WO 2007/ 036715 PCT/ GB2006/ 003590 Conpounds whi ch have activity at M
receptor and their uses in nedicine This invention relates to novel
* conpounds, pharnmaceutical conpositions containing them and their. use in
therapy, in particular as antipsychotic agents. Miscarinic acetyl choline
receptors are nenbers of the G protein coupled receptor superfamly which
nmedi at e t he wotonsaf the neurotransmtter acetyl chol pegchisadiaisey t he
central and peripheral nervous system Five nuscarinic receptor subtypes
have been cl oned, I\/l to M. The nmuscar i n| o I\/l recept or is _predom nantly
expressed i n tempoundswhich hawe aelivityalMiyeespiorand tkeir usesiimmgdicing | s al so _
expressed in the perlphery e.g. exocrine glands Muscarinic receptors in
t he cent r althis gwemion rasted ©Move? seBuadd, Yhavinacaticy canpdkitibriscodhtalndl eher

medi ati ng Eh&h&Fu&QﬂmeAaFy% PIrRGRFS SHipsyBhotiB agedts. associ ated with cognitive
i mpai rments, such zh elner S dlsease are acconpanled by Ioss of

chol i nergi ¢, neur.ons é’P @ fore Ln tF \é\ Loore, . Gp nodel s,
bl ockade of“FELNEF°8 CE%'HT’ rrgqep FFoPﬁeng'F'a S PR ?'%scﬁi’;f% ra{:eB of ound
cogni tive Sgeriamivswhighppdise ity actipes,piibe AeKetransaittergeetyicholing iy Bet) teen based
on t he usecesfral ankepsripbéral nanwys sysien FivehnuBeagnis recspior svidynes thawe beerakdown of
endogenous clawelf ¥, &idy. iThe musceiieis & capptotis gradbramentlyleapvmsset fii Hacyrebr@r sus
synpt omat i gore GAl tHippBcahiifb| A@oidh i &eatgd b)EHré‘ssed Puthe Hevigher) 88. bbctede effects
resul ting él‘én?d? stinmul ation of peripheral muscarinic receptors including
di sturbed gastrointestinal notility and nausea. The dopam ne hypothesis of
schi zophreni a suggests that excess dopam nergic _stinulation is responsible
for the po%"i’fqa{?@c Wﬁﬂ?ﬁd‘é ther copiRl nEvaYssyatemy, apReglaliv iy play|§ grijicgfole dopani ne
ptor amedigiing higher mnmwnr@@esgsgccﬁ@eases ossvpintsawith jsogndtive impaeweoient i onal
gfggm ne rsupbEs dizheimeeglisuase, srecacoropeniad by dss afnhwlinergitedeusine thé basat s (EPS) i n
patients, fotdbfdinl OFutBiefrmiops]Oh shihkl tAdddisy BlodlRlsi GreRsIas -of Tenthdl dhe@RiOr agoni sts

have been %Mgg},g rdsDits ih BRIUHIPIPAIRR bdhicilsr €at ment of cognitive decline. Mre
recently, a mber of groups have shown that muscarinic receptor agonists

di spl ay an I cal antipsychotic-like profile in a range of ecllnlcal
par adi gns. © égrgﬁuge%{aqe N tyatg%"ﬁ?%t asxafﬂ'gﬁ%l ibgeN  pasrdr Bs e ny

dopami ne daqw&holmeﬁamﬁ%)mh@ﬁors|t¢1@rqymtﬁ@e QWE*F@WHrﬁfr‘?édQQ@ﬂ%e@ety@b@ﬁﬁt i on I n
rats, aponithgshicorepaundsicayd shdwnrificagy viersus synqéomatio pegriitive dedjomindite dinicven t ur ni ng
in unilat endtigive-rigbHdOdide efdcrieshiing themadlithulatdodTeleAphens musciifiedediplor unrest in

monkeys (V%Eib&h&drﬁﬁ’éeéJ};é%ﬂbrhﬂe&t)&bmétﬁnty@h&ﬁht@@aﬁ been " shown to inhibit A10, but
not A9, dopam ne cel I ring and conditioned avoi dance and i nduces c-fos

expr essi on ref ron"g cqrt nd | eus _acc % not in striatum
inrats. edpﬂ?ﬁ“a aPPolleyis s‘ﬁ rggzlop g ¢ SUERS c&?‘éeﬁﬁt °¢’ S”Eﬁ@f i c-1i ke
profile. st|mulat10n is responsible for the pos:tuve symptoms of the 1sease hence the utility of

dopamine receptor antagonists fo reduce psychotic symptomns. However, conventional

dopamine receptor antagonisis can cause extrapyramidal side effects (EPS) in pahents
including tremor and tardive dyskinesias.

C, My receptor agonists have been sought for the symptomatic treatment of cognitive
decline. More recently, a number of groups have shown that muscarinic receptor agonists
display an atypical antipsychatic-like profile in a range of pre-clinical paradigms. The
muscarinic agonist, xanomeline, reverses a number of dopamine driven behaviours,
including amphetarnine induced locomotion in rats, apomorphine induced climbing in
mice, dopamine agonist driven furning in unilateral 6-OH-DA lesioned rals and
amphetamine-induced motor unrest in monkeys (without EPS liability). It also has been
shown to inhibit A10, but not A9, dopamine cell firlng and condifioned avoidance and
induces c-fos expression in prefrontal cortex and nucleus accumbens, but not in siriatum
in rats. These data are all suggestive of an atypical antipsychotic-like profile.




1 WD 2007/ 036715 PCT/ GB2006/ 003590 Xanonel i ne has al so been shown to reduce
psychotic synptons such as suspiciousness, hallucinations and delusions in
Al zheiner's patients. However, the relatively non-selective nature of the
conmpound gives rise to dose-limting peripheral cholinergic side effects.

Sel ective ML receptor agonists have the potential utility to aneliorate

positive an it Lve synptons of psychotic disorder
schi zophreniq‘é?gogg@f-}zltg)- affective disorders, schi zophré’%ir[@%ﬁmﬁ@ﬁ?gases,

psychotic depression, mania, acute mania, paranoid and del usi onal

di sor der s, XsaofeiR Qs blbd/Boch SR BPéHucd Fytiode HEnpIHEsLE 8 arpidisishesssuch as

er é gg'm”ﬁ;' lfelltlﬁrﬁﬁﬁé%n&"délbﬁéﬂs irPRl&thérimé?-"s%latiérh&OHb\ﬁ&%EJ'tﬁé ébﬁlﬁ’atyqfoh-i%a{sé;tivﬁgsl th gg e
sui tabl e %rlx%%nﬁﬁpna P{ﬁd Q%BgHg/egttoﬁggegﬁ}tgpg’gf'&%ﬁaﬁi%ﬁ%@%g?g%ﬁ%i psychotics and
ot her actives such as nood stabilisers, antidepressants, anxiolytics, drugs
for extrapSHechyeddh Tepaplor cropRiste ey dhe: gglantial wllite A; ameliorate RSt @ de i nproved
treat ment esbnifuey syronidres @f Feyaiielics disgiders asush neswséhikenbrenian ashido-affediip of
conpounds didurdels, aschizostednifbrrd alisebdes, tpegchbiice riepreésionp syariint aautadirsanlagjers. I n a
first aspegkarblaeingidefiSiond BiSorbdty &Mk iceihitRe Md=fiRSntandhRFRaHbrPbisbragrsul a (1) or
a salt or suﬁﬁ)lééafﬁﬁhéimgfse(afséa But eri%l'nlegl ch@?nel&i/? 5ia8 e&%ﬁs""ﬁl&&iﬁﬁea: R4 I's
fluoro; R6 |€a se @ﬁ%e d om rogg , hal ogen, ano, Cl-eal kyl, C1. 6al kyl
subst i t ut eYeRIPFRIERErogeh Megiidd s PeEPShe at oms, C1.6 al koxy, and CL 6 al koxy

substituted wth one or nore fluorine atoms; R6 is selected from hal ogen,
cyano, Cl.Malergntor agunisampy blse be suiteble fas gompingtion mith otheniypical and aypicale at ons,

C3. 6¢cycl oadntiydychalics eyaiheradctivels secthad inbodt stelbilidets) antivepessansr enddiytics,i ne at ons,
Cl. 6 al koxgruganfhr Gkirfpyini€aiXyids ehedid taHd @EgnMive NerBRcefd, tBDir6videl lprdva@ at ons,~ -and
Q i's hydr ogepns ofobydptddiordefS Used herein, the term"alkyl" refers to ‘..

strai ght or branched hydrocarbon chains containing the specified nunber of

carbon atons. For exanple, Cl.6al kyl neaps st rai ght
- We have now %%um) a nove(l:group o*( gompounclg wh?ch are us&tx‘ for the treatment of

psychotic disorders.

in a first aspect therefore, the invention provides a compound of formula (I) or a salt or
solvate thereof:

wherein: ' L
R*is fluoro; _

R® is selected from hydrogen, halogen, cyano, Cygalkyl, Cisalkyl substituted with one or

more fluorine atoms, C5 alkoxy, and C, alkoxy subsiituted with one ar more fluorine

atoms;

R® is selected from halogen, cyano, Cisalkyl, Cisalkyl substituted with one or more

fluorine atoms, Cs.scycloalkyl, Cs.scycioatkyl substiiuted with one or more fluorine atoms,

Ci.s alkoxy and C; alkoxy substituted with one or more fluorine atoms, and

Q is hydrogen or Cqealkyl,

As used herein, the term “alkyl” refers to straight or branched hydrocarbon chains
containing the specified number of carbon atoms. For exarmnple, C,.salkyl means a straight
or branched alky! containing at least 1, and at most 6, carbon atoms. C,salkyl means a

2




or branched al kyl containing at least 1, and at nost 6, carbon atons.
Cl3al kyl means a 2 WO 2007/036715 PCT/ @GB2006/ 003590 straight or branched
“alkyl containing at least 1, and at nost 3, carbon atonms. Exanples of

"al kyl" as used herein include, but are not Iimted to, nmethyl, ethyl,

n- propyl, n-butyl, n- pentyl, n-hexyl, isobutyl, isopropyl, t-butyl and

1, 1- di met hywo mpydse7iAs used herein, the term "al koxy" pceigBe®sbnssa St rai ght
or branched al koxy group containing the specified nunber of carbon atons.
For exanple, Cl.5al koxy neans a straight or branched al koxy gr oup

cont ai ni ngraight|os BEnched allytroatainipg st legst 103'9‘1)%?{"%@ BrErbopaiams. f5@BPles " al koxy" as
used her eioh"alkyl edesd Hergin Wacladan but dré nettiestled to, matbylhaliky., n-rropbaybutibopoxy,

prop- 2- omanIbmmMyisohnyl,—iﬁapmpyl,t-aﬁynammyi-ﬁmmymmmdy, 2- et hyI prop- 2- oxy, .
pent oxy or hexyl oxy. As used herein, the term"cycloal kyl" refers to a

non- aro”atAs‘insEB’ i3 "él "9 Qrfs% QL-{‘EE@ght B%a&ﬂ@&blﬁéy&%rd&?%@ﬁ&mﬁ% car bon

atons. For, exa yc oht ai ni ng at
| east thré’é S%?ﬁ iih” (% gpon 5 nFreé(ﬁmalF Qﬁa{kgy "1'"35a 8#] gh%a¥cl oal kyl "
as used heraeh ,ql}gﬂxng@up BRRtaiRiRgat{Ehst 143\‘??@&@'0#@ crhen FFS pFramres d obut i |
cycl opent yalkexydasoiped berewymciudﬁsbtm grechohlismlist! 0, methexy, @thw. IpedPeYe ATOPor t he

abbr evi at esly, buhomy, bum-mzy) 2-mﬁ1¢pmp¢1@xy,mnﬁhmm2-sxy, bénimeyionkexhnky. ch may be
abbreviated to "fluoro"), chl or| ne (Whl ch may be abbreviated to "chloro"),

brom ne (wRiEedy fRYn ttﬁ‘et% rQ 0 PhARomAR Gy rngebitningy be
abbr eV| at ige sfggcif&edc}\(é%g)er ofIE% ﬁ' %)O £ §?c #loall?gl rﬁ%é’ns%%’o '%f‘ )?lillz ne and
dnie

brom n of variable
st oi chi om§’f‘9 \ForanRg Atplgast BPI E\'E a ,n]qst[ ﬁ'?"s NG, CRIRPT GPMsy & ﬁ?]d’ of formul a
(@ or a suralkiepeary éfﬁ@'"a'@@ﬂ%eﬂtt are Qot Himed @ ne¥slopierYit Bslghuhose of t he
i Rvent i on cydopentgitantd oyaloheryie with the biol ogical activity of the solute,
Exanpl es of suitable solvents include water, nethanol, ethanol and acetic

aci d. I'f tAl@ssOderan ithe R “Halg¥R (| {(&the éHBPevﬁféHY&hehm re?é?s fo%@élér%ﬂwté 0 as a
ydrate. A aRthbEre) B HDRLEIR %t&rhﬁ\ aé%*"mé 8 Do dBpmlii ut i on with

(él |
bei ng. al | (LR b IBES (Ve IRy e REHRYAEcr, brasleoand PAne @pEh B9 BE 1. 2.3 or

4 subst i t aeifedatehtogiode™y SFeapies pf halpoens aie Begne. F@Pﬂnee'ﬂ}ﬂﬁﬁﬁl”t!"e i f Rs is a

Clsal kyl group, it may be substituted by 1, 2, 3 or 4 fluoro groups; and if
Re i s a Chsusal Hepaity, tig tetnp* sohﬁte"rfafﬁrshea%ubﬂéit E:fwtaﬁabld)atoldhloni’etry%rméd gy fluoro
groups. Fgrsolu@(@rﬁm@mvﬁﬁoﬁmayc&ﬁw@nocéf R/ (1) &F DY el ishibegbay, 3 fluoro
?Logﬁz e?rl%g h)éﬁt\é e@?ﬁo@%ﬁg rtztﬂée?ﬁ?éﬂﬁtﬁgbﬂ%guga! al:t’h'rﬁsF (élgfsgrﬁ;
Cl. 6al kyl o e p'ﬁ? ?ff“g%ie SRS 2B e ehalto 6?@ 5 al koxy,
and Cl- QF’QOBW"%EI'H@FF-'F?ﬁ'%ﬂatewhﬁﬁ"%ﬁ% mav%r%?feémww - ne at om;

As used herein, the term “substituted” refers o substitution with the named substituent or
substituents, multiple degrees of substitution being allowed unless otherwise stated. For

C example, there may be 1, 2, 3 or 4 substituents on a given substituted group. For
example, if R® is a Cyealkyl group, it may be substituted by 1, 2, 3 or 4 fluoro groups; and
if R® is a Cyeatkoxy group, it may be substituted by 1, 2, 3 or 4 fluoro groups. For
example, R® may be a Cysalkyl group substituted by 3 fluoro groups; and R® may be a C..
salkoxy group substituted by 3 flucro groups.

In one embodiment, R® is selected from hydrogen, halogen, cyano, Crealkyl, Cr.salkyl
substituted with one, two or three fluorine atoms, C,.5 alkoxy, and C alkoxy substituted
with one, two or three fluorine atoms.

In one embodiment, R® is selected from hydrogen, chloro, bromo, fluoro, Ciialkyi, Cy.
qalkyl substituted with one or more fluorine atoms, and C,.salkoxy.



In one enbodinent, R5 is selected from hydrogen, chloro, brono, fluoro,

Cl. 4al kyl, Cl1. 4alkyl substituted with one or nore fluorine atons, and

Cl. aal koxy. 3 WD 2007/ 036715 PCT/ GB2006/ 003590 In one enbodinment, R5 is
sel ected from hydrogen, chloro, bromo, fluoro, C, .4alkyl, Cl. 4alkyl
substituted wth one, two or three fluorine atons, and C -, al koxy. In one
enbodi nment l.ected from hydrogen, chloro, bro nmet hyl ,
ethyl, net hoxfb()zo%%trlfl uoromet hyl. In one enbodi nen{%Tl&(ESﬂZPUSBIO%?r ogen or
fluoro. In one enbodinent, Re is selected from hal ogen, cyano, Cl4al kyl,

G 4al kyl sulsdniteribediment Rﬁ isOdtactel Vi@mOlydidg e, echlola, Grdnie fladres,akyiecycl oal kyI ,
Ca, 6eycl oal juklt ssshilsiuth €, W 8 1988 uorife/or, shdCRRIEROT | e atoms, Cl. e

al koxy and C1.6 al koxy substituted with one, two or three fluorine atons.

