdfice The preferred reaction terrperature w || depend upon such
25 factors as the nature of the solvent, and the starting materials.

Howev g %%eneral it is convenient to carry out the reaction at a
terrperatur from about OC to about 100C. The tinme required for the
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I n Reaction Schene
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am no- pr ofteex t Emmp@saﬂpuchmasﬁsendmleybtm ateant yiteddo:calkall metaBalkoxided, such as sodium

methoxide, sodium ethoxide and potassium t-butoxide. Of these, potassium t-butoxide is preferred.
The reaction can take place over a wide range of temperatures, and the precise reaction
temperature is not critical to the invention. The preferred reaction temperature will depend ‘upon such
25 factors as the nature of the solvent, and the starting materials. However, in general, it is convenient to
carry out the reaction at a temperature of from about 0°C to about 100°C. The time required for the
reaction may also vary widely, depending on many factors, notably the reaction temperature and the

@

nature of the starting materials and solvent employed. However, provided that the reaction is effected
under the preferred conditions outlined above, a period of from about 5 minutes to about 24 hours, will
30 usually suffice. ‘

Step E4
In this step, the compound of formula (Hlib) is prepared by reduction of the cyaneo group of the

compound of formula (XV1I). The reaction may be carried out under the same conditions as described in
35 Step E1 of Method E.

Method F
This illustrates the preparation of compounds of formula {VIil) wherein R?is a halogen atom.



In this step, the conpound of formula (XIX) is prepared by converting the
carbonyl group of the conpound of fornmula (XVII1) into the epoxide group.
The reaction is nornmally and preferably effected in the presence of sol vent.
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25 provided that the reaction is effected under the preferred conditions outiined above, a period of from about

5 minutes to about 24 hours, more preferably from about 60 minutes to about 12 hours, will usually suffice.

Step F2
In this step, the compound of formula (XX) is prepared by reacting a hydrogen halide with the

30 compound of formula (X1X).
The reaction is normally and preferably effected in the presence of solvent. There is no particuiar
restriction on the nature of the solvent to be employed, provided ihat it has no adverse effect on the



15 Step F3 In this step, the conpound of fornula (XXI) is prepared by
reaction of the conpound of forrmula (XX) with sodium azide (F3-a) followed
by the reduction of the azide group (F3-b). (F3-a) reaction with sodium
azide: The reaction is normally and preferably effected in the presence of
sol vent. THEP@005823188 particular 20 restriction on the petageosabisohe sol vent
to be enployed, provided that it has Bb adverse effect on the reaction or
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30 mesyl chloride is preferred.

The reaction can take place over a wide range of Atemperatures, and the precise reaction
temperature is not critical to the invention. The preferred reaction temperature will depend upon such
factors as the nature of the solvent, and the starting materials. However, in general, it is convenient to
carry out the reaction at a temperature of from about 0°C to about 120°C. The time required for the

35 reaction may also vary widely, depending on many factors, notably the reaction temperature and the
nature of the starting materials and solvent employed. However, provided that the reaction is effected
under the preferred conditions ouilined above, a period of frorh about 5 minutes {o about 24 hours, will
usually suffice.

{F3-b} reduction:

40 The reaction may be carried out under the same conditions as described in Step E1 of Method E.



15 tetrahydrofuran is preferred. The reaction is carried out in the presence
of reagent. There is |likew se no particular restriction on the nature of

t he reagents used, and any reagent commonly used In reactions of this type
may equally be used here. Exanples of such reagents include, but are not
limted to:_di-t-but carbonate and 1-(t-butoxycarbonyl)benztriazole. O
t hese, di-ﬂwﬂﬁ@?@z%ggbonate i's prefer gd. 20 The react i BEI/HRMS08182S pl ace
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(F4-b) deprotection:
Thls' method is described in detail by T. W. Greene el al., Proleclive Groups in Organic
30 Synthesis, 494-653, (1999), the disclosures of which are incorperated herein by reference. The following
exemplifies a typical method involving the benzoyl profecting group in the presence of combinations of
hydrogen gas and a catalyst such as palladium-carbon or platinum.
The reaction is normally and preferably effected in the presence of solvent. There is no particular
restriction on the nature of the solvent to be employed, provided that it has no adverse effect on the
35 reaction or the reagenis involved and that it can dissolve reagents, at ieast to some extent. Examples of
suitable solvents include, but are not limited to: halogenated hydrocarbons, such as dichloromethane,
chioroferm, carbon tefrachloride and 1,2-dichloroethane; alcohols, such as methanol, ethanol, propanal,
2-propanol and butanol; and ethers, such as diethyl ether, diisopropyl ether, tefrahydrofuran and dioxane.
Of these solvents, methanol is preferred.
40 The reaction can take place over a wide range of temperatures, and the precise reaction



OH Step B3 R6, OH HZNm- H™ NHHNHNH (XXIlp (Mlib) In Reaction Schene
G RB and R70 are . each as defined above. Step @ In this step, the conpound
of formula (XXI'l) is prepared by reacting the carbonyl group of the 15
conmpound of forrmula (XVI11), which is commercially available, with

trimethyl si IYP2042374#e. The reaction is normally and prepermhbosweisbect ed in
t he presence of solvent. There is no pafticular restriction on the nature
of the solvent to be enployed, provided that it has no adverse effect on the
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The-preferred reaction t §ratu1=e—wi—H-—depe ’t‘i'f)on steh—Factors as the
nature of the solvent, an¢kviihe starting materi@ky. However, in general, it
is convenient to carry out the reaction at a tenperature of from about OC
to about 100C. The tinme re EdS{E@GSthe reget i y al so vary wi dely,
dependi ng on many fact dN, eactlor'N F‘ature and the WO
2005/ 123718 PCT/ | B2005/ 001 N8 nature of thé NHng materials and

sol vent enpl oyed. However, OVI ded that the reactlon is effected under the
preferred conditions outl i Mabove, a period of #M®m about 5 minutes to
about 24 hours, ImﬁdabtionssfwaieIGjR%atfde‘?:mee&h%begﬁn@aﬂome.thi s step, the conpound

of fornmul a 1) is prepared by converting the cyano group of the
compound 0 or mJI a (XXIl) to an am no @roup foll owed by deprotection of the
ami no- prot ect i @P’B&ﬁhWBp°“”T'HEf°FTE‘§’CQ(¥ r‘?ﬂ?%ﬁ?’elﬂé’yéeéf‘tf“ﬁ@ﬁ Aheny grawofthée sanme

condi t i1&nsompoutid siforimnladXVItY), Whierds Edmnadreidip tvatisbld witntimShygilyl drehidef Met hod F. 10

St G3 In th |
pr ot ect i ng anhséié@%%“%i‘?ﬁ%ﬁgiﬂ”;“;f%ﬁgﬁg R fing plopd of Bl 386 Rt

(XXI11). T?Fé"q'%?f"t e Ratgyof f,tgare@mplo gqowp% hgtdhaas no adverse effect on the

reaction or the reagenis involved and that it can dissolve reagents, at least to some extent. Examples of
o suitable solvents include, but are not limited to: aromatic hydrocarbons, such as benzene, toluene and

-

~ 90 nitrobenzene; halogenated hydrocarbons, such as dichloromethane, chloroform, carbon tetrachloride and
1,2-dichloroethane; ethers, such as diethyl ether, diisopropyl ether, ethylene glycol dimethyt ether,
tetrahydrofuran and dioxane; nitriles, such as acetonitrile and benzonitrile; and alcohols, such as methanol,
ethanol, propanol, 2-propanol and butanol. Of these, toluene is preferred.

The reaction is carried out in the presence of a reagent. There is likewise no particular restriction
Zb  on the nature of the reagents used, and any reagent commonly used in reactions of this type may equally
be used here. Examples of such reagent include, but are not limited to: Lewis acids, such asBF;, AlCl,,
FeCls, AgCl, Znl,, Fe(NO3)s, CF3S80,3Si(CHa)s, YB(CF3S03); and SnCl,; bases, such as CaO; ethers, such

as 18-crown-6; acids, such as Amberlite XAD-4 resin. Of these, Znl; is preferred.
The reaction can take place over a wide range of temperatures, and the precise reaction
30 temperature is not critical to the invention. The preferred reaction temperature will depend upon such
factors as the nature of the solvent, and the starting materials. However, in general, it is convenient to
carry out the reaction at a temperature of from about 0°C fo about 100°C. The time required for the
reaction may also vary widely, depending on many factors, notably the reaction temperature and the



conditions as described In Step F4 of Method F. 15 The conpounds of fornula
(1), and the internedi ates above-nenti oned preparati on nethods can be

i solated and purified by conventional procedures, such as distillation,
recrystallizatjon or ~chromatographic purification. Conpounds of the
invention int eW8eW8Phar maceut i cal use_ may be adnini st ePEYTREO¥INBE Al | i ne
or anor phous products, They nay be obt ai e, for exanpl e, as solid plugs,
powders, or films by methods 20 such as preci pitation, crystallization,

freeze dryi NnGawfdérade Qér!{ﬁgnﬂateﬁﬁis Qidadéﬂérﬁtehiﬁ%yéilr YibW&er, M&i@%&ﬂh@ Fea&tﬁﬂ'ré) eﬁ‘ected
frequency dryln be us

ose. S
l one-or i 1 SBIREMEETee PRdtionh gl Bus! £P5E0 oL BT Bt MRS okt F o
or in conbi nasialnsufficeh one or nore other drugs (or as any conbination
thereof). Generally, they wll be adm nistered as a pharnmaceuti cal
conpositi og fQrmul ation in association with one or nore 25
phar maceut g‘-‘?ﬂy&iccept able carriers or exciplents. The term"carrier" or
"exci pi enf is usedinigs efep theycompewreldf fremuim (XXIIF i rrefiaeadt bysonnsrting Higreyariaegroup of the

f:o nmpound § s) t %mbéuad bt iR toEﬂ%nﬁh@msfoﬁéwe%g Hé;%ted%n S iR Hrotétihd grodpR'
arge exten r Ccu

drini ot 1t i e RERen 3Ry bE ot S Roet e PR S deTERY D18 ot el Fepy Siep
and the naturFéobHF-'&W dosage form Pharmaceutical conpositions suitable for
the delivepy of conpounds of the present invention and 30 nethods for their
preparation vg é)e readily apparent to those skilled in the art. Such
conposi tions —é?'?cﬁ- nmet hods for their preparation nmay be found, for exanple,
in 'Remi ngton's Phirthiastent the spmsseing ot tognula (b is greparddoy graveetiRg Porh Hepsiteatipg the
Cgrrpa{ﬁy% 1935}nm sADMeMosmﬁlmra&aTmmcwmwaFm rfdy liél'lél:%rrleﬂ\tﬂﬂhhcﬁﬂ:rﬁ%ténﬁe
adm ni-st ere may involve swallow ng, so tha
the conpound cgrr'] ePés/as[(ﬁgsc" ﬁ lé’ﬁlélnlr'1°%q:tract or buccal or sublingual

admi ni strdfion mdpe %‘PEWISGVE@UWI)M#Eﬁ"ﬂ%@e@ﬂimﬁﬁ’eﬁ“@ﬂ?'@d@@ﬂéﬂ%lws can
streamdir ectdeysofafearéhd PLerfiedsyicBrvehtdhiliplodéduftl Ssuiast didilistion, edcryeamiation or

adm ni strati ogm‘“g il ‘?c@.miéaﬁ formul ati ons such as, for exanple, tablets,
capsul es containin FCul At es qui ds, or povvders | ozenges (includin
liquid-filled), chbt®s POU"QP(PfH’ﬁI'ft"Pﬂt'U‘&W@"?ﬁi‘ﬁ@f%@fﬁ'ﬁ?%‘%‘ﬂ%ﬁ“ﬂwePg“'"'éte'lef’65CWSta"'"e

sol ution, |i ppanohoul protiicts THEY hidd be GotamEPiobekanplb, R SsolidPiids, ewde Do XS yldalnobs
PCT/ | 820056005%.&23% biagB cRY AN, bk WY bbb 9 Svaphyb ol ARl PP

i ncl ude I ons Syr ps a
fornul ati ons fﬁ?ﬂ‘}ﬁnb\ed’ﬁwws%hﬂh‘ﬁp'@%&ei n soft or hard capsul es and
typically conpri SeTBeyGﬁylbbedmmiE@fed aloKEGTIN Embinvation fwith Sid ke othed bantolkyds @NiAe

gl ycol, pr Opynlnv%ﬁ&%n .X?&Lmnagﬁmwoﬁg b rHéi'Qﬁtﬁer dﬂ{gs for gyééy%grlnﬁnéifok thel%‘:? G%Hé‘ra@htﬂéy

nor e enuIS|fy|n Sus
al so be pr ede“b’?P agynr!spg@ed ﬁsé’cPB?fglaPﬁl“ﬂ?ai‘ ‘Eﬂﬂ"i’aﬁ“‘% °§f8F'i'%P”°’f iy 2ssogigliap with oe o5 foEe
sachet. Tke qhapRustGicciitid daktiarnsidr eipital. The 3dmbanier e atipiért’dd usdd Beehw ng,

s peue S o R i et
t abl et_-dosagdo f Bragextet SpReRd Phigolers surbas “’eﬁ’ﬂ@“%ﬂ’ G‘Qd‘fﬂﬁd'ﬁ'ﬁlﬁ'@ﬂ‘ﬁn fﬂe(ﬁ’ﬁ?céﬁfcﬁlﬂe"i'p'ﬁﬁt%
to about 80 onsBhuisity srdatatitiy,ane thk aatre afihe dodaypioaal | y from about 5 w%to

about 60 wt % of thﬁhgm%ggca éafngas,dops d@%%fw adifery &%orﬁaagﬂdsomp bfebeht ﬂ%ﬁ%ﬂddy

contain a_disintegrant rants include sodium starc
gl ycol at e 39 sJeRtA%F f‘,’éﬁhﬁ‘bﬂ{???ﬁt'ﬁw’mH%Tqaﬁ"yég%are o those, @QWWFW"‘B%‘FPW %de,

cr oscar nel | ogesthods for their preparation may be found, for example, in ‘Remington’s Phatmaceutical Sclences’, 19th
Edition (Mack Publishing Company, 1895).

ORAL ADMINISTRATICN
35 The compounds of the invention may be administered orally. Oral administration may invoive

swallowing, so that the compound enters the gastrointestinal tract, or buccal or sublingual administration
may he employed by which the compound enters the bload stream directly from the mouth.
Formulations suitable for oral administration inciude solid formulations such as, for example,
tabiets, capsules containing particulates, liquids, or powders, fozenges (including liquid-filled), chews,
40  multi- and nano-particulates, gels, solid solution, liposome, fims {including muco-adhesive), ovuies,



sodi um crospovi done, polyvinyl pyrolldone, nethyl cellul ose,

m crocrystalline cellulose, |lower 15 al kyl -substituted hydroxypropyl

cel lul ose, starch, pregelatinised starch and sodium al ginate. Generally, the
disintegrant will conprise fromabout 1 wt%to about 25 w% preferably from
about 5 wt%to about 20 wt % of the dosage form Binders are generally used

to inpart coWweusAsel ities to a tablet fornul ation. SuipbabkRodeieder S
i nclude mcrocrystalline cellulose, gelagin, sugars, polyethylene glycol,

natural and synthetic guns, 20 pol yvinyl pyrrolldone, pregelatinised starch,
hydr oxypropyl cellul ose and hydroxypropyl mnethylcellulose. Tablets may al so
contai n di I9@Mt ¥ iyitipmudationset ose (nmonohydrate, spray-dried nonohydrat e,
anhydrous and t hiquidl foke@iiatiomesimahicie Cfbr, exarmible, sudpensthex tsolotions, syrups anslelixirs.cBubh t ol |

m crocryst %rlnhl@ﬁ‘ong ﬁ‘-"a%{i e&L@ﬁllSr‘E 4o o Hiaﬂ?&bﬁnes%ﬁb ikl BORRROA L gridd Gy dY at e.

Tabl ets may al so optiona nprise surrace active ents, such as sodi um

| auryl sul feXEBPIg N@ter 2§E%IP9'¥?§WF&?QW% p’%ﬂweﬁ'mdﬂ?@y“? e agyitable o 264 o8 de

and tal cb \Whewremmelsifiitg,agenis érmmestspénding ag&yn&ntm:dhynulahmmnay&atsobe prepashiytthd . 2

Ww%to abOL}EcoﬁstMqué?fafsglﬁefoFéa{? oq.;p%g}gétdants may conprise from about 0.2
Ta

wt% t o about % 0 lets al sp generally contain |ubricants
such as magnesi uﬁb%%‘a?‘ﬁ'f‘éof%w'mﬁ@@%%? b wsed i fagt-dissqhing, fastdisinkegrpting,daseges v |
fumarate, dorthssuchtas these debcritted)inEzpariDpiniondn Tetapeitic/Patois) 11 A41{6)} 981+/986 bLidrgraat €.

30 Lubri candgn %@aﬁrally conprise fromabout 0.25 wt%to about 10 wt %

preferably fro out 5 M%to about 3 wt% of the tablet. O her Eossible
i ngredi éft s i ncl figrdablat e9sagaiomsndapending|op dpsenihe drug may Bake YRGom kKt s 1wi% to about
pr eser vat i \B9swit% ntkhe ﬂc&sgee‘emmaiorm@mge‘rmsaboﬁmhaabpuitﬂﬂbh%toﬂthedwshgn fnmupn to

about 80% dfskon t i@ B?a:@ boMidis a&e?%y/eohﬁm%%ﬁeg%qt \é&aﬁ‘ld@s 'Bfiﬂ&nteg?‘%tg ﬁ 0

wt%to about 85 wt%diluent, froma | SI nt egrant
and. from al R 9VsIBE, sGiem cbAYHRIpY E@'”'\Rﬁ"‘%’ﬁ"iﬂﬁ"i‘ %%Yme%fﬁ"@?sebﬁ‘rmeﬁ‘h"ﬁ

conpr essed sdiinmardspovisiondy polndrlylpwrolitanef roeting tefitdbset micrabaihllte chlueselsover por t | ons
of bl engs 4 dT@Nsu@étﬁﬁd%?&rbk&Fﬂoﬂ vi BGiuibEd. starchl rp)égelat?nfse@?thrtch QﬁdadEchﬁta%ﬁlater@éﬁeraﬂy, the

congeal ed, pC, extupied b%erfgpﬁrgq#aﬁﬁa@% %5}’35*&?&60’&{3*?[6‘%%%%%“&{“%? hlizn

conprise o
40 encapsuldithedesaggfo@®05/ 123718 PCT/ 1B2005/ 001825 30 The formul ation of

t abl E;[ Z biaf rrgl SCUBHE&s 4B getPe'ﬁSr U&Q%’i‘ﬂp&%ohgi\%%ﬂﬂmg% ARablel RRh RS SV@ble tindersPY
b 5247 661 0ReRE Mg ol SRt puspeg Pty el palirel ghd RTINS, mul at ed
t o be i Bfiedichvieyinyrelibone, pregkidtinieet stareh, Ryisxyprogyldieiulasd andhydwswrdpgimmifiyicsliiulss.

i pgl Eg%gl@ma@m ﬁébzéoﬁiaiﬂ%ﬁuentspéﬁkﬁ ﬁaact?sg?fn&rroﬁwr&éispraw@%ﬁ&ya@@ arﬁydrousoses
gf '? he i nveaﬂ? P‘Sﬂﬁeir"éa"g]@ 591“’3@835"? ﬂgmsﬁasf’g’ﬁ? Wocr&”é@@gc @%ﬁe' 55?’@??"3 '%ot her

sui tabl e r ehlbusehesphdmdhoiFites such as high energy dispersions and osnotic
and coated part I ¢éb@e$s rﬁéyehlsto(é ima urnshsta Burlégd mveeégeatb suath%rsammhmifate and

el o Sk b AR e L5k o A b R o,
The conpourrdsprise from@bauh Q.2 mi% drabmatyp vdte obthe ablatd andrdlidantsreay cainprise frow aboyt 8.2 witfe
bl 00d; st r eaghnduftt W% of the tablet,
Tablets ailso generally contain lubricants such as magnesium stearate, calcium stearate, zinc
stearate, sodium stearyl fumarate, and mixtures of magnesium stearate with sodium auryl sulphate.
30 Lubricants generally comprise from about 0.25 wit% to about 10 wt%, preferably from about 0.5 wit% to
about 3 wi% of the tablet.
Other possible ingredients include anti-oxidanis, colourants, flavouring agents, preservatives and
taste-masking agents.
Exemplary tablets contain up to about 80% drug, from about 10 wi% to about 90 wi% binder,
35 from about O wi% fo about 85 wt% diluent, fram about 2 wit% to about 10 wt% disintegrant, and frcm about
0.25 wit% to about 10 wt% lubricant.
Tablet blends may be compressed directly or by roller to form fablets. Tablet blends or portions of
blends may alternatively be wet-, dry-, or melt-granulated, melt congealed, or extruded before tableiting.
The final formulation may comprise one or more layers and may be coated or uncoated; it may even be
40 encapsulated.



C nuscle, or into an internal organ. Suitable neans for parenteral

adm ni stration include intravenous, intraarterial, intraperitoneal,
intrathecal, intraventricular, intraurethral, intrastemal, intracranial, 15
i ntramuscul ar and subcut aneous. Suitable devices for parenteral

admi ni strati onWOEid¥ heedl e (including _nmicroneedl e) inj ®ETEBA05/001825

needl e-free injectors and i nfusion techni%ﬂles. Parenteral fornulations are.
typi cal |y aqueous sol utions which nay contain excipients such as salts,

car bohydrates and pu d&fulafch ReBRESs dRLKEE MPBhafmbRuitaidse FohTrRA! VorSr i) H,
about 9), but, for sone ag%lhl cations, theté r’rg%5 Re more suitapbly tormul ated
as a steril e YFOHM308¥Hn 2B MaTs! BekkeraN-%- ey AFPOAISPM 08347 used in

conj unction w t h aSdidifdrmbibiiony ®horel sdministalioa sag beformidgtediy be gerediatecpd/aarnetified The

preparation QeI idked AlealdboMilaabis HeRd! MeEd-Shtlink S, GABAL ddnPilRd-, thfdbted and
may readily be acconplished using standard

exanpl e, by lyophilisation,
phar naceutgcd%gFaé‘E'Fﬁqi'ﬂ??ég' wel | known to those skilled in the art. The
solubility of conp&uiabls mefifi¢drelrededonbiptions fodthe purpdees pitiegpiaveationcre described pritSer al

Fechni duos, - SonR e pAICHBA ofthyd Uteblp Ricase BRIRHORLS s ALY ibrsions anc
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sust ai nedqg pul sed-, controlled-, targeted and progranmed release. Thus
conpounds of F} 'E ntion Eﬁé BQ formul ated as a solid, sem-solid, or 30

t hi xotropic | tion as an inplanted depot providing
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be et Tybt oot e EpeHEpC Rt A ReBRls ey fatons e Y BRER TRy soth
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to be imedi até and/or nodified release. Mdified rel ease fornul ations
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dry blend with | acFeawelatiass fefpargnternbadminisirgtionongydiedprmulsied te be immegligie andigrpmpdifiied
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TOPICAL ADMINISTRATION
The compounds of the invention may also be administered topically to the skin or mucosa, that is,
35 dermally or transdermally. Typical formulations for this purpose include gels, hydrogels, lotions, solutions,
creams, ointments, dusting powders, dressings, foams, films, skin patches, wafers, implanis, sponges,
fibres, bandages and microemulsions. Liposomes may also be used. Typical carriers include alcohol,
water, mineral oil, liquid petrolatum, white petrolatum, glycerin, polyethylene glycol and propylene glycol.
Penetration enhancers may be incorporated - see, for example, J Pharm Sci, 88 (10), 955-958 by Finnin

40 and Morgan (October 1999).



use, the powder may conprise a bioadhesive agent, for exanple, chitosan or
cycl odextrin. 15 The pressurized container, punp, spray, atom zer, or
nebul i ser contains a solution or suspension of the conmpound(s) of the

I nvention conpris for exanple, ethanol, aqueous ethanol, or a suitable
alternative ad’&ﬁ?"“ﬁ&”tﬁ spersing, sol ubiljsing, or extendi REV/PRPBEAEE2S! t he
active, a propellant(s) as solvent and ah optional surfactant, such as
sorbitan trioleate, oleic acid, or an oligolactic acid. Prior to use in a
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Suitable flavours, such as menthol and levomenthol, or sweeteners, such as saccharin or

35 saccharin sodium, may be added to those formulations of the invention intended for inhaled/intranasal

administration. Formulations for inhaled/intranasal administration may be formulated to be immediate

and/or modified release using, for example, poly(DL-lactic-coglycolic acid (PGLA). Modified release
formulations include delayed-, sustained-, pulsed-, controlled-, targeted and programmed release.

In the case of dry powder inhalers and aerosols, the dosage unit is determined by means of a

40 valve which delivers a metered amount. Units in accordance with the invention are typically arranged to
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course, off t Blodexyin @d suitable derivatives thereof or polyethylene glycol-containing polymers, in order to

improve their solubility, dissolution rate, taste-masking, bioavallability and/or stability for use in any of the
aforementioned modes of administration.
Drug-cyclodexirin complexes, for example, are found to be generally useful for most dosage
forms and administration routes. Both inclusion and non-inclusion complexes may be used. As an
35 alternative to direct complexation with the drug, the cyclodextrin may be used as an auxiliary additive, i.e.
as a carrier, diluent, or solubiliser. Most commonly used for these purposes are aipha-, beta- and
gamma-cyclodextrins, examplies of which may be found in Intemational Patent Applications Nos. WO
9111172, WO 94/02518 and WO 98/55148.
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36 (i) Acid pump antagonists, e.g. soraprazan, revaprazan(YH-1885), AZD-0865, CS-526, AU-2064 and
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sucraifate, chloropylline-copper and plaunotol;
40  (vi) GABAg agonists, e.g. baclofen and AZD-3355;
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(xix)  Cl Channel activator: e.g. lubiprostone;

- (xx)  selective serotonin reuptake Inhibitors, e.g. sertraline, escitalopram, fluoxetine, nefazodone,
fluvoxamine, 'citalopram, milnacipran, paroxetine, venlafaxine, tramadol, sibutramine, duloxetine,
desvenlafaxine and dapoxetine;

30 (i) anticholinergics, e.g. dicyclomine and hyoscyamine;
(xxii) laxatives, e.g. Trifyba®, Fybogel®, Konsyl®, 1sogel®, Regutan®, Celevac® and Normacol®;
(xxiif)y fiber products, e.g. Metamucii®;
(xxiv) anfispasmodics, e.g.: mebeverine;
(xxv)  dopamine antagonists, e.g. metoclopramide, domperidone and levosulpiride;
356 (xxvi) chaolinergics, e.g. neostigmine
(xxvii) AChE inhibitors, e.g. galantamine, metrifonate, rivastigmine, itopride and donepezi;
(xxviii) Tachykinin (NK) antagonists, particularly NK-3, NK-2 and NK-1 antagonists e.g.nepadutant,
saredutant, fainetant,
(R, 9R)-7-[3,5-bis(trifluoromethyl)benzyi]-8,9,10,11-tetrahydro-9-methyl-5-(4-methylphenyl)-7H-{1,41d
40 jazocino[2,1-gj[1,7Inaphthridine-6-13-dione (TAK-637),
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substituted, for | 1s were incubated overni ght. Conpounds

wer e prepar é‘?ﬁmf’ﬂte'g@’%ﬁ’g%Pﬁ?te@ﬁfTﬁ‘ 5 pl/well). The cells were harvested
With PBS/ 1 mM EDRegeptockaund taHioauiuty:vas avantiied iy sduninomesis MicoBetatpiats asghtar (Nalch

the assays cell pgIdoRibolNas of EREHRELINSREH SHT, FYENMr ok enented with 20 mv
HEPES, 10 pM pargyline (Signa) and 1 nmM 3-isobutyl-I|-nethyl xanthine (Sigm)

at the concentration of 1.6 x 105 cells/m and left for 15 mnutes at room
t enper-at ur e Hulfian S+ abindina{2Y 5 was initiated by addition of the cells into

plates (12.5 pl/ mhéﬂwﬂd tRshddsa 2D DERIS Rére plepdfbdiaHdeo v@:tm-ﬁ&@én'fhé PRl €,

1 %Triton X-100 wa Q S | at es

were | ef ¢ f SPESHPOReR ’§° g o B el @?ﬁ?ﬂgﬁemé'ﬁ%?g@% eopd L bodfel

f | uor escéhc éBdshrinaer. tM0P ditiomeand hepogerized aising hand held Polytron PT 1200 disruptor set at full
power for 30 sec on ice. The homogenates were centrifuged at 40,000 x g at 4 °C for 10 min. The pellets

were then resuspended in 50 mM Tris buffer (pH 7.4 at 4 °C) and centrifuged once more in the same
manner. The final pellets were resuspended in an appropriate volume of 50 mM Tris buifer (pH 7.4 at
25 °C) containing 10 mM MgCl,, homogenized, aliquoted and stored at -80°C until use. An aliquot of
35 membrane fractions was used for protein concentration determination using BCA protein assay kit
(PIERCE) and ARVOsx plate reader (Wallac).
For the binding experiments, 50 pl of test compounds were incubated with 50 pl of [*H] 5-HT (Amersham,
final 8.0 nM) and 400 pl of membrane homogenate (300 pg protein/ tube) for 60 minutes at room
temperature. Nonspecific binding was determined by 50 uM GR113808 (Tocris) at the final concentration.
40 All incubations were terminated by rapid vacuum filtration over 0.2 % PEI soaked glass fiber filter papers



was made according to the manufacturer's instruction. ARVGsx nultil abel
counter (Wallac) was used to neasure HIRF (excitation 320 nm em ssion 665
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on the ratio of fluorescence intensity of each well at 620 nm and 665 nm
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P D gl Ucose. moHCHTARERSt EXEPRIRR S RSB PRl Gl ST or 1. 25 1M Cadi 2
and 0.5 MM MCl 2 (pH 7.4). At the end of the preincubation, the media was
r enovedp aww&ﬁ&ﬂm solution (10pM in buffer was added to the apical
conmpart ment . TREmAnHERG FendREted HEK2SES talls Werelpfepgred bt giowion-héuse Thbasilettad ensl
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(0.3 ¢ fe donor Vol ume
{pH 7.4 at 4°C), homogenized, aliquoted and stored at -80°C until use. An aliquot of membrane fractions
was used for protein concentration determination using BCA protein assay kit (PIERCE) and ARVOsx
plate reader (Wallac). '
Binding assays were conducted in a total volume of 200 i in 96-well plates. Twenty pl of test
35 compounds were incubated with 20 pi of [*H]-dofetilide (Amersham, final 5 nM) and 160 i of membrane
homogenate (25 pg protein) for 60 minutes at room temperature. Nonspecific binding was determined by
10 pM dofetilide at the final concentration. Incubation was terminated by rapid vacuum filtration over 0.5%
presoaked GF/B Betaplate filter using Skatron cell harvester with 50 mM Tris-HCI, 10 mM KCI, 1 mM
MgCl,, pH 7.4 at 4°C., The filters were dried, put into sample bags and filfed with Betaplate Scint.
40 Radioaciivity bound to filter was counted with Wallac Betaplate counter.



of drug on the donor side at t = 0. Al data represent the nean of 2
I nserts. Monol ayer integrity was determ ned by Lucifer Yellow transport. 20
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The half-l:fe value was obtained by plotting the natural logarithm of the peak area ratio of

compounds/ interal standard versus time. The slope of the line of best fit through the points yields the
rate of metabolism (k). This was converted to a half-life value using following equations:
Halfdife=In2/k
35
Examples
The invention is illustrated in the following non-limiting examples in which, unless stated
otherwise: all reagents are commercially available, all operations were carried out at room or ambient
temperature, that s, in the range of about 18-25 °C; evaporation of solvent was carried out using a rotary
40 evaporator under reduced pressure with a bath temperature of up to about 60 °C; reactions were
monitored by thin layer chromatography (tic) and reaction times are given for illustration only; melting



t heir usual neanings; b.p. (boiling point), mp. (nelting point), |
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mmol (mllinoles), eq. (equivalent(s)). The powder X-ray diffraction (PXRD)
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Step 1. ter-butyl 4-cyanotetrahydro-2H-pyran-4-carboxylate :
To a stired suspension of NaH (17.7 g, 0.443 molf) in DMF (200 mL) was added dropwise
fert-butyl cyanoacetate (25.0 g, 0.177 mol) in DMF (100 mL.) at 0°C under N2. The mixture was allowed to
30 warm to ambient temperature, and sfirred for 1 hour. Then, bis(2-bromoethyl)ether (49.3 g, 0.177 mol) was
added fo the mixture, and the resulting mixture was stirred at 90°C for 24h. Aiter coaling to 0°C, the

mixture was quenched with water (100mL). The volatile components were removed by evaporation and
the residue was precipitated with a mixture of EtOAc-Toluene (1:2, 500 mL) and water {500 mL). The
organic phase was washed with water (500 mL) for three times, dried over Na;SO,, filtered and

35 evaporated. The solid was washed with Hexane and dried in vacuo to give 19.0 g (57 %) of the title

compaund as a white crystal.
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(502" "0 Toa mpuitinirs s etsod o050 R Aleh ool e eoEiom IR s LB RIS
stirred at NadOM 4 (20@mhbY, endthd mixtuRiwas extEoed miaCHiQR(200mubot iirseshdbe ekitrbeis wetewi t h

sat . Naﬁ'MrlélPover(h%%bﬁyna corrpcé‘f’;tr%féﬁ ted ré@/ldh@wg‘é%%kfg%g@edmn a)ooitlfﬁﬁ oﬁJ’lfé@&‘ei BiulifRs -
The conbined extr L : g %lh% I@l@%ﬁ?% atra concEthrataﬁSi he residue
was chr oSt PEBRREny ?Feﬁfe( )| tﬁﬁ’ﬁe & Pri ety EPMROUER 7 “fsr’("'ﬁexane/ et hyl
acet ate (1MB(ESHMgE 38 (W83 g (100% of the title corrpound
*H-NMR (CDCly) 5: 3.81 (2 H, dt, J=3.1 Hz, 11.0 Hz), 3.48 (2 H, dt, J=2.1 Hz, 11.7 Hz), 2.76-2.64 (2 H, m),
2.64-2.52 (1 H, m), 2.50-2.35 (4 H, m, including 2 H, s, 2.46 ppm), 1.98 (2 H, br d, J=11.9 Hz), 1.92-1.70 (4
35 H, m), 1.65-1.40 (11 H, m, including 9 H, s, 1.47 ppm).
Step 5. fert-butyl 4-{[4-{aminomethylipiperidin-1-yllmethylietrahydro-2H-pyran-4-carboxylate
A mixture of teri-butyl 4-[{4-cyanopiperidin-1-yl)methyljtetrahydro-2H-pyran-4-carboxylate (5.76 g,
0.0187 mol, step 4) and Raney Ni (3.00 g) in methanol {100 mL) was hydrogenated (3 atm) at room
temperature for 12 h. Then, the mixture was filtered through a pad of Celite, and the fitrate was
40 concentrated in vacuo to give 5.72 g (98%) of the title compound as a yellow syrup.



15 as a yellow syrup. M5 (ESI) nfz: 515 (MtH)+. "H NVR (CDCI3) 6 8.90 (1 H,
t, J=4.9 Hz), 8.31-8.21 (1 H m, 7.25-7.10 (3 H nm, 4.80-4.60 (1 H m,
3.80 (2 H, dt, J=3.1 Hz, 11.5 Hz), 3.49 (2 H dt, J=1.7 Hz, 11.4 Hz), 3.28
t, J= 6.4 Hz), 2.81 (2 H, br d, J=10.4 Hz), 2.44 (2 H, s), 216(2H,
10. 4 HAYO 20054 71(82 H d, J=12.4 Hz) 1.81-1.20 (22 HCHAB2DG5ODSEE ng 6 20
J =7.1 Hz, 156ppmand9H s4@47pprr) Step 7.

4- ({f(3- |sopropyl 2- 0x0- 2. 3-di hvdr o-| H benzi m dazol -1 -vi)carbonvl | am nol
vI) [ tthItetrahydro 2H pyran-4-carboxylic acid To a
tirred so ult(égo)qn&fs\{% QAH—F&E

4-{[ 4- ({] ( B=MMR (T8 - 3@%%6‘-2* E3diHzy 1234942 i ¢ =84 gl 12)2 Hay,|2.80 (2 H, brd, J=
)tCar Eogyl 1 A6 g 2nsatohigl () léllbuﬁerﬁdmmgnﬂls 32|4hrﬂssﬁ1h)zl1$tzﬂ%5t J-7t3 Hz), 61)98 @ HTEI)_I'"(E'J % gg TnL)
et r ahydr o- r ar bo step in

was add%d lgcg’nc ﬂ@l(ﬁ\(ﬁ Lsém%%% %231 428‘)'?‘%30%3%&{?% m xture vas Stl rred for
20 h at °r el Pelerouigt 4nid 2 o Jiichenzinidag “Whaminolmets

sol vent anglidinty ﬁ-leﬁl h nw@mtsat NaHCO3 ag. The m xture was
extracted wth nic |ayer was dried over
Na2SO4. RermvaIA'B'fd”fer?gp'gi{f’wgﬁﬁ&k’& ‘8?‘?12‘5‘1 Q@%&r |ch was chronat ogr aphed on
a col um o’f-isenmnkw-@éﬂdﬂeﬂ‘bb@ﬁ@":I%téfdﬁﬂonﬂamlgzﬁ 0205 1B, Ji Medy Chemn- 3899348 26TP-38800
of the titiR ERATPOLAC 0.056@mBY AEHEE, M@@mtmgxﬁkalanwﬂtén{pemumﬁrm Ghie the

! A sl Bt iy oo 5l e, 1

m, 4. 80- 4st&0b)as Ndeq!r)and thg reggItingy rmumawstim at rgor@ iemperatdre for 24 n=thegdeddlign 3. 14
g 2 g (Er Hdmmi!.relu?as@.ma)wnn 3atBRaHb ol 2 (oot L) Mexiradial vt CﬂgblZ(abtb mé)for t8e tané%r@pn)
1 comb ed e;%?% was Jlrfeﬁo ?@F]so\, ané?g(ientritr%7 H‘Riufingua\%gézhrfgf%grapheg on a

1595 1547 (Ph-!mOIMH?l!lmﬁell!!mm“l@@em&!@t@@w TH0gve B3 g (1AAD) of theltiteiconfpoynd
C24H34NA05as dyelidsydP, H 7.47, N, 12.22. Found: C, 62.77, H, 7.42; N, 12.16.
40 WO 2005&%@%@18 P é)‘ 005/001825 41 Alternative route to synt hesi ze
4-f4-(ff(3- r'?)lpy - 0X0-2. 3-di hvdr o-| H benzi m dazol -1 -vl)carbonvl | a

m nol met hvE)\IREINCH) $18.90 (1 [H, hdth¥y H3)t 83182 HomR A2BV &S H-relas-Bb4§T {1d1, adi3B0; s

described pe| 96/\45~3$t|-&P1185H£ 6549(5'# ¥l J=1.7 Hz, 1.4 Hz), 3.28 (2 H, t, J=6.4 Ha), 2.81 (2 H, brd,

Ler oty B B S B Rt A 1o 1 i P e

5nm), aﬂarla,fdoﬂfrahdl’ehyﬁﬁa)p(nlanﬂggt s.3947rmw).) and pot assi um car bonate (5 4 g, 39

(7))

nmol ) wer egiggldeslga d 103-0loS AGHR i 4 higalidiR AR ent
t enper at ur 0 d
washed wit #Otatile conponents were renoved by

evaporatlon to'@laﬁgrremlumrtdf@ound 8.9 g (quant.) as a white powder. |
H NVR (CDG ‘f épfc@ A okold;3 a{yaao.zﬂ%eﬂimﬁgzoﬁ-ynﬁ:hmo?%n& %eﬁx)pﬁendir*? ylinem&it
4 i

3 % 252§35 #vm*? %b%ﬁg%?ﬂg-? 1Sl ifewbm"f s a@?ﬁ@ﬂ?ﬁ*@& tsp
9 f Met hoxmxat¢iCang t!!lemssnhhmmw-\rﬂas iskircbe e ROrk BtTosn kefriperiatuest. Tikd miklueerye@s To a
st |‘ rred s O&I;dﬂﬁén%e% réhhdve BRIk 31 therebiducivel poe PR sBPNAHAA) ah Stne bt @bdir an
(4 m') V\'Iasex%'acted with CH,Cl, for three times and the organic layer was dried over Na;S0,. Removal of the soivent
gave a residue, which was chromatographed on a column of silica gel eluting MeOH/ CH2Cl; (1:10) fo give
30 3.01 g (92%) of the title compound. The product was recrystalized from THF tfo give the titted compound
(0.893 g) as white crystals.
MS (ESI) m/z: 459 (M+H)".
'H NMR (CDCl;)  8.99 (1 H, t, J=5.8 Hz), 8.30-8.156 (1 H, m), 7.25-7,105 (3 H, m), 4.80-4.60 (1 H, m),
3.95-3.70 {4 H, m), 3.34 (2 H, t, J=6.3 Hz), 3.14 (2 H, br d, J=12.0 Hz), 2.65-2.45 (4 H, m, including 2 H, s,
35 2.59 ppm), 1.92 (4 H, t, J=13.8 Hz), 1.85-1.40 (11 H, m, including 6 H, d, J=6.9 Hz, 1.57 ppm).
m.p.: 176 °C.
IR (KBr) v: 3281, 2947, 1720, 1688, 1611, 1595, 1547, 1481, 1447, 1375, 1200, 1159, 1136, 1105, 760

cm™.

Anal. caled. for Cz4HasN,Os: C, 62.86; H, 7.47; N, 12.22. Found: C, 62.77; H, 7.42; N, 12.16.

40



dropwi se n-butyllithium (1.59 Min hexane, 9.2 nL, 0.014 nol) at O C under
nitrogen, and stirred for 20 mn. Then, the reaction m xture was cooled to
-40 C, nethyl tetrahydro-2H pyran-4-carboxylate (1.9 g, 15 0.013 nol) and
trimethylsilyl chloride (2.0 nL, 0.015 nol) in tetrahydrofuran (1 nL) was
added, and tW@ 20054%311% i ng m xture was gradual |y war nmed tecT/immstoesper at ur e
over 3 h. The volatile conponents were4irenoved by evaporation and the
residue was filtered through a pad of celite washing with hexane. The
filtrate | ed )

a cl ear y\é\lﬁlﬁam%{ . r|oute Qo ﬁﬁ’%ﬁ%&% gl ().

2.24 (2 H moth ipendindg Ligtraihy arth o)Xy
Step 10. Sstep 8. fer-Butyi {[1 -(eﬂaoxvmethv1)mnend1n—4-VI]methvi}carbamate

TR T it
{[1- (et ﬁoxVthﬁ?ﬂOde@fde1 am39|n}mm9t a1l| doteasivra serbenafed(5cf, 0,139 mmol) wereSwdded 8Y

?gd [rrf:t hom.ér@teﬁ@&mfeo FHariatie Wad stitfel dﬁ&hﬂiéﬁ?tﬁhﬁéﬂth@tférhﬂmt Innd hiileIRS fikefed® J,
nmo

L by 1 SPRCne e Rated W et o SBRA 0 ) 5 i voBE SOipfiS R Rpmoveg by ¢ e

resul ting %mfﬂwetwmtmtiﬂﬂﬁwomd &%QWQ@WHMMIPQWQM 12 h. The reaction

N N L A e Rl o
was driléd Bf\f@ﬂ%ﬂﬁ%ﬂsﬁ‘ﬂf’ﬁ‘ﬁ@ H-Réﬁiﬁ?aﬂl35d? Htrnla1é%(3\1-éhtd—§wé) h3t-ed7 @b m). m. ch
: \-1 i ek Wt h et hyl

acet at e/ hexane
cl ear col orl ess-ﬁ)(j)al N::gﬁ% gb z'g"a @ 16 oﬁrﬁg}ﬁﬁ] @@F@W%ggﬁfl H,
br \s), 3. garoryiseg-huiylifhiu rmexe@e. B2 @)00 m@leoafiwqdzr pifroggy, angstiged for 25 (2
E, m, 2. r?nf& 2THeS, tl(eQredtdtlornfhlxtuEé whs oé&ed‘tb —4)°C, ﬁetﬂlﬁiafﬂ'aﬂyﬁro(ﬂ-l pranid-carbdxfidte @. g}gl (2
1 (2010t oY Pisb B teihy ikt 68 o, o menly st i Heeedle, il 01
ovr an- 4- ca Wmn@.lre Wey gadpg yawagmq}p rqgﬁl t@mpw{rﬁwer 3 h. The volatile components were

4-1 (4- {[ (t embvdawly evaporatidacing th residua ahs bty rquigh @ padimfmelﬁewdshmg with hexane. The

thyl]tet . -4- 10
e L AU P R P B Bl 9 10) 1
(exot her m HNMRCDAAE 3643 (0] o)k B.51(3as), 324 @bt Ja6.268), € 16 ¢Y H, T, 405.hHz)t hzh

cool ed 4o0 L@ C in ice-cold bath. To this solution, 5 NHC aq (10 nm) was
H

added and the 2005( 123718 PCT/ | 82005/ 001825 42 resul ting soI ution
val ue was &i8e.49. 4lidl(ferrbutoxycathonyliaminelmeihyiojperidingd imethylitetrabydrase Hpgan-dcarboxyia

added. Thtes-sol utlon was concentrated. To the resi due 2- propanol (80 ni)

‘ dded d
‘(“’33 added an . o 20RO LB AR eI RR Aot oalateslo s rindE! O

filtered tAFREIFRI E"@PM‘PE“BS’&““U&’Y@"&Y’IQBBE)FEWBVJ!%@V‘)S"E‘P%Z T PUNG PP
washed 28 t HicHidrédhétiané B0 mi) fasatided drepwiservimetassily rifldarabethanesiigated@ 2 matiddomdp

the-residug,g @"%Qh e(rééﬁltnﬁé; i u%s@ﬁl%c!at @Bﬁl térﬁperé@@éfo?%e%é ﬁé&&i@n m%ﬁéﬁ& this
prto@,edure the formation o recip ti1ced '|' f%

CH3CN (40 fHensheryith satpied %3480"9 ﬁ%" @ﬁl’?ﬁ“ﬂtﬁ (gsagﬁéﬁgraawdwﬂgdigwwwns 3 r"g'd?n

t enper at ur &), éndrthez'.ombméﬂrrgamcrlaymtwaselnemerfsnﬂmm syfdtea NBenpivéiaf the sohaol dade aumsidue,
washed wi t jj, Q’\l@hgghrc)ﬂ'ngtoﬁpaahed LR E ot &@m%@&mfnswew a&éiaﬁéfﬁé&én% (Tt )19 E‘\é‘%ﬁ égl g

0
566 (1 JOH &%’5 é‘l’@‘g'e?'r!gg’%g%nﬁﬁﬂa 3?%’ coigketsly oo (4 H m, T 58 ( 2 1 H,
s), 2.58-2. ws (ESH) m/z: 371 (M+H)".
"H-NMR (CDClg) 5: 4.57 (1 H, br s), 3.84-3.78 (2 H, m), 3.70 (3 H, s), 3.49-3.41 (2 H, m), 2.99-2.95 (2 H,
m), 2.73-2.68 (2 H, m), 2.47 (2 H, s), 2.19-2.11 (2 H, m), 2.06-2.01 (2 H, m), 1.61-1.51 (5 H, m), 1.44 (9 H,
s}, 1.24-1.11 (2 H, m).
35 Step 11. 4-J(4-{I{fert-butoxycarhonyl)aminojmethylipiperidin-1-ylimethylltetrahvdro-2H-pyran-4-carboxylic

acid

To a solution of Methyl 4-[(4-{[(fert-butoxycarbonyl} amino]methyl}piperidin-1-yi)
methylltetrahydro-2H-pyran-4-carboxylate (6.47 g, 17.5 mmol, Step 10) in MeOH (32 mL}), 5 N NaOH aq
(10 mL) was added at room temperature (exothermic). The resulting solution was stirred at 60 °C for 7

40  h, then cooled to 5~10 °C in ice-cold bath. To this solution, 5 N HCl ag (10 mL) was added and the



(2 H mM, 1.98-1.76 (4 H m, 1.55-1.35 (6 H mM, 1.44 (9 H s) np 129 C
Step 12.