I n one enbodi s selected from hal 1. eal kyl ,
G.$ al kyl @Oﬂsmgﬁ? PR B R om BT AN PRECafore Pyl oal ky!
Caecycl oal kKptheyRse IfvRreetilt h one or more fluorine atons, Cl 6 al koxy and
Cl,e al koxy substituted with one or nore fluorine atons. |In another
enbodi nent Iafon¢ brebddimenn tR° &rhydiegen o flseb.ect ed from chl oro, brono, fl uoro,
met hyl, ethyl, isopropyl, nethoxy, trifluoronethoxy and trifl uor orret hyl ,

for exanpl el MhfodikHORs s m%feaw GBI c;rd, almyprc%@ﬁyh%é
trifluor orre&"py L,P, & Jgg h{}‘cﬁ.ﬁe SRR &%ﬁoa &rbg;ﬁ%&l{& Qtﬂutefﬁlt éel ect ed

from chl oro, ec?éd from

chloro, brof8 orrtqr%égpjarme@?rpﬁ,%m@gw@n S §HStUIE it Ope, WG or tRige hoxy

trifl uororreﬂqﬁ‘ﬂﬂ(éyat%m% trifluoronethyl. I n anot her enbodi nent, R6 is chloro,

fluoro, nethyl, cyclopropyl, methoxy, trifluoronmethoxy or trifluoronethyl

In one enboi gRenimboehtSofsie @vbaidn ROR s8RE8Y liromf halstfen, CLAIAT G BRYINOXY and

ggopcrlogél subl;ﬁiuté?d“ﬁltrﬁm%“n%?@ﬁuoﬁﬁe 4B, 'dg.ﬁga&aw ,Cg_gybléalﬁﬁkgd‘shﬁ@d%tﬁm hydregen
é’de or or@l ﬂu rh'1 tﬁlﬁ] & ﬁ§% 5)%5]1& C n%ll?ox%%ui%ﬁ%%g it me é(r &ghyl In

met hyl, eth rogen or

one enbodi né‘r?f hydr ogen. In another enbodi ment of the invention, there
is provided a corrpound of formula (I E,) 4 WD 2007/ 036715 PCT/ GB2006/ 003590
1P Re Rs \ Injanp{sers=mbodiment of the invention, R® is selected from chloro, bromo, fluoro, methyl,

ethyl, isopropyl, methoxy, triftuoromethoxy and frifluoromethyl, for exampie chloro, fluoro,
methyl, methoxy, trifluoromethoxy and trifluoromethyl.

In a further embodiment of the invention, R? is selected from chioro, methyl and methoxy.

In one embodiment, R® is selected from chloro, bromo, fluoro, methyl, ethyl, isopropyl,
cyclopropy!, methoxy, triflucromethoxy and triflucromethyl.

in another embodiment, R® is chloro, fluoro, methyl, cyclopropyl, methoxy,
frifluoromethoxy or triflucromethyl.

In one embodiment, R® is selected from methyl, fluoro, chloro, methoxy and cyclopropyl.,
In one embodiment of the invention, Q is selected from hydrogen and Cisalkyl. In a
further embodiment, Q s selecied from hydrogen, methyl, ethyl and propyl. In one

embodiment, Q is hydrogen or methyl. In one embodiment, Q is hydrogen.

In another embodiment of the invention, there is provided a compound of formula (la);




RH (la) wherein: R4 is fluoro; R5 is. selected from hydrogen, hal ogen,

Cl. sal kyl, C1.6al kyl substituted with one or nore fluorine atons, Cl.6

" al koxy, and Cys al koxy substituted with one or nore fluorine atons; and Rs
is selected from hal ogen, Cl.salkyl, Cl.6 alkyl substituted with one or nore
fluorine atons, C3scycloal kyl, C3scycl oal kyl substituted with one or nore
fluorine at omez00@i36Bs al koxy and C _s al koxy substi t utmdd/es:tdseasss or nore
fluorine atons, or a pharmaceutically acceptable salt or solvate thereof. In
anot her enbodi ment, the invention provideg a conmpound of fornula (lIb): P

Rs NN~~\ rO N H (lIb) wherein: R4 is(igporo; and R6 is selected from

hydr ogen, hal ogen, (. 6al kyl, Cl.6 al kyl ysubstituted wth one or nore
fluorine atons, C3.6cycloal kyl, C3.scy al kyl substituted with one or nore

fluorine atons, Cl.a al koxy and Cl.6 \l Koxy substituted with one or nore
fluorine atons, or a pharnaceutir&l cceptable salt or solvate thereof.
Al features and:-enbodinents for f IYeeo( 1) apply to conpounds of fornula
(la) and (Ib) nutatis nutandis.k erphafter, all references to conpounds of

formula (1) include conpounds of f8rnul a (la) and conpounds of fornula
(I'b). It will be appreciated that foflause in nmedicine the salts of fornula
(1) shoul dyesin:phar maceutically acceptable. Suitable salts will be apparent
to those silhed.in the art and include for exanple acid salts, for exanple

di d
PCT/ GB20bGF DB 3880H ff%mﬁﬁgﬁfﬁﬁin”ﬁﬁﬁ%m e Copt RRAET AR A o porgy i ¢
sal t's, f or ARG 39M$: fop GATE 23 L epsaikoxy §”bSW9@F(‘5"8hPB‘? P’E:mOWHPWE’r%?ﬁ’% sul furic,

nitric or andlfanic phosphoric acid; and organic acids e.g. succinic,
m?te_l c, neERS ie,selkelad dbinchalagert CGalkyl, s@,tahmqniambsﬁtummnh,ongluntm dyorlnact i c,
. - atoms, Caecycloalkyl, Castycloalkyl subsiituted with one or more fluorine atoms, Cis
alkoxy and C,.s alkoxy substituted with one or more fluorine atoms,
or a pharmaceutically acceptable sait or solvate thereof.

in another embaodiment, the invention provides a compound of formula (lb):

Rﬂ
N
T
N
Rt N

(b)
_ whergin:
C' - R*is fluoro; and _
] R® is seiected from hydrogen, halogen, Cysalkyl, C1s alkyl substituted with ane or more
fluorine atoms, Cq.scycloatkyl, Cagcycloalkyl substituted with one or more fluorine atoms,
C.s alkoxy and Cq.g alkoxy substituted with one or more fluorine atoms,
or a pharmaceutically acceptable salt or solvate thereof.

All features and embodiments for formula (1} apply to compounds of formula (la) and (lb)
mutatis rmutandis. Hereinafter, all references fo compounds of formula (I) include
compounds of formuia (ia) and compounds of formula (ib).

it will be appreciated that for use in medicine the salts of formuja (1) should be

pharmaceutically acceptable. Suitable salis will be apparent fo those skilled in the art and

include for example acid salts, for example sodium, potassium, calcium, magnesium and
5




citric, tartaric, benzoic, |actobionic benzenesul fonic, p-toluenesulfonic,
nmet hanesul foni ¢ et hanesul foni ¢ or napht hal enesul foni c aci d. Exanpl es of
salts further include trifluoroacetate salts and formate salts. O her

non- pharmaceutical ly acceptable salts e.g. oxalates, may be used, for
exanple in the isolation of conpounds of fornula (I) and are |ncI uded
within the Sﬁrﬁ%‘mﬁ 1tshl s invention. Sone of the corrpoul;}glz Bos oflssy 1 Nvention
may be crysta reed recrystallised from solvents such as aqueous and
organi ¢ solvents. In such cases solvates may be forned. This invention

i ncl udes widiaalkyldntrsonfuerogrel thé e bi nonek: bf di- Issslcvsattermetokithdnorgariy ghidst es as wel |

as conpoungdg. aiAdchiord, MidréBromRD E@uACTONIS & Qilifavtphbsphbad adidYanBergdnduced by
processes aa a&ch){@%blgcs%ﬁcf Eg:a &Eﬁﬁ&t&b& YetridiR HQMP Ih@’ameflaétgerw' a (1)

may form ac i 5 ic. C‘Sﬂ)IO[ i }f A0 e% ﬁ): e{gn?ne Hlfo

equi val ent © af% & of 8?125 %ﬁ“ ?Pbci’é’ H?n Hicak & 5 5‘0 d. The
present i n@@ﬁ'ﬂ%‘f?“icnﬂ upebthalpRasifenict acidc o feemples p?fs§?5"| durthep); ipgl H"{'J’r'rret ri c and
non- st oi clrifiaereaceiate falis ard formeateedlts. Chennenmharmeptiealy aedepeblersaline gl ) may

exi st i n sbralaed, sapbe iused @ aganipde in.thd elgtionwy caapouedsof fomeladl) anbee asynmetric
car bon at oifgldediMiin thelécspsltiahis mletieni soners (enantioners and di astereoners)
and m xtures of these are included within the scope of the present

i nventi on. ‘5
¢

I um{ nft in ?h%y N tsr?aeflls'eg'%r ré "f‘allhslaé(? s of f[he
comrouns SR S L et

R VBsR es Shafe o e e 0
that conpoUlhadnventiop gcldesawithin tsasgpecsigichiomeric sohafes inglkdling hysiaes @Mk t han t hat
shown i n t lae chropawndsacoatabhing verablecanmuals Db watacthaicheay bel trdduced bhprosasesse of t he
present i needhtdsaphifEBtonpr esent invention includes within the scope all (
pharmaceutically accept able derivatives of the conpounds of formula (I). As

used her ei Byl bl j;qm& i @fﬂ, % mﬁg&oemqﬂﬂah%aﬂ%{meés iy opaeans_any
o exatnip, 0 ?UW SR U AT S O 62

conmpound o
caggbl e of pfﬁsﬁml BV?E‘(EJ‘“’( d“‘?“@@?l‘&i‘th&'\' its neFopR il 99355’906%@%“'& a’F%r’Wﬂ'I a (1), or
an active -sipishighelri¢ foemsiheneefsi due t hereof. Such derivatives are recogni zabl e
to those skilled in the art, wthout undue experinentation. Neverthel ess,
reference |C%rtélﬁd@nﬁoﬂndsm?fdnﬁ@§h) My eidst thb?%bmSnd\#Bﬂthé gatheyGh@néchtaiy and Dr ug
P‘nig?‘ég; ;t ond Br rﬁ&btak ertPI/ Lartfon d?&nHé}‘C'Tﬁé vt stefek @Gﬁéﬁ ena\m!n‘fé?s G
dor vat | ve dspReip) S iy g%%%% i) ﬁcﬁé%g“gwﬁ nd %9?% %‘9@3}?% That certain
protected JRPRIORt | J?%é’reé‘F““ VG rsf f me(ﬁh‘?é FIPPYBSrade pri or
to a final rw@:@@gy faynula t(lhg@ mnqq;ﬁgs withy isorpprs thereo in whlch one or more chiral

centres are inverted. Likewise, it is understood that compounds of formula (1) may exist in

tautomeric forms other than that shown in the formula and these are also included within
the scope of the present invention.

The present invention includes within the scope all pharmaceutically acceptable : {
derivatives of the compounds of formula (I). As used herein, the term “pharmaceutically )
acceptable derivative”, means any pharmaceutically acceptable salt, solvate, or prodrug

e.g. esfer, of a compound of formula (I}, which upon adminlstration to the recipient is

capable of providing (direcily or indirectly) a compound of formula (1), or an active
metabolite or residue thereof. Such derivatives are recognizable to those skilled in the art,

without undue experimentation. Nevertheless, reference is made fo the teaching of

Burger's Medicinal Chemistry and Drug Discovery, 5th Edition; Vol 1: Principles and

Practice, which is incorporated herein by reference to the extent of teaching such
derjvatives.

it will be appreciated by those skilled in the art that certain protected derivatives of
compounds of farmula (1), which may be made prior o a final deprotection stage, may not
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WO 2007/ 036715 PCT/ GB2006/ 003590 possess pharmacol ogi cal activity as such,
but may, in certain instances, be admnistered orally or parenterally and
thereafter netabolised In the body to form conpounds of the invention which
are phar macol ogi cal |y active. Such derivatives may therefore be described

as "prodrugs". Further, certain conpounds of the invention may act as
prodrugs ofw@wa%%ngorrpounds of the invention. Al pretmededocss vatives and
prodrugs of conpounds of the invention are included within the scope of the
invention. Exanples of suitable protecting groups for the conpounds of t he
present i ety Bharmaacelogieal @civilieds pushDpuligRaYoin cPdRimipstaness ureeadmigstersiinber 9,
1983 pp 488y or p&8ntemlly ami Merpaites metab&lsedrinsthe yopdyCloapine corBiqungpef3®6 - 316 and
i n " Desi gimvedtioRwaidh E@Sphalhiécdﬂbgldﬁlly‘éiﬂ@aarsimh Rrvaweeinay hS%hre S aRbmed 1 (the

di scl osur gg «hbyn i plede G eR{rfisi o BRI Giby el & arobm d &iqignce) . It

w1 furt here b ARALeRl dhedd pr%;&.@eods iRl 58 raar.s ! P%T heb fgrtain

noi eti es, or exarrpl e

as descri HH&‘“B\;} ag Ing %i"cf ﬁmpbé’§ "gn'”‘@f’t'qﬂr d?r%terft'ﬂ%ur e in
whi ch doc GFasRs fof te porproy roéihécﬂfeh‘é’l*é\"‘?ﬂ anreéﬁ@rﬂ@dere?ruaw TigdaypMVeleael on

appr opr i atte, Ndrahec 8, 1983 ppt4995— SRR end iulohics inn@temisingl Ghaples3app 3p8 esédit wi t hin
conpounds and int*Designot @rddruasr’. by HoBuhddahre, Eisevir, ugss, Chdptar anime drdissunds it he

i nventi on ynRg |8 entsefé ‘ﬁ{cérpmﬁt@& heRmt g r%x%?e%&e? It l’m”ﬂxﬁhe?% %ﬁmcfﬂé@ﬁphat e
esters, mtl“ 58 s I?e't%leiﬂsth §r|tj t c%ﬂﬁr?h%[eﬁes nol)él ’sk e aﬁaffs g'rgat es, azcC-

COTp oS gl e Ll S o @hﬁaﬂe campl 111 o0

in the EJ(hWb‘F*égo%’é‘@t’ﬁ @H"@Fﬂ?“%‘?&n’ﬁﬂe%év &eferanqes may he Rhﬁeﬁg’" %Pf‘?ﬁ@ﬂjﬂi
| j.mi t at i ofunctionalities when such functionaliies are present within compounds of the invention.

- Fl uor o- Guiastehyddrigs[fdr-donpbunad picthe inddritipry inelide -e¢leds; darpinplerastbratidrhi- 1, 3- di hydro
-2H benz eSbd aARbphateORRrO nir ohiBls Osuffath lebtBrs Osulfoxides, amides carbamates azo-
<[ 1 (1 ot Al o hcRfatiod bt AR, helldink i o DY 0~ 2

4- Fl'uor o- 6- met hoxy-1-[1-(tetrahydro-2H pyran-4-yl)-4-pi per| di nyl ]-1, 3-di hydr
0- 2H benFavirHarcempoungis @ccording to’the invention include those specifically exemplified in

4, 5- Di f | uthed=xgmpigs dagtion arfdnamed heraisiter inclading yitagut imiatipn:4.- pi peri di nyl ] -1, 3-di h
ydr o- 2H B&ihprab-chathgl+-R-(tetrehydro-2H-pyran-4-yl)-4-piperidinyl]-1,3-dihydro-2H-
6- Cycl opr egndmidazbl-2iened- | - [ 1- (t et rahydr o- 2H pyran-4-yl) - 4-pi peri di nyl]-1, 3-di

hydr o- 2k I L ]
o S A St o

2H—ben2|m nd sovte hereof ,. for_exanple the

hydr ochl ofi F@‘é’ %\I“Fgmﬁﬁ@ﬂf(ﬁ"ﬁ“@ﬁ’r%éeﬁ?%ﬁ 8"%:9%?'%"”35] p3ydhyde- tems)alt of any of

t he above @Eﬁfﬁ@ﬁ;ﬁt%onsspem fic exanples of salts of the present invention

i ncl ude: 4,5-Diftuoro-6-methyl-1-[1-(tetrahydro-2H-pyran-4-yl)-4-piperidinyl]-1,3-dihydro-2H-
henzimidazol-2-one
6-Cyclopropyl-4-fluoro-1-{1-(tetrahydro-2H-pyran-4-yl)-4-piperidinyl]-1,3-dihydro-2H-

— benzimidazol-2-one
Q 4,5-Difluoro-8-methyl-1-[1-(4-methyiteirahydro-2H-pyran-4-yl)-4-piperidinyt}-1,3-dihydro-

2H-benzimidazol-2-one
and salts and solvates thereof, for example the hydrochloride sak, the trifluoroacetate salt
or the formate salt of any of the above compounds.