4-{f 4- (am nonet hyl ) pi peridi n-1-vil net hyl }tetrahydro-2H ovran-4-carboxylic
acid 4-nmet hyl benze nesulfonate 15 In a 300 nL, 3-necked round bottom fl ask
under N2, WO 2005123718 PCT/IB2005/001825
4-[(4-([(tert-butoxycarbonyl)am no] rret4t2yl }piperidin-l-yl)nmethyl]tetrahydro-2
H pyran- 4- carboxylic acid (10 g, 28 mmoi, Step 11) was placed and a

sol ution red at . room
t enper at u%fg Eﬁl%ﬁn?ﬁﬁagu%%sa? \Qid 5°°\A/§%ntr§{| rrg&ed?s'c% %"’?%P”W%H’B%?%% and
Et 3N (8. GTMSO'Ut'wW?ﬁﬁ?PCFHVﬁ%d &t tpsidve Bopanch (8B wiLy waR addertandifevap eorcerdratst 2 hr
\I/E\nt g RI s $ﬁdagm Ticrestdiietnas PivR@iwih EAIHEEIRE) a?lﬁ tHe iR wayéﬂrres;att.—b@n@ fér&tht‘éﬁor%f c
e.r e
for 5 h aP\dq Strﬁ'éé?%t né)er alﬁ%ﬁ&ﬁ% rgr)]T\(lf\@ ovB élr ﬁ%artéerlug was |§and
t he obtdai RdL3 #1d the combinegfilsate was dopeeniraind. ( Tobe rﬁgyiue M@w(@vnl-&mas@dﬂdiars ith to
gl \5/2 1(2) Swes doBdenfigteddl Dl thid prbcdurs AREBRRGoAS wiild phRipitROWEE oticed H ToVR £ 8
3. 55-3. 43‘3 %“HJ’O waifgkg‘):? aﬂé”‘f "?*gg?%suﬁ’e"ﬁf"wafsg%‘}'d(% "13’“%’5‘"”%”’%%’ I;hBOHHE% H,
. 1.55- mlxglg,e \ap redﬁndnabta@qt?sc@d wagpyashgd with CH.CN (10 mL), then dried under reduced
4-{f4- ({fbr%sdumagwhgzbmenaeﬁled Edhvidtkr dsibhiepetiali. dazol - | - vl) car bonvl | ani no}

it urld off R o s e i LR A1 5 ﬁé@%?ﬁaf@aﬁx%%‘ig Sl )
and chl or(ﬁlﬂ)mwﬁB@(&Htﬂ).&%ﬂﬁﬁ(ﬁ)‘h@lﬂwﬁdﬁﬁeﬂ (1.14 g, 5.7 mol) In CHC 2
(20 m-) 32§tdrred at roomtenperature for 5 mn wunder N2. To this

mixture, EteBNz( 4-{1Z-(zminombyipigeHih-) - yiAGhABISIdS 2eMyianaRdrbkilie a8e AeiciyRenze
m xt'ur e V\lﬁ&uwoq‘ edtoamxture of
4-([4-(a yl ) pi peridi n-1-yl ] nethyl }tetrahydro-2H pyran-4-carboxylic

acid ¥ et hyl BBnzefesuPibnat®- (2. 3ngeked 7 sl | doligm 12) flask CHEdRR (1 i)
at rt. The[(rgaen- bumgcaaonyl)ame.o]mmyi};ﬁ;imﬂm-edl)mémw]myuﬁrmaﬁy%mmbmc Acibr(so

wns vasned 2 H0, 482 el vl o Jisdifi Bl1sEif 108 il ﬁﬁ?;%‘mwﬁy“
concentr aP‘@-t'Pd al e “P"EP:?I" iR \Xh%reﬂf't!"@f@@"w"’@%t@@@o (Crigr N‘ U’)de%{hd" EtahB mL.
concent r ab2 mmal ivas adiiad dfopwike sidWiy Guring @R e oP B hi With seRdiAgl UThe whifdi pBecipitate wae Was

ti f, i
o e RO b A A 8L
(10 ml), &Ficdyans atgeerctempaiabye fpadflim the sypRreesian wagfiered apy fBﬁ ottfﬂ'eedt §ofid was
conmpound aashelt ittie IPRG1 00chnL) Adlie®aesd Thor 8lh {d dve( 0K B (87 IOHT aR)titiedcomipound a3 wiitdvdr o

1H benzi | -1 vl)carbonvl | am nol net hvl) pi peridin-1 -

yl | net hyl }tetrahydro- 2H-8vran 4- carboxylic acid benzenesul fonate WO
200511237 *SNMWM@G@S/(Z) 1R 5 7-4442). 1762242 ud p i izd 3-88f3.65 (2 H, m), 3.55-3.40 (4 H, m),

4-{[ 4- :{5([éawsewwwlzﬁr@ms)aébdsmﬁm @), 155H38@engimy dazol -1 -yt )

car bonyl ] am Q‘P} et hyl) pi per| di n-1-yl ] met hyl }tet _rahydro 2H- pyran 4-carboxylic
ﬁf{nghglzj?g _' 1: ,:_1 m s'o HJQ’ -,suﬁ’ §% Vd é)"lH%e Il | bicH? Irb ‘ Zrﬁ tl:t pe 'I d
resul ti nglpiimathyiet '» ErOy '*w-' JEDOKVliC, 4GS errperature for 2 days and it was 5
concentrate d TAnmnxmmsaf duiseprogyd-1,d+dingdtoL5-berkzintidzctol@0dhe D0 §,I0Pmalf aridiehloifctrhied

g 1(:) ,rrp ‘(J)u‘-{‘_tﬂ add @niﬁgdh'e 1 estdr (NM%;% in éH%zj(ﬂ) 774"%? = sl]irred roorﬁ te?npugure f§r 511{'1;"( 1 H.

dt. 3 -, kol IR s iz Bt (14 2 Syndpag adie%lqw&»a d ’5"‘519?“% biogmiie g =
7.8, 1.4 Eided toda MiBtuledof H{{4-(srdncmethyl)piperidit- 1 9rhéthyHeBalBBroR HofyranB-dekboxy)ic a®l 50- 3. 38
(4 H m, 43ne§'§lb§hzgllw_%s&l%n£ﬂe (2?9 g, 5% rﬂrﬁﬁl]Ste%ol 2§ A CHQCI{@‘ 5mL)atrt. The resulting mixture was

stirred at room temperature for 2 hrs.  This mixture was washed with 0.5 N HCI aq (100 mL) and the

35 organic layer was washed with saturated NaHCO, ag (75 ml) then the organic layer was concentrated.
The residue was diluted with EtOAc (75 mL) and it was concentrated until ca 15 mL.  After seeding of the

product, this mixture was stirred at room temperature for 30 min. During this procedure, the solid was
formed and this mixiure was filtered. Obtained solid was washed with EtOAc (10 mL), dried at 50 °C
under vacuum to g:ve 1.2 g (73 %) of the titled compound as white solid.

¥ ]methyi{tetrahvdro-2H-p1ran—4-carboxvhc acid benzenesulfonate




1.78-1.58 (5 H m, 1,55 (6 H d, J =6.9 Hz) 10 np 223 C Anal. calcd. for
C30H48N4ABS: C, 58,42; H, 6.54; N, 9.08: Found: C, 58.50; H, 6.51; N, 9.11.
PXRD (28(+/- 0.1):5.3, 12.6, 21 A 21.9) EXAWPLE 2: 15

1-f14-f{f (3-isoarouvl - 2-oxo- 2. 3-di hvdr o- | H benzi m dazol - | - vfl car bonvi | am no3
met hvnai aerw@i2e05M23718 | | net hvl cvcl ohexanecar boxyl i ¢ aci dpOT/AB2s/deis2zs NN OH  /
NO ~JJ Step 1. tert-butA 4-cyanocycl di3exanecar boxyl ate The W conpound was
prepared by a nethod simlar to that shown in the Step 1 of Exanple 1 by 20

1801 57 A R A G e Ll M oy eniaghor P - %00 Tt e
1- (ani nonearteRypminelnstwiripRsdiar tyBRethvilteiraipie-2H-nyras-4ecerhowudin i 50 mo.cStes8n by a
met hod si QHION (5 ), bRallition RPMERZzdnBs it sictRondhydfatd 988G 8N H.CN\B LR addbdat 214

(M:H) " . 25 ' H NVR 3).8 2.69 (2 H . 2.02 H. d,,J=13.2 Hz),
1.65-1. 05%(’Téemlite’ar‘%{'e'i ﬁh‘? %’8‘?% "’ﬁ#’f’ gvgs, S“T?i;f r‘ﬁ?ﬂ}ﬁ"'.“"é'%?r&5°rg.da¥seﬁ"g tRasyi

| - f (4- GxopAnpentratad.n The wsiivrewasriedio affert 868me9a%bef th tiledcoTipeundias h@olidonpound was
prepar ed hynaRr@Es,00fs &1 |@£JT=@.7H%FB.1§QQ¥V'& iy Bglohes BhePesdy A (2 RXAIRIB.7 16 { VB
(ESl) mz, 296 ém +o NNP>9§D? 3), 6:2. 84 %4 H1:'-é1 J=6.1 H%)S 2.57é H,
s), 2.38 (k3% (1 Hyte) .90 Hzp 737 (I B0y =48, ha tig) H13PH. 10, 8578, e5Ha. 48 ( iy 1
m i ncl udsextpt, 9 +6.99z),13.8573.55(H H, 181 8504.38t(¢H, n)us.23-3.05 (2 H, m), 2.15-1.90 (5 H, m),

144- cvanopirpeks & i wl), 145 @B §) W =ls®igA) ohexanecar boxyl ate The title conpound was
preparﬁfl r% %37 thod simlar to that shown in the Step 4 of Exanple 1. M5
(ESI) 23 MrH) ' . "H- NWR (CDClI 3) 8: 2.53-2.66 (2 H, nm), 2.53-2.48 (1 H,
m, 2.48- anBGaltd farCahhNii81 G GBAZ H26.64; Ns 9.02 FéanddOng8,50; BB.81: 9R.(12 H, d, J=12.5
Hz) , 1. 92pgrd Bel+t ofy58) 126126824010 (19 H m including 9 H s, 1.45 ppm.
Step. 5. tert--butyl _
1-££4- (am nonmet hyl ) pi peri din-1-yl | met hyl } cvcl ohexanecar boxyl ate WO

2005/ 1237EXAMRLE 2:B2005/ 001825 44 The title conpound was prepared by a

met hodyssi s Yi-2- 302 idinlc b@mﬁ%_&mmg;! 311

(MeH) . 'H =1T. . d, J=b.

Hz), 2.39 ; i J=11.0 Hz), 2.03-1.85 (5 H m, 1.65-1.10
(22 H m incldjdippg 9 H, 45 ppnm). 5 Step 6. tert-butyl

1-{[4- ({f(3-1sepopyl/-2* %é'el hvdr o- | H benzi m dazol - 1- vDcar bonyl | am no} m
ethvl)pip ridin-r—wyl I*cvcl ohexanecar boxyl ate The title conmpound was
pr epar ed @; od sim | o that shown in the Step 6 of Exanple 1. M
(ESI) mz: MtH) ' . ' H (CDCI3) 8 8.89 (1 H t, J=5.3 Hz), 8.33-8.20
(1 H m, 7.23-%.10 (3 H mM, 4.80-4.60 (1 H m, 3.27 10 (2 H t, J=6.3
Hz), 2.82 (2 H d, J=11.5 Hz), 2.39 (2 H, s), 2.12 (2 H t, J=1 1.4 Hz),
1.97 (2 Hstefls. tdrifudyi 4-c clohexanecarboxylate

The title compound was prepared by a method similar to that shown in the Step 1 of Example 1 by

20  using 1,5-dibromopentane.
'H-NMR (CDCl5) 8: 2.07 (2 H, d, J=13.0 Hz), 1.86-1.57 (7 H, m), 1.50 (9 H, 5), 1.35-1.15 (1 H, m).
"\: Step 2. tert-butyl 1-(aminomethyl)cyclohexanecarboxylate

A
s

The title compound was prepared by a method similar to that shown in the Step 2 of Example 1.
MS (ESI) m/z: 214 (M+H)".
25 'H-NMR (CDCl5) 6: 2.69 (2 H, s), 2.02 (2 H, d, J=13.2 Hz), 1.65-1.05 (19 H, m, including 9 H, s, 1.47 ppm).
Step 3. fert-butyl 1-[(4-oxopiperidin-1-yl)methvilevclohexanecarboxylate
The tifle compound was prepared by a methed similar to that shown in the Step 3 of Example 1.
MS (ESI) m/z: 206 {(M+H)".
'H-NMR (CDCL;) 8: 2.84 {4 H, t, J=6.1 Hz) 2.57 (2 H, s), 2.38 (4 H, t, J=6.1 Hz), 2.04 (2 H, d, J=12.2 Hz),
30 1.85-1.15 (17 H, m, including 9 H, s, 1.47 ppm). ;
Step 4. ferf-butyl 1-[{(4-cyanopiperidin-1-yl)methyijcyclohexanecarboxylate
The tile compound was prepared by a method similar to that shown in the Step 4 of Example 1.
MS (ESI) m/z: 307 (M+H)".
*H-NMR (CDCly) 8: 2.53-2.66 (2 H, m), 2.53-2.48 (1 H, m), 2.48-2.30 (4 H, m, including 2 H, s, 2.41 ppm),
356 1.97 (2 H,d, J=12.5 Hz), 1.92-1.70 (4 H, m), 1.65-1.10 {19 H, m, including 9 H, s, 1.45 ppm).
Step 5. fert-hutyl 1-{[4-{aminomethyl}piperidin-1-yllmethvilcyclohexanecarboxylate



1.73-1.10 (28 H m including 6 H d, J =6.9 Hz, 1.56 ppmand 9 H, s, 1.45
ppm . Step 7.

1-ff4-({f(3-isopropyl - 2- oxo- 2. 3-di hvdr o-| H benzi m dazol -1 -vl) carbonvl | am no}
met hvl ) pi peridin-1-y |l nethvl}cvcl ohexanecarboxvlic acid The title conpound
was prepared by a net hod S|mlar to that shown in the Step 7 of Exanple 1.
15 M5 (ESI) WPZ200542371§ \ikH)' . ' H NVR (CDCI 3) 8 8.98 (1 H, PET/IBRAGS/@IE)
8.28-8.18 (1 H, m, 725710(3H m 444.80-4.60 (1 H m, 3.34 (2 H I,
J=6.3Hz),3.11(2H d, J=11. 2.61 (2 H s), 2.48 (2H t, J=12.2 H),
2.05-1.20 (21 Hpeffie cdnlp M%Qgre r@bﬁaméﬁ&sﬂnu'ﬁ?htﬂﬁ&%ﬂ%e&%@ é e 20
IR (KBr) v; ?(291 2938\# 1732, 1690, "1545, 1481, 1373, 1298, 120 134, 762
cmd . AnalS &Sl e 3 ffEbssnaos: C 65.76; H, 7.95; N, 12.27. Found C,
65.41; H, 8-88R (ODCL)2.218.(2 HEXMPBEHS), 2.881@H, 5.8 Hz), 2.39 (2 H, s), 2.1 (2 H, t, J=11.0 H2),
(3-isoprop I d vl)carbo nvllam no) 25
nmet hvl ) pi pgp? ﬁ?ﬁ@ %Pa'rréeyﬂw ﬁ@cﬁ%@ﬁ%gﬁtiﬁ%xbﬂ c aC| d O H O Q N CN OH
N>::OSt5ep ED. 6 forth ({H3tisom L hieangimids grbppyllg

sol ution ot atQTrDl) I'n THE (5 m.) was added n- BuL| (1.58

M i h

i ;? uree\)/(v:gestl ey %p%ﬁrgj%’agggb E#H]@gﬁ@%eﬂlgrttﬁ%?ﬁ%mwth F%é\%%sx%'g@aed a
sol uti on oMSHE®hPz BJétPent anecar boxyl ate (1.00 g, 7.80 mml) in THE (3 nlL)
dropwi se atH Q@R wda)shegmmtwessmﬁssﬁ B0 adH, &), 0431 @' (3 8, M), 480-28b (Y, )03 2hi S

m Xt ur e, wWa 7 0C, resu)_t |
6 15 B (0 Shiraied pop i @k e 408, LR B
quenched vm117¥'r1é&f231"m4m|u®w5|'(QOJTrQ?HZeWGrmEIt@d9M§H4§ﬂ32@(75 m -) for tvvo
times, andstep Ire 19@asRe8 ) ; |
organic |a el Mas. el’xl r(?d“r lcglglx SO4 35 filtered and concentrated. Rermval
of the sol . I ch was chronmat ographed on a colum of
silica gel el utiheditewampommdmzs preesrashey 3 methel similan )that ghowhn inghe Steg b o Fxemplegl. of
ti tl e compmeiesipszaasMma®05/ 123718 PCT/ | B2005/ 001825 45 colorless oil.

(6 o N'VR ( CD% é@rzgc@cié?ﬁigﬁ T, t51k5.8 Pezi 6.28.8 1841 5y, Pes3Pi07a Homf, 4.8b% 6} e 1 1n) B34 50

1- f(4 ff(t@rhl a3 kg @iy H.)Jat-hidt) G 1H? H} $i 48 (Ui tn=12.2 YiE)) 285-he® (24 Vemopent an
ecar boxvl atngudiny d)d yuﬁegmg 14ebdyyl  1- (| odonet hyl )cycl opent anecar boxyl at e( 5. 52
g, 0.0206 nol, 15§];cgp tert- utyl 5 (piperidin-4-ylnmethyl)carbamate (8. 83
g, 0.0412 Wcﬂ) IPr2NEt (10.76 nm., 0.0618 nol) in N-rrethyl pyrrol I done (70
m.) was20st IR (KB vai291,20m, fiza2, TB90,H545\f 484 1378 0120R1g 202, MS4rEAcni on i Xt ure was
diluted whpdl osled. for QesHesNED-6. 657800 7/96)N. 1827 Faunded, 8641 H.AIBEN. 12280 nl-) for
three tines, and the conbined organic |ayer was washed with water (200 nt.)
and brine (EXQHPI:E:) The organic Iayer was dried over Na2SO4, filtered and

concentr at | was
chr ot ogr 48 o % ok Ea‘ﬁﬁ' fod y'ﬁ'i _ 6' s soyfiding) " ac/ hexane (1:1)

to giveZy, gethyl ]met 344 | ow  syrup.

Step 1. Methyl 1-{iodomethylicyclopentanecarboxylate
To a stirred solution of HN(/Pr); {1.31 mL, 9.36 mmol) In THF (5 mL) was added n-BuLi (1.58 M in
hexane, 5.43 ml., 8.58 mmot) with keeping -10°C under N, and the mixture was stired at -10°C for 1 h.
30 Then, to this mixture was added a solution of methyl cyclopentanecarboxylate (1.00 g, 7.80 mmol) in THF
(3 mL) dropwise at 0°C, and the mixture was stirred at 0°C for 2 h. Finally, to this mixture was added CHal,
(0.628 mL, 7.80 mmol) at 0°C, and the resulting mixture was stirred at room temperature for 16 h. The
reaction mixture was quenched with sat. NH,Cl aq. (50 mL), extracted with Et,O (75 mL) for two times, and
the combined organic layer was washed with brine {75 mL). The organic layer was dried over Na;S0,,
35 filtered and concentrated. Removal of the solvent gave a residue, which was chromatographed on a
column of silica gel eluting with EtOAc/hexane (1:20->1:10) to give 1.085 g (52%) of title compound as a




M5 (ESI) mz: 355(M+H)'. "H-NWMR (CDCI3) 5 4.58 (1 H br s), 3.66 (3 H s),
2.97 (2 H t, J=6.3 Hz), 2.77 (2 H br d, J=11.5 Hz), 2.55 (2 H, s),
1.70-1.50 (9 H m, 1.44 (9 H s), 1.25-1.08 (2 H m. 15 Step 3. Met hyl

1-{[ 4- (am nonet hyl ) pi peri di n-1-vfl net hvl } cycl opent anecar boxyl ate A solution
of methyl WO 2005123718 PCT/IB2005/001825

1-[ (4-{[ (tert-butoxycarbonyl)amn no] net 4yl }pl peridine-1- yI)rret hyl ] cycl opent an
ecar boxylate (1.16 g, 3.27 mml, Step2) in CH2CI2 (25 m.) and
trifluoroagfiksAcid (5 ) was stirred at roomterrperature for 1.5 h. The
reaction mxture was then concentrated and basified with sat. NaHCO3 ag.