Specific examples of salis of the present invention include:

4-Fluoro-8-methyl-1-[1-(tetrahydro-2H-pyran-4-yi)-4-piperidinyl]-1,3-dihydro-2H-
benzitidazol-2-one hydrochloride
4-Fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-4-yi)-4-piperidinyl]-1 ,3-dihydro-2H-
benzimidazol-2-one monocitrate




4-Fl uoro-6-nethyl -1-[1-(tetrahydro-2H pyran-4-yl)-4-piperidinyl]-1, 3-di hydro
-2H benzi m dazol - 2- one hydrochl ori de

4- Fl uoro-6-nmethyl -1-[1-(tetrahydro-2H pyran-4-yl)-4-piperidinyl]-1,3-dihydro"
-2H benzi m dazol - 2-one nonocitrate 7 WO 2007/ 036715 PCT/ GB2006/ 003590

4-Fl uora-6-nmethyl -1-[1-(tetrahydro-2H pyran-4-yl)-4-piperidinyl]-1, 3-di hydro
-2H benzi m dazol - 2- one net hanesul f onat e

6- Chl or o- 4- f MIHPEPS f“l (tetrahydro-2H pyran-4-yl)-4-pi ngpmorqg;?o]‘m& 3-di hydro
-2H benzim dazol - 2- one hydrochl ori de

4-Fl vor o- 64fﬁ‘doﬂpé%e{hyli11n((tbﬁéﬂy@ﬂaﬂﬁﬁra%b#w4 APerfinyl-) s4nidex di nyl ] - 1, 3- di hydr
0- en2|bg1] mm g%g

45D|fluoro Lperidinyl]-1,3-dih
e e et b

6- Cycl oproﬁ’?'lmmr'dﬂﬂb%i?'@wd‘[oﬂi Qrtdétrahydro 2H-pyran-4-yl) - 4- pll_Perl di nyI] 1,

3- di hydr o- ZHrudpeérmetoxat-[iHiskalydeo-2H plirarchyibé-pigeridinyth 1,3-dihydro-2

4, 5- Di f | uomendimidephd-baclhytitocildidaet hyl t et r ahydr o- 2H pyran- 4-yl ) - 4- pi peri di nyl ]

-1, 3-di hydr4cmﬁ‘dﬂrénmthm1d@2(@tra@m@rm@yﬁtmm gﬁémyu-h,a-m&wzumr enbodi nent ,

the i nvent 'bQﬁEurHH%\{(])IQ d@' process (Al') for preparing conpounds of
o2 (| BoERa g 1”&1 PR R R oD ©
wher ei n R i°8nZnigzzglipyone hydrogh 6[] I defined, or a convertible to R4,
R5' is a griddpiluee- &metwrwr(mthylmé ydpegt- pwan-%ylgﬁrsmm&@ﬂ%wﬁ&@lm@rfe to R5, and

R is a gratgeRBmidszop2-ene bydsichloriddef i ned, or a group convertible to W The

reaction is carried out under conditions suitable for reductive al kyl ation.
The reducty \éefumemhﬁbalﬁéhtrﬁaqwe%nl ﬁoﬁaéelaceédevau %ﬁfcéése(in?%r piédeny sodi um
triacet oxylggm&;mgél ﬁ{nhl'argl()i% Lh%% ?cﬂgrocgﬁt Ly 1n the presence of "’

triethyl amne; Sha” tHe pr )

coupling a compound of formula (1)

H
N
R": N
XL
R" N
R 7
with a compotnd of formula (lil)
' 0
o] () )

wherein

R" is a group R* as previously defined, or a group convertible to R?, R¥ is a group R% as : o
previously defined, or a group convertible to R°, and R® is a group R® as previously
defined, or a group convertible to R®.

The reaclion is carnded out under conditions suitable for reductive alkYIation. The
reductive alkylation reaction is typicaily carried out using sodium triacetoxyborohydride in
dichloroethane, optionally in the presence of triethylamine, and optionally in the presence
of titanium telraisopropoxide. Altemnatively sodium cyanoborohydride can be used as the
reducing reagent in sclvents such as methanol or ethanol, or the reductive alkylation can
be effected under catalytic hydrogenation conditions using a palladium catalyst. In a
further variation, the compounds (Il) and (I} can be condensed under dehydrating
condifions e.g. molecular sieves or magnesium sulfate, and the resultant imine or
enamine reduced using for example sodium borohydride or by catalytic hydrogenation.
8




of titaniumtetrai sopropoxide. Alternatively sodi um cyanoborohydride can be
- used as the reducing reagent in solvents such as nethanol or ethanol, or
- the reductive alkylation can be effected under catal ytic hydrogenation
conditions using a palladiumcatalyst. In a further variation, the
conpounds (I1) and (I11) can be condensed under dehydrating conditions e.g.
nol ecul ar siyRYReRENEBINesi um sul fate, and the resul t g@tgdeegfasly  €nam ne’
reduced using for exanpl e sodi um borohydri de or by catal ytic hydrogenati on.
8 WO 2007/036715 PCT/ GB2006/ 003590 A nodification of general process (Al)
is required where Q= Cl-5 alkyl. Thus, in general process (A2), a conpound
of fornul & mbdifcaidioflyendraiardcrss (A1} I requbapicEia =OC1,3fafHd’meTrﬁts(lﬁ@éderali n the
presence %ocasssm %ecom‘po&wad@ fdiBula Q1) Qan 9@&@&& wm Q)éé}ﬂ;bdiﬁd gr foRffd @
cyanohydr iy, $%se o ?5% oY dgﬁgp% % Eﬂw ﬁ@rn%react ed
mnth an alky!, or (l). Uo N
“Cry Rs, f‘f—gx’ rme 'a ‘S\H@)@q @(G"?%ar §edhp RS as
pr evi ous| PW‘PMH‘COB‘PO%d'@PHBr@“{?deeH| bI e to R5, R5' is a group R6 as
previously defined, or a group convertible to R5, R4 is a group R4 as
previ ously defined, or a group c rtible to R4, Qis hydrogen or
Cl. 5al kyl, and X is chloro, brono | odo. The reaction is carried out using
conditions simlar to those descriyb6¥ in the literature (Arch Pharm
(Wei nheim, 1987, 320 (4), 348-352}. The ,pi peri di ne and ketone conponents
are treated w th potassiunecyani in water at®™s§K3 or reacted with acetone
cyanohydrin in dinmethyl ace at elevated tenperature to formthe adduct
(XXXX) Reaction of the g K with the al kyl Grignard reagent QwX
ther or tetrahydrofuran grdVides conpounds of formula (1). In a further
Eggdlnent, the invention provi ges a general process (B) for preparing
conpounds of formula (1) which process conprises: coupling a conpound of
formul a (I}_QareCNT\Jl Rs*NH Rs NHZ (IV)

R® is a group R® as previously defined, or a group convertible to R®, R® is a group R® as
previously defined, or a group convertible to R®, R* is a group R4 as previously defined, or
a group convertible to R4, Q is hydrogen or Cyealkyl, and X is chloro, bromo or iodo.

The reaction is carried out using conditions similar to those described in the literafure
(Arch Pharm (Weinheim), 1987, 320 (4), 348-361). The piperidine and ketone
components are freated with potassium cyanide in water at pH3 or reacted with acetone
cyanohydrin in dimethylacetamide at elevated temperature to form the adduct (OXX).
Reaction of the adduct (XXXX) with the alkyl Grighard reagent QMgX in ether or
tetrahydrofuran provides compounds of formula (i).

C In a further embodiment, the invention provides a general process (B) for preparing
' compounds of formula (I) which process comprises:

coupling a compound of formula (IV)

R% NH ,
Rs')@hl Hz (iV)
- Fd




R"' 9 WD 2007/036715 PCT/ GB2006/ 003590 with a compound of formula (V) O
x1lY NI wherein Wis a group R as previously defined, or a group convertible
to R, R5' is a group RS as previously defined, or a group convertible to
R5, and R5. is a group R6 as previously defined, or a group convertible to
R5, Q is hydrogen or Cl4al kyl, and X and Y both represent Ieavi ng groups. X
and Y can be_the sane or dlfferent and exanples are d

i m dazol e. VWA ¥AY Y are both O, 1I.e. phosgene, ?CST’$ 3'&5’%59 can be

generated in situ e.g. fromdi phosgene or tri phosgene. The above reaction is

carried ouithi$tdmpoticPatdimdia®t hodol ogy e.g. reacting the diamine (1V) with
the reagent (V) in an inert solve for exanpl e dichl oronet hane or tol uene

or dinethyl formam de, optionall é‘ the presence of a base such as
triethylamne or ( j potassiumc rbd’nate, vand optionally with heating. In a
further enbodi ment, the invention provides a general process (C) for

preparing whéeRed pdsgradp Rassprvibully definéd, 6Fe gﬁq&@ﬁﬁerﬁmmm“w%ss algr@pt ment of a
conpound Ofs £ r%t@ly(d\ﬁ‘r)ed arcé rgilpl%ron\}drtfdle%h afd Rétld @&bﬂﬂk%s neRly catalyst
(V1) to e} gggcls A% bighs ARLAE g TreChel S abl AN BELEN R o @bg{hour) R as

previously

rou 1s.a g
previously reREEE "'“Srgméﬂ %o?ﬁ?gﬂet ie,paing ¢ qiferent apd gxam ‘?q %[gf'oup RS as
pr evi ous| yPh@eEtOn beidazgle. Wﬁ“’é(‘fn@}’é@?‘@'e‘ & Phemensy this repgaptogarbe

Cl. Sal kyl , genechted in situee.¢. damidiphogpeoeipr triphoggenas br ono, | odo, chioro or
triflate. The cyclisation reaction can be carried out using a variety of

pal | adi Um gke SRRP Rlackid?Ag 84S oxﬁ%mﬂg%ﬁdaﬂﬁﬂeﬁ@d&ld@? eld, r&icigHhe dladiNeS, 2003,
125, 6653, né\-}_)a\]inth %?fréa{gﬁntz(ﬁ}g dRert Bolvint fofbx (Saichia BN tolZi%)lor) In a

et e obE ouial Opy Brfhedoan 4 %@sssuc%hrf% HEEYAmIOE 1 g a

conpound oPOfF%" FLAAEPONSIR4 3N opiipnely Wi G99t1H86715 PCT/ G112006/ 003590 RB' NH|

In a further embodiment, the invention provides a general process (C) for preparing
compounds of formula (1) which process comprises:

treatment of a compound of formuta (V1)

0
.
DS ot
& NN
R R H H vl

with a palladium or copper catalyst (Vil) fo effect an intramolecular cyclisation

wherein R* is a group R* as previously defined, or a group convertible to R®, R® is a group
R® as previously defined, or a group convertible to R®, and R® is a group R® as previously
defined, or a group convertible to R®, Q is hydrogen or Cq.ealkyl, and Z is a leaving group Lo
such as bromo, iodo, chloro or triflate. '

The cyclisation reaction can be carried out using a variety of palladium or copper reagents
as described In the literature (JACS, 2003, 125, 6653, Tet. Lett., 2004, 45, 8535, or JACS,
2002, 124, 7421.)

In a further embodiment, the invention provides a general process (D) for preparing
compounds of formula (1) which process comprises:

coupling a compound of formula (V)

10




R' I NHRL' z (V(Il) wth a compound of formula (IX) N (Ix) 0 CO2R
wherein R is a group R' as previously defined, or a group convertible to
R6' is a group R6 as previously defined, or a group convertible to R6, and
R6' is a group R6 as previously defined, or a group convertible to R6, Qis
hydrogen or Cl.6alkyl, and Ris a ClSal kyl group. This condensation and
cyclisati oRyéeR6his®d can be carried out under reacti orcrecsdistoddzns simlar
to those described in the literature for an anal ogous process (US 3161645)
(e.g. heating in an inert sgplvent such as xylene) followed by reduction of
t he pi peridi ne doubl e bondRosng™or exanpl e catal ytic hydrogenation over
pal | adi um or Raney nickel. |# ther enbodi nent, the invention provides a
general process (E) for preparifag *%tonpounds ofy formula (1) which process
conprises: reaction of a conpound of formula (X) 9Q Q N C R6 Rs CoZH (x)
R wi th di phenyl phosphoryl azide or other reagent/conbination of reagents to
ef fect t havithesprpegidoeiiTdmGBment of conpound (X), followed by
i ntranol ecul ar cyclisation. wherei/n is a group R as previously defined,
or a group convertible to W R i group R6 as previously defined, or a
group convertible to R5, and R6, -its®a growp R6 as previously defined, or a
group convertible to R6, and Q igéydrogen or C $alkyl. 11 WD 2007/036715
PCT/ GB2006/ 003590 The Curtius ré&arggpgenent is typically carried out by
mxing the two reactants in an ifert - solvent such as tol uene, optionally
with heating. In a further aspect, the invention provides a general process
(F) for pméap=niRfgs egroup iRids predbuslyaiefinddaor(al grountromtertplede 88 R Goaproises
coupl i ng ®° o PRVl @dfinbd) bRE bRuk Xnvertbibto KRS andz®is MRjF€dp R® as previously
C defined, or a group convertible to R®, Q is hydrogen or Cyealkyl, and R is a Cysalkyl

; group.

This condensation and cyclisation reaction can be carried out under reaction conditions
similar o those described in the literature for an analogous process (US 3161645) (e.g.
heating in an inert solvent such as xylene) followed by reduction of the piperidine double
bond using for example catalytic hydrogenation over palladium or Raney nickel,

in a further etnbodirment, the invention provides a general process (E) for preparing
compounds of formuta (I) which process comprises:

reaction of a compound of formula {X)

with diphenylphosphory! azide or other reagent/combination of reagenis to effect the
Curtius rearrangement of compound (X), followed by intramolecular cyclisation.

wherein R? is a group R* as previously defined, or a group convertible to R¥, R¥ is a group

R® as previously defined, or a group convertible to R®, and R® is a group R® as previously
defined, or a group convertible to R®, and Q is hydrogen or Cy_salkyl.