(100 ni), dRNMB e Q7R (Sid stﬁéizi?'(‘f())@ 3H1_2)"5f(%!" )k 1-80-1-55 8, Mihe conbi ned

extract wastes . Methyn sRoound

X S/ o % '
I vrs e o e Ao il 1o
(9 H ms g_)lpg[yilrg:lt-@gle@g)cprbarﬁite (883 ggp- 24\10])@5@ WNEtUO 76 mt., 0.0618 mot) in

1-tf4- ({f (&aﬁeﬂ@mwadnemamgwas amdu htwdm@fbmmeweaodfgzmbrdacﬁbh)rﬁmrbwaydmh@m no}

s pr epar 460 b NaPogs 3 (B puBdsq MBEORNB6ANBRONE face R te omB& e
M5 (ESI) nieyer W#S‘Paf(hm-ﬂ}h water I@ONIIVR) ardbone (0@ mR). Yap qrganiq layer Wa\?iﬂEd?O‘Hzl)lazSQ;.
8. 28- 8 20 fitéredand coherfrated Refbval 6f.tfsofker@@atela robidus) which w8 chrdmblogrEphed 088 3. 27

|('|,2 H Tj(_) 7go§|{n4%m|{ic?§eﬁ§% ré \%rth togdfhda‘;(ane (% ﬂo glae)f 31 q(ﬁgﬁéﬁ“'icqg@%“"d%s a yf[?o 801( g’ 0

(2 H rr) Sdp 5.
1-{14- (f f ( BsiEPhRMBEEMHYXO0- 2. 3- di hvdr o- | H-benzi nmi dazol - 1-yl) car bonvl | am no}
%E@Pp' Perd SR 1ot s W sHTHN §)CY 6 BREY! 28F6H, PIXYA 1§, 24 @ Hibl, Kii'5%49 2 55
1-{[4- ({[ (&H. §bﬁ)47@rﬁ)§0(92ﬂ @)QOL@(SHm)h‘yZﬁ*bOBJ@H'b@hm m dazol - 1-yl ) car bonyl ami no}
] dina x bR ate 33 0 , 2.90 mmol ,
Step 4) in 4N— Il. P acetlc aC| was stirred at reflux for
18 h . After co F?S teéy eaction m xture was concentrated and basified
with sat. MH@MWXY%H&@OY'WY!O]H@WIMI@@ Wimetreligrclpmeniangaronkyale fi 9B gt httee
times. Th emﬁfanmeﬁg% CIEEL(AGHS aH\@tﬁﬁuoﬂﬁb&&l a@d’@rmLW'a)sS@ﬂ'ed étlrJ,d;ﬂeaseratnfé for 1.5 n

concentr at The resi due was chro |

Ut ed it e hERAeEE 1R Rore Rl s PR RREF B Bar e i TpBimy s

whi te s¥ i gHCYOT ML) fewm@ﬁ!n@oﬁw@mbinmtrmwwmmq cpeagniratestip mmx@sw A00m@f
dried in vaRWdmadund®BSdiew syupdays to give 610 WO 2005/ 123718
PCTI/BZOOS‘,@Q&%?SI 2%% @ of title conpound as white crystal. M5 (ESI) m z:
443 ( M+ 8\5 S IR (KBr) v: 3271, 2934, 1736, 1684, 1607, 1558,
1483, 1454 'H- NIR%‘DQ:B% 66 (31498), 272 @H, d1JFAT7H HZ.)OWZ-%{B@H ®), eitb-1 98|H¥ INNVR, ’(&EBC'INB) 5

900(1H9th]-15305|dgz(iH,§)30818(1H M. 7.25-7.10 (3 H m. 4.80-4. 60
(1 H . 334" (8 1.0 1), 2,32- 2H M 2.00-1.30 ¢

i ncl udi B T b 9 iy . e T lpredaol: 5 G,
6461 H BindAdm \Gbenta o€ 64.34. b, 7.79: N, 12.48. 10

Al ternative routfelifs Wbl $ag Frepared by a methad similar to that shown In the Step 6 of Example 1.

] [4 (ff(BM)SEQ%L'FB)&{E’ﬁ%“P*’\{)Q 2. 3- d| hvdro- 1H benzi m dazol - 1-vl') carbonvl | a

m no} nmet hv |1 met hvl } cvcl opent anecar boxylic acid is described
bel ow. 'H NMR (CDCl5) 8 8.94 (1 H, t, J=5.7 Hz), 8.28-8.20 (7.25-7.10 (3 H, m), 4.80-4.60 (1 H, m), 3.68 (3 H, s),

30 3.27 (2H,t, J=6.4 Hz), 2.84 (2 H, d, J=11.6Hz), 2.62 (2 H, s), 2.20-2.00 (4 H, m), 1.75-1.50 (15 H, m,
including 6 H, d, J=7.0 Hz, 1.56 ppm), 1.40-1.20 (2 H, m).

1H-benzimidazol-1-yl

Imethyilcyclopentanecarboxylic agid
A mixture of Methy! 1-{[4-{{[(3-isopropyl-2-oxo-2,3-dihydro-1H-benzimidazol-1-yl)carbonyllamino}

35 methyl)piperidin-1-ylimethyl}cyclopentanecarboxylate (1.33 g , 2.90 mmol, Step 4) in 4N-HCI (8 mL) and

acetic acid (6 mL) was stirred at reflux for 18 h . After cooling, the reaction mixture was concentrated and

basified with sat. NaHCQ, aq, (100 mL), extracted with CH,Cl; (150 mL.) for three times. The combined

extracts were dried over NasS0,, filtered and concentrated. The residue was chromatographed on a

column of silica gel etuted with MeOH/CGH,Cl; (1:10) to give 1.12 g (85%) of title compound as white solid.
40 The crude compound was recrystallized from EtOAc x 2 and dried in vacuo at 50°C for 2 days to give 610




Step 6. Methyl

| -f(4-ff(tert-butoxvcarbonvl)am no] net hyl } pi peridine-I|-vl)nmethN cycl opent ane
carboxvlate The title conpound was prepared according to the procedure
described in the Step 10 of the Exanple 1 using

[ cycl opent yWwpE(2dB8 hoxy) net hoxy] (tri nmet hyl ) si | ane ( Symdrasimesok®B2, 1,
58-60) instead 15 of 46

[ met hoxy(t et rahydro-4H pyran-4-ylidene)nmet hoxy] (trinethyf)silane. M (ESI)
m z: 355( 13 4.58 (1 H, br s), 3.66 (3 H s), 2.97 (2 H,
t, J=6.3 ki ”'59‘!?’7?‘5 fﬂ% 5%5 =11.5 Hz), 2.55 (2 1 H, s), 2.18-1.95(4H,
M, 1.70- MSESHOVF4EFMH" 44 (9 H s), 1.25-1.08 (2 H, n). Step 7.

1-f (4-ff (tept ¢dmrcoxvcar bonyl ) am nol net hvl } pi peridin-1-vl)nethyllcvcl opentane

(ia{ ?ZX\(“[ I( ﬁﬁ?‘%é gﬁ?%&y%%ﬂdﬁ@l#%‘m?%&] {?&&ﬁﬁ{ 5401378 1758 1998 13%n\JpT. 1097. 758

cyclopeﬁtamecarboxyl ate (2.8 g, 8.0 mol, Step 6) in MeOH (11 nL), 2 N

agueous Na =

The result?ﬂgm A5G s aSbleg (B PP STPRE AL BRI

in ice-col@ watd! 01'5'5)(-332'%6“% AW -EH17 8. 'N'W@F'“%E"'(?Wrﬁ_')‘z'\'}\é@’%ded

dropw se. AnakcalgdelbuCshliiyOs 00.21HEM 1T, §408; Wal. TR NyvEES6CEaURg: CNE434; INTEN N ta.48d and
to the residue, 2-propanol (40 m-) was added. 25 This sol ution was
concentrat ed and to the residue, was added The resul ting

mi xt ur &0 \A&temgtf"Pr’P‘g%lt"afy"F‘Sﬁi?ﬁ dEEcH : jyeroq1 gudarollyicagonyllg, oygh
a Celite pmaid prethyiicyéiaiehtandbadoxyfic bdid a:”seiemsecbmment r at ed to give
%N%@g (;:]U 69‘%“1 Ih 4t {eJ'tSQO .‘- . | . i u 1‘ l- I'IEHL‘-H = érﬁ’&g uo 3 4
Hz)\-"2.58 (2 HT”“a E‘B‘“’” Pad Yagy eRa?dﬁCCCi'i’i'“g tg thgpropedy 59‘1‘520’1‘!9 ‘ﬁ)“'e Stepgif). °.th“50 (6 H,
m, 1.50-IExa@bplé3 using nyclopéntylidene@ndthoxginethdxyRiomethP)siland (Sytiedi;, 1982, 1, 15p-60)5kkteEd
Step B.isl-dfalodie {Fﬁﬁ%ﬂﬂp};Eh—ﬂ%‘zﬁdﬁé)ﬂmelhoé&dnﬂi%&l}!)éhénﬁVC| opent anecar boxylic acid

4- et hyl benz sul f , necked round bottomflask, to a
m xture of S.L&[SBE"? ?q(@?"ts but oxycar bonyl )

am nO] met Hyilm @ecifé 4sela W Br@ptaiea e{ Qpﬁ(ztmmfes@d gggiﬂ A%gaﬁz‘rgdﬁ(@sg?fés& )
1on. O S mol

St 7 TH 2
Ol e o 2 B Dh Gt R 1Tblsgda t%@‘?ét*h?’e”ﬁ'ﬁ@f‘fzéémtl i siure e
stirred atStef)7.C-fib{{(fed-Hutouyie g, lie agi@r at ur e.

To thi sol uti The white
pr eci p?’? ate vvasGr g?ﬁ:@tﬁmd% "ﬂh {(ﬁ@(tﬁ% %@ﬁn@?ﬂﬁﬁ@%ﬁh@%ﬁeﬁtﬁ% &g-}{)én?ﬁfpl

m xture mdﬂc'%ﬂ‘??@afbwafedéﬁwgt%%@bﬂ%@ ip MeOH 4114nL) ghbaqugeysdiaOHsR Ium mL)
filtered angatdi@ ablbiitdhi@rabied fefbivnbic)\aTHaesing Solulibfrwésldired gt,70 AC if@d hathe0 C
for 5 hto give 5.9 ,(i97 09 of 40 _the titled conpound as a white solid. WO
2005/ 123718 ?fﬁ?ﬁrﬁbﬁg@/??dfﬁz‘@‘” hah. To fierspiisn;) S W HCEA (B pil) was added dropwise. The

H, J=8. 2Hz ) restitib@$chitior) (pBl vallr Yasta BPe: totcedtradd Mt thereBO(e2 Hp@patsl (4@mB) wda kidded. 88

E g EL t2 ‘]T:{usg%l%{lol\ﬁé %@Cﬁ’ltl%% Ql?%l'd’thfe i'gsuﬂje'm-ﬁ3 Cﬁ (Aﬂzr)lL) m%s g&deﬁ 3I‘hE‘resﬁl)mg n:l1xt8r% st 75
1-{f4- ( f £ (sirgcad Fopyigmnrepatiss for 2 h godit werditered thrayeing Fefitenas 650 pL g remoxe Nefviteani no)
met hvl ) pi itratedias-cdncedirayddliongitd B § (paritygd ehe titsticonpduod ds wmteacttdd A m xture of-

1-i sopropw )
chl or of or hW@@%ﬁ%ﬁbﬁ%‘%ﬁ?@& &Qﬁﬂ’}nﬁ %fg%eaé,((}@é% mkéﬁ%&?f 21'%0
m) was stSnr2r28-08(2 Hdﬁh?@%ﬁﬁéﬁ el %1566 H. m). 1.56d %%35' A, sk IROOP7. 4
m., 12830meH)mpas added slowy and the resulting m xture was added to a
m xt ure of [-.4- (am nonet hyl ) pi peri di n- 1-ygnet hyl } cycl opent anecar boxyl i ¢
acid 4-met ) @14 S4MGnchib iR I;eﬁ&]ﬁﬂ-%l]rﬁ&ﬁvl}évcﬂx enbSheéir i acidltfetSiberd-Bnestifobdte (75
n) at roomTenperafyre OL, Hnckhd Sounit botdm | fkk, 0 &' milkture of 1-[(d-{[(fert-butoxycarbonyl)
amino]methyi}piperidin-1-yl)methyllcyclopentanecarboxylic acid (5 g, 14.7 mmol, Step 7) in THF (26 mL}, a
35 solution of p-TsOH H,O (8.4 g, 44 mmol) in THF (25 mL.) was added at room temperature. The resulting

mixture was stirred at 70 °C for 3 h under N, and it was cooted down to room temperature. To this

solution, Et:N (6 mL, 44 mmol) was added dropwise slowly. The white precipitate was formed during the

addition of EtsN and the resutting mixture was stirred at room temperatute for 14 h. The suspension was

filtered and the obtained solid was washed with THF (10 mL), dried at 50 °C for 5 h to give 5.9 g (97 %) of
40 the tiled compound as a white solid.



Et3N (7.9 nmL, 56.8 nmmol) was added and the resulting m xture was stirred at
roomtenperature for 2 hr. This mxture was washed with I N HCl aqg (100
m.). Organic |ayer was concentrated at 50 Cuntil ca 5 vol and it was

repl aced by acetone (50 nmL x 3) at 80 Cuntil ca 5 vol. To this m xture, H20
(100 m -) wa¥02¢§d&til8%t 80 C and the resul ting m xture WBST/HBASOAIRSAt ed at
100 C. After cooling dowmn to 50 C, 20 A5 N, N-di met hyl am noet hanol aqueous
solution (100 nL) was added to this m xture and the solid was observed. The

resul Ling. WKMA(B,008% o 0PH AL 4 PubiO P19 0ll) DBIHARGES HIRS =51.b HaPdlod P, 43, DI S

t that t t

shod wi { BARELEER G L 2T TR o) 15 S 2N A B BB B 151620 G 5
% of the m)tled corrpound as white solid. np. 166C 20 PXRD (20(+/ 0. 1) 4.4,
8.8, 13.2, glf-Ph ;

1414- ({f 33 Sopro . yrTam no}
met hvf pi Nﬂ'—'@ﬁﬂgﬁ cignentan lic &Gid| opr opanecar boxyl i c acid hydrochloride / N-
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tent- butyI 4 (am none erl |n- - Vi opanecar boxvl| at e
The Ve comSSRRTER s THP GRSl eied fod Habaie $alf wee,veahas wah ok 1P m-h 8t 3
of Exanpl e53°CumBr-(eES|rr)toraﬁmd 1268(7(1|‘€B-)Iﬂ)thetlﬂddlcbih®uﬁmﬁ)asﬂidZ 96 (2 H, br d,
J=11.5 Hz), :2.50 (4 H m, 2.00 (2 H t, J=11.4 Hz), 1.75-1.35 (14 H,
5m mcluél"p H br d, J=9.6 Hz, 1.66 ppmand 9 H s, 1.43 ppm,
1.33-1.28 G"Z(RH(2QW-,0-11!.43433-§2'3R, 8@, J=4.0 Hz, 6.9 Hz), 0.74 (2 H dd, J=3.8
Hz, 6.6 Hz). Step 3. tert-butyl

14f 4((f(3- WPEB?‘I - 2- 0X0- 2, 3-di hydr o-| H benzi mi dazol -1 -vi ) carbonyfl| am no) ne

thvl)Dip yf m et hyI }cvcl opropan ecar boxvl ate The title conpound
vvas prepar ' piropid-ox0-2i3tdihvdron1i-benzimidazoli-yljcarhonyliaminpl methviipiperidingd-y
M5 (ESI ynist Tobrd é‘éarlfb lic acid_hydrochioride
o H
YN\/CN’XU\OH
L N
—_ >=0

N HC
S

Step 1. feri-butyl 1-[{4-{[(feri-butoxycarbonyl}aminojmethylipiperidine-1-yl)methyijcyclopropanecarboxyla
fe

Tert-butyl 1-(iodomethyl)cyclopropanecarboxylate {including starting material ,3:2 mixture) was
prepared according to the procedure described of Step 1 in the Example 3 using fert-butyl
30 cyclopropanecarboxylate (J. Organomet. Chem., 1983, 252, 267-274) instead of methyl
cyclopentanecarboxylate, This was used for the next step without further purification.
The tifle compound was prepared by a method similar to that shown in the Step 2 of Example 3.
MS (ESI) m/z: 369 (M+H) ™.
"H NMR (CDCl5) § 4.59 (1 H, br s), 2.99 (2 H, d, J=5.9 Hz), 2.89 (2 H, br d, J=11.5 Hz), 2.57 (2 H, s}, 2.00
35 (2H,tJ=11.7 Hz), 1.62 (2 H, d, J=12.9 Hz), 1.55-1.35 (1 H, m), 1.44 (9 H, s), 1.42 (9 H, 8), 1.30-1.15 (2 H,
m), 1.13 (2 H, dd, J=3.8 Hz, 8.6 Hz), 0.74 (2 H, dd, J=3.5 Hz, 6.3 Hz).



"H NWVR (CDE-3)y-6+8=9t-(¢FH-~br t, J=5.5 Hz), 8 .2 1 H,

(3 H m, 4.80-4.60 (1 H m, 3.30 (2 H t, J Hz 2.91 (2 H, br d,
J=11.6 Hz), 2.57 (2 H, s), 2.01 (2 H, br t, J= Hz), 1.73 (2 H br d,
J=12.1 Hz), 1.67-1.50 (10 H, m including 6H, d, J=7.0 Hz, 1.56 ppn), 1.43
(9 H s), 1.34-1.20 (2 H m, 1.12 (2 H, dd, J=4.0 Hz, 7,0 Hz), 0.73 (2 H,
dd, J=3.9 MWO22®58238) . 15 Step 4. 1-(f4-(WB-isopropyl - 2poRmB2ESBOGRAV AT O- 1H
- benzi m dazol - 1-yl ) car bonvl | am no} net B8l ) pi peri di n- 1-

vl I 'met hyl } cycl opr opanecar boxvlic acid hydrochloride The title conpound was
pr epar ed Qg aof Exanple 1. M5

0 ( m, 7.25-7.10
)

(ESI) m ZZ4T5 ' ' . HORANCCR SV e15700, 1732, 1688,
1556, 1485, 13%8 ﬂﬂel@smounﬂrsgprenq@mby amshqﬁﬁfmﬂar to mammw mm@t@mg of Exgnise3.( 1 H,
t, J=6.3 MBIESIBnwR26¢ fw4r)*.dd, JlOHz 7.8 Hz), 745(1H ,J71Hz)

7.22 (1 H, d

4.95-4. 60 “("%P'W"brﬁb 53%5%‘6 *'3”’1"0!’42% Eﬂz)- %%?0‘5 %%ufb ). zé’é (% H WH Hz)q1 gé? I

| ncl udisngm2ndgiyding 2 H) bridl J$8.64z, 11568@npp11$H s11.70pam)5B3A-R16H2 Hajn), 113 4BH,(d8l, J44.0d,

J= 6.9 Hzy 513 0 nal . calcd. for 022H30\|404 HCl -0.2
z, 618 374@H.(d6 J2s. Brﬁz,aéﬁ.lzf

H2O C, 5§t 1 6 nd: . 93; ) )

EXAMPLES. S=0t AU o= '

vl ) car bongdinss ; € 30 Il propan0| c aci d hydrochl oride O

HO ~N-N-OH ‘ﬁlel}i'tlé c%p’i‘ﬁh WEE Bﬂ& ared E)Fé thethldlaWbilar to that shown in the Step 4 of Example 3.

4- ((f(lﬁeﬁ 1o%) 41%(?_“ 3-di vdro IH - benzi m dazol -1 -vl)carbon i

am no) et %%53 &Y €-1-carboxylate To a stirred sol ution of

1- i sopr op{r NMR E0fing 8.8 b{i2Hbbledrbisnilzl8A218-22¢hl, ro)) 7.258.40 (3Eh @h 4.80908, (1 #2m), 35

2870- 2880%36(3:1—99.!&34 HA; DA By, 96 He), Qbf‘bé'rﬁ?jsﬁm 2, 1:2! Bﬁgsﬁc} 1%(%03{}11 'm“

T ot SAEe é55338ﬁ%&%535$ {4 B39 gt e e 2 e Ko

PCT/ | BZOOSAZ)BIBQQJ—%HmTﬂHn)@M%W@N%‘i)@é& 8.8HzY19 hours. The m xture was

then cgol &gy 401 4RAM-Isk Y@B*leea-dlﬁ\ﬁ!ﬁ;-ﬂbl-ﬂe){imxdazol 1wl)carbon%]ammotmethﬂ)gigendm—‘t-
_ car, (J. Prugh, L. I r chenough and M
S. EgbertSor 8 2357-60) (3.28 g, 15.32 mml) in 10

m tetrahydr of'[heaﬂﬁ mou,{tdd@d Dfemtred bmneth@mmnm e that showa & theeBlppikefdExarople &not her’
24 hour s. yghed) neoisguand basrfied with aqueous saturated NaHCO3 50 5 ni,

and extract e%gé\#h ethyl acetate 100 ml for three tinmes. The conbined
extract ed with brine, dried over MgSO4 and concentrated. Fl ash
chronazﬂogmmlyvrﬂ%& AE00; tZSR2 (1668, (1658,1 485t 138B,.856h a182t tigh, 75acetf.at e=5/1 to 1/ 2)

af f or ded mﬁ:@hﬁﬁnhﬁgijhgsgw?@ﬂ% Preoffi v @gt‘é,h?gac@ﬁp’%w“déo (CDCl 3)

8: 9.04-8, 88 0 H,
m, 4.28- 212%)@(“ izt -z 78 Hap 7151 ld” iz, 7). 42%@ 4 '60")(5210-%10@)” m,
1. 94- 1. 103.462190 (BH, m),. 1588 (§ BHn, iebiudihg 2.H] aK2)1.2 Hz, 4536 b, 1.9)-1.53 04, Shempe (6 H, d,

2. 3- IsoprgpglfH pgfgilggé r|di n-4-vi met hyl ) -2. 3-di hvdro 1H
-benzi m dazol e- -ca eAsqutlon of tert-but
4- ({ (B %r@‘é‘ﬁ@ﬁf}f%ysﬂﬁz SCH 0885 C1 18- ekt 595 Ha?o"’ﬁ EP“W Fe a3t HoHyRHmNno)
12.18.
EXAMPLE 5.
30 ljpropanoic acid hydrochloride
o H Q
N N"\/u\
O
=0
‘HCH

Step 1. fert-Butvl 4-({[(3-isopropvl-2-0x0-2,3-dihydro-1H_-benzimidazol-1-yllcarbonyilaminelmethyDpiper
idine-1-carboxylate

To a stirred solution of 1-isopropyl-1,3-dihydro-2H-benzimidazol-2one (J. Med. Chem. 1999 42,

35 2B870-2880) (3.00 g, 17.02 mmol) and triethylamine (7.12 ml, 51.06 mmeol) in 70 ml teirahydrofuran was

added triphosgene (5.15 g, 17.02 mmol) ih 14 ml tetrahydrofuran at room temperature. The reaction




- et hyt) pi peridine-1-carboxylate (3.992 g, 9.58 mmol) in 50 Ml 10%
hydrochloric acid in nethanol and 10 m concentrated hydrochloric acid was
stirred at roomtenperature for 18 hours. The mi xture was then concentrated
and based wi th aqueous Na2CQO3, extracted with CHCI3 (100 m ) for 3 tines.
The 15 conbin Ngrextract was dried and concentrated. Flash_chromat ography of
the resi due (RPB24P¥EB gel, elutent: Cl 2/ et hanol 1001"@')"’1%"?%‘?“2@8
colorless oil 2.272 g (75% as the title™onpound. M5 (ESI) mlz: 317 (MtH)'
"HNWR (CDClI3) 8:8.93 ('H, br), 8.32-8.22 ("H, m,,7.24-7.02 (3H, m,
4.80-4.61 ('niikturedwas JefBited 1119 Hours.) _ﬁhd)mlx’tdi‘é was3 1t - chol® 1§ Zddm Femiperdturd) -tert-Blyi