"




R& H(XI) wth a conmpound of formula (XIl) O NQ(XII) z wherein R is a
group R as previously defined, or a group convertible tois a group R6 as
previ ously defined, or a group convertible to R5, and R6' is a group R6 as
previously defined, or a group convertible to R6, Qis hydrogen or

Cl. 6al kyl, and Z is hydroxy or a |eaving group such as chloro, brono or

| odo, or alkyl/aryl sulfonate. The al kyl ati on reacti onrﬁ(_% = a | eavi ng group)
can be carri 828?}26“1]}Fder classical alkylation or M tsPmBBERPPEAE on (Z =

OH) conditions. Using classical alkylation conditions, the benzim dazolone

i nter medi ag, éaﬂu)s @%nﬁ&n&ﬁpsrt?&&l}ﬁ&a‘?ﬁbd%t B;Qm&m@@l&etwﬁl#é‘&ta@e& in@didern hydride
in an i nergoléeﬂ JER t?té%l;% g&bﬂ%‘ +J’"R€\n t m de, and then treated with the

al kyl ati ng rea en h heating. The Mtsunobu reaction
with (XI1) O—I can be carri ed out using standard conditions e.

tri phenyl pH’c?szW?%ESP&ﬁH“’ﬂl"é’?'N&?Pﬂ%ﬂ%%ﬁ%@l’@?"és (F)ﬁora"ﬁeﬂaﬁ'&‘t"’"?(‘f}i’%nt such as
di chl or onetHermaladl} whish prebgsgicofprisa® at room tenperature Conversion of R6' to
R6 or interconversions of R6 may be acconplished as indicated below For
exanpl e, V\/aﬁlﬁhrl'g’@acohﬁo%dhﬂoﬂﬁﬂ@oﬂ)lt can be converted to an al koxy or
trifluoronethyl group by coppée Hal ysed reaction, - using an al cohol, or
met hyl  fluorosul fonyl (difluoro)lac§tagtg, respecti veI y. It may al so be
converted to an al kyl group W1hyarhyorganonmetallic reagent, for exanple an
al kyl stannane. As anot her exanpl eR" when R6, S hydroxy, it may be converted
to al koxy by reaction with an alkyl halide or sulfonate, or to

trifluoro SMRISIAN to the xanthate followed by oxidation in the
presence gﬁhr??uor ré ?on éé \@\D 20;6/ 036715 PCT/ GB2006/ 003590 As a further

exanple, when R6' is nethyl, it e converted to trifluoronethyl by .-
chlorination or bromnation follo by di spl acement of the introduced !

hal ogens with fluoride. Conversij of R6'"™t o R5 or interconversions or R5
may be acconplished in a manner mlar to that indicated for conversion of
R to R6 or interconversions or . Conversion of R4 to R4 may be

acconpl i shed i n various ways; for exanple by di spl acenent of a halide group
by fluoride |F€ fluorination anonet al ﬁg,r yative wth a
sour ce of URENFOMAFPE il ied oPROPHE couBle ISt Basfite. or
as previously defined, or a group convertible to R®, and R¥ is a group R as previously
def ined, or a group convertible to R®, Q is hydrogen or Cisalkyl, and Z is hydroxy or a
leaving group such as chioro, bromo or fodo, or alkylfaryl sulfonate. '

The alkylafion reaction (Z = a leaving group) can be carried out under classical alkylation
or Mitsunobu reaction (Z = OH) conditions. Using classical alkylation conditions, the
benzimidazolene intermediate {XI} can be deprotonated using a base such as sodium
hydride in an inert solvent such as dimethylformamide, and then treated with the alkylating
reagent (XII), optionally with heating. The Mitsunobu reaction with (X!!) Z = OH can be
carried out using standard conditions e.g. triphenylphosphine and diethylazodicarboxylate
in an inert solvent such as dichloromethane or tetrahydrofuran at room temperature {'.__

Conversion of R® to R® or interconversions of R® may be accomplished as indicated
below.

For example, when R® is a halogen, it can be converted to an alkoxy or triflucromethyl
group by copper catalysed reaction, using an alcohol, or methyl
fluorosulfonyl{difiuorc)acetate, respectiVeiy. It may also be converted to an alkyl group
with an organometallic reagent, for example an alkylstannane.

As another example, when R® is hydroxy, it may be converted to alkoxy by reaction with
an alkyt halide or sulfonate, or to frifiucromethoxy by conversion to the xanthate followed
by oxidation in the presence of fluoride lon.
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by deconposition of a diazoniumtetrafluoroborate. Conpounds of fornula (I1)
are generally known in the literature or can be prepared by a range of
~different processes for exanple: (a) displacenment of an ortho-fluoro or
ortho-chloro nitrobenzene internediate (XII1) with the amne (XIV), wherein
R4, is a group R4 as previously defined, or a group convertible to R4, R5,
is a group Ko ap7saxi ously defined, or a group convergddd@ods@ody and RE'
is a group R6 as previously defined, or a group convertible to R6, and P
represents a nitrogen protecting group e.g. Boc, acetyl, trifluoroacetyl,
et hoxycar bonyl , benzyl oxycarbonyl, to give (XXIll1), followed by reduction
of the ni tAsoa durthep exanuié,i wheni RT isusiethg, jhomgbs eornvertad tophifiswenethy dyi val ent ,
and depr otdawkih4ien &r HréindioR Gblioted By RfishlaOdHsht S iHRYinGédRER heloddnk afit ur e '
condi tionsygRehene 1). Scheme 1. P) RV For ¢l NRs" | NORfi NH i4, N R
H2 RNz (XTTT) (XIV) 4 (XXII1) HPUPU/ , NH R I N~NoRI N0 R4 H
R4, HR NHz (19 R 13 WD 2007/ 036715 PCILGB2006/ 003590 Conpounds of

fornul a (ﬁqnvéfﬂa'? &F Eorffdt r dMPFONEFIONSHT § &?aydﬁsnaqsemﬂisaiﬁ%meﬂ MLt andar d

met hodol ogimilamipehat dndicsted dr copveision af Rhiod} opintermaversiens@bRiver ci al 1y avai | abl e
(b) metal catal ysed cyclisation of an internediate (XV) foll owed by

depr ot ect icvhvasiol T RPi tpers dhdyebdidctdafishedwhevfibis Réys; | for axgnrmeipyR4 as

previ ous! ydebsM&aH of Of Halidd’ Qi SPMSHdel Bt By hBrifddion BP dnSoarithRilicRd as
previousl yde%ﬁ&ib@@gh a%roux%e %F glg&roéﬂﬂvﬁfotiﬂl %@h%“g hgglorogggzeﬁgsdf&i 'de,ngOUp RS as

revi ousl etf1ned,, or, a,qgrqu onverti represents 'a nitrogen
P %y ecomposition of a dla%or%urﬁ te rafl]uorobora e. P g

— Compounds of formula (i) are generally known in the literaiure or can be prepared by a
C range of different processes for example:

(a) displacement of an ortho-fluoro or ortho-chloro nitrobenzene intermediate (XHI) with
the amine (XIV), wherein R* is a group R? as previously defined, or a group convertible to
R* R% is a group R® as previously defined, or a group convertible to R®, and R® is a group
R® as previously defined, or a group convertible to R%, and P represents a nitrogen
protecting group 'e.g. Boc, acetyl, frifluoroacstyl, ethoxycarbonyl, benzyloxycarbonwi, to
give (XXIil), followed by reduction of the nitro group, cyclisation using phosgene or a
phosgene equivalent, and deprotection of the piperidine nitrogen using standard literature -
conditions (Scheme 1). ‘ :

Scheme 1.
NP
R F or Ci NP
+ - Ra
¢ re ey
R "N .
oa) av) R NO,
R pocm)
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protecting group e.g. Boc, acetyl, trifluoroacetyl, benzyl oxycarbonyl, and Z

represents a |eaving group such as brono, iodo, chloro or trifiate.
Reaction conditions for the Buchwald cyclisation are summarised in Process
C. The urea (XV) can be prepared using any of the classical nethods for
urea formation as illustrated in Schene 2. The starting materials for this
process are connerC|aIIy avai | abl e or can be prepared usi g st andard

met hodol ogy. "SHMEME™S Re Zz P / N + + phosgene equi vaPEHEBLMEFND HON R
XM R/ 12 + ~JNP Rs Z R5 \ NCO HzN' ~. .. "\I N R/ R HH RB Z

I RS NHZ2  OCoMouRddof muiBapdl) hrsoRehercially B/d'lbﬂ% BiPcal behprépaled By dtaridsrd
rearr ange”ﬁ'@%h}p@&l@%ﬂe%ﬁﬁmg B Wt %’I tﬁ@f@%c%ﬁ%fﬁﬁgy bwﬁallgblgr oup R4 as

previ ously p conver a group RS as
previously defined, or a group convertible to R5 an is a group Re as
previ ous| y (Ridratalsatalyend evclprinnef apdrpmiadial &) Sipwed by F’%‘Pt@@@ﬂt"éﬂ‘& ni t rogen
pr ot ect i ngpigerisine nérogen, Bbereindi?ds g broup R asf presiausia defingtl, orlaarauiplcosyedidiebony| , and
- R representsRHRSIs aglp R® ab ksieviogehodylingd, gr a grdup ebnvettible to R, and R is a
group R® as previously defined, or a group convertible to R®, P represents a nitrogen
protecting group e.g. Boc, acetyl, trifluoroacety], benzyloxycarbonyl, and Z represents a
leaving group such as bromo, iodo, chloro or trifiate. Reaction conditions for the
Buchwald cyclisation are summarised in Process C. The urea (XV) can be prepared
using any of the classical methods for urea formation as iliustrated in Scheme 2. The
starting materials for this process are commercially available or can be prepared using
standard methodology.

Scheme 2. ‘ N

R" z P
+ N + ]
5-:<I ,O phosgene equivalent
R . NH,  HN

W peated
)@(N OCNJQ'P/ o

R
{in R

(c) Curtius rearrangement of an intermediate (XVI), wherein RY is a group R* as
previously defined, or a group convertible to R, R® is a group R® as previously defined, or
a group convertible to R®, and R¥ is a group R® as previously defined, or a group
convertible to R%, P represents a nilrogen protecting group e.g. Boc, acefyl,
trifluoroacetyl, benzyloxycarbonyl, and R represents H or a C1-5 alkyl group e.g. methyi
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WO 2007/ 036715 PCT/ GB2006/ 003590 or ethyl, followed by intranol ecul ar
cyclisation and deprotection of the piperidine nitrogen. (Schene 3). The

- anthranilic acid or ester starting materials (XVII) are comrercially

avai | abl e or can be nade by standard net hodol ogy. The piperidone starting
material (R = Boc or benzyl) is commercially available. The Curtius

rearr angenewbp 26@n3d6s ef fected using the conditions despeBhedoisder process
E. Schene 3. Rs' / NH2P++NjY) Rr \ 1COZRRe NH- 4R 0 s, \ (XVIIl)
Q(VIIQRRa CRPR PP NN\rN~- NH NRs \ NNORS' COFe R4. HR xli
00 (XVI) ghvt&#aw%%x Y‘W‘&?CU’QhCYGPSPFRSM{@ﬁ?P@F?QM”éWW Revting pitrogehh a

3-al koxycal® 3n- The pethratiio ecig ox)estentstartisg nmarials §0dl) greocgmiRercially pr evi ousl y
defined, oavaiablr @vicpn be mads by sthrelaidanetidiclofle The piperione ptaffihy matepal¢Ri=ous| y
defined, OBoctoricPiR) & UIMRIdN Budilfbld The RAMDE rédaPraAgeiicAtiBan FSefiitdar evi ously

defined, o P represents a nitrogen protecting
group e.g. . égé(gabggl%l t%@%‘?ﬁ@?%a%‘g% benzyl oxycarbonyl and Ris a Cl-5

al kyl grou (Scherre 4. ), by heating in an inert solvent at el evated

t enper at ur¥eP®3af ford the C tetrahydropyridi ne internedj ate (XX1) .

Hydr ogenat i on of the double bond,and deprotection of tlge piperidine
nitrogen camr’he ~acagnpl i shed se rately or concomtant/ly} dependent on the
precise nature t he prdtecti roup. P, .to afford th esi red product
(11). Conpowids ofcd,8rmul a (VII are conmer ci al H abl e or can be
prepared by st Bhdar d net hodol B8gy. Conpounds of { la (XX) are
commercially awajl abl e or can kem prepared by sf‘and r %t hodol ogy. Schene
4. 15 WD 2007/036715 PCT/ GB2006/003590 N z NH N °

C-

P : P
R® N | R" N R" NH
J o —— Lo ~—— |
R N R N R ““CcoH
R* R* . - R
o o)

(d) Condensation of an orthophenylenediamine (VII) with a 3-alkoxycarbonyl-4-
piperidone (XX), wherein R is a group R* as previously defined, ora group convertible to
R* R" is a group R® as previously defined, or a group convertible to R%, and R¥ Is a group
R® as previously defined, or a group convertible to R®, P represents a nitrogen protecting
group e.g. Boc, acetlyl, triflucroacetyl, benzyloxycarbonyl and R is a C1-5 alkyl group
(Scheme 4.), by heating in an inert solvent at elevated temperature, to afford the
C tetrahydropyridine intermediate (XXI).  Hydrogenation of the double bond and
' deprotection of the piperidine nitrogen can be accomplished separately or concomitantly
dependent on the precise nature of the protecting group P, to afford the desired product
(. Compounds of formula (Vill) are commercially available or can be prepared by
standard methodology. Compounds of formula (XX} are commercially available or can be
prepared by standard methodology.

Scheme 4 -
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i + Re' rr
NO/ N>=O RHRs N (IO

nitroaniline (XXI'l1) with an N-protected 4-piperidone (XXlI1),
a group R4 as previously defined,
group R5 as previously defined,

revi ously deflned
?Wgﬁgﬁ protecting group e.g. Boc,
usi ng for exanple sodium

group R5 as
represents a
benzyloxycarbonyl
the internediate (XXIH)
cycllsatlon .and depr ot ect

N R Rs NH2z 51COZR 5,

\ H>=0
Ra, HI 1

or a group converti bI

Reduction of the nitro gfoup,
i onPas descri bed herei

acet V¥

(Vi) (XX) R (xxg R Re
(e) Reductive al kylation of an ortho
n R4. is”
is a

wher ei

or a group convertible to R4, R5
or a group convertible to R5, and R5.

'ﬁéﬁfﬁﬁ

fol |l oned by

3%}p P

uoroacetyl
trlacetoxyborohydrlde to give

R\ I

is a

ore provides the desired

pr oduct (II e 5). ounds of fornula ( ) and (XXI11) are
comerci al Ly IaBIe or be—prepare¢ ndard met hodol ogy Schene 5.
P RBNHZRN "NH R\ RO R NOz |>|=)o (1) (XVi1l) P RB RR
NN >=o0 NH 5'§RHOIH~ORS\Q NHz RRR
o R¥
l pom
H

{8) Reductive alkylation of an ortho nitroaniline {XXII) with an N-protected 4-piperidone
(XVIH), wherein R* Is a group R* as previously defined, or a group convertible to R*, RY is
a group R® as previously defined, or a group convertible to R®, and R is a group R® as
previously defined, or a group convertible to R®, and P represents a nitrogen protecting
group e.g. Boc, acetyl, ftrifluoroacetyl, benzyloxycarbonyl, using for example sodium
triacetoxyborohydride to give the intermediate (XXill). Reduction of the nitro group,
followed by cyclisation and deprotection as described hereinbefore provides the desired
product. {ll) (Scheme 5). Compounds of formula (XXIl) and (XVIll) are commercially
available or can be prepared by standard methodology '

Scheme 5.

x
Q
Z-g
m"l m@
*.
Z z
c =
N

o) XV
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(1) 16 WO 2007/036715 PCT/ GB2006/ 003590 (f) netal catal ysed reaction
between the amine (XIV) and a suitably substituted nitrobenzene conpound

- (XXI'V) wherein R4, is a group R4 as previously defined, or a group
convertible to R4, R5' is a group R5 as previously defined, or a group
convertible to R5, and Re, is a group R5 as previously defined, or a group
converti bl e y@®209036Hs " €presents a nitrogen protecti NGcgic¥deMossho BOC,
acetyl, trifluoroacetyl, benzyl oxycarbonyl, and Z represents a |eaving
group such as brono, iodo, chloro or triflate (Scheme 6). This process
gener at es (fint wetaeditalyses relctioor panveen( Xl anife X)) sulb sz guitadly sehstitiedns are
simlar trdtrdbbistené @omiaing (EXY) weespakfndsa gfoud G nas| meviowdlly \defimede ocanmer ci al |y
avai | abl e fupCafivdimble RIFEPRT BG dRupkrFAsD rmhapd@flnaw,xbr a ghsupGanRaibrto ( XI V) in

whi ch P = ggog ﬁa ﬁ% °%L:| Vewo@fgjﬁ Gra | Ié'to RfRﬁ r%ﬁnﬁ R/ NH RS
St

Npz r HZNRt bl i NH - 1P
N R N>=OREVHE l\fi@ gl\ﬁ-&’p 28 gqgﬁarggsf afVs&d reaction
bet ween t HEP'S3Ae? (SaV0y H\E SURR aﬁrbfﬁn&t“@ﬂ iedprnemefbr dlR R4, is a
group R4 axoqspegensiatés inigemadiatas, Of@fma[agmlﬂpﬁndéhb@ﬂmﬁnbr@ﬁ%SRZB,SilREf is a group
C R5 as priethabiosBshedefs. réathpoanrds af fomodg(XXhh werdombleeidiip avdiablaodtaRbe 1s a group
RS as prewrépafddybyd@bimerihoddiogh. TheeinpoaitV/@Ny iPlecH @ =Bac iTtormitigsignt s a

ni t rogen FHinE geting group e.g. Boc, acetyl, trifluoroacetyl,

benzyl oxycarbonyl, and Z represents a IeaV|ng group such as brono, iodo,

chl oro or trlflate to give the internediate (XXVI) (Scheme 7). Deprotection
of the aniSPeee %ol | owed by the sane reaction sgquence as in Schene 6 affords
the desired internediate (11). Conpounds of formula (XXV) are commercially
a\ﬁj | abl e or can be P

R HN R NO,
Z=Bn1, OTf oy R {OKHn
)
P
H N
6 g g,
Q o
Rs’ N Rs, N>= Ri' l NHz
R M RN R’

{n

(9) metal catalysed reaction between the amine (XIV) and the protected aniline (XXV),
] wherein R* is a group R* as previously defined, or a group convertible to R*, R¥ is a group
C R® as previously defined, or a group convertible to R®, and R® is a group R® as previously
defined, or a group convertible to R®, P represents a nifrogen protecting group e.g. Boc,
acetyl, trifluoroacstyl, benzyloxycarbonyl, and Z represents a leaving group such as
bromo, fodo, chioro or triflate, to give the intermediate (XXVi) (Scheme 7). Deprotection
of the aniline followed by the same reaction sequence as in Scheme 6 affords the desired
intermediate (). Compounds of formula (XXV) are commercially available or can be
prepared by known methodology e.g. halogenation ortho fo the aniline group. The

compound (XIV) in which P = Boc is commercially available

Scheme 7.
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prepared by known net hodol ogy e.g. hal ogenation ortho to the aniline group.
The conmpound (XIV) in which P = Boc |Is comercially avail able Schene 7. 17
WO 2007/ 036715 PCT/ GB2006/003590 N s 1 NH RRa' PHHPN RNH we P Z=er,
1, O (XIV) (XXVl) \\\\\i NP N R(Y) " RNH R; N/ s" I N-~>=0 RNH
az RRaHRRaH(Il) The compound of formula (I1I11) is commercially
avai |l abl e. Conpounds of fornmula (1V) can be prepared b nunber of

di fferent pr¥@é¥A¥™S . (h) displacement of an ortho- ‘?qu(EWB“@Pﬁ%Prtho chloro
nitrobenzene internediate (X111) with the amne (XXVIl1) to afford conpound
(XXVI'11) wherein R4'" is a group Ra as previousfy defined, or a group

convertible to R4, RS is a group RS as previ |y defined, or a group
converti bl € 4O R5 and R5, Ps a group RS as eviously defined, or a group
converti bl e Qg;é hydrogen orgeC, . S lJ<yl , followed by reduction of

the nitro ng sta rd—eenderti ons hydrogenation over palladium
or Raney ni cke a %&heme ﬁ,), Conmpounds ofg® a (Xill) are comrercially _
avai |l abl e or can e prepared by standard neg "ho.biol ogy. Schene B. 18 WO

2007/ 036715 PCPF'E32006/ 008690 O PNO Re Feawy CN\N 4 Rs NOz R6 NH
XXV}

=1

°. B' Q sl
R N>= R N R NH
0 [v] ‘ ,
R* N ] N>= R’ NH,
R4' K R 4 H a4

{n

A
(Y

The compound of forrula (iil) is commercially available.
Compounds of formula (V) can be prepared by a number of different processes e.g.

(h) displacement of an ortho-fluoro or ortho-chloro nitrobenzene intermediate (XIl) with
the amine (XXV1)) to afford compound (XXVIIl) wherein RY is a group R* as previously
defined, or a group convertible to R*, R® is a group R® as previously defined, or a group
convertible to R, and R® is a group R® as previously defined, or a group convertible to RE,
and Q is hydrogen or C,salkyl, followed by reduction of the nitro group using standard
conditions e.g. hydrogenation over paliadium or Raney nickel {(Scheme 8). Compounds of
formula (XI) are commercially available or can be prepared by standard rmethodology.

Schenie 8,
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R191I R \ NO (Xilp (XXVI1) (XXVIIl) 0J> ~J-NQ R-/ NHR' :q, NHR',

x (I'V) (1) netal catalysed reaction of the amne (XXVII) with the ortho
- substituted nitrobenzene (XXIX) to afford conmpound (XXVII1) wherein R4' is
a group R4 as previously defined, or a group convertible to R4, R5, is a
group R5 as previously defined, or a group convertible to R5, and R6, is a
group Re aswwrmvioemsy defined, or a group converti bl ecreBROs/Bene 9) and
Qis hydrogen or G _6alkyl, followed by the sanme reactions as illustrated in
Schenme 8. Conpounds of fornula (XXIX) are comrercially ai l abl e or can be
prepared by standard nethodol o Schemre 9. OPQ N O @V Qi RS\ I + RB
i NHRB NH NO R HzN Rx' \ | Rs' NHz z= Br, |, C, (1) Rai R" (1V)
(XXIX) QOM ) QG netal catalyses-reaction of the anine 1) with the
prot ect ed R i peorderi vati ve , Wherein R is a up R4 as previously
defined, or, oup conVertible/to R4, RS —is gogr upN,_RS as previously
defi ned, & a ori¥fep convertll'gle to R5, and R6' is roup R5 as previously
defined, or aRgroup converti Te to Re, Qis hydrbgepajo,Cl- eal kyl, and P
represents a & trogen protectX® group such as acetgl , frifl uoroacetyl Boo,
phthalimde, to 19 WO 2007/036715 PCT/ GB2006/ 0 90 ¢exaf f ord conpound (XXXI)
(Schenme 10) followed by deprotection of the am’ine group.

()

N &

)

() metal catalysed reaction of the amine (XXVH} with the ortho substituted nitrobenzene
(XXIX) to afford compound (XXVIlI) wherein R is a group R* as previously defined, or a
group convertible fo R*, R® is a group R® as previously defined, or a group convertibie to
R®, and R® is a group R® as previously defined, or a group convertible to R® (Scheme )
and Q is hydrogen or Cygalkyl, foliowed by the same reactions as llustrated in Scheme 8.
Compounds of formula (XXX} are commermally available or can be prepared by standard

methodology.
Scheme 9.
] 10
o Q L
' R" 7z N @ .

R"jgimo | Q "” . NA

R H,N p{ R® NH,

Z=8r |, Cl, OTt v R"I )
o) (xxvu[)

iy metal catalysed reaction of the amine XXV} with the protected aniline derivative

(XXV), wherein R* is a group R* as previously defined, or a group convertible to R, R¥ is

a group R® as previously defined, or a group convertible to R®, and R is a group R® as

previously defined, or a group convertible to R®, Q is hydrogen or Cygalkyl, and P

represents a nitrogen protecting group such as acetyl, trifiuoroacetyl, Boc, phthalimide, to
19




Compounds of fornula (XXV) are commercially avail able or can be prepared by
standard nethodology. Schenme 10. ON N Rz NQR VI NNRNN RP HZNR
\' NN Z=er, i, Q OIf (XXVIl1) Ra" PUIl ~ NQRNH Rs NNz R' (1V) (k)
Reductive al kylation of an ortho nitroaniline (XXIl) with the piperidone
(XXXI'l') using for exanple sodiumtriacetoxyborohydride in dichloroethane to
give the internediate (XXVI11) wherein R4 is a group _previously
defined, or HO3YW @onvertible to R', R is a group ngﬁc}é!&ﬁf?[g\#ﬁousl y
defined, or a group convertible to R5, and R6' is a group R6 as previously

gefi ned, loéffoﬁi Edrfpdlnd QOB (Schdrte 46) RBfowed sy @pa?edaelwdrop%aamrrnecamﬁal kylt,h using
or exanp i WQ’Y : [ ve the

i nt er medi a‘?%tmg)%%bll cgnhzl%?ﬁfe\ﬁ@/eb% ) %eugg%{]%tg% oof% tb%g%%%t rag?SFagﬂagausi ng, for
exanpl e, pAPIEBI%nh on carbon or Raney nickel affords the desired

internediate (I1V). Schene 11. 20 WD 2007/036715 PCT/ GB2006/003590 0 g NR
11 PNO 8Schgihe10.~ ~ Nt1Z + Re 'y / NH

0 v

N Q@
RS , Ja Q
+ — R®
R . I:IH : NH
R" p HN ,
H

N
Z=8r, 1, Ci, OTf QOO I},

R5
R
(o0 £000) : ( .
)
| g’o) _ _

Q

R W

(k) Reductive alkylation of an ortho nitroaniline (XXH) with the piperidone (XXX} using for
example sodium triaceioxyborohydride in dichloroethane to give the intermediate (XXVIlf)
wherein R* is a group R* as previously defined, or a group convertible to R*, R® is a group
R® as previously defined, or a group convertible to R%, and R® is a group R® as previously
defined, or a group convertible to R°, and Q is hydrogen or Crealkyl, using for example
sadium friacetoxyborohydride in dichloroethane to give the intermediate (XXVHI) (Scheme
11). Reduction of the nitro group using, for example, palladium on carbon or Raney nickel
affords the desired intermediate (V).

Scheme 11.
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RS\ NOZ R ORs' NOZ (XXIJ) (X)0(11) (XXVI1l). ONO RB, INFN R6 NHZ
R<" (1V) Conpounds of formula (V) are comercially avail able e.g. carbonyl

- diimdazole, phosgene, phosgene solution in toluene, diphosgene,

tri phosgene, phenyl chloroformate, diethyl carbonate. Conpounds of fornula
(VI) can be prepared by a variety of processes e.g. urea formation can be
achi eved as ywhawhsk?is Schenme 12 by conbining the two g@ErR&SewkAszhVY) and
(XXVI'1) with phosgene or a phosgene equival ent using standard conditions
Phosgene equival ents include carbonyl diim dgzol e, di phosgene,

tri phosgene., phenyl chloroformate reactingfthe amne (XXVIl) with the

i socyanat e ( XXXV) reacti ng the am ne (XXXl (%gvm th the isocyanate (XXXVI)
Bot h i socyanates (XXXV) a XXXVI) can be pr red fromthe correspondi ng
am nes using standard net ol ogy for isocyéggtae formati on wherein R4' is a

group R4 a& Na,ously @ned, or a group cghvertible to R4, R5, is a
group R5 as viousty defined, or _a dt Bhvertible to R5, and R6 is a

group Rs a8 previdusly dgfined, or a grQ onvertible to Re, and Qis
hydrogen or CR. 5al kyl. SBheme 12. 21 WH 2007/¥%6715 ~ PCT/ GB2006/ 003590 Re
x | JO O + phaggene equimehent R5 NHz + HEN.~NpRay MAW (XXVI1) RX O/ N
'. O NCOHZNs \ X1UQ

Compounds of formula (V) are commercially available e.g. carbonyl diimidazole,
phosgene, phosgene solution in foluene, diphosgene, triphosgene, phenyl chiorcformate,
diethy! carbonate.

Compounds of formula (Vi) can be prepared by a variefy of procéssés e.g. urea foﬁnation
can be achieved as shown in Scheme 12 by

» combining the two amines (XXXIV) and (XXVil) with phosgene or a phosgene
C equivalent using standard conditions Phosgene equivalents include carbonyl
' diimidazole, diphosgene, triphosgene, phenyl chloroformate :
+ reacting the amine (XXVIl) with the isocyanate XXXV) -
» reacting the amine (XXXIV) with the isocyanate (XCXOKVI)

Both isocyanates (CXXV) and (XXXVI) can be prepared from the corresponding amines
using standard methodology for isocyanate formation wherein R* is a group R* as
previously defined, or a group convertible to R*, R¥ is a group R® as previously defined, or

a group convertible to R®, and R® is a group R® as previously defined, or a group .
convertible to R, and Q is hydrogen or Cqsalkyl. '

Scheme 12.
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RS\ I + OR(XXVII) RW HH\/ (XXXV) NO Co ORg R- + ~N 4 NHZ OCN'

R' X =18Br, 1, Off (XXXIV) (XXXVI) Palladiumand copper catalysts (VIl) are
connerC|aIIy avai l abl e or can be prepared as described in the literature
(see references in Process C). Conmpounds of formula (VIII) are comrercially
avail abl e or can be prepared by known literature routes e.g. reduction of a
nono or dinitrobenzene precursor. Conpounds of formul e prepared
by reducti VORI on of the 3- al koxycarbonyl - 4- pllgceﬁtl£ onee:*l\/gv?0b

t et rohydr opyran-4-one. Conpounds of formula (X) wherein R' is a group R4 as
previously defined, or a grou oconvertible to R4, R5. is a group R5 as
previously c- onvertible to R5, and R5, is a group R6 as
previ ously dg*g Br a CORV &jhdshdid Quialnt R6, and Q i s hydrogen or
Cl1_b5al kyl R4n eNmrepaaN as shown in Schene 13. Reductive al kylation of an
anthranilic a®d or ester x%\;gv with the ketone (XXXII), followed if
appropriate byhydrol ysis 8 ster group. Scheme 13. 22 WD 2007/036715
PCT/ GB2006/ 003590 O O O Ra NH2 PNQQRCO il RS\ CORe R\H + ~5 Ra z R,
NH 6 (XVII) 0 (XXXIg Ry Ra CO2R R R4’ H (X) Conpounds of forrmula (Xl)
are corrrrer%i al | yxavai | able o n be prepared by | |teratur/eD

+ N R"
5. IS
R NCO  HN —_— .
R¥ R N
4 H H

o)

R® /Q / e
ISL

H, ocN
X =Br, |, OTf

(P00

=

Palladium and copper catalysts (Vi) are commercially available or can be prepared as
described In the literature (see references in Process C).

Compounds of formula (VIIl} are commercially available or can be prepared. by known-
literature routes e.g. reduction of a mono or dinlirobenzene precursor.

Compounds of formula (IX) can be prepared by reductive alkylation of the 3-
alkoxycarbonyl-4-piperidone with tetrohydropyran-4-one.

Compounds of formula (X) wherein R is a group R* as previously defined, or a group
convertible to R®, R is a group R® as previously defined, or a group convertible to R®, and
R® is a group R® as previously defined, or a group convertibie to RY, and Q Is hydrogen or
Cisalkyl, can be prepared as shown in Scheme 13. Reductive alkylation of an anthraniiic
acid or ester (XVil) with the ketone (OXI), followed if appropriate by hydrolysis of the
ester group. '

Scheme 13,
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processes. Conmpounds of fornula (XI1) can be prepared as shown in Schene 14,
by reductive alkylation of ()XXVII) where Z represents Z or a group

- convertible to Zwith the ketone (Ill), and Q = H Conversion of a Z
hydroxy group to Z = chloro or brono can be acconplished using standard

met hodol ogy e.g. treatnment wth thionyl chloride or

i ri phenyl phegphbhatmar bon tetrabrom de. Schene 14. H RRrdhatehibsen0 Z

WDIM) (XU The conpound (XXVI1) where Q= H can be prepared as shown in
Schene 15. Reductive alkylation of the commercially avail able am ne

(XXXVII1) wth tetrahydropyran-4-one (111). psing for exanpl € sedi um
triacetoxyborohydride in dighioroethane pro ds the C internmegiate (XXXl X)
which is deprotected usin ] in ethanol or ‘, i fluoroacetic, aged to afford
the primark BH,( XXVI | ) . xScheme 15.~Jf BgeH 0 + o vO BoF CNJ)O HzN' vN

QO XVI | Q ﬁ ~XXOX | E‘xxw—r—ﬂrhe conpowAds -of>f or gul a ( are expect ed
to be usef ‘?;E treatngnt of psyrholicaudi sorders %u Mitive

i mpai rment . 28 W0 2007/ 046715 PCT/ 682003590 The tg gg@ri bi ng the

i ndi cations §¥d herein ar éxol assi fi&d 1n ebg Di agnostic tatistical

Manual of Mental Disorders, 4th EditionXR pubI i shed by the Anerl can
Psychiatric Association (DSMIV) and/or the International C assification of
D seases, i ( orders
ment i oned %L%Q?rﬁgg? EQ@S‘ﬁtdé&Qf at ed eg&s@y \égéﬂbﬁél%r ﬂgB%?%E%r%{J bIE’ n@reér%{r?on Nunber s
in br acketlD STter the Iist ed di seases below refer to the classification
code in DSMI1V. Wthin the context of the present invention, the term
psychot i c Gempeyinge rof jTerauladd) cam: e pepRied msshowe i Gohrine Ad BUMIYEEE Par anoi d
Type (295 al@htionDif OEOGEN mbe ZTyapesserft? Z%r BQjroupCaneriinte © itk the2@HnR0) |

@1 fferemn) ahed Fyme dorB8siG b arel hiRpslydyralp tyRe: cKid8SorGfdmo Sehbaophr eni form
Di sorder G2Qpfihed SGRY 20AkHE ChitiGiolhy U glekedird@R- VN ulu&ga UhlioRgs o he subtypes
Bi pol ar T¥r%‘ﬁer‘?‘ﬁb‘ﬂo£ﬁﬂ1 AR X?etrl@(rgﬁi’de[)e usional Disorder 97.1) 1ncluding

Scheme 14.