(241 " o) ol (i 4, Bl Sl
- benzi ni daz aﬂmr’ww 19921450 7168hﬁ3r?§)9 'J‘H? i 16@?’ lte¥eRydiafyran Wasowderbaffhe maction
:rgn xture of I mixture was refluxed for another 24 hours. Then cooled and basified with aqueous saturated NaHCO; 50
i sopro - 2- _1-
car boxam He ff?@“é%“%‘é%@%%ﬁaé % %f"’%% &"%sut Do teithod ety el Bshapal S,
nmol ) and Perﬁve( M35 adl wnczn iporany qut;:e Vigsidue delutpnte Hexapg/ethy
?1oéf Erﬁ; CO@bataters!i b e/2) sl @ BolsHexd wrﬂg\m?zmldsmeeidewompomt 25 NaHCOB ag.
exXf, r t i, mes. C i\n
extracts wer e@&t@gc‘ over%‘gé%‘d.{" %Q%ngoégpgﬁgtyggﬁgéﬁr 't%‘@EW%&S
chr omat ogr a;&ﬁ'bdi)@ﬁ?!dﬂzbél-laﬁrﬁ Ha) 2.82-7-F¢ @Hgw), 1 8f-t18 (H, . t1H7 DRy LEF2 BIeR 1.45 (9, 5).
(1:20- +114 0)stepradi3-Isbson ridhel-yiletitiBo] 3 dihidio It RBGZIARADRE! -dalliokaniids 2) t O
Oy 30+ B vk peBerh ﬁéﬁg‘i%ﬁ@"%r'%ﬁ%om% a5 18 Ryt irdopRgfing!
(3H m, 7 nﬂhyw-mdnneﬂ-parbmeylate@@@w E®mnel) inj50 miyj0% BydmeEhloc agid in methans! andyP) |
2 95( gg 53 Z:g T}&_rt:canéraﬁa hﬁi%rddh%grméh a%%ig;;@%‘rdgg Zom»ﬂe@%b&&g 1%0?%(?%%mﬁrad§tﬁi€ .
tratdd ahd basTi t CH 0 e
1.56 e g re1 g 1. 44
pprr) St é@( @omgnqd@xﬁc[ \g@_qngz)vmd@ﬁgqemgat% OElg(ﬁih@mqtpgfagbquqme re51due (NH-silica gel,
;1 bSnZ' m daz @lutdnt: \D}igazvrb@rﬁanbll:wmnmgﬁdmﬁrawbmqaemh ﬂ%ﬂ'd (?S%)aﬁﬂheltkl@ﬁmrpaﬂm c aﬁ id
t to that
ydrochl ori ceifsslt-ggg"@! Etﬁg%gggoun was prepare y a method simlar to a

shown in th ) ESI mz: 389 I\/HrH% gKBr‘) V:
2039, 2637, HNMR (CDRERA: s_s_:s(&rz br)@%ezzl ). 12A17702 (3H.90), 4.87%54¢ 1%@)&311( Mt JRRAR

E?NE'O 36) S H?z) 860855 (2H, i), 282,53 (417, Im), €840il52((3H,mh), 1I8% (GH) u5. eHaz) (3641 4322H, ), 49
J=1.0 sz‘} ; %""
PCT/ | B2005/ apatg3 (2 H, br t, J=11.2 Hz), 2.85-2.70 (2 H m),

1.95-1.75 (3 H i Amiifebadédpebpd-2kxo-di-(pigeriith- 45jlrhﬁthyi)32 BdhyapIH-bendimfiazole-#0 (8 H,

in, Including,6 9

HO .08 Hoo e “"E’A"eg%m]gHZ 5%’“5%' &%Pﬁ tf%@' 2Rt 3‘@%‘5% 35&%%%&@@% SmL,
12.70. 5 EX/Ad3inmad) in THFI@0 mi-twasyefuser for 150 Afieppasling. the rasgtion midure was, diiuted with sat.
- benzi m dBZ MNaHtoy hq. ¢d0 DY) ekitaab GHt} ORICH\(10DML) for three times. The combined extracts were dried

peri ’(,Z.I_i\‘n - Vi l a%ﬁfﬁi&% 9&%&1&%‘3%&&3 ?ﬁ%yr&i&e%k &r&n%gqaphed on a column of silica gel eluted
L -with MeOH/CH,Cl, (1:20—1:10) and then NH-silica gel eluted with EtOAc/hexane (1:5-»1:2) to give 0.111
g (16%) of title compound as colarless syrup.
MS (ESI) m/z: 445 (M+H) ".
30 'HNMR (CDCl3) 5 8.94 (1 H, br s}, 8.30-8.20 (1 H, m), 7.256-7.11 (3 H, m), 7.11-7.00 (1 H, m), 4.80-4.62 (1
H, m), 3.31 (2 H, t, J=6.2 Hz), 2.95 (2 H, brt, J=11.6 Hz), 2.68 (2 H, {, J=7.2 Hz), 243 (2 H, t, J=7.7 H2),
2.03 (2 H, brt, J=11.4 Hz), 1.98-1.82 (1 H, m), 1.79 (2 H, d, J=12.1 Hz), 1.56 (6 H, d, J=7.2 Hz), 1.50-1.30
(11 H, m, including 9 H, s, 1.44 ppm).
Step 4. 3-[4-{{{{3-isopropyl-2-0x0-2,3-dihydro-1H -benzimidazol-1-vi}carbonyljamino}methyipiperidin-1-y
35 (lpropangic acid hydrochloride

The titie compound was prepared by a method similar to that shown in the Step 7 of Example 1.
MS (ESI) m/z: 389 (M+H) "
iR (KBr) v: 2939, 2637, 1724, 1682, 1542, 1466, 1373, 1217, 1194, 953, 762 cm™.
'H NMR (DMSO-dg) 5 8.86 (1 H, t, J=5.9 Hz), 8.07 (1 H, dd, J=0.8 Mz, 7.7 Hz), 7.49 (1 H, d, J=7.6 Hz),
40 722 (1H,dt J=1.3 Hz, 7.6 Hz), 7.15 (1 H, dt, J=1.0 Hz, 7.6 Hz), 4.75-4.60 (1 H, m), 3.70-3.10 (6 H, m),

-[4- L;lSuuu-Z— 0—2-13_'0— thenZimi --l i




NN-OH T1T~"7 S CHN 10°Stép 1. nethyl

1- (i odonet hvi ) cvcl ohexanecar boxyl ate The title conpound was prepared by a
method simlar to that shown in the Step | of Exanple 3 by using Met hyl
cycl ohexanecar boxylate. "H NWR (CDCI3) S 3.73 (3 H s), 3.32 (2 H s),

2.20-2.05 ( 70-1.20 (8 H m. Step 2. Mt hyl
1-[ (4-ff(te§’d_&c?o%'{}%ar bonyl ) am nol net gél | - 4- hydr oxypi pg’ﬁTé}P}PQS/ﬁﬂl%S) met hyl | ¢
ycl ohexanec 15 arboxylate The We conpdund was prepared by a nethod simlar

to that shown in the Step 2 of Exanple 3 by wusing tent-butyl

[ (4- hydr ox3$8 @&, brdj J5142 kb)) 288-hYd (L ¢amb areattT5(THamindeldiag H, Buk11.5 H2082 pprb)) (9)

1187-1194) exanecar boxyl at e (St ep 1 of
S 6)165311% R}’ihcidd'r(g'eqfﬂfanlﬁirmf-lz Fé{é?%dm o) R et e S)

3.66 (3 H A% cal % E{“gzs%o‘*d"'él\fgjé @%E)W‘Q h.08; '&ég(é Round: -, 5467pH, §:88: by
J=10.4 Hz){27D.70-1.15 (18 H, in, including 9 H s, 1.44 ppm. Step 3. Mt hyI
1-ff4- (gm nomet hvi ) - 4- hvdr oxvpi peri di n- 1- vfi nmet hvi ) cycl ohexanecar boxyl at e
The title léged was prepared by a nmethod simlar to that shown in the
Step 3 of I\/S(ESI) rrlz 285(I\/H—I) 25 "H NVR (CDCI 3) 6 3.66 (3
H s), : $2,3 : ghzinfida2oltkylca meth

br d, ,ac,’h 45-1. 20 (4 H m.
1- (f 4- hydroxv- -TSOpropyl - -di hydro- 1H

- benzi m dazol - & vIH carbanvl | ar met hyl ) pi peridin-|

-vlinethvil cvcl an ca o The title conpound was prepared by a

met hod sm@&o nthe Step 4 of Exanple 3. 30 Ms (ESI) m z:
( ! 3)

Step 4. Met hyl

487 (M+H) )qmosDc 9.12 (1 H t, J=5.6 Hz), 8.30-8.20 (1 H, m,
7.25-7.10 804 65 (1 H m, 3.66 (3 H s), 3.54 (2 H d, J=5.9
Hz)f 2. 60- 2.03 (2 H br d, J=9.1 Hz), 1.75-1.47 (12 H. :
1.47<1. 15 6H, .Step5

14f 4- hyl@r oStg et 13 efhyble piei hvdro- | H

~benzi ni dazol - | "Fhé |t:ﬂe&i&ﬁ1b&md Waﬁﬂﬂeﬁh@écm%ﬁdw&tﬂod sibdiar to that shown in the Step 1 of Example 3 b

pi peridin 'm‘:‘i carboxylic acid acid The title conpound was
pr epar ed b'}swg E%%Jéhgex% x?gtg't hat shown in the Step 5 of Exarrpl e 3. WO

2005/ 12371 wmmmszwmss 3B H, BE2 2GR0 (ih.m)ART)-1AEH. m.p. . 184C. IR

(KBr) v: 3 23ﬁ3t3 |2 tel-boidxycdiBé¥andi ethﬂ}%l@dro%b ridinedDdimeldifchelonbkafic
978, 762 cm . "H NVR (DVBO-de) 5 8.94 (1 H, t, J=5 ),?.ogﬁgi——d"l H d,
1=7.7 W), 81 H d, J=7.7 Hz), 7.22 (L H t, 5 J=7.8 H), 7.14 (1 H,

t, J=7.4 Hz), ATmsteropgoynt was prparedbySInetiodigimie)to inat showi B the, Sten)2 of Ex@iepiea3 B0 ( 6
H m, 1 8@5mg(r&t ity (@4~ hyliml&plﬁbnm-,yi)lﬂetﬁﬁ]calha'h%td (EBorhl, PHEAm. BIE, |zud2 89 (@ 1#!7-1%4)
\lilz 6 1? ' 223 gPyP ‘E}lodgrggtgsﬂlcyc'i?%ex?nﬁ[bt)ﬁla?z%re%g I\lf‘lgamplese) HQ G, H,
MS (ESI) m/z: 385 (M+H)
20 "HNMR (CDCly) 6 4.86 (1 H, brs), 3.66 (3 H, s), 3.11 (2 H, d, J=6.3 Hz), 2.55-2.45 (6 H, m), 2.03 (2 H, br d,
"~ J=10.4 Hz), 1.70-1.15 (18 H, m, including 9 H, s, 1.44 ppm).
o Step 3. Methyl 1-f{4-(aminomethyi)-4-hydroxypiperidin-1-vilmethvilcyclohexanecarboxylate
The title compound was prepared by a method similar to that shown in the Step 3 of Example 3.
MS (ESI) m/z: 285 (M+H) ",
25 'HNMR (CDCls) 5 3.66 (3 H, s), 2.61 (1 H, br s), 2.57-2.45 (5 H, m), 2.35-2.11 (3 H, m), 2.04 (2 H, br d,
J=11.5 Hz), 1.65-1.45 (6 H, m), 1.45-1.20 (4 H, m).
Step 4. Methyl 1-{[4-hydroxy-4-{{[(3-isopropyl-2-0x0-2,3-dihydro-1H -benzimidazol-1-yljcarbonyilamino}
methyl)piperidin-1-ylimethyiicyclohexanecarboxylate
The titie compound was prepared by a method similar o that shown in the Step 4 of Example 3.
30 MS (ESI) m/z: 487 (M+H) ",
'H NMR (CDCl;) 3 9.12 (1 H, t, J=5.8 Hz), 8.30-8.20 (1 H, m), 7.25-7.10 (3 H, m), 4.80-4.65 (1 H, m), 3.66
{3 H,s),3.54 (2H, d, J=5.9 Hz), 2.60-2.45 {6 H, m), 2.03 (2 H, br d, J=9.1 Hz), 1.75-1.47 (12 H, m),
1.47-1.15 (6 H, m).
Step 5. 1-{[4-hydroxy-4-({[{3-isopropyl-2-0x0-2,3-dihydro-1H -henzimidazol-1-yhcarbonyllamino}methyi)
35 piperidin-1-yiimethyl}cyclohexanecarboxylic acid
The title compound was prepared by a method similar to that shown in the Step 5 of Example 3.




EXAMPLE 7: 10 1-tf4dff(3-isopropyl-2oxo-2.3-di hvdrw H -benzi m dazol -

vl | car bonvf}am no} nethvll pioeridin-1- y]nethyllcycl obutanecarboxylic acid O
~~-NHO NN N>-- OCH Step 1. nethyl

| -f(4-(f(tert-butoxvcarbonvl)am nol nethvl}piperidin-I-vllnmethvllcvcl obutanec
arboxvi ate Twomosyi2sm®d m xture of tent-butyl PCT/IB2005/001825

(pi peridin-4-yl methyl)carbamate (12.8 g, 880 mmvol ) and net hyl 15

1-f ornyl cycl obut anecar boxyl at e (2.13 g,15 mmol, Davis, Charles R ; Swenson,
Dale C.; Burf, ggg Og, Chem, 1993, 58, 6843) in
tetrahydrofurgzE %gé”i Ha{cetlc acid (8.6 nL, 150 mmol ) at anbi ent

t enper at ur e. "B{8°C30 nmin, sodiumtriacet oxyborohydr| de (12.7 g, 60 muol)

was added tOIH(kBr)mmBans 204he1Ya2, 11688, HB0N! 1538, MRS 1ot R4 1194, 6 7606mBh. After

over "o "SR P Kbl Tr BB bR b nc Y R ERT: A R

organi c pr$asée= TR EzWa e i, t+7 Hm) 4R54.58r(1 Bidm), 682 (1 W@}SM?M s, 41003100 (&l o)), 1.5he

o) ot ot B A OoEAPHESH. B8 “C“"m‘“%g&”‘ﬁgﬂ P 00 bound. as
hexanel ethyl a¢ gy it 40349%('1@5#)6235% N, abes bping: C. 528340 170N d1.85, %0,
(2 H t, J=6.2 Hz), 2.75 (2 H, ,J114Hz)267(2Hs),237246 25

(2 H m, 1%@57(6H m, 1.45-1.65 (2 H m, 1.43 (9 H s), 1.09-1.21
(2 H m, St I . . .

1414- (am Sai , : ' : '
conpound was ljmatin Kyt che procedure descrl bed in Step 3 of

Example 3 from t
1-T(4-{[(tert- bur%gl rbon I% np} met hyl } pi peri di n-1-yl ) met hygcycl obut aneca
72-

rboxyl.at e (s P 30 M5 (ESI) m(z: 241 (M+tH ). '"H NWR
(CDCl 3) 6: 3* 78 (2 H m, 2.66 (2 H s), 2.54 (2 H d,
J=6.2 Hz), 4 - (2H m, 1.79-2.04 (8 H m, 1.54-1.64 (2 H m,
1.05-1.35 (3 H, . Step 3. Methyl 1414-(f[(3-isopropyl-2-oxo-2

3-di hydro-1H - ben2| m dazol -1 -vl)car bonvI I am no} nmet hvl

di 1- vl | gephymneird {tart-hutoxycatbanviiam ethylipiperidin-1-yis ; aip
gglcolr 3. ngvt o the wm&e&mm@eﬁ:bmbb@ﬂpnpémﬁme,mn&hm&ar@nﬁmhgab BOfrdir@cﬂ)and methyl
1-i sopr Op% Oéicgﬂgéng@ﬁa%ega%ogﬁﬁe tzr%%a%)rlnmgl 8&% %ﬂesnﬁt QXensMZIQ 85 Llnl%o%?&§naldd

PCT/ 1B200
1- [ (4- ([ (t er ¢--Pr@theve 199818y B843hn Inbpividrofyan) was sedqdgretic acid (8)6rak.1H9 Mol Rismbieahec
ar boxyl at e ( firppraflrehiteF3@RM| ébdim?n)lnacetbkyNBr‘B\yﬁ V87 9,80 mitncD el adifed tolthdinixtide.

8.28-8.24 (1 75462(1H m, 3.70 (3 H, s),
3.27 (2 H TM? 8y 72”9 Gefiofiba bRolp '?hH . 2.68 (2 H s). 2.47-2.35 (2 H
m, 2.05-1. 92 (4 Adter pgpling, eeneagl@nﬂﬂ%e(vzs mureﬁjnto set. NaHEOga. he qqueqys layer ves (6
H d, J=7200 kectedwithdiichlofomefhdndfor 3iimesMVihelctibbihed drganicpiase Wik Waghed HitelRing, dried
_13 éﬁzf ];nf ((jgz 'Oﬁ\%F KA%’% fpé O%?rrhé}%g nﬂl)b r']rréeé?’%g lnr%ﬂhromatograﬁh?d on a coiumn of silica gel eluting with

vii net hvl | Cyaex@mﬁ%gc@ggfed@,g}\tpgiva& 29 g (E?é%) of tﬁe fitte compound as a whlte solid.
L MS (ESI) miz: 341 (M+H").

'H-NMR (CDCl5) 5: 3.69 (3 H, s), 2.96 (2 H, 1, J=6.2 Hz), 2.75 (2 H, d, J=11.4 Hz), 2.67 (2 H, 5), 2.37-2.46
25 (2H,m), 1.78-2.05 (6 H, m), 1.45-1.65 (2 H, m), 1.43 (9 H, s), 1.09-1.21 (2 H, m),
Step 2. methyl 1-{[4-(aminomethyl}piperidin-1-viimethyl}cyclobutanecarboxylate
The titie compound was prepared according to the procedure described in Step 3 of Example 3
from methyi 1-[(4-{[(tert-butoxycarbonyl)aminojmethyl}piperidin-1-yljmethyljcyclobutanecarboxylate (step
1 of Example 7).
30 WMS (ESI) miz: 241 (M+H").
"H-NMR (CDCl,) 8: 3.67 (3 H, 5), 2.72-2.78 (2 H, m), 2.66 (2 H, 5), 2.54 (2 H, d, J=6.2 Hz), 2.34 -2.47 (2 H,
m}, 1.79-2.04 (8 H, m), 1.54-1.64 (2 H, m}, 1.05-1.35 (3 H, m)..
Step 3. Methyl 1-{[4-({[(3-isopropyl-2-oxo-2 3-dihydro-7H_-benzimidazol-1-yiicarbonyilaminotmethyiipip
eridin-1-vijmethyl}cyclobutanecarboxylate
35 The title compound was prepared according to the procedure described in Step 6 of Example 1
from 1-isopropyl-1,3-dihydro-2H-benzimidazol-2-one and methyl




The title conpound was prepared according to the procedure described in Step
5 of Exanple 3 10 from Met hyl
1-{[4-(([(3-1isopropyl - 2- oxo- 2, 3-dl hydro-| H benzi m dazol - |
-yi)carbonyl ] am no) net hyl ) pi perldin-1 -yf]methyl} cycl obutanecarboxyl ate
(step 3 of ExaMPR#SAITIY R (KBr) v: 3293, 2979, 2937, 2875, PQUBRMSNGBZ; 1610,
1548, 1479, 1375 1298, 1203,1099, 761, %84 cm-1 'H NWR (CDCl3) 5:
9.02-8.95 (1 H, , 8.26-8.22 (1 H m, 7.22-7.12 (3 H m, 4.76-4.62 (1 H,

D 587 a8’ (221 t‘*‘iﬂt‘sﬂ bupafinyitbaminfipsndtPyymdtypdbn fanblstotdle b of e
m, 1.56 (6 A d, J=7.0 Hz), 1.50-1.33 (3 H, m. MS (ESI) mz: 429 (MH ).
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bel ow. Step &S (ES1ik: 443 (M+H").
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0

[ met hoxy(]t etr %tﬁ 4H pyr an yl i dene) met hoxy] (trimethyl)silane. M5 (ESI)

mz: 355 (M+H,il4 {l(?r FPFNWR? -@B@%qihvsroﬂf%nwdﬁrol-ﬁvi)carbanvﬂmo@mﬁhvlwpem1 maghyl}

2.96 (2 H, |cyclﬂﬁﬂianacdﬂb)(ylata(ﬂ@S(OQE*dtmpti'l’)J 11.4 Hz), 2.48-2.33 (2 H m,

i wep o, bty el Baf aoDl e BT o, s et o el

cycl obut anec d-IR (G0Gk) &®i02-8.9501 A, m). §26:B.82 OfH, B)IRA2-7.12 3 H, m) 476-4 62 (1 H m), 3.33 (2
1-[(4-{I[ (taenn-tb#tagmp@ﬂ@gw [P %rzoz]mnalz}wmr@ #i iy, iwlmﬁﬂ m&d %211879 rf12 H3 s),
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met hyl ] cycl o ' . Step 5), 2N Na .

and Et OH (12*%%5%3{ mﬁé(’g\ﬁ%ﬁ‘é’g 1573”%)7 '143% Mrhe resul ti ng sol ution was
cool ed in i cUSKERHWZA? MHHIC (ca 19 nm.) was added until pH of the mxture
was ca 5-6. Al cekeli® comgaRbl. I be86; W T.53; N2 Féunkrddel 4B HL7 43, ihox 3) .
Combi ned organic Iayer was dried (Na2SO4) and filtered. The filtrate was
concentrated to give 3.8 g 35 (98% of the t|tIed conpound as yell ow solid.
"H NVR (3190 qunatl\(mjtg)togymm@ge A4 (31i8opropgyl-2ax®R2,. 3dihgdro-Hi-berzimidazold -yPcaioonylia
”), 2. 91(2 HninSYnet 138 faridin-9mdtd ioﬁﬁtaneé’al?&l% abfd ré%eéﬂnbéﬁf)belo@ 05-1.76 (6 H,
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1-ff 4- (am no Step Ethy 1L t} b Catbg ,1 -v en—‘l lth Iutancaro late
4- et hvl benzenes uTtte@Hmompqm\dlwas preger aﬁEOFdIBQ WW#%MGMﬂ t"dhq $fPIa§1<°fﬂWder
N2, a m Xt ur exafipleWisidg Iéb@@ﬁdlaﬁe(&i%jnm BdianeqBhem. Commun., 1971, 136-137)

1- [(4 {[ (4N but ar.bho ani,no met hygcyclobutane
car boxyl |éc5 aE?‘%a“(‘%yB’ ‘S%‘Fé'f’% E]“E”% y@é" )ﬁ' &E@#T@'ﬂ &}n)awas stirred at room
t enper-at ure MB(ESNOM/Ai3S (MUD{hi s suspension, a soI ution of p-TsOH H2O (52.4

g, 276 mmol) T Ead IR0 1) 10 3713 037 90 bEIES 3Ll R, 474 1, BLLIHA A8

at that te
condition fof48&2.53 @ H. m.25-1894% Hrip). & H 5) 52?%%@%13&2&1&9'& 05& Han) 28. 1
m., 202 mmol 3tepvasi-Ia d pviis @aidli Ng.