@@-——-é"

(o0 @)
()

The compound (XXVHf) where Q= H can be prepared as shown in Scheme 15. Reductive

alkylation of the commercially available amine (XXXVIill) with tetrahydropyran-4-one ().

_ using for example sodium {riacetoxyborchydride in dichloroethane provides the

C intermediate (XXXIX) which is deprotected using HCI in ethanol or trifluoroacetic acid to
' afford the primary amine (XXVII).

Scheme 15.
O L} A0 e
Boc + —_
) R L QL
H Boc., HN
LoV ()} POV {00

The compounds of formula (1) are expected to be useful in the treatment of psychotic
disorders or cognitive impairment.
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t he subtypes Erotomanic Type, G andi ose Type, Jeal ous Type, Persecutory
Type, Somatic Type, M xed Type and Unspecified Type; Brief Psychotic

Di sorder (298.8); Shared Psychotic Di sorder (297.3); Psychotic Di sorder Due
'to a General Medical Condition including the subtypes Wth Del usi ons and
Wth Hallucinations; Substance- |nduced Psychotic D sorder including the

subtypes Wth Del usions (293.81) and Wth Hall ucinat ); and
Psychotic DV EPSRbt Ct herwi se Speci fied (298.9); D@ﬁf’%“é"@%@ﬁd mood

di sorders including Major Depressive Episode, Manic Episode, M xed Epi sode
and Hypomani ¢ Epi sode; Depressi ve Disorders includi ng Maj or  Depressive

Di sorder, 0.4 e r rw se
Speci fi ed (Dﬁelge}(m %esclnl?ﬁé% '8 Eag s 215984;% " gl%léif%s' &% D'%&és,cgg}ﬁl pol ar 11
D sor der  ( REGLPR KNI et 415 Bl GHIShSg By ine pERENFEV A o des)
(296.89), OQ@OWWMD@M' §0¢/@Fe1he(|@@ma@37l @ﬂ@'fﬁf@m@rmﬂ@%ﬁ déih Rglonx her wi se
Speci fi ed (29B-180) TheQraliers dubigpks dbitteadisbetess mediborti regeileredcoblesplatkdrasDue to a
General Medpgradr tifeomekicht imveniah) NulibbrsWhbradketsiaRtd thisl Rtied diasetBejnasielct h

Depressi ve kpaLigsiondohdin¥ivply. Depressive-1ike Episode, Wth Manic
Features and Wth M xed Features), Substance- Induced Nbod Di sor der

i ncl udin SSi v t ¢ Feat ures and
Win Mxod WEncthe ceR o b, aBra oRiaiiom b i pryauieoaune BERIS0E" o0,
Anxi ety di sepfu@PBrewﬁcmd@nmg theo shkfyPepiaranold fvrso (495130). PRispreanigedatype
Agor aphobi a{29p48) CataBinoTiher (295 r 'arpdlffstﬁnhatw Tyreu(2968) andy Redidudhyre Di sor der
(300. 22), Spmeish); Scrﬁﬂmﬁh‘bﬂforrﬁ Bi20rd20(pos.40y] Suilizogifettive Disohisy (295,78 hamiingTy pe,
Nat ur al EnVlhfé%Bﬁﬁés s TyEle QAd D ?&Fe"@;ﬁé lbéMsWan EW&&er &b, %é!%' Type and
e, e % ﬁgﬁi grf T B BB R, (909
osttrauna r

bsz\rﬂal & dhvpe o 9% 5% o B‘f oW eféﬂ% Gener al

General i zed

Medi cal Con@PedPsyehgtic @@PrdeSd%%Tt@inE'é\lch‘?fﬂu@égdﬁni?%t@ PiGapegb Megigal Anxi ety
Di sorder NoComtitivaringlesingShe ciibtyrng WB00el0sns and Wiith 2R0RIGE8E] Substance-
. PCT/ GB2006/ (HaB&edOPsythdiis tDisaeder ireluding dhedsubtypeke Nath | Teddsisnis (go3Rih shantith Use

Di sorders swalicRgtions DB ARE End RRBRNEIEEEEer NHOMEANESetifed @gs.@nd Subst ance
Abuse; Subst ance- Induced Di sorders such as Substance Int oxi catlon

Subst ance hdr Sub e-1.n ced
erel ot s g PRk THEP UR0GSs WRTHAS Uiy riebtolile KRHBEE ABRR BMEST
Subst ance- | f#Kse e p'P%‘&‘Fc /B9 i Hyﬂﬂ@ﬁ‘FdEP's" SuRePEaTEE | PiBRTERS WB‘H“ED I@"ﬁ'ﬁ:”der
Substance- | Rgepressivepirordary Dipithynic| BisordeL 590. éh@@pmﬁdmst&o@e& dal Othgatisenct i on,
Subst ance- Bpeh:ﬁaéd(SSi)eeEqmoIa'f Disaiders dnebliding | Bipadarnb @édsordée r Biosltn iligDBederept | on
Di sorder ( Flregbis Kejor Depiesehld HpistadsatifdHybbiais BpiSodesicRodse) Aberitimidependence
(303.90), Abggtig! 30948 and Bipolar Disorder Not Otherwise Specified (296.80); Other Mood
Disorders including Mood Disorder Due to a General Medical Condition (293.83) which
includes the subtypes With Depressive Features, With Major Depressive-like Episode,
With Manic Features and With Mixed Features), Substance-Induced Mood Disorder
{including the subtypes With Depressive Features, With Manic Features and With Mixed (-
Features) and Mood Disorder Not Otherwise Specified (296.90); -

Anxiety disorders including Social Anxiety Disorder, Panic Attack, Agoraphobia, Panic
Disorder, Agoraphobia Without History of Panic Disorder {300.22), Specific Phobia
(300.28) including the subtypes Animal Type, Natural Environment Type, Blood-Injection-
Injury Type, Situational Type and Other Type), Social Phobia (300.23), Obsessive-
Compulsive Disorder (300.3), Posttraumatic Stress Disorder (309.81), Acute Stress
Disorder (308.3), Generalized Anxiety Disorder (300.02), Anxiety Disorder Due to a
General Medical Condition (293.84), Substance-Induced Anxiety Disorder and Anxiety
Disorder Not Otherwise Specified (300.00);
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(305.00), Alcohol Intoxication (303.00), Alcohol Wthdrawal (291.81),

Al cohol Intoxication Delirium Alcohol Wthdrawal Delirium Al cohol -1 nduced
- Persisting Denmentia, Al cohol- |Induced Persisting Amestic Di sorder,

Al cohol - I nduced Psychotic Di sorder, Alcohol- Induced Mod D sorder,

Al cohol -i nduced Anxi ety Di sorder, Al cohol-Induced Sexual Dysfunction,

Al cohol - | ndugesheBbmrel D sorder and Al cohol - Rel at ed Di sgdg€gzod@bssést her wi se
Speci fied (291.9); Anphetami ne (or Anphetanine-Like)-Related Disorders such
as Anphetan ne Dependence (304. 40), Anphet am ne Abuse c53{305 70), Anphetam ne
| nt oxi cat | Ghbgtanpe-relgied digamiest Meludiad \§ubHERcRWESe Disgie btgnee

| nt oxi cat i cﬂﬁpermm:er,|S!uh$tamerm'emmamreSum&angaadbm&hﬂtame-mdgcﬂdd@lﬁqrders '

Anphet am neuth de Sedsthiedintdlcstion d Stbstahop Wathdavale -Substamsedndieed Eelriul, sor der

Anphet am neguhdishtesttivesd Uﬁérmsl%gs‘cﬂé%hﬁaonSul’ﬁﬁﬂ?nh@-irﬁme@e “FeRglin dA%hé‘s%Q Di sor der

and Anphet ‘E? r,%&i@%ﬂd Iggycholh?t[% sgrcie?'r b%%n geﬂo % , Caffeine
el e b G T C e o

Di sorder NAtduggchSleap Disorderand Hellycipoasy @J‘:"S’“G%Hﬁﬁﬂﬁ’t@n R¥sosdes dFlpghbagkaler s such
as Cannabi flcohgldietiatic digoBes 309h a@aﬁndbl Peppnrency I8H.900) Alcchah natihiss

| nt oxi cat i ¢305(02Y AIRAYI, IntCecatialn (3D3.00), Akblehiithdrakal| (231.810) Aléhninadokisatibmduced
Psychotic D, dﬁéohopwm&bwa hahelu,.C McaiokinBlicsd herastilg rDambtidaMEsmeL S - Rel at ed
goigr ggr De duceq 'ﬂ‘%lr § bﬁgrdérz% %}g’é 'PQ& fsBliel) .ﬁc%hgle;fczgfgnas
(565, 89y - deglis gy ?faeoaﬁ'ee Bl ABIRT, RS Aleopgiledd Sl

Cocai ne- | ndEfERFtipR Aigohel %dlﬁ%%'ﬁ%'?'sorﬁ%@ﬂﬁl ﬁ'éo o-Relaed P %B’GEI Qs WiES |

gﬁau ne- | n@n@@f&dA@Qﬂ@i.yAlBPfﬁmd@& (ommhm-n%u&@e@lmwordewemihet| on,
ai ne- | nduphetasine e Pepndencee (304.40), Conahietaeniride [Abused (EI5s),d dmphEiaminégt her wi se

Speci fied (H8dbalion lz@dégycmw@tamﬁslme&a@usg@ﬂe SA@@& Hatokitkgibmogen

Dependence 5R>n bt/ CnBRRANPARNGR ORfrerd V) rhibEAGRAN Mopd OXi cat i on

(292. 89), Per n t.on sor der )
(292. 89) (5 ﬁé@qnﬁtﬁd Iﬂrg(he l?gorder “ﬂﬁtf t me- x%a d
Psychoti c B‘@fﬁ? efaineAB ﬁﬁﬁ%@é“&r BT\/B ‘? -R Eated D'So"der

Hal | uci nogéht@'ﬁhﬁiﬂmeé(ﬁpﬁﬁﬁ?%@?Z §Qﬁetﬂ'érReEﬁﬁ§ WT¢%$WBQ%QEW!%{NQHC%M sorder Not
O herwi se G8E0j,i Gaffe(r2dBdeed Amvietyl BisbrdRe| Gafiethe Midhiced] Sleeps Disbrders ahdhhal ant

Dependence Cafféide-A8hted iIDHdRIeR Nbt AbrsRe (SPREIRRAIOP02.$)N Banrabk-HelttedDissidron
(292.89), %%ﬁmcan @ﬁéﬁ@ﬁdeﬂ Debd, éd UBanhdti Bk | Adbioqd Eaialist | ng

Dement i a, I'HJ i Ca %Isem clz qys g/bOd
eﬂkﬁrmagébg §§ |et %a ﬂ‘gﬁ Tr]mn "% ‘% & D|sorder

Di sor der,
Not Ot her wPg g el DiSoToRe ee@ oAb Ibetlede PRoNE,

Ni coti ne D@Z‘JW%%W@QH 92.9); QP%‘FTR?@*W‘P'M#WPCW qaggoqunealpgpendence
Ni cot i ne- R¢304120 Cdceiseridase (396.60% Beocaies mtcRioationf (ReRI6).200c@k; Wlpirawatl- Rel at ed

Di sorders $202/0),aSodapieOintdxication Delirium, Cocaine-Induced Psychotic Disorder, Cocaine-

Induced Mood Disorder, Cocaine-Induced Anxiety Disorder, Cocaine-Induced Sexual

C. Dysfunction, Cocaine-Induced Sleep Disorder and Cocaine-Related Disorder Not

Otherwise Specified (292.9); Hallucinogen-Related Disorders such as Hallucinogen

Dependence (304.50), Hallucinogen Abuse (305.30), Hallucinogen Intoxication (292.89),

Hallucinogen Persisting Perception Disorder (Flashbacks) (292.88), Hallucinogen

intoxication Delirium, Hallucinogen-Induced Psychotic Disorder, Hailucinogen-induced

Mood Disorder, Hallucinogen-induced Anxiety Disorder and Hallucinogen-Related

Disorder Not Otherwise Specified (292.9); Inhalant-Related Disorders such as Inhalant

Dependence {304.60), Inhalant Abuse (305.90), Inhalant Intoxication (292.89), Inhalant

Intoxication Delirium, Inhalant-Induced Persisting Dementia, Inhalant-Induced Psychotic

Disorder, Inhalant-Induced Mood Disorder, Inhalant-Induced Anxisty Disorder and

Inhalant-Related Disorder Not Otherwise Specified (292.9); Nicotine-Related Disorders

such as Nicotine Dependence (305.1), Nicotine Withdrawal (292.0) and Nicotine-Related

Disorder Not Otherwise Specified (292.9); Opioid-Related Disorders such as Opioid
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WO 2007/ 036715 PCT/ GB2006/ 003590 Dependence (304.00), Opioid Abuse

(305.50), Opioid Intoxication (292.89), Opioid Wthdrawal (292.0), Opioid

I ntoxication Delirium Opioid-Induced Psychotic Di sorder, Opioid-Induced

Mood Di sorder, Opioid-Induced Sexual Dysfunction, Opioid-Induced Sleep -

Di sorder and Opi oi d-Rel ated Di sorder Not O herw se Specified (292. 9);
Phencycl i di ng ( cyclidine-Li ke)-Related Di sorders_such

Phencycl i di n&© %g@%bg;nce (304.60), Phencyclidine Abus&¢ 1("55@0%3590

Phencycl i dine Intoxication (292.89), Phencyclidine Intoxication Delirium

Phencycl i di Depchashde edo430),C loploidc ABIs20(306.60), Jpivitn dniextidatibrn €292r8d0|c edioitbod

Di sorder, PRgRdued | @926, OpRIC Bibx fé@ﬁﬂneb&mﬁ?‘ns@rpﬂﬁitln&l&@d A&y @:do&ieﬂe Rel at ed

D sorder Nobo Gl e Rio0b ikdrér dp?o%%g funoaaap diging

Anxi ol yti c- E é Ed';llvet %ytlc

Dependence “E%047§HTe er” §B aPP‘\‘? mﬁ‘?" ¥ oPotn lﬁ’gen%g 40),

Sedat i ve, Hgserdidiné ofor Rpsncydigine-tikehelsiadc Riscierg 29‘@“8@? Poegryelidine

Hypnotic, obepensérok {30kE0MPhéndycidios AlfL2e 808.60), PBedydidive Intadgplinnt(292; 8%r

Anxi ol ytic Préneydigied i Gritoxidalin’ | Délviurke d Rhdnvgclidif et C , Psychofie X iDdoyder,C

Wthdrawal Beineydidima-insgdat M¥&r Disohter) Obherayclidie-Niuce®! Mixicly Eﬂ’éo?de?térﬂg

Derrent i a, S fc'cmne-a FBRLIE? ot Vi & Frb&( S8 S IOATRISIAC
REEE i ek e g o i LN
Hypnot i c-, Ale%F‘?tt"P’c Wﬂﬂ’ﬁ‘éeﬂ APPS{‘? Wi W%d?%‘?’o)s%‘éﬁt"’%e yp%n‘&ft ico, or
Anxi ol yt i c- Antidie dniedsalien (232699h nadatbis, Hm%l@,l wreAnxiolyip Withdeawal ¢492.0),
Anxi ol yt i c- Bedbthee thyPitatieor Abisipticdintoxiastidn Setiaim, \Sedativiely Hypmbfic; or Aaxiolytic

Anxi ol yti c- Rehdbwed Delirke, dSsdaliet, Hyphaic\Wob AniuhdiePEisktng Dafeht) Sedative-,

POl Y Suibst a2k &Obg@.et.r% oSt B4 Ltﬂﬁacmmsngﬁ 04, 80
St er oi ds, F °§p Sy"fhr? 3?@3" g t'ﬁf t@wgﬂcmqrglgmo C'@gu“&i’ 3@?83? sorc}eﬁ'el udi ng

primary sle ?)daHY%OHWEC'SB"Cﬁ“’&@ ioyRdugeh Aadety isordes SsdptiverHYPPAGoN a

(307. 42), Pﬁnwvylwﬁ@r%nﬁmsfewvn Seylativea Hyenoigs 9 Aripljic-Indueagt Heang- Rel at ed
Sl eep. Di sor Dispsenanhs Geddive-, ypnolive i ca AniRiyticRelatsiddisprdar ot Gibernv{s8Epediied and
Dyssomi a Ngoz. o Fapsws@hceIRased DRErdeBsUE 4€ PolylibsiBéd/ Deped@encdi (304,808 s such as