The- whi t agpr eci pi t.ﬁ\ueef%ﬁatgwaquQ,wsttstgcmwmmomewa,ter.ﬁt,wg The resul ting

white suspensi on was stirre ture

filtered andMehdlcydoputpreserboyialeds: 3\&5”\5\’/&@'1’%@‘% PreNNFRH (1B BhrAnd )'?t% (2 "‘&}‘i"aéd at
50 C for 5 hheatedgt S02CIE g, OBheApsutting bdielion wed exiied driperhaticind N WEN (ce 19 wiies

added until pH of the mixture was ca 5-6. The whole was extracted with CH;Cl, / 1'PrOH (3:1, 30 mL x 3).
Combined organic layer was dried (Na,S0,) and filtered. The filtrate was concentrated to give 3.8 g

35  (98%) of the titled compound as yellow solid.
'H NMR (300 MHz, CDCl3) 5 4.08 (1 H, m), 3.20-3.10 (2 H, m), 3.08-2.99 (2 H, m), 2.91(2 H, s), 2.60-2.38
(4 H, m), 2.35-2.16 (2 H, m}), 2.05-1.76 (6 H, m), 1.65 (1 H, m), 1.44 {9 H, s).
mp 160 °C
Step 7. 1-’{ [4-(aminomethyl)piperidin-1-yijmethyllcvclobutanecarboxylic acid 4-methylbenzenesulfonate

40 In a 500 mL, 3-necked round boftom flask under N, 2 mixture of




"HHNWR (D20 8 7.40 (2 H, d, J =7.2 Hz), 7.07 (2 H d, J =7.2 Hz),
3.28-3.00 (4 H m, 2.80-2.57 (4 H m, 10 2.09 (3 H s), 2.18-1.97 (2 H,
m, 1.85-1.58 (8 H, m, 1.36-1.12 (2 H nm np: 210 C Step 8.
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EXAMPLE 8:
30

midazole-1-carboxamide
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Step 1. terf-Butvi [{1-{2-benzyloxycarbonyl-2-methylpropylipiperidin-4-yiymethyllcarbamate
To a stirred solution of fert-butyl (piperidin-4-yimethyl)carbamate (38.8 g, 181 mmoi} in
35 N.N-dimethylformamide (100 mL) was added benzyl 3-chloropivalate {14.2 g, 124 mmol, prepared from
3-chloropivaloyl chloride (25.6 g, 165 mmol) and benzyl alcohol (19.6 g, 181 mmol), ethyldiisopropylamine




Step 2.

N- ({1- (2-benzvl oxvcar bonvl - 2- net hyl or opvl ) oi oeri din-4-vl I nethvll-3-isopropyl
- 2-0x0-2. 3-di hydro-1 Hbenzi m dazol e- 1-carboxanmi de 10 To a stirred m xture
of 1-isopropyl-1, 3-di hydro-2H benzi m dazol -2-one (J. Med. Chem 1999, 42,
2870-2880) (411 , 2.33 mol) and triethylamne (1.00 nL, 7.17 mmol) in

di chl or omet harO2MSIBTH)  was added 4-nitrophenyl chl or of BEFER2805(04IBES 1y,
2.33 mml) at roomtenperature. The resul®ing mxture was stirred for 2 h
at roomtenperature. To the m xture was added a suspensi on of

1- (2- benzy! oM@y mma{)%naesm B&-M’r) o Ared Fint ménpie%ér‘aﬂhn eTHEL R InRhsE
[ prepared from 15 gacnft IP'F m xt ur e of tert-‘w@?

[{1- (2- benzylB3SeY %3%@ Er hy % @g’?ﬁrﬁ?"ﬂ%ﬂﬁf Vi remayed by avaporafiengng fed puiting
(step 1 of FEresidyd waskpro(mgtbBraphed on & cdémmoisiliva gehelutlb Wtirisixanafetivib &leta(eX0:1 Dio wive 40

and triethyl agi¥) of the i dBhnpouhd A a PAIRYeliod; Hi. di chl oronet hane (5.00 nl). The

resul ting t|rr d for 13 hat roomtenperature and 0.5 M NaCH aq.
was added’ﬂ]t @lglfl%é)r\ﬁ?)&og - ‘fhe m xture was extracted with dichl oronet hane.

Thg ext ract s'HNMR (@mg)ed@ﬂﬂh(mn{) 102 N 581 Hand), 85 @el, myjeive @ mv:erzhmsm
and concentr I S, (S} ar at et n

| ayer chronata{:g% dsﬁz ME\-H)P‘PS TQ&@ I—?ﬁgd‘uﬁ (y\ﬁ %plu? %H rﬂ 2?‘(7)#7624% ne /Irr;t han:(‘)I (10
1 to | V& ".e;' als : 4 : —H RYOINRES =Y HICIHYI ey ISGDMONY|-4 Varsn | .
(ES?; n Zg 5 %eﬁﬁr‘lﬂﬂﬂgle-ﬂdafﬂbﬁr_rﬁﬁ)ﬂ 3) 5 8 89 (1 H br t J =57 Hz) 8.26 (1

, 7.05 ). , Q

HZ) 3 26fb(32 né'cﬁa dﬁrre,}(g}u urR O}‘Ql g&o@i »)d?gﬂ‘?_glq Bér;]zu i az&lzzléo:[\%?PS\ﬁB Crﬁgm 1]?3% 42( 2
H m, 1.56 Eﬁoﬁ ‘8(4" 79 3i3 'Dmﬂka)“d tff“y@m("f (1-D0 rRY. 7.17 mypl) ipdighlorqryethane 28.0g-) 1,
S). Step 3. was added 4-niiropheny chloroformate (470 mg, 2.33 mmol) at room temperature. The resulttng mixture

I\g(élj(h%rgx}/% Qa/il?f%wﬁg% BR'F'&_Q%';;‘Q Hﬁ%*gﬁgwﬁgﬂ%%‘éﬁ%feﬁs@%?prOpyl - 0X0- 2

N ({1- (2- ben} ‘B%E‘%%VW?W"?Z"WWY'H'B’WP')‘WWFWWVE“’W?’WEfﬂ'ﬁﬂaﬁed§°’F‘sopr opy!
-2 30 - oxXIp 2¢dhcehitiatiniroba nbitupesf tarthivybizol e- | - car boxam de (step 2 of Exarrpl e z)

(418 ny, 0. 82hJ¥M L,)ox@a%ozw ﬁﬂﬁ@bo.ﬁ(pgééﬁwﬂne@g@fam@ma@ Eﬁ‘m’r'

stirred under an at’ nos

e
The cat al yst '48EmS) Pedei%e(wqm MepH 0 land igihyiwine 4,90 ming 1% r.nrnp'a atd@hwa@ethane
evapor at ed uffemL)r Stke cesdtigr aistens was stiRed foy $3 bt roaratemperatofe ahth 0.5 MedaOH aqagras ol 1 d

Y;“OLBOL“SQ an&%ﬁé@&ﬁf%ﬁ.ﬁ%%& @ﬁamé@\lv.thdd.ch%%@eﬂagné 84?@ ot \?&e ks eﬁ%tr}
J =518 I-&% 05 qqandrﬁnne -fingéoverl g§04ﬁ)1d GORG teq_mmacum Th’a refgu? g:raq_Purlfﬁd by

4. 65 (1 H, seppabtive hirdayér Ghrdrzatggrephp Biti¢elyekieiutng, W|tﬁ disSorp@ethinerfhethaholi40 ( 1) thigivler
) 020 58, (2, oo i k) &bl Sl as b3ty 0 147 (6°H T, 9 = 70 Fe).

1.20 (2 H, rrhg e signal which correspond to carboxylic
aci d was not 65%‘?%7@0507456"% al . calcd. for C22H32NAO4.0.1 H2O C, 63.17; H,
7.76; N, 13. 39NMRCDE);) 56,89 §2H, BB, JH5.7HZ), 4,26k H.I), 1.43-7.08082) aH/511D37 #5s), 4.70 (1 H,

PCT/ | B200gy{ Ogﬁé 75§|§ )Eﬁ%\(ﬁ"ﬁﬁnf’zg%z(ﬁ @%482[5%1 %nglzeﬁ &b é1g(5919¥$,)1.%is @H, d,

oeri di n-4-vl | sop
azol e-1- car bdxm%éé\szmwwﬁey €r5rid e 6 i)
1. 2-benzvi - asepdi -2-AnBthiiro €ridinel-yiiethyl)-Bisbiyrbpy@S-b 852 3-dihydro-1H-ben

zimidazole-1-carboxamide
A mixture of N-({1-(2-benzyloxycarbonyl-2-methylpropyl)piperidin-4-yl}methyl)-3-isopropyi-2
30 -oxo-2,3-dihydro-1H-henzimidazole-1-carboxamide (siep.2 of Example z) (418 mg, 0.825 mmol) and 20%
Pd(OH).»/C (58.0 mg) in methanaol {80 mL) was stirred under an atmosphere of hydrogen gas at room

temperature for 12 h. The catalyst was filterad off on a pad of Celite, and the filirate was evaporated under
reduced pressu‘re. Recrystallization of the resulting solid with hexane-CH,Cl,, afforded a colorless solid
285 mg (84%) as the tifled compound.

35 MS (ESI) m/z 417 (M+H)".
'H NMR {(DMSO-ds) 5 8.80 {1 H, brt, J=5.8 Hz), 8.05 (1 H, m}), 7.42 (1 H, m), 7.20 (1 H, m), 7.12 (1 H, m),
4.65 (1 H, septet, J = 7.0 Hz), 3.20 (2 H, m), 2.85 (2 H, m), 2.44 (2 H, br s), 2.18 2 H, m), 1.61 (2 H, m),
1.50 (1 H, m), 1.47 (6H, d, J=7.0Hz), 1.20 (2H, m), 1.04 (6 H, s). The signal which correspond fo
carboxylic acid was not cbserved.

40 Anal. caled. for CaHaaN4QO, » 0.1 H0: C, 63.17; H, 7.76; N, 13.39. Found: C, 62.78; H, 7.74; N, 13.11.



To a stirred m xture of a,a-dinethyitetrazol e-5-acetic acid, ethyl ester (J.
Med. Chem 1996, 39, 2354-2366.) (6.87 g, 37.3 mmol) and K2C33 (12.3 g,
89.0 mml) in acetone (200 m-) was added benzyl bromde (4.45 nL, 37.4
mol ) at anbient tenperature. The resulting m xture was stirred at 50 C for
18 10 h and coveamsaxmrsd under reduced pressure. The resul gdrBiet@ee Was
chromat ogr aphed on a columm of silica gé&b eluting with hexanel ethyl acetate
(10:1) to give 6.14 g (60% of the title conmpound as a colorless oil. M
(ESI) mz: 275 (MtH'). "H NWR (CDCI3) 6 7.45-7.23 (5 H m, 5.73 (2 H s),
4.11 (2 H q, J=7.2 Hz), 1.70 (6 H s), 1.13 (3 H t, J = 15 7.2 Hz). Step
2. 2-benzvl - aEXANRUER: hy| - 2H-t et r azol e- 5- acet al dehyde To a stirred mxture of
2- benzyl - a, angiy RS Sin Sy e -
(step 1 of Exa 2 O
C was added BPBALE v i n tol uene 50.0 ni, 50.0 mmol ). The resultihg
m xture was stirpedHa W@C for N4=Nh To the reactlon 20 m xture was added
2

DIBAL(10M|nt Omml) and the resulting m xture was
stirred at - for 8 he mxture wer e added 2 M aqueous HCl (100
m-) and sat @ ed qerus NHACI (20 nl). The organic | ayer was separated,
dried over matghteSNum sul fate, and concentrated under reduced pressure. The
resul ting residue s chromat ographed on a colum of silica gel eluting with
hexane/etﬁyl acetate (10: 1) to give 3 45 g (67% of the title conpound as a
col orl ess oi $tep P2-hg sidimethvir2H-@28dzoleide HetNABBtgTCDCI 3) S 9.68 (1 H, s),
7.45-7.23 (5 H, n‘)oas%ngd‘}mﬁtafe%f a,§-)d|me1hy%a£o@e-$jace§é acndstaﬁﬂ eéer (J%éd' Fﬁgrﬁca haas, 39,

ffl-(2-(2- benzvltetra eridin-4-vl bamat € To

|
@ siirred SoRBHPARIS o158 BEA FDEIKBHEERA FSPrmaD rpeied Goo ot auieg e
(step-2 of Bramide @&.4B)mL, 8714 B8] at dnbeht temperaturan drhe eestiltifig rhiydure was stired at 50 °C for 18
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e adde
ol ) e 1 SR G S GraH Y S o GV B B A0 orinS il OB o liees
under reducedl.pressure. To the stirred residual oil and solid were added
sat ur at ed aqug%@),{}}glvﬁg)@n@np di chl or onet hane. The organic Iayer vvas
separated, dyie goesi um sul fate, and concentrated
pressure. é”?"é‘%g?[{‘i‘ahw ?é%?&?d‘é'ﬂk»a%”d%?‘oﬁ%é‘t’aé%'awéa 8#2518&(%) 6f13§1'1*'|t<:’a'
gel el utllsg W2 Hh). hexane/ et hyI acetate (1 1) to give 830 35 ng (35% of the
title conpoupd, s A S > L)Lz 429 (M-H) V\02005/123718
PCTI M2005/ 001525 & i 3 23 (5 H m, 572 (2 H s),
4.50 (1 H, br t), TOZE ESMGC( rzaxueq%y berzylsaeu G‘QieWFZUrte@)ZOle-é -agedic @agid, efhyl ayjer acztaigighyde
2 M, 1.68- bteh4 of Beaffipie9) (6.13 g22b 4Arfimét in &dhiordmettant P10bImLFat ~78l2C0bhs(adadd DIBAL (1.80WE P
N HL- ( 2- ( 2- bBAAE PP ThoP%) Ml R ISV EISEHB 4PT HimRY 4L-03 TR HYi YO Beresiopy !
- 2- 0X0- 2.28- dinbipcer was adged BB (T0iMiin Jaiiene, 258 mlbdhdamindlp arst tnmestmm@wmtmm

prepared ac CKTB@IG s ho Toliee rﬁl&@%&f&g ﬁd&ﬁ@ﬂrahlh&ds HO ﬁﬁﬂ_)%n@éattﬁéféﬁ%&:ug NHf, ¢ @20
1-i sopropyl 2H be

(S on (5 beoyi b Bisor B R fe ﬁesyrafmﬂs%%swfisx 442 714 tobbnypiodundgrrmdieee
(Step 3 of ENampis: U roang efie ymeshioGBEs piiv » cobnMRIEBONS)a B @ (et
br t, J = 5. deeldtd (10:91226ivd d48h (67%) of hedtifle dontpBurldsid colddess 2. 72 (2 H, s), 4.70 (1
H, 95 MS (ESI) miz: 231 (M+H").

'H NMR (CDCls) 5 9.68 (1 H, 8), 7.45-7.23 (5 H, m), 5.74 (2 H, s), 1.56 (6 H, ).

Step 3. feri-Bu 1-(2-(2-benzyltetrazole)-2-methylpropylipiperidin-4-ylimethylicarbamate

To a stirred solution of 2-benzyl-o,a-dimethyl-2H-fetrazole-5-acetaldehyde (step 2 of Example 9)

(1.28 g, 5.56 mimol) and tert-butyl (piperidin-4-yimethyljcarbamate (2.40 g, 11.2 mmol) in tetrahyrdofuran
30 (300 mL) were added NaBH(OAc)s (5.0 g, 27.8 mmol) and AcOH (1.67 g, 27.8 mmol). The resulting

mixture was stired at 60°C for 9 h and concentrated under reduced pressure.  To the stirred residual oil

and solid were added saturated aqueous NaHCO; and dichloromethane. The organic layer was

separated, dried over magnesium sulfate, and concentrated under reduced pressure. The resulting

residue was chromatographed on a column of silica gel eluting with hexane/ethyl acetate (1:1) to give 830
35 mg (35%) of the title compound as a colorless oil.

MS (ESH) m/z: 429 (M+H) .



10 septet, J = 7.0 Hz), 3.21 (2 H mM, 2.59 (2 H br s), 2.51 (2 H m, 2.07
(2 H m, 1.65-1.32 (3 H mM, 1.56 (6 H d, J =7.0Hz), 1.38 (6 H s ), 1.
10 (2 H m. Step 5. N ({1-(2-nmnethyl

-2-tetrazol eorooyl ) pi peridin-4-vl | nethyl)-3-isopropyl - 2- oxo- 2. 3-di hvdro-1HDb
enzi (li m dawng medréasboxan de The title conpound was pr grai@shodedigssdi N9
to the procedure described in Step 3 of Bgnple 8 15 from

N ({1-(2-(2-benzyltetrazol e)-2-nethyl propyl ) pi perl din-4-yl }methyl)-3-isoprop
yl - 2- oxo0- 2, 3; d|h dro -1H benzi m dazol e- 1- car boxam de (step 4 of Exanmple 9
VS (ESI) mz:H (?‘Rﬁlﬂf““?%ﬁ(w)(m*ﬂéb“éﬂﬁ"V’P”@J?%(zﬁ'rm)t%%{?“ !3“9%9)2
8.04 (1 H, nhH, myzme(z(ﬂ,nﬂl,mm 147(3}8m0314l41(9ms) 17381&H.(sl, 40 (2H, m). 4. 63 (1 H,

sept et 3:(9-Be p\ .
H m, : . : 7

1.14 (2 H, nﬂﬁﬂ?&@@é@ﬁdﬂhﬁ?@&!ﬁ-@:orrespond to tetrazole was not observed.
Anal . cal cgl. for TS 2NHMndwddprdgaied aésording to'thé prlokedlrediéscribéd i dtepBof Exapes C,

58.03; H, 7.

N-((1-(2- Cvcffgménl\&;[opﬁﬂg%%hy@??@eﬁrﬂnﬁ?zo--oneaadten‘fu\yf met hvh3- | sopr opyl - 2- oxo
T vl oL - GepnimriR 2oV oR RS- ifearidniis (6 ATEXERPI RLLC 2 N
N Step 1. amMsMeSMENS(ietin.azol.e-5-acetic acid, ethyl ester To a stirred

S Ui on, o I GNRRb) §YShgPRIL 0SSR R0yl s SR 5318 4 B 9oL I
M) was abiedepte/sShiz)(321 @ Hym). 3;59(02 rbs) 2,552 Hamibi2eTH(2 Hemdp 665182 . H, Tt 56 (6
resul ting m er,;e:m)‘rmgl(anegl) ﬁqo(zjﬁnh and concentrated under reduced

pressure. e sid “ ed £ |n14d| ane (90 nL
and c centr S "FH ety e‘ H‘ 'ed"'g gthvl)-g-isoprogyt-2-o -Jlu- eS8 ce

with ane Eﬂdmé-ﬂmmeﬂproduct of the t|tIe corrpound as a yeI I ow oil,
whi ch was used fon'nétiaeca@@hnﬁeﬁmwaﬁehawomfngEdth@bro&amefdbs‘oﬁsédqmte&éo&xamplea

2.2-b I
R e e O TR TRL W AR
Exanpl e 9 WO~ Eﬁm;ﬂmwsmw W'BQG)G?&PG@TL@@B’F"BW from

a-cycl opentyIquEs@mﬁlmFQMa;q)etlc acid, ethyl ester (step | of Exanple 10)

M5 (ESI) m z; | 4

VS (ES) 1l 8Bl ML 8y ?azﬂ o P B %ga?m(fiﬁwﬁa%ﬁin»
(3 H t,J=7. 141831 H.5e@etof= BO Pizh3AZ (&tH, m)A&ddd Britre), 2ABK2 itrm)az tf] (& Homad €041286hkide
The tide gp um (svﬁsd QEQWZ‘?Q m@ﬂ £ ney @@1 € TRE iRl Which R8PS thirhibieh&P
2 of Exanple rtp -benzyl-a-cycl opentyl - 2H tetrazol e- 5- acetlc aci d,

ethyl ester (‘g‘t"BfF“? of Exanple 10). M (ESI) niz: 257 (M¢H ). ' H NVR (CDCl s)
8 9.71 (1 H, Asjl,caled.3¢-CiHaDls@5 0495 Hap;, C,57.74 H, 2.4H N, 83.48. Fourtsi: Q. 5883;(H] 7M3; Mr24.10.
1.85-1.66 (4 H m.

EXAMPLE 10:

25

Step 1. a-cyclopentylietrazole-5-acetic acid, ethvl ester

To a stired solution of 1-cyane-1-cyclopentanecarboxylic acid, ethyl ester (Bioorg. Med. Chem. Leit
30 1999, 9, 369-374.) (6.19 g, 37.0 mmol) in 1,4-dioxane (100 mL) was added "BuzSnN; (12.3 g, 37.0 mmaol)
at ambient temperature. The resulting mixture was refluxed for 15 h and concentrated under reduced
pressure. To the resulting residue was added 4 M HCI in 1,4-dioxane (50 mL}) and concentrated under
reduced pressure. The resulting oil was washed twice with hexane to give crude product of the title
compound as a yellow oil, which was used for the next step without further purification.
35 Step 2. 2-benzyl-a~-cyclopentyl-2H-tetrazole-5-acetic acid, ethyl ester

The title compound was prepared according to the procedure described in Step 1 of Example 9



10 Step 4. tart-Butyl Ifl-(2-(2-benzyltetrazole)-2-

cycl ovent vl et hvl ) pi oeri di n-4-vl nethyl | carbanate The title conpound was
prepared according to the procedure described in Step 3 of Exanple 9 from
2- benzyl - a- cydopent yl - 2H-t et razol e- 5- acet al dehyde (step 3 of Exanple 10). M
(ESI) mz: 4580@2MsHP37I8 ' H NVR (CDCI3) 6 7.43-7.23 (5 H, npcraB26@0pis24, S),
4.67 (1L H br t), 2.88 (2 H m, 2.66 (®7H, br s), 2.48 (2 15 H m, 2.24
(2H mM, 1.9 (2 H mM, 1.83 (2 H m, 1.78-1.48 (4 H m, 1.43 (9 H s),

1.37 (2 H, Ot

N—(fl (2-(2- enzY/&ﬂ% {tgngg% &rg'%et%acﬁb%hé’n? Qer?f 3%5??5@91& Pn- 4- yl }met hyl )-3-iso
pr oovl - 2- ox MSZES) mizrRpd M+HD).| H- benzi mi dazol e- 1- car boxam de The title conpound
was prepar emmnmmhmlrmrtzbﬁsmrng@m{tﬁ Q%ﬁ@h%%ﬁf@s&z@%(ﬁx %93856 20
from1-isop 3 g d9 '_% benzi m dazol - 2- one and tent - But yl

-(2-(2- benzgﬂlq?ép'r a122 P % 3 opentyl et hyI )p| per| d| n-4-yl } met hyl ] car bamat e
(step 4 of Bendyf-rEenab)-cvddBertigHetmboe-558Taldebbidd ). ' H NVR (CDCI3) 5 8.85 (1
H br t, J 5 H@mecoﬁlpg d(vv;las?rgep%d ac%orﬁ zotﬁ)t%pr&% Lll_lle d%;nbe% ﬁﬁ&gﬁaﬁé{e 94 70

1 H, t t

Slob (2 i 2oy’ alcvgspecwwwtrmole-slacsw@ SUpBesr (90 Zor RS D) 107 (2
n(;ﬁl. (gt gpl\IB(ESI) iz 257 (M+H"). .

xo- 2. 3 d hzﬁé@ﬂﬁié%é'#ﬁ?ﬁﬁ@g%@%ﬁ o x%#lj B h AP K, %hﬁoun%%ﬁﬂ
prepared Oqc Slep ditert 2 ieliazale)@-~ayslopentviethybpineridin 4 ylinethyfigatbanpate from

I\F({lI (g (2- benzw(?tngé xfjo&mbrm)waap@yﬁb@maﬂmb @Hﬁé’ﬁr&d&ﬂlﬁﬁﬂéﬁhﬁw‘i}r&%&mt é(rhﬂl?ﬁ i so
ro (0)¢ | r,o m 00X e ste (0]
Exa%[ e 10)9 %%frﬁgl‘%lcyﬁ?pe“gp%'féﬁﬁ?%%“ ‘aggN@&F %e’é? ?%g 76 (1pH br t, J
5.9-Hz), BISEBS|wzH455@Y+H)7. 40 (1 H n), 7.18 1 H, m), 7.11 (1 H, m) 4. 64
(1 H, sept ety NMRTCDGIY 5 a7 28 (514, M)Zsﬂ(zm )42676(31-1(%1"289 2l$)m) 26699 H( sﬁawa

oy ﬁ#@izwm POy e e A

observed. AmMA0.94¢aHa0. for C24H34N304 1.0 H20 .0.5 CH2Cl 2: C, 55.83; H,
7.08; N, 21gighs. | oy 2 ] SiNEb darcbi-2-¢da-2 3-dihdr
N-1(142-cycl qh 0 ) pI per| di n- 4 met hvt - 3-1 sopronyl - 2- oxo-
2. 3-di hvdr o5 D20051123718 PCT/ | B2005/ 001825 58 m dazol e-|
- car boxam de N Bmt-ma cqmmmd Wiis pregpredaasprding todhenrodedie dedctiteed irpstesl 2:0f Sxamma § ¢
acid. ethyl fr&ﬁtl%prﬂ%ﬁ B%b&o—?ﬂ%&ﬂﬁ]@bﬁ@sm@%&D@&-@dtyﬁﬁQQ—@tbéﬁ%tb&zbléﬁz procedure
described in %E' B Eé _rlp ﬂl’%‘?@ﬁ? m é%@o é ﬁgcl ohexanecar boxyl i c
aci d, et hyl SYECPEMIIRREN-Rytre MR ieP 4 PoREMPE 10h69.374. ) .
MS (ESI) m/z: 557 (M+H").
'H NMR (CDCls)  8.85 (1 H, br t, J = 5.5 Hz), 8.26 {1 H, m), 7.43-7.08 (8 H, m), 5.73 (2 H, 5), 4.70 {1 H,
septet, J = 7.0 Hz), 3.19 (2 H, m), 2.70 (2 H, br s), 2.53 (2 H, m), 2.25 (2 H, m), 2.15-1.35 (11 H, m), 1.56 (6
25 H,d,J=7.0Hz), 1.07 (2 H, m).
Step 6. N-({1-(2-cyclopentyl-2-tetrazoleethvl)piperidin-4-yl}methyl}-3-isopropvi-2-oxo-2.3-dihydro-1H-ben
zimidazole-1-carboxamide

- Vi

The title compound was prepared according to the procedure described in Step 3 of Example 8

from N-{{1-(2-(2-benzyltetrazole)-2-cyclopentylethyl)piperidin-4-vijmethyl)-3-isopropyl-2-oxo0-2, 3-d|hydro
30 -1H-benzimidazole-{-carboxamide {step 5 of Example 10).

MS (ESI) m/z: 467 (M+H) .

"H NMR (DMSO-d;) 5 8.76 (1 H, brt, J= 6.9 Hz), 8.04 (1 H, m), 7.40 (1 H, m), 7.18 (1 H, m), 7.11 (1 H, m),

4.64 (1 H, septet, J = 7.0 Hz), 3.14 (2 H, m), 2.63 (2 H, br s), 2.54 (2 H, m), 2.08 (2 H, m), 2.00 (2 H, m),

1.76 2 H, m), 1.68-0.96 (9 H,m), 146 (6 H, d, /= 7.0 Hz). The signal which correspond to tetrazole was
35 not observed. .

Anal. caled. for Ca4HasNgO4 * 1.0 Hz0 + 0.5 CH.Cly: C, 55.83; H, 7.08; N, 21.26. Found: C, 55.71; H, 7.48; N,

20.86.

EXAMPLE 11:

40




Step 2.2-benzvl-a-cycl ohexyl-2Htetrazol e-5-acetic acid. ethyl ester The

ti de conpound was prepared according to the procedure described in Step | of
Exanple 9 from a-cycl ohexyltetrazol e-5-acetic acid, ethyl ester (step | of
Exarrple 11). M5 (ESI) mz: 315 (MtH'). 10 "H NWMR (CDCI3) 6 7.45-7.23 (5 H,

, 5.75 (2 1 (2 H, ,J:71HZ 2.36-2.16 (4 H, , 1.70-1.44
?)6 H m, ( ?'? 2?@:/1}'371 ( = 7. ? Hz) . ) CTﬂBzogzmmszs

3. 2-benzvl - a cycl ohexvl - 2H—tet razol e- 5- iiget al dehyde The title conpound was
pr epar ed accordi ng to the procedure described in Step 2 of Exanple 9 from
2- benzyl - a-miggdolabicoayboxainideet r azol e- 5-acetic acid, ethyl ester (step 2 of
Exanpl e 11) 15 I\/Bii@niz 2,7_1N(M+H) 'HNI\/R(CDCI3) 59.55 (1 H s),
745725(5H 5./75 ¢ 234216(2H m, 2.14-1.94 (2 H m,

1.70-1. 32 SN tyI i f1-(2-(2-benzvltetrazole)-2-

cycl ohexyl m ridin-4 }rret hyl | carbamate The title conpound was
prepared a o the procedure described in Step 3 of Exanple 9 20
from 2-benzvl - cI ohexyl - 2H-t et razol e- 5- acet al dehyde (step 3 of Exanple

11). M5 (ESI) z: 469 (MWH)'. "H NWR (CDC13) 8 7.43-7.23 (5 H m, 574 (2
H) s)1 4;1 (555‘ EI_,C helvketrazol@f-abdic Bid. Bhv egted2-1- 05 (17 H m, 2.49 (2 H br
N-(f1-(2-(2- beﬂl‘ehtl'*é‘f?ma%wfs preaiRd a5¢ersding ta the\procpdusredeserbad in-Siap aEEXRMRe 18- | sop
ropyl - 2- Bx drodh Beydnohwymoh&awemarbbkytﬁnm ethytlesten K Biodrg. at/bOReBNL sl 1900 9, BE9-37a.).
corrpound oy ) i S ggscrl bed in step 2 of
Exanpl e ' dazol - 2-one and tart-Butyl
[ (1-(2- (2 benszfn@lgtlpgg@pc@pd \gas prepared accordlng to the procedure described in Step 1 of Example 9

cycl ohexyl eﬁoh\myabmmeehzaie%aebt}d&hmwSs@drrmdmtazk&ﬁﬁ@ng of Exarrple 11). M5

ES() ) nt H NMR (CDAI 3) 8 8.86 (1 5.7 H
(B Z“ﬁés%%”ﬁfgg)sH (573)(2H s)(470(1H sept et , )J_

8.26 (1

7.0 Hz) 103."HSIMRXCRCK)#7455. ?5%1(5('|ZmH57@{2 W 3), 421 @31, 4. JI57.( HiZ), 3H6-2j6 (4 1, @B‘!(Te-ﬂ% d,
J =170 HZ)(eHJmPMé H'ltJ=l‘?)1Hz‘§tep 6.

N(1-(2- cycoex- e( I [

- 2. 3- di hydr¥e® 3¢ @lagolg R 35 The title conmpound was
prepared accord |Thgt|tb@ommmbwaecmehareel admading tdothe pronedBtsofes@ibexd in Biep 2pF Exathpla®
2005/ 12371

N({1-(2 ar Eg%?zggﬁa@%&gﬁmy ?::'23’2:9 e} xcyalcgt%th)yl Steré teﬂzdo fEx%an? wnat hyl } 3-i sopr
opyl - 2- 6§0 "QS@FS& a?HM“HI H benzi ni dazol e- 1- car boxani de (step 6 of Exanpl e
11). MS (ESH)\IM#(BDC!Q)&JQ £5\it H) s), 7.45-123NBR, (BEEO(EI8.)s),8.33.2M18 (£ 4, i, 2.04-1.84 (2H,%)5. 9

Hz). 8.04 ( A1 (1H m, 7.18 (1 H m, 7.12 (1 H,_ ), 5 4.64 (1
H septet, 1170'13?%%”#@‘ 3.14 (2 H nz 2.38 (2 H_brs), 2.33.2.10 (4 H m,
1.98 (2 H, 2 :_‘!\llai'—lﬂ‘-l ke hexyiethupipe dyhpethyiiporbamate e sj gnal

whi ch corres pO nd’hé ftlelcorhpaandvas Mrdﬂ(h%coﬁ:fn‘&ﬁdi Uﬁ@rocedﬁ?@d@&rﬁecﬂ-aﬁ Step 3 of Exampie 9
bt AP SR S e g ey oo o am o) et
MS (ESI) m/z: 469 (M+H)".
f\/ 'H NMR (CDCly) 6 7.43-7.23 (5 H, m), 5.74 (2 H, 8), 4.55 (1 H, br t), 2.87 (2 H, m), 2.62-1.05 (17 H, m),
249 (2H,brs), 143 (9 H, s5),093(2H,m), ‘
Step 5. N-{{1-(2-(2-benzyltetrazole)-2-cyclohexylethvlpiperidin-4-yliimethvi}-3-isopropyl-2-oxo-2,3-dihydr

:o|n 4-yl ) met hyl ) - 3-i sopropyl - 2- oxo

25 o-1H-benzimidazole-1-carboxamide

The tile compound was prepared according fo the procedure described in step 2 of Example 8
from 1-isopropyl-1,3-dihydro-2H-benzimidazol-2-one and {ert-Butyl [{1-(2-(2-benzyltetrazole)-2-
cyclohexytethyl)piperidin-4-yljmethyljcarbamate (step 4 of Example 11).

MS (ESI) miz: 571 (M+H"). '
30 'HNMR (CDCIy) 5 8.86 (1 H, brt, J=5.7 Hz), 8.26 (1 H, m), 7.43-7.08 (8 H, m), 5.73 (2 H, 5), 470 (1 H,
septet, J= 7.0 Hz), 3.18 2 H, m), 2.51 (2H, brs), 2.45-1.15 (17 H, m), 1.56 (6 H, d, J=7.0 Hz), 1.04 (2 H,

imidazole-1-carboxamide
35 The titte compound was prepared according to the procedure described in Step 3 of Exampie 8




OHNO N-—--"OCH "HIO Step 1 tart-butyl

1- (4- oxoai oeri di n-1-vl)cvcl ohexanecar boxvl ate The title conpound was
prepared by a nethod simlar to that shown in the Step 3 of Exanple | by
using tart- butyl 1-am nocycl ohexanecarboxyl ate (Kenner at al.,

J. Chem Soc. 1965 6239 6243.). 15 M5 (ESI) m(z: 282 (MtH ). 'H NMR (CDCl 3)
6: 2.92 (4 MOPITRIHEG ) 2 41 (4 H% J=6.0 Hz), 2. PCTOBIBSP@SH, n),
1.76-1.62 (4 H m, 1.45 (9 H s), 1.33 (4 H m. Step 2. tart-butyl
1- (4-cyanapi perl din-1-vi)evel ohexanecar boxvi ete The title conmpound was

Using t gn?'” B b by e By 20
mz: 293 éﬁé%ﬁ%%ﬁ%ﬁ sg"‘fﬁ’%“ﬁ'%aﬁ‘)"?[@g (2 H m, 2.67-2.56 (1 H, ),
2.55-2. 42 Sz(E mﬁa4811(M98)172(6H m, 1.70-1.23 (8 H, m, 1.48 (9 H s).
Step 3. téﬂNMmDMbo fa%xeqmrmmusxdma@lsmruﬂlg’rwﬁlwmquhwﬁnﬂcmv@mn?te
é{% eghg f@éﬁﬁ{%&%ﬁg %3?5)33&?%'5 )E%%Bi{?rlrlegrs A0 @0 L1 bR A g g the
i ekt e a0
, , . , =0. , . - 1. \ , . , S),
1.76-1.19 LEle , 1.19-1.03 (2 H, m,. M5 (ESI) nfz: 297 (MrH+). 30 Step

4. tert-b
| -f4- (ff(J=Af<$

et hyl) qboxcﬁ,f.bﬂhgba}hoﬂmm @@ﬁg&m&ﬁg@r boxyl at e The t|t| e corrpound was

prepared by a simlar to that shown in the Step 6 of Exanple 1 by

usi ng 1- |soprop - di hydr o- 2H benzi m dazol - 2-one and tert-butyl

1- (4 cyano eI‘NdIF&;’@ ycl ohexanecar boxylate. 35 1 H NWVR (CDCl 3) a:

8. 7886 8..29 24(1Hn) 7.21-7.11 (3 H nm, 4.78-4.64 (1 H,
/12 i:E@'I"I | B2005/ 001825 60 H, t, J=6.2 Hz), 3.19-3.09

n,3.29 (

(2 H m, 2 16- 05(2 2.04-1.93 (2 H m, 1.83-1.73 (2 H m, 1.56
(6 H, d, J70Hz) H s), 1.70-1.39 (2 H m, 1.38-1.16 (7 H m.
Ms (ESI) nfz: 499(|v|+*r'f3' Step5

1-14- ({f( ofprtd Adir34 gl dpsisheganbtdrivapiate m dazoi - | - vt

car bonyf am nol Hhd mélcélﬁf:dﬁﬁé JNQQ edare\ﬁ'bb {n%thﬁé( &kgé?%ﬁ&%ﬁ&wh%x I‘S{eﬁ S%Ft)gmple 1 by

hydrochl oride To a stirred ut
1-[ 4- ({[ (3PS BHr B -afzins%'°'2*’<§'ea?rhw|=—"s {fqaneyehat;, rf'ncﬂ‘é@ §pe-119PP) 823988/ gani no} ne
t hyl ) pilperNiSIESY iy RBMsHOhex anecar boxyl at e (400rrg 0.802mml ) in

dich<oromhwcbé zbzﬁt%dﬁﬁﬂ V)O?HMPEQB&?FI gﬂgb{g 178363 o (TRY, ) at

room t enper at ur €. & " Eonpors nove
reduced prlé¥d¥te). 115? 113?(‘3He'“} esi due was added 4N HCl in di oxane (5.0 n-)
was added . Stiblivield 4 ritind1-yl)dyeeRexahdt@roualatd i | e

The title compound was prepared by a method similar to that shown in the Step 4 of Example 1 by
20  using tert-butyl 1-(4-oxopiperidin-1-yl)cyclohexanecarboxylate.
MS (ESI) m/z: 293 (M+H").
{0 "H-NMR (CDCls) 5: 2.94-2.85 (2 H, m), 2.67-2.56 (1 H, m), 2.55-2.42 (2 H, m), 1.86-1.72 (6 H, m),
1.70-1.23 (8 H, m), 1.48 (9 H, s).
Step 3. ter-butyl 1-f4-(aminomethvl)piperidin-1-vijcyclohexanecarboxylate '
25 The title compound was prepared by a methed similar to that shown in the Step 5 of Example 1 by

using ferf-butyl 1-(4-cyanepiperidin-1-yi)cyclohexanecarboxylate.
'H-NMR (CDCl) &: 3.07-3.18 (2 H, m), 2.55 (2 H, d, J=6.4 Hz), 2.15-1.94 {(4H,m), 147 (9 H s), 1.76-1.19
{13 H, m), 1.19-1.03 (2 H, m),.
MS (ESI) myz: 297 (M+H").

30 Step 4. tert-butyl 1-I4-({I(3-isopropyl-2-ox0-2,3-dihydro-1H-benzimidazol-1-vilcarbonylamino}methypip
erldin-1-yljcyclohexanecarboxylate

The titie compound was prepared by a method similar to that shown in the Step 6 of Example 1 by
using 1-isopropyl-1,3-dihydro-2F-benzimidazol-2-one and tert-butyl
1-{4-cyanopiperidin-1-yl}cyclohexanecarboxylate.

35 "H-NMR (CDCl,) 5: 8.97-8.86 (1 H, m), 8.29-8.24 (1 H, m), 7.21-7.11 (3 H, m), 4.78-4.64 (1 H, m), 3.29 (2



was renoved under reduced pressure. The residue was precipitated in

di et hyl ether/ethanol to give 370 ng of the titled conpound as a colorless e
powder.. 'H NWVR (DMSO-d6) 8: 8.94-8.82 (1 H, in), 7.45 (1 H d, J=7.9 Hz),
7.27-7.10 (2 H m, 4.73-4.61 (1 H m, 15 3.71-3.19 (7 H n), 2.98-2.81 (2

H m, 2.3%@®@912628H, nm), 1.98-1.53 (10 H, m), 1.49 (6pdmshosdsigzs0 Hz),
1.38-1.03 (2 H, m), MBS (ESI) mz: 44%0(M-H ). Anal. Calcd. for

C24H35NA4. 2H2O C, 55.97; H, 7.63; N, 10.88. Found: C, 55.61; H, 7.51; N,

I%Ebggm m da‘f%géﬁﬁﬁégr"ﬂg%@"i‘rsy%?%%ghéﬁ(né?}nﬁ%géﬁg% %’l"ﬂ)qla% %‘2?’2 S’x‘?} g’h?ﬁa‘%‘? cland

O NH 9YOI=70 ite). 118 (SHes). 1170-MR (B4 m), 1.38-1.16 (7 H, m).

2-f(4- ff(vrsqggn,mitm\(;@aq*’@onyl )am nol met hy4pi per| d| n-1-vl)net hy(| 2- et hyl but an
oate 25 ) q b J th
the Step

K.; MFI MMJMMMM of t he Chem cal SOCI ety Chem cal
Conmuni catuon%agg@%smﬁmgfmbgkww (CDC13) 3: 4.62-4.48 (1 H, br), 3.65 (3

H, . 3.01-2. 93 H 2 .73-2.65 (2 ' 2022

H w1 pon s ey iignamtigolt ylodbonyfannoganyibpan e, |

J=7.5 HzpnSarbivlafeERI0mgng.802m@ 6l in(didbletomethgnes(s nit) wakadded trifiuoroacetic acid (5 mL, 652

|2aﬁ1t Eyl amioi)én%rﬁ feRpbaRRy. mhz@tna&aaﬁe?cﬁ gr\@é&%lréh%m et AdQed brexs&&&é bonvl
S

.o e el e St 8 o onaf el i it SRR = SBSyt 19 B BRI o

1- i sopr opé reinogeddingey cedyceditprdseyre.i mi dazol 2-one and Methyl 35

2-((4- | but
LU e gt g it ot

8.28-8. 28 7.20-7.12 (3 H, n’),477461(1H m, 3.65 (3 WD
200511237&-8W@M$8219(55&%&@6 H, 81}, 7145 (B, d, 3=787H).7 . 3-7.10,(2 Bi8). 4. 78461 (DH. 78, 2. 66

(2 H, 150 ,37243413 k. nH 2§é-2 81292%6rni‘z 238228 (4H, rﬂihgéh Zﬁgéﬁmﬁk@(ﬁl, dM=7.0 4z, 38- 1. 21
(5 H, g (( (MiH ). Step 3.

2-et hyI 23 TP 6 'f'@ [ sopropyl 2- 0XO0- 23 d| hvdro 1H benzi m dazol -1 - vl kar bonvi |
am no} metMB(EPDmre443 (B+HAi n-| - vi | met hyl }but anoic acid The title conpound was

preparedAasl &'1'ﬁaﬂfﬂ%éﬁlﬂmpﬁ%é%@ﬂﬁsﬁyﬂ@%ah%&@@ & af HBSR! R43. from
Met hyl 2-ethy {14-({[(3-1sopropyl - 2-oxo-2, 3-di hydro-1

H-ben2|n1da20|-l yl ) car bonyl ] am no} met hyl ) pi pe(di n-1-yl}- nethyl)butanoate
(step2® examreems:e 13). 10 "H-NWR (CDC)3) 5: 8.03-8.94 (1 H m, 8.27-8.21

(1H m ’z-eZh 9‘ Z -is(o K Iﬂxo-észﬁf éroggl-l{eltzimidagam- c%m( amino}methyl)piperi
din-1-yljmethyltbutanoic acid

\_@54

Step 1. Methyl 2- tert-butoxycarbonyl)aminolmethyipiperidin-1-yDmethyl]-2-ethylbutanoate

25 The title compound was prepared by a method similar to that shown in the Step 1 of Example 7 by
using methyl 2-ethyl-2-formyibutanoate {Okano, K.; Morimoto, T.; Sekiya, M. Journal of the Chemical
Society, Chemical Communications, 1985, 3, 119)
'H-NMR (CDCls) 5: 4.62-4.48 (1 H, br), 3.65 (3 H, s), 3.01-2.983 (2 H, m), 2.73-2.65 (2 H, m), 2.46 (2 H, s),
2.13-2.02 (2 H, m), 1.73-1.50 (6 H, m), 1.44 (9 H, 5), 1.28-1.10 (3 H, m), 0.76 (6 H, t, J=7.5 Hz)

30 MS (ESI) m/z: 357 (M+H*_).
Step 2. Methyl 2-ethyl-2-{[4-({[{3-isopropyl-2-oxo-2,3-dihvdro-1H-benzimidazol-1-yilcarbonyllaminoimeth
yipiperidin-1-yiimethylibutanoate

The title compound was preparad according to the procedure described in Step 2 of Example 8

from 1-isopropyi-1,3-dihydro-2H-benzimidazol-2-one and Methyi

35 2-[(4-{[(fert-butoxycarbonyl)amino]methyl}piperidin-1-yl)methyi]-2-ethylbutanoate (step 1 of Example 13).
'H-NMR (CDCl,} 5: 8.92-8.86 (1 H, m), 8.28-8.23 (1 H, m), 7.20-7.12 (3 H, m), 4.77-4.61 (1 H, m), 3.65 (3

EaleS




H t, J=6.2 Hz), 3.16«3=05+(2 H, n), 2.60 (2 H, s), 2.55-2.38 (2 H m,
1.94-1.38 (2 H m, 1.80-1.38 (15 H mnm, 0.88 (6 H d, J=7.5 Hz) M5 (ESI)
mz: 445 (M+tH ). Anal. Calcd. for C24H37N404CI.0.2H20: C, 59.48; H, 7.78; N,
11.56. Found: C, 59.38; H 7.74; N, 11.29. 15 EXAMPLE 14:

144( (i (3-isopropyl -20x0-2. 3-di hvdro-1

H benzi m dwooeed 29413 car bonvl | am no} et hvl ) pi peri di n- 1- \dciras2o005/001825

vcl opent anecar boxylic acid hydrochlor6tie ON ~~ NH O N-ONOH HC 20
Step 1. tert-butyl 1-(4-oxopiperidin-|-vl kvcl opent anecar boxvl ate The title

d | Lh f
Bl o Thgy 22 PR Cat %ﬁi‘% S 68 operk b2 20 2 8B thaoe)
M (ESI) 1rﬁ 1212(65(MP+7§(6HH~ |3) 8 2.93 (4 H t, J=5.9 Hz), 2.41 (4
H t, J= m@msz))m;zzswzrm (2 H rr) 1.85- 1 54 (8 H n), 25 1.46 (9 H, s).