- Parasomi as n%lJéiﬂera(Sr UMn%)r@BﬁaﬁeMa@éﬁanéé&?s%as 2h85c SRR Nigdafor der
(307. 46), %Q% @P der. (307.46) and Parasomi a .Not. Ot herwi se
eep

- Specified ( S5orders Related to Another Mental Disorder such
as Insomia Related to Another Mental Disorder (307.42) and Hypersomi a
Rel ated to Al§8R HEPrdame inckidingpdman sleep diggrdera puchaasdyssomuias sHeh apfdmery a
Cener al Medinsahni€(30dide), FrimaryritypSatrsnia (BOE 4 ) Haceldpssl (8¢7). Biegibinddielatatdc| udi ng
the subtyperep DROEEsd7ED\GIR CirthiRarrighmni Slech)Msorddri@asisyaiccDyEyqeniaNe M xed
Type; Eati ngudhwiey §8dchied Y807.425 fifRFCHED MNErIRS 3udh3EY Pdtasbhitdd SidAtast he
subt ypes RG%H fd Bikoraly 7%9? SRRIB R DD Y I¥BSandly bidbAeMNEr VOsa
(307.51) in 09 é a% arasomnla)f\%‘téathenmse Specified (307.47); Sleep Disorders Relaled {o

Another Mental Disorder such as Insomnia Related to Another Mental Disorder (307.42)

and Hypersomnia Related to Another Mental Disorder (307.44); Sleep Disorder Due to a

General Medical Condition; and Substance-induced Sleep Disorder including the

subtypes Insomnia Type, Hypersomnia Type, Parasomnia Type and Mixed Type;

Eating disorders such as Anorexia Nervosa (307.1) including the subtypes Restricting
Type and Binge-Eating/Purging Type; Bulimia Nervosa (307.51) including the subtypes
Purging Type and Nonpurging Type; Obesity; Compulsive Eating Disorder; and Eating
Disorder Not Otherwise Specified (307.50);

Autistic Disorder (299.00}); Attention-Deficit /Hyperactivity Disorder including the subtypes
Attention-Deficit /Hyperactivity Disorder Combined Type (314.01), Attention-Deficit
/Hyperactivity Disorder Predominantly Inattentive Type (314.00), Attention-Deficit
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Pur gi ng Type and Nonpurgi ng Type; besity; Conpul sive Eating D sorder; and
Eating Di sorder Not Otherw se Specified (307.50); Autistic D sorder

- (299.00); Attention-Deficit /Hyperactivity Disorder including the subtypes
Attention-Deficit /Hyperactivity Disorder Combined Type (314.01),
Attention-Deficit /Hyperactivity Disorder Predomi nantly Inattentive Type
(314.00), Atwendorppneficit 26 WO 2007/ 036715 PCT/ GCB2RGad$ 9530

I Hyperactivity Disorder Hyperactive-Inpul se Type (314.01) and
Attention-Deficit /:Byperact ivity Disorder Not Otherw se Specified (314.9);
Hyper ki net i/dvrerasyitye Discrsies  Hiparacéve-mprias i dre PR ersd sAteniarDefiskduct

Di sor der i ridypedictity tDiserden Mot Qtbarwish iSbeltifted 316193, cHyperkingtie QigderdAi§ruptive

Adol escent -Eanawdur Digpedels3 duth &2) Canaekt Dnspie includidg Grsaibtybesl 2nilBjod-onégeposi t i onal
Defi ant Di gpsdeso1(sd BA%@sca&@n&ts"rmt Me. SBFha%w OHdp eanéprcsi@ééwz g6}, her vi se

Speci i ed; C?p%lgmaan | DAfRAY ﬂ?&%erﬁé‘\% §nd g % ﬁa\}%u? de,gger I(Ig’t
?f

TS0 el e et i X AR e o pe¥s?n3f’ff'§r

Di sorder (301,22), Antisocial Personality Disorder (301.7), Borderline
Per sonal i ty’efa'osditsdéﬁso(cte&lir@@ing tid stbtypeni Rardreids Bambialily Disgrderdé01.0801. 50) ,
Nar ci ssi st igehiasid SPeradriality Dscrogrd €301.26)) 1Sdikptypal Av@bshalty Besrdandatfz2g), D sor der
(301. 82), %ﬂ%&ﬁrﬁe&%m@n@w&& 0% 97, dBbrabrifbl - rsonalfdp SBiSsthere (doamay| si ve

Personal i t DAQ) d@xn Oﬂﬁjc%&é{ 5&% &rderq FlgM se
Speci 1 o ?%53’ o i o e bt e R ﬁ%zhﬁ,

Aver si on DIEPER-Qrawpdlisive) Personality| D'&‘Pr@ﬁfséﬁmd? s‘?ﬂddEP@"%alJBhD‘S&?eFé\'Pél e Sexual
Arousal Di $iheiwise §3®ﬁIE¢2§01§h@nd/al e Erectile Disorder (302.72); orgasmc
diégrders such as Femal e Orgasm c Di sorder (302.73), Male Orgasm c Di sorder

(302.74) angdxk wadéf&tsﬁlc%ﬁﬁb 8bkRNDsRE DisbRibis sAEKAEA plaéé’u@e Q@&;@r@@rre s uc h as

Dyspar euni .soﬁd%?I ei@'i, a§ ég { AR DidothP 3%%&%%9% Bé t.glago% 3 S
Feti shi sm 'R fﬁg% ’aa”‘i’ %S‘Fci 9" IHDE%% ual
Masochi sm (0%’2"‘@ SOTdSé'*)&h'S'F aSSFaF‘d"'aé‘?Pr 3%5‘2"3 &)dqle rgapr@tcll:gqﬂ' (302. 3),
Voyeuri sm ((531?27482'}d Bisthaiig Bjgedlation (306’(751;15??@'#\/!?%(1'815@%' isi¢hees D@parednia  gender
identity di{3&78pasd Yaghtsnas (Eascd i rSekichb Dysitngtiddl Na ICferwise Siuifled (304.701302. 6) and
Gender | dephizbhilidsl S@hdgy Exkibifiint $30213),SFétishidd U3bas ()3 P 1tSasin @vd.sBexual

Di sorder Neqo pﬁhg%dﬁ 2€s 3@62.89); sdhs Q%W%?fﬁfr%@é?ﬂba (1) are

al so_expec @*sh @Mf%gﬁgg%% S0 BB Ko bneRaTLd tel:,? gg} uding both
nt of

the treatme

cogni ti on |g g’ ‘?"?Pr i SOy P 2000 @ﬁ'ﬁ'ﬁ’ nggigwrk ? %I ar
Gender !dentlty Disorder in Adolescents or Adults (302.85); and Sexual D[sorder
Otherwise Specified (302.9).

The compounds of Formula (I) are also expected to be useful for the enhancement of

C cognifion, including hoth the treatment of cognifive impairment on its own and the
treatment of cognition impairment in other diseases such as schizophrenia, bipolar
disorder, depression, other psychiatric disorders and psychotic conditions associated with
cognitive impairment.

Within the context of the present invention, the term cognitive impairment includes, for
- example, impairment of cognitive functions including attention, orientation, learning
disorders, memory (i.e. memory disorders, amnesia, amnesic disorders, transient gldbal
amnesia syndrome and age-associated memory impairment) and language function;
cognitive impairment as a result of siroke, Alzheimer's disease, Huntington's disease, Pick
disease, Aids-related dementia or other dementia states such as Multiinfarct dementia,
alcoholic dementia, hypotiroidism-related dementia, and dementia associated to other
degenerative disorders such as cersbellar atrophy and amyotropic lateral sclerosis; other
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di sorder, depression, other psychiatric disorders and psychotic conditions
associated with cognitive inpairnent. Wthin the context of the present

i nvention, the termcognitive inpairment includes, for exanple, inpairnent
of cognitive functions including attention, orientation, |earning

di sorders, nmenory (i.e. nenory disorders, ammesia, ammesic disorders,

transi ent gl ammesi a syndrone and age-associ ated nenor alrnent) and

Qbal
| anguage funé‘f‘?@ﬂﬂ”sm&%gm tive inpairment as a result o?cgff}r‘%qgg%ﬂ]zhel mer's
di sease, Huntington's disease, Pick disease, A ds-related denentia or other

denenti a st abfs of dathadie MHdkibh AL ﬁtay daientdghitive abdind QLEIC asl &BRIM o,

gggg;'e: gf[ ?LEEB é@oﬁé u@o%gﬁgﬁtfa%tat&?‘ E Eﬁd@auﬁ‘ﬁs | Rl doh lﬂg%élmeat o al
sclerosis:  SIHRy NedaieheicsEtbay Galbindl ?“%ﬁz ﬁ%{%@e'ﬁm%‘% Bpfigea
condi tions PREMARy a@%\d%'étGEOﬁ’ﬁP‘E“levE“H?E'E‘F'? n@“’?ﬂb elate cF@F’?‘ﬂ"’PuWPBVm epr essi on

( pseudodeneRoyeas ﬁ@ﬁf@@? eqonkivea defield delated alanepychagis. BBt poslplacietenyylshe decl i ne,
st ro_ke_ neu!treatm_gninelamm cagnitick Ldgendacsuamﬂ_dss_kaletﬁ_s dlsnjdalrsost@hl B E;gmnsans mld
cognitive idipabe/ iRlepticBudee bakinsbnRAQaidibiiRe tysrinbsiagznt , autismrel ated
cognitive inpairnment, Down's syndrone, cognitive deficit rel at ed to

psychosi s, - apdyos &g) LROEQROMAS] 48 obb S2VAENL: 5%%0%@99 ot
oo bt o S dLh H?B%W@WH“QH‘H!({’P&F@PVBEWE?H% as. The therapy of

the present invention may al so be used as a nenory and/or cognition
enhancer i nlheafutivey a‘smn@rmnehtheommngmn piovidesa adéamporshof jordeai(@ias I n a

further asp@eiinbdierecibstibed driacalt seNite tHerddf fovusdastharappnpound of formula (1)
as hereinbefore described or a salt or solvate thereof for use in t her apy.

[ another qs0egi alile: WYERH rwu%fﬁdc%@&nﬁoom%wg @lor LFH @l Or &

| t |
oqui res agRrkPpHeen ﬂﬁé@aﬁeﬁf onaIen Wi dpdUnEs agnist & A %5%@155 rhe

i nventi on pf&#PEles a conmpound of formula (1) as hereinbefore described or a

salt or solvate thereof for use in the treatnment of a psychotic disorder.

The i nvent iiroandhes Gaspsof vthel rvertion Qrpides & admpboddol rrhtia (I %is hereribeioadf or e

descri bed orde@cnséal dr aQkit osRlviiiierddi Ry 88 in ir@rtreamnt &F alRGehblicadonmint Tif

cognitive ' tﬁ)ﬂFBBf ﬂe@gg{:}m&fmrg t%ula H% for BesBfiRM i8St B use of a
scr|

d f _ |
Choroof i crEEHeGoton usd I g et o gﬁ%me'%? Mhe t 1 aatment of o tondi tion

whi ch requires agonismof a nuscarinic M receptor. |n another aspect, the
i nvention pibaneless ashectutbe iaentioncerayidrsnitie ose fafranperapauny of formular B afbef or e
descri bed omeminbeibie describad aratsait bhesivedfthareof inftke manuidcied of emedicamentfdi canent

for the treatment of a condition which requires agonism of a muscarinic M; receptor.

In ancther aspect, the invention provides the use of a compound of formula (I) as
hereinbefore described or a salt or solvate thereof in the manufacture of a medicament for
the treatment of a psychotic disorder. The invention also provides the use of & compound
of formula {I) as hereinbefore described or a salt or solvate thereof in the manufacture of a
medicament for the treatment of cognitive impairment.

In another aspect, the invention provides a method of treating a condition which requires
agonism of a muscarinic M, receptor, which comprises administering to a mammal In need
thereof an effective amount of a compound of formula (1) as hereinbefore described or a
salt or solvate thereof.

in another aspect, the invention provides a method of treating a psychotic disorder which
comprises administering o a mammal in need thereof an effective amount of a compound
of formula () as hereinbefore described or a salt or solvate thereof. The invention also
provides a method of treating cognitive impairment, which comprises administering to a
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the treatnment of a psychotic disorder. The invention also provides the use

of a conpound of fornmula (1) as hereinbefore described or a salt or solvate

. thereof in the manufacture of a nedicanent for the treatnment of cognitive

i mpai rment. | n another aspect, the invention provides a nmethod of treating a

condition which requires agonismof a nuscarinic M receptor, which

conpri ses ag{p i kng to a mammal in need thereof | anount of

a conpound g@%bg’?&nﬁ{lg (1) as hereinbefore described o?%gﬁﬁ%%ﬁ%d%gr% sol vat e

thereof. In another aspect, the invention provides a nethod of treating a

psychot i c thagoatio negththereof an@ffpstiveasouatiefiardorpeyndfformula( rasrherdinbefereneed .

t her eof andedcfisetor ¥@aledmuRbte tHeradf. comrpound of forrula (1) as herei nbefore

described or a salt or solvate thereof. The invention also provides a

met hod of | {1 ' Ls i | 1NkS4ering to a

26 11 WO 2g&%@g&%&%gﬁg&%&%%&%%gnﬁ%ﬁ% g Bl T act v

amount of 2 SORABESN W PO RAIPS PO Wb TR eI SRR & calt or

sol vat e t heipiisers, antiderrgspsniarapioltcss dyasierexiranyrimidal sideeafiects and @Igii® sol vat es

t her eof nagnhehedsetolpeovideiimproved trefimentod pdyichadicidisardaist h ot her acti ves, such as

typi cal and atypical antipsychotics, nood stabilisers, antidepressants,

anxi ol yti Cgne shimbiHatibrotheribs G ihvEhfbalard fdi 8xMhrIE GliRinRbredCRfinbdvily By enhancers

to provi deaﬁjﬁ@ﬁ&%%iﬁi&f‘a%rﬂﬁ’?ﬁeaﬂtf tygﬁé(&l%%h{o‘dév%@éﬁ%b%dmm aﬂoﬁfﬁ%%.t lon
9 a

t her api es e rnventipn_are or, exanple. admnrstere unctively. By
ad) unct | veS R FATREPLR I Tobh St senerete pRaRpic caeosions o e P?'ﬁ'g
adni ni st r atgRe S thergpeptic sdminislration i SR of Sare, therpepts; agepts '§ gpfeiron
phar maceut gengraily byiiiose skilod i e aryend hesein aspdiunctivectheiapeudie adrmalptegiienit ¢ :
agm ni st r akiasw lofowh\as =oid-ondharagehisr ajodnistiaioragAny and all iredtmentaeimes ingener al |y
by_those skhith esl pdlielth@ecaives ddtfaaer BLN cORIARALUSNGF | MRr&IPRIGa RRNpettic
admi ni st akdriRstrdtbn of he BrRuIRAWRritta A 2@ bIRHARSNLG 2RI BIGUPoreat [ O Any
cot erm nou%"%%%ﬁ%}'& %%é'g‘iaan °Pﬂ§} ! %9_’15’( AR aggécﬁ?{ee%lg%qt'_r iagﬁa%t% ’ Bhémég?rrpounds of
formula (19¥gpyipidah s SHTed} L & cRIVR sBkANCEffe tithindhr SCapR&f tenfu ™8Ry chot i ¢
agent, a niberntien. o ong ambodimeninedi apiypcbvesthenepeulin agdriiisteljan as desctipadg f or
ext rapyr i nhaleih, = patienei fypichlly siabileed ogaitharapevidnmidsratiar of anetdnimord &fe scope of
the currente ¢oMpemdritdor 4 helBe of M Cardetien Gbcdlidls URBAINMES ST @F 2REHEH C
adm ni st rati,panas, d9RE chBSlngd & Sorthula®aP ok 18 lof shiviibCRbLY MbRlel i sed on a
therape”t'ﬁdnﬂﬁlﬁbﬂéh% aéd-@\&iv%f tr}%Fhfg e HE{u%eﬁ{ft tiferft TR S tsreéfﬁﬁnga peri od of
time and then r.eceives a ni str £l on o Shot her gomponent e ~conpounds
of 1 or mul aqrStERfion, CCSY 1655 pre SHGSYERPUE Agenbed may SRSl AR FNSPESER o s
adj unct i vean #uioiiie @ dreo fof evdrapwintidat ddgriferte 9t 8 cogidiva pehaness hul tha geope

of the invention also includes the adjunctive therapeutic administration of at least one

antipsycholic agent, a mood stabiliser, an anfidepressant, an anxiolytic, a drug for

extrapyrimidal side effects or a cognitive enhancer to patients who are receiving

administration of compounds of formula (1) or a salt or solvate therecf,

C The combination therapies of the invention may also be administered simultanecusly. By
simultaneous administration is meant a treatment regime wherein the individual
components are administered together, elther in the form of a single pharmaceutical
composition or device comprising or containing both components, or as separate
compaositions or devices, each comprising one of the components, administered
simuitaneously. Such combinations of the separate individual components for
simultaneous combination may be provided in the form of a kit-of-parts.