Step 2. tgof 3 byl o1 (AnGua n%:argoxvi a}tue!;'li'hee|o .

titl
o:‘ Eiagglﬂwﬁ_ﬂ@w but yl

1- (4oxopi perldmutfbﬂdnb&mwwmwmwwpa}cem&e%&&d gegs?o?axwiéi) 30
"H NMVR ( %Pygzw .82 (2 ,m),267 49(3H, 21 (2 H m,

1.96-1.7 1.70-1. 40 36 H, 1.48 (9 H, s) 'Step 3. tent-butyl
1- f 4- (am HSMERHH(isprrervR-axa-2.3 Rihydic1 i ﬁm@qﬁé@aﬂmwﬁla@mm&wnnmeedl&owﬂound

was pr epanahlfiRyardatitdpEor Ekamgiera)t o that shown in the Step 5 of Exanpl e 1 by
usin ent,- rigin:1- nec 35 ' H NWVR
(oo 3 i Enskys SS¥RRTHMAN A i Bar ] iR Bl BTRE AT i 43
1. 76- 1. 6214,t4=62 Hp) 3.16-3.05-H m)E.8012H), W;Z-@.(Z%m).GQMEBHH@) 1.800. FDOBH123715
PCTI | B200f®)L084 84 ¢, £2.5 S (ESIC%)dthd 283 (MtH). Step 4. tent-butyl

-34- ({f ro xo I hvdr o-
Hlxbengin g‘i%t)ﬁ%%&)"lﬁ%%@f vl | em nol methvl)pip erldin-1
yl | cvcl opleat &aled for BAHA7NE@ICTIIRHRDt €.598 81 G TAN. VAE6. Foeplal &8.38yH, 3. 7dei,H6.89.

simlgg to that shown in the Step 6 of Exanple 1 by 5 using
1- |soprop%I -1[3 di hydr o- 2H- benzi m dazol - 2-one and tert-butyl

1-[4-(am §p| per|d| n-1- yI]cycIopent anecarboxyt ate "H NWR (CDCl 3) 6:
8. 96- 8. 841-JaX{lt:i 2% sthdpliveridinsb
m, 3.29 ndcerizfiice d.-osmgzaez 94 (2. H M, 2.37-2.17 (4 A, m,
1.82-1.6 ) 7.1 Hz), 1.46 (9 H, s), 1.61-1.49 (2 H,
m, 1.38-1.16 @—H m . _
o 03

=0 N ~OH

N

)\ HCI

20 Step 1. teri-butyi 1-(4-oxopiperidin-1-vileyclopentanecarboxylate

The title compound was prepared by a method similar {o that shown in the Step 3 of Example 1 by
L using feri-butyt 1-aminocyclopentanecarboxyiate (WQ 9105796)
) MS (ESI) m/z; 268(M+H").
'H-NMR (CDCls) 5: 2.93 (4 H, t, J=5.9 Hz), 2.41 (4 H, t, J=6.0 Hz), 2.39-2.26 (2 H, m), 1.85-1.54 (8 H, m)},
25 146(9H, s).
Step 2. terf-butyl 1-(4-cyanopiperidin-1-vijcvclopentanecarboxviate

The title compound was prepared by a method similar to that shown in the Step 4 of Example 1 by
using ferf-butyl 1-(4-oxopiperidin-1-yi )cyblopentanecarboxylate.
MS (ESI) miz: 279 (M+H").
30 "H-NMR (CDCly) §: 2.94-2.82 (2 H, m), 2.67-2.49 (3 H, m), 2.33-2.21 (2 H, m), 1.96-1.72 (5 H, m),
1.70-1.40 (6 H, m), 1.48 (9 H, s).
Step 3. fert-butyl 1-[4-{aminomethy)piperidin-1-yllcyclopentanecarboxylate

The title compound was prepared by a methad similar to that shown in the Step 5 of Example 1 by
using tert-butyl 1-(4-cyanopiperidin-1-yl)cyclopentanecarboxylate.
35 'H-NMR (CDCly) 5: 3.07-2.95 (2 H, m), 2.60-2.52 (2 H, m), 2.41-1.19 (4 H, m), 1.76-1.62 (4 H, m),
1.61-1.40 (12 H, m}, 1.19-1.03 (2 H, m).



10 M5 (ESI) miz: 485 (MFH). Step 5.

1-f4-({f(3-isopropyl-2-o0xo0-2.3-di hvdro-| H benzi m dazol -1 -yfcarbonvl | am nol ne
thvil piperidin-l1-vil cyclooentanec arboxylic acid hydrochloride The tithe
conpound was prepared by a nethod simlar to that shown in the Step 5 of
Exanpl e 12 t% usi n ert-butyl

1-[4-({[(3-is BF%’S@ B oxo- 2, 3- di hydr o- 1+ benzi i dazol - | - PF1EBPSE1S ani no} m
ethyl) 15 piperidin-1-yl]cycl opentanec oxylate. 'H NVR (DMSO d6) 5:
8.91-8.82 (1 H m, 8.07 (1 H d, J=7.5 Hz), 7.45 (1 H, d, J=7.7 Hz),
7.26-7.09 (?/ISI'dESI)ﬂi)zzaa(MAﬂH*Z} 56 (1 H m, 3.60-3.00 (6 H, n) 2.26-2.10 (4 H,

AR R Y. _ eali)
N—({l

Anal . Cal cd.™ : , C

d(é1 O<ycar bonvi teﬁertmbyauﬁ@uﬁ&hé%\ﬁe%ém&wa maa&umar forthdt mmbtn@swger%awbﬁ{a hy
i sopr - car boxam de

yN N F r §%Lin£1 Rf%%g 'd' Jio'gégeﬂ%'\ﬂ%a?&? an 'Hﬁg'%u n-4-vl - carboxvl ate A

m xture of t%‘l%ﬁ?ﬂ‘ﬁﬂjmpmaﬂﬁmi-yﬂmﬁwfb@(yﬁ@l d (910 my, 6.99 nmol) and

tsﬁglfegfdgemﬂlv\-gr §Dc:l§tal$g@ﬂ84 @H, )13 2818 B¢ 15@ rﬁﬁﬁzﬁﬁﬁlf@m hﬁh@d-ﬂ%(’l’ﬂwps?_&@

t et r ahydr of i3y %ﬁi’g%gmbz%ﬁggn'ﬂi éﬁ?g%f?é%r"ﬁt'g%‘ éa]‘ﬁ%' ﬁr"rgg@%ﬂqa]ﬁd’ 7 hid 4R4S

stirred forH, a)31$11 h@Q(aﬂrbmntl’-Bi‘léﬁm'eHanMre and concentrated in vacuo. The

resi due y@s W.HESI nBdagaympigpar at i ve thin 30 | ayer chromat ography (5| l'ica
gel, elutin [ I . ik |ve _‘ f of the

title conp : ojin v
513(2Hsyglgammgm;_am_hyMHmz59(1Hm194168 (4H
m. Step 2. Benzwhe uﬁeb@ﬁbwm\mélpfr@bfeabysiﬁ@mw Shaitaf tothat SRR GXME é{ess%EExmsuetmt le

ool 3" By BEEASH SER S S BB indRge L e Ghoretly,

15). WO zﬁ)oemmmcmﬂnfmwe@s% 63 'H NMR (CDCI3) S 7.45-7.25 (5 H,

2)) , i ég( (2 2 iR (pMBo R0 of atB.85h H, Ay, 807(RuH, J85 HB, Bk (€ B, dlu=B) Hz)27 37 6P 2,
N benzos. - M4 la B ER BLAEBA0P BH-TAATR IO H T3 S8 e LAHOH ST 2

N- benzoyl - 4-MaEBDmE 488I(MAHT] uor opi peridine (J. Med. Chem 1999, 42,

1648-1660. ) anal. dakedor €h3H3NAD4ETR! d0.ANM, Kis; kORlosDEdumd: cdbs:ad: RONSL R, (#8291 0,
22.5 m"méa] in methanol (80 m-) was stirred at roomtenperature for 15 h
tr

and conc kﬁgLéﬁ' vacuo. The resulting residue was chromatographed on a

col um of SI | Ca e? el ut| ng W|th hexane/ et hyI 1) to give 4.52

g (89% of AHEL-k4S 3 ; ) an-4- thyl hyl)-3-isopropyl-2
-0x0-2 3-dih dro-1H-benzm:dazola-‘l-carboxamid

T
L

25 Step 1. Benzyl tetrahydropyran-4-yl-carboxylate
A mixture of tetrahydropyran-4-yl-carboxylic acid (810 mg, 6.99 mmol) and SOCI; (5.0 mL) was
stirred for 1 h at 60 °C and concentrated in vacuo. To the residue were added benzyl alcohol (1.52 g,
14.1 mmol) and tetrahydrofuran (5.0 mL) at ambient temperature. The resulting mixture was stirred for
13 h at ambient temperature and concentrated /n vacuo. The residue was purified by preparative thin
30 layer chromatography (silica gel, eluting with hexanefethyl acetate (2 : 1)) to give 1.08 g (70%} of the tifle

acetate (1 :
-4-fluoropiperi

in-4-yl}m

compound as a pale yellow oil.
'H NMR (CDCls) & 7.45-7.25 (5 H, m), 5.13 (2 H, 5), 3.95 (2 H, m), 3.42 (2 H, m), 2.59 (1 H, m), 1.94-1.68
(4 H, m),
Step 2. Benzyl 4-iodomethyltetrahydropyran-4-vi-carboxylate
35 The title compound was prepared according to the procedure described in step 1 of Example 3

from benzyl tetrahydropyran-4-yl-carboxylate (step 1 of Example 15).



colorless oil. M5 (ESI) mz: 337 (MtH) 10 "H NWR (CDCI3) 8 7.55-7.25 (5 H,
m, 5.16 (1 H br t, J =6.3 H), 4.51 (1 H n, 3.62 (1 H mM, 3.55-3.00 (4
H m, 2.10-1.25 (4 H m, 1.43 (9 H s). Step

4. 4-tart-Butoxvcarbonvl am nonet hvl - 4-fl uoropi perl dlne A m xture of

N- benzoyl - 4- t e Q BYHERYBar bonyl anmi nonet hyl - 4-f | uor opi per i di reEr/B60sN018250f
Exanple 15) (4.42 g. 13 1 mmol), NaOH (8362 g, 65.5 nmmol ), H20 (9.00 m -)
and ethanol (90.0 m-) was refluxed for 15 15h and concentrated in vacuo.

tes Separat ed “@*ﬁ.@aﬁ%gi 5728 e (e FLottbokdl MR hmeg CRIEM £at UL
pressure. Re¢NpE(AHIMEzati on of the resulti ng solid with hexane-CH2dO 2
af forded a celpbl@6snze@ltitdit-blitokycaho midfylld¥Riorobibérld@d conpound. M5 (ESI)

mz: 233 (M 3) 8 2 3 d
5 oy oror (4 Kb H\bhehfepd Shinginatinial 2t chemn. o094, hariofy O
corres pond5 t &.5%4d, M0 mmolpndsdidderirhuty! drathonatet.91 o 235 rHmol) ismetrdpal (A0 mL) was stirred at
(fi-n-benzvl %maﬁﬂ%%)fé foRis @awcdﬁ&m?dféd i vaca@ 4h/ telifigfesidue tad &m&aﬁwp%@d dncd N

;)f' OZLL 3? ; hé e g@ll)lrﬁrgtrg E%hg Bg \gjlrme ﬁ% &gﬁe (Q’aﬁ Rive 8%?2%?89% %P tFle {It‘g%ompound asa

4-tert-but oxy@meﬁﬁmlyl am nonet hyl - 4-f | uorop| per | d| ne (step 4 of Exanple 15)
and benzyl PRRL 4uvl( mmﬁahydropyran 4-yl - car boxyl ate (step 2 of Exanple

MRS )qmﬂﬁ 3%9%5 s 1. B | s = o) 051 1 B Dbl b, s 3pol

21.9, 6.3 mﬁ,mnzﬂmzsewm HW@AH,5)2.52 (2 H s), 2.08 (2 H n), 1.90-1.35
(6 H m, 1. 480 6% bh-bSibx onyleRhofethyl-4-fiuoropiperidine

N-([1~f(4-Ben 0 te t hvi | - 4- ropi Deri di
T e Y K e GRSy B LS e e R (el 3 of Blarmple
- car boxami de 19)l{642 g.t18.¢ moehadr2.62 8, 85:5epan )eld:0x(8 €06 mdl) ang ethendl [86.0ml) wesinefluxed for

(ies cri bedldl n 1§ﬁ % Bn&htrfSAAPL@o.1 To iH'eQéEultmg reSIdue were added water and chioroform. The
i sopr opy

h
((17(4 D v O Y B PP REBT G SRRTES FTAE, A1 R aIec P[RSS PRSP
4-yl } net hyl ) Reerynteliaation pEheresuliBg sglidwfith anaclézclz&)‘fordm ¢olBess splidzt. 7736838 % Msi)e
HNNR(CDCI{},)edEO,Qp&ﬁd(l H br t, J =6.0 H), 8.25 (1 H n), 7.46-7.06 (8
H, 5.16 +1 H, etet J=7.0 H), 3.80 (2 H, , 3.54
(2 m dd, J &‘%égg'bmzezé '}ﬂiz]“) 3. 46 Ssz M, 2.65-2. 325 (4 H, E’r) 2. ?3 (2 H,
br s), 2.%8 meua(mqa)maammm :{:@(HH dad /= 21.56.962).13,91d4 HJn):188®34-[é)H mi0 48t(&p
7. N 1f(4
2t Dyran I HERAREI PR G pe s T
2005/ 123718 P&H oL AU FERL o =2 1
H benzi m dazgt=gbamatea rboxam de The title corrpound was prepared according to.

the procedure desﬁgdtﬂggonll cﬁ}ﬁaﬁ %dgemm ‘f‘o s(c{lbedinstepzofExamp!e3
1-[(4-benze/lox car bon Itetr I O- 2H- ran4 ;6‘? eridin-4-
yl } met hy| §8 31 Pfg xyogroo metiy-4 PBPTH i1 513 ‘{aQQBGEam de
(step, 6. of Exandpdnethﬁlsb'ahy&omﬁaneﬁ!she)rbmlaue (stépr2 t(flmdrﬁ)plew)H NVR (CD30D) S 7.93 (1
H, n),‘,7 12 (\,,15(];13|)mz 461-,“92,_,)(1 ) , 6.93 (1 H mM, 4.49 (1 H, septet, J =
7.0 Hz),

'HNMR (CDCl,) 5 7.45-7.25 (5 H, m), 5.16 (2 H, s), 4.78 (1 H, brt), 3.80 (2 H, m), 3.46 (2H, m), 3.23 (2 H,
dd, /=219, 6.3 Hz), 2.64-232 (4 H, m), 252 (2 H, s), 2.08 (2 H, m}), 1.90-1.35 (6 H, m}, 1.45 (9 H, s).

30 Step 6. N-{{1-](4-Benzyloxycarbonyltetrahydro-2H-pyran-4-ylimethyi}-4-fluoropiperidin-4-ylimethyi}-3-iso
propyl-2-oxo-2,3-dihydro-1H-benzimidazole-1-carboxamide

The title compound was prepared according to the procedure described in step 6 of Example 1

from 1-isopropyl-1,3-dihydro-2H-benzimidazol-2-one and teri-Butyl

{{1-[(4-benzyloxycarbonyltetrahydro-2H-pyran-4-yl)methyi]-4-flucropiperidin-4-yiimethyl)carbamate {step
356 5 of Example 15).

MS (ESI) miz: 567 (M+H").

'H NMR (CDCl3) § 9.08 (1 H, brt, J = 6.0 Hz), 8.25 (1 H, m), 7.46-7.06 (8 H, m), 5.16 (2 H, 5), 471 (1 H,

septet, J = 7.0 Hz), 3.80 (2 H, m), 3.54 (2 H, dd, J = 20.9, 6.0 Hz), 3.46 (2 H, m), 2.65-2.36 (4 H, m}, 2.53 (2

H, brs), 2.08 (2 H, m), 1.88-1.44 (6 H, m), 1.56 (6 H, d, J=7.0 Hz).

40



3.65-3.36 (6 H m, 3.15-2.82 (4 H mM, 2.80 (2 H br s), 1.98-1.70 (6 H,

m, 1.35 (6 H d, J =7.0Hz), 1.34 (21-1,m. The signals which correspond
to am de and carboxylic acid were not observed. 10 Al publications,
including but not limted to, |Issued patents, patent applications, and
journal articMB20FIBEE | n this application are each hereirCTmewspoas ed by
reference in their entirety. Al though the64nventi on has been described above
with reference to the disclosed enbodinents, those skilled in the art wll

readi ly appregcl.at ’lﬁg 1 ﬁ i L. E :, nts detailed are only
illustrati ve%%ﬁh%‘s&"_r. 1] ﬁ&o{m =ftf a%' GITEbe under st ood that various

nodi fi cations canhBétierameouRd WabRIePaRSFaFordingdo the grecedyee desgsibed in Stgp 3 pffxample 1 from
i nvention. AQe{1-ll4-beizyioxytdisoniitattaiytino@A-pyfanlaiyiiinkiad]- BRuosoplpgridirhey fntetHyipBiisdgropyl-2-

I b o e ST e

or a pharmaceuticalTy accg K or s wherein 5 A
represents5ad‘ﬂ%(5l§!)|"é¥ié77gwd‘g‘b-havi ng 1 to 4 carbon atons, said al kyl ene group

bei ng  unsubSHINMK ©€0:00) s7198%1 Hirki Beh (WiH i), 2.0k o 4, nd LB (i HURNE 39 [1n4] egradesnt.b Kz),

| ected f LSt hal j
Tt o 4" car bors Srmd o 503 i oo 21 B sid B bR BB s L LR
an al koxy- al KgH. gk otipe $ignais yic? caresipnd toamidsrand cashaxyliogid weternobobserveshj d
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phar maceutically acceptable salt or solvate thereof, as clained in any one
of clainms 1 to 4, wherein Ais an al kylene group having 1 to 2 carbon atons,
said alkylene group being substituted with 2 gem nal substituents

i ndependently selected fromthe group consisting of a hal ogen atom an

al kyl group having 1 to 4 carbon atons, a 30 hydroxy-al kyl group having Ito
4 carbon atons and an al koxy-al kyl group having 2 to 6 carbon atons,
wherein said substitutents may optionally forma bridge to yield a 3 to 6




66 nenbered ring. 6. The conpound or the pharmaceutically acceptable salt
or solvate thereof, as clained in any one of clains 1 to 5, wherein Ais
--~ or-?~, 5 7. The conpound or the pharnaceutically acceptable salt or
sol vate thereof, as clainmed in any one of clains 1 to 6, wherein mis
integer 2.. 10 8. The conpound as clained in claim1, which is selected from
4-{[4- ({[ (3-1sopropyl - 2-oxo- 2, 3-di hydr o- 1H benzi m dazol - | - yucar bonyl ]

am no} et hyl ) pi per idin-I-yl]nethyl}tetrahydro-2Hpyran-4-carboxylic acid,
1-{[4- ({[ (3-1sopropyl - 2- oxo- 2, 3-di hydr o- 1H benzi m dazol - 1-yl ) car bonyl ]

am no} nethyl)piperidin-IyI]nethyI}cycI% exanecar boxyhc acid; 15

1-{[4- ({[ (3-isopr@pyl2- 0xo- 2, 3-di hydro- | H benzi m dazol -1 -yCQCcar bonyl ]

am no} nethyl)pfﬁ@TTﬁistI!nethyI}cycIopentanecarboxylic aci d;

1-{[ 4- ({[ ( 3- i soprlopytrpogialhe Brgiliy dr o- | H benzi mi dazol - | - yucar bonyl ] ani no}
met hyl ) pi peridin-1-yl] thyI}cngiopropanecarboxylic aci d;
1-{[ 4- hydroxy-4- ({[ (3-13opropylt 2- @Rb- 2, 3-di hydr o- 1H
-benzi m dazol - 1-yl ) car bopyt} a 20 '
met hyupi per i di n- 1y peNnyIB cy¢| olgxanggar boxyl i c aci d;
1-{[4-({[(3-isopr - 2, 3- |hy%?o-1H - benzi m dazol - | - yucar bonyl ]
am no} net hyupi pe NI -yl ] methyl } cycl obut anecar boxylic acid; and the
pharmaceutical |y acceptable salts and sol vates thereof. Il 25 9. The
conmpound or the pharmacButically acceptable salt or solvate thereof, as
claimed in any one of clainf)1 to 8, for use as a nedicanent.
or a pharmaceutically acceptable salt or solvate thereof, wherein
5 A represents an alkylene group having 1 to 4 carbon atoms, said alikylene group being
unsubstituted or substituted with 1 to 4 substituents independently selected from the
group consisting of a halogen atom, an alkyl group having 1 to 4 carbon atoms, a
hydroxy-alkyl group having 1 to 4 carbon atome and an alkoxy-alkyl group having 2 to 6
carbon atoms, wherein 2 of said substitutents may optionally form a bridge to yield a 3 to
10 6 membered ring:
R! represents an isopropyl group or a cyclopentyl group;
R? represents a hydrogen atom, a halogen atom or a hydroxy group;
R represents a carboxy group, a tetrazoly! group, a 5-oxo-1,2,4-oxadiazole-3-y1 group or a
5-ox0-1,2,4-thiadiazole-3-y] group; and

15 m represents integer 1 or 2.

2. The compound or the pharmaceutically acceptable salt or solvate thereof, as claimed in

claim 1, wherein R1 is an isopropyl group.

20 3. The compound or the pharmaceutically acceptable salt or solvate thereof, as claimed in

claim 1 or claim 2, wherein R2 is a hydrogen atom.

4. The compound or the pharmaceutically acceptable salt or solvate thereof, as claimed in
any one of claims 1 to 3, wherein R3 is a carboxy group.
25
5. The compound or the pharmaceutically acceptable salt or solvate thereof, as claimed in
any one of claims 1 to 4, wherein A is an alkylene groupl having 1 to 2 carbon atoms, said
alkylene group being substituted with 2 geminal substituents independenily selected
‘from the group consisting of a halogen atom, an alkyl group having 1 to 4 carbon atoms, a .
30  hydroxy-alkyl group having 1to 4 carbon atoms and an alkoxy-alkyl group having 240 6

carbon atoms, wherein said substitutents may optionally form a bridge to yield a 3 to 6
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- membered ring.

6. The compound or the pharmaceutically acceptable salt or solvate thereof, as claimed in

any one of claims 1 to 5, wherein A is
B
Q

7. The compound or the pharmaceutically acceptable salt or solvate thereof, as claimed in

any one of claims 1 to 6, wherein m is integer 2.

8. The compound as claimed in claim 1, which is selected from: o
4-{[4-({I(3-isopropyl-2-0x0-2,3-dihydro- 1H-benzimidazol- 1-ycarbonyllamino}methyDpiper
idin-1-yllmethylitetrahydro-2 Hpyran-4-carboxylic acid;
1-{{4-({3-1sopropyl-2-0x0-2,3-dihydro-1H-benzimidazol- 1-ycarbonyll amino}
methylipiperidin-1-yllmethylicyclohexanecarboxylic acid;
1-{[4-({[(3-isopropyl-2-0x0-2,3-dihydro-1 H-benzimidazol- 1-yDearbonyilamino}
methyl}piperidin-1-yllmethyl}cyclopentanecarboxylic acid;
1-{14-({[(8-isopropyl-2-0x0-2,3-dihydro-1H-benzimidazol-1-yl}carbonyl] amino}
methylpiperidin-1-yllmethyltcyelopropanecarboxylie acid;
1-{[4-hydroxy-4-{[(3-isopropyl-2-0x0-2,53-dihydro- 1H -benzimidazol-1-ylearhonyl]amino}
methyDpiperidin-1-yllmethylicyclohexanecarboxylic acid;
1-{[4-({[(3-1sopropyl-2-ox0-2,3-dihydro-1H -benzimidazol-1-yDearbonyl]aminoe}
methyDpiperidin-1-yllmethylieyclobutanecarboxylic acid;

and the pharmaceutically acceptable salts and solvates thereof.

9. The compound or the pharmaceutically acceptable salt or solvate thereof, as claimed in

any one of claims 1 to 8, for use as a medicament,