In a further aspect therefore, the invention provides a method of treatment of a psychotic
disorder by adjunctive therapeutic administration of compounds of formula (I} or a salt or
solvate thereof to a patient receiving therapeutic administration of at least one
antipsychotic agent. In a further aspect, the invention provides the use of compounds of
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adm nistration of at |east one antipsychotic agent, a nood stabiliser, an
anti depressant, an anxiolytic, a drug for extrapyrimdal side effects or a
cognitive enhancer, but the scope of the invention also includes the
adjunctive therapeutic adm nistration of at |east one antipsychotic agent,
a nood stabiliser, an antidepressant, an anxiolytic, a drug for
extrapyr|n1d§$ Lg§€ﬁ{fects or a cognitive enhancer toPBﬂ%hﬁﬂ% 3%Qo are
recei ving A <PYati on of conpounds of formula (1) or'a Salt or solvate
t hereof . The conbi nation therapies of the invention nay al so be adm ni stered
si mul t aneousdniula Byor éaior beVaR thereaii iRl rdnufatiueof iasmediaientfor ddpmtinent regi me
wher ei n theth'e%édﬁlcQHﬁ\In:str&t%m?&r’tﬁ‘éﬁréahﬁér@oﬁéjB%;ﬂ&ho‘inh%fsﬁﬂle? RALNEHL, rec%iﬂn'@er in the
t

formof a S 1Bk 8uR NG SH 6%t 1050 TR Shfidsofl ag;nw %eqmméﬂuﬂ

cont ai ni ng or a VI GEes, each
conpri si ng BREHY Cﬁf’é’“@%m‘a{o‘c fg'i 'é‘?h’@genﬁ"?fq‘?t °tra‘ﬁ8 no®ch
conbi nat i onﬁ‘eE?Pe‘itﬁé‘dE‘@f?HFtﬂ‘éo‘“tP&lﬁ‘?ﬁ"'ﬂ%P 2 Bsoniie dliserdepin 2 Bﬁ“ﬁﬂl’?%ﬁé’@us

conbi nat i onthetapelic agmivigtratiod of a1 laabione eptipsysholic agent- of - parts. In a further
aspect therefore, the invention provides a nethod of treatnent of a

psychotic ¢ $RFA&Tasht AH M%iréd’;ﬁoﬁ&é@ RGNS & taEfTeR! &ld BvéiRNe Bkorg@mpounds  of
formula (1) 0 dj@l?cﬁ\?é thed el{tté%éﬁm&ﬁat{o OF §0bact Gnéaft ¥c‘ﬁ9tfc ég%ﬁ«f\g\ret ;Eeﬂir either apeutic

adm ni strat | 0 | aspect,
the inventi 5P%Weéae°§“tf°r1%dr'ﬂl'§%rag?" &o E%R(;[l? 'Efis %f'ﬁ'%ﬂ?

PCT/ GB2006/ 885850 In 3 Bythen agogeh thejpvestianprevides theoysgaf ét gt PB%F“*!PFWGPPF@

manuf act ur eagent iy thegarsarhira offaomedisainem & pdienclivehiberapeutic réminigimtion &r thet i on f or
t he treat nmeirtatménteof 26 payiehdtic cdigbrdeo lird er patient aeq@dnigetherapautie | adimimigtratidmeofapeut i ¢
admi ni str at cémpddthdsodf bkt (H@Ra salb bl sheehabksr. e iventneuitiay prvidenatf ur t her -
provi des CO@&%Q%M GychQicBdka f&r'a)jjuﬁétlv@thér%béun@%drﬁﬁ‘s&&foﬁ f&r*ﬂﬂ’eﬁ?e%fmé‘n%f use for’

adi unotive o fash e TR D D "B e ot REB o ey o 1

di sorder i nae{) % SR | east one

ant i psychot foém'é{@ mrasla(ﬁmhsq"ﬁtret $°-aspect, the |nvent|on provi des a nmethod of
treatnment of a psychotic disorder by adjunctive therapeutic adm nistration

of at | east Irom&rthertaspey, divoinventiargentiddsa raethat ofdebtmentofe paychylit Hisordgreut i

admi ni st r at bpRinfitarte0® Herghsutif adnirisitation 6f torffouRdsSad forfla $iPloy &t gat éhereof . In
a further agn@sd ihetebn bmﬁﬁgtlb@ﬂltﬂt%ﬂ%g ahipBydhef Lbn@trhb FR& o Rfther

ant i psychot & five
thergpgut | cb'gi) rpgsgtﬁgi"sgé} onﬁllb &ﬁb{oﬁn of?o{rﬂﬁ? lgwgétoé ?eddglgljsg(g)rder in a
patient recdh M@ G %m'mhsmaa'efr%weef = mErRR Bl (1) o0
a salt or s&ElERewiciaday ﬁtlonmﬁ‘eltﬁﬁ*é}?ﬂ'i &3 FevRhefidisgsHesy iT B%ﬁ""%ﬁtm" f%g't one
ant i psychot pevideseihe useof sriiineundsi of dormbile (b ge atsalt thedadl in e meenifeciuiecaf & he
treat nent ofmediearpey erainuttacions tidedpeitic dimpradratunt withestaleast oge htpsrpelitt i C
adni ni strat bgéht AfthRIRAHIEE BlychotiO8iBBHIER. The inRintiéh Rfthdr pRIVidEOEIRIoBndsher eof .
of formula (I) or a salt thereof for use for simultaneous therapeutic administration with at
least one antipsychotic agent in the treatment of a psychotic disorder. The invention
further provides the use of at least one antipsychotic agent in the manufacture of a L '
medicament for simultaneous therapeutic administration with compounds of formula (I} or '

a salt thereof in the freaiment of a psychotic disorder.

r

In a further aspect, the invention provides a kit-of-parts for use in the treatment of a
psychaitic disorder comprising a first dosage form comprising compounds of formula (1) or
a salt or solvate thersof and one or more further dosage forms each comprising a
antipsychotic agent for simultaneous therapeutic administration.

In another aspect, the invention provides a method of treatment of a psychotic disorder by

adjunctive therapeutic administration of a compound of the present invention to a patient
receiving therapeutic administration of an acfive ingredient selected from the group
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In a further aspect, the invention provides a nethod of treatnent of a
psychotic di sorder by sinultaneous therapeutic adm nistration of conpounds
-of formula (1) or a salt or solvate thereof in conmbination with at | east
one antipsychotic agent. The invention further provides the use of a

conbi nati on of conpounds of formula (1) or a salt or solvate thereof ' and
at | east onewanidpsyshotic agent in the manufacture of peydB”bdasgent for

si mul t aneous therapeutic admnistration in the treatnment of a psychotic

di sorder. The invention further provides the use of conpounds of formula
(1) or a sdopsittingpkaimaod siahilisareamantidepigseant fn anxiopdigi = die far exteaPYgTidal| t aneous
t her apeut i cidediifesi$ gnd aatdgoitivarihbncat. | east one anti psychotic agent in the
treatment of a psychotic disorder. The invention further provides conpounds

of formul a i byuer e%péé%' the InD&TBRbrolifds tHS BaeldP b cShPRlnk 3NBOPRsbiiGlvamRHt | C
adm ni straty g, ﬁfa& @r;he f%aﬁu%?leé?&nﬁfb% @ﬁ%&ﬂg%&a%aﬁ&g thiflisfr4¥8n trérefﬂ&”ﬁ‘“t of a

psychotic Vv | east one
ot psychoﬂfee PIROL AR PRODHE Reier A pET Peauine Hrercie ﬁ?mwﬁﬁa@ﬂ PP ancous

t her apeut i GCli@ningresiantiselssted Fem cBRpFarRISopTstingr ofuld M9of Stebllisgrsat ¢ her eof

i n the tredantidapressdnt,aapspxididici @ dug dordextrapwimidal ide taffeets appex cognithe | nvent i on
provi des a dohdnced, - parts for. use in the treatnent of a psychotic disorder
conprising a first dosage form conprising conmpounds of fornula (1) or a

salt or solglfiehibgrRaldids 9\'3‘?.159&5‘&[ o] R4 pBQRRRELBE RGN COMPY i ST ng

a antipsyghotic Qr 1.0N.

anot her as }é peu?%%em‘mm ] nf)oﬁ ”l:?é‘g o %?W%H'S?rg?r "égtpﬁg‘?{@ re&Fmgg psychoti c
di sorder by" er%ﬂﬂ‘%%"c"’i”ﬂ')@@%?“ él‘}f"fednﬁﬁﬂ'ﬁ"ﬁﬁeﬁqt% raghthg eroy CeRssitme’ df t he
present i nveaedistabiliser, an galidepiessant, @o @nyipiviy, & veucaior axtrapyrinddal isidetaffaets on of an
aéi;ve I ngread B engnitive beiineat, f rom t he group 30 WD 2007/ 036715

PCT/ GB2006/ 003590 consisting of a nood stabiliser, an antidepressant, an

anxi ol yticomg wféf?ﬁ{ﬂnfﬁﬂfheleﬁ%\ﬂ@é%*ﬁé et corﬁ%&'.lﬁd of t%@ﬁ{e otifle ﬁnoﬁ%%i oye

enhancer conmpound

of the pre§gw{'°t'v% IPEUY a%mr‘{’ qtrﬁéon r&ﬂef ﬁ%% ?"éOP? ps&mlﬁ@ﬁld@gﬁﬁr f &P5 enidj unctive
t her apeut i 63‘%9Hf?ﬂntf‘§rla?‘?i’t“9cﬂﬁ’ rafigreof 8 @givReRredent Seleipe M theypOdR der in a
pati ent re&ensjtingok ﬁé}oa@établhs(@r &0 @nitlesnepsant, amapdohdin a drug foy extiapyyinddal ent

sel ect ed f s@imeffénds grdeugpgitvesinbéncay of . a nood stabiliser, an
antidepressant, an anxiolytic, a drug for extrapyrimdal side effects and a

cogni tive epRaReeispedife .rrwmahlp%daé 5%%@\& gesmbhior HpSyRbticuigRmpound of
the prese“tby' H;\ﬁﬁél&:éﬁ%dp@u% 3H§He8erﬁ%@e9t'e§tﬁ&%tth8§ro[u9r the

treatment i EnaLg F*eéfﬁew@avdgﬂfﬁs%ai B PP G O B BFBEN s St i ng

of : a noodidseliprts ansier cogpivesmbanrepie astipnt recawnamiaawlp|aemm§treﬂ°ng For
ext rapyr i nicaapousd dtthe pfegent nvention.

In a further aspect, the invention provides the use of an active ingredient selected from
. . the group consisting of: a mood stabiliser, an antidepressant, an anxiolytic, a drug for
(J extrapyrimidal side effects and a cognitive enhancer in the manufacture of a medicament
for adjunctive therapeutic administration for the treatment of a psychotic disorder in a

patiient receiving therapeutic administration of a compound of the present invention.

The invention also provides the use of an active ingredient selected from the group
consisting of: a mood stabiliser, an antidepressant, an énxiolytic, a drug for extrapyrimidal
side effects and a cognitive enhancer for adjunctive therapeutic administration for the
treatment of a psychotic disorder in a patient receiving therapeutic administration of a
compound of the present invention

In a further aspect, the invention provides a method of treatment of a psychotic disorder
by simultaneous therapeutic administration of a compound of the present invention in
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and a cognitive enhancer. The invention further provides the use of a
conpound of the present invention for use for adjunctive therapeutic

adm nistration for the treatnment of a psychotic disorder in a patient
receiving therapeutic admnistration of an active ingredient selected from
the group consisting of: a nood stabiliser, an anti depressant, an
anxiolytic, a drug for extrapyrimdal side effects and a cognitive
enhancer. | nY2PHHE aspect, the invention provides léCTfEFWg%“%SP“t r eat ment
of a psychotic disorder by adjunctive therapeutic adm nistration of an
active ingr eghisitthiors Sk Ghetive PERLiBR HicRldd frofPME! gibupNébnsiSfing & BOASd
stabiliser, s@ﬂtisgﬂtdnda%ﬂée%fe%%;a a%x%@ﬁ‘é, Q! hd for e?tra%?ﬁfﬁdél%de?@%ﬁt@%& iam dal

side effects and 'a co%nl Ve "enhancer 'to a patie recelving therapeutic
admi ni st rat PRI NaEEHound of the present invention. In a further aspect,
the invention provides the use of an active Ingredient selected from the
group consi 3bé imgerdien futheropovidssdhe biesefra combirgtion ofep perapauing of e esehiol ytic, a
drug for einvergipy randi ahabetive degrediént cieiectac droan Gregariotip \conatsthgrufiea meodt he

manuf act ur e shilisdr, ERCHNE@dPRIEant, AV arkfdlyhid) &t drvd fdr RRFpPRHLAI GiReTebs Shaat | on for
Lhe 1 reat meplorfile InRRKGTA UG nlh SEIIETof e mEhicahiRht B SmiuRGitlold Ribrdddfiicapeut | C

adm ni strati of a C oun .esent 1 nvention. e invention al so
provi des t hggrﬁ’g'étr%‘f)" Qﬁﬁgglt&aitr('/eé‘?anadfsé'aﬁeéﬁslsoé%r‘ect ed fromthe group consisting
of . a nmood stabiliser, an antidepressant, an anxiolytic, a drug for

extrapyri m dag inveitige fustheraeddegribe sseceigmbambinatiern ffam eermpauod ohtheiesent e

t her apeut i c insehtibmizmtirai ibclive fiogredidrd selected tfroentheofroap peysidiiog iof: dimerdder in a
patient receiapiige dn@tiddprasbart, AOaAXdlYES, '22drh@ for @ktrabyriBiaaRMensleat dnbe present

i nvention | gogitlalehikerBP ShlutardcdBe HAPBIH-CQUMRNAMIGES MeRidiRsh QF 4 r eat nent

of a psychot]| I sor der y simultaneous therapeutic admnistration of a !
compound of B%V%*g&'g?*%g@ﬁ% invention in 31 WO 2007/036715 PCT/ GB2006/ 003590
conbi nation with an active ingredient selected fromthe group consisting of
a nmood st affhe inyention futhanpriovides e damof asampeHod oif e Bresept dnvargfiondn the

ext rapyri m dgahufadtate oba imedicament dor simuliogous thempeuiih admipistraiidhevithranaaetiveon f ur t her
provi des t hegtsgRndelodted GO tAGroQ conéistig &R ARRI0E Gtablisdr e atiesPedisant] ivent i on

and an acti ygqditel £aLE R eﬁ%bfmi@éﬂ sifié OfBclshRAd e € @R%InRAH R theYeatr@nfrood
stabiliser, maapps Eﬁolﬁglﬁ LEssant, an anxi olytic, a drug for extrapyrimdal side
i

effects and a "cognitive enhancer in the manufacture of a nedi cament for.
si nul taneous therapeutic admnistration in the treatnent of a psychotic
di sorder. TH&e iinvgatieni foner pravisies the &%¢ Gk S WO\:‘!E’eC’B?heaPré’lﬁﬁ‘bi‘WS'ﬂflOBrfg'bf a
conpound of sirhifanepestberapedtio adminisiaiioawih amaciive ingredipnigeledied fromdhd growred from
t he group ceasistitg ¢fga mbod AabiBadan antidepressant, an anxiolytic, a drug for extrapyrimidal

side effects and a cognitive enhancer in the treatment of a psychotic disorder.

The invention further provides a compound of the present invention for use for
simultaneous therapeutic administration with an active ingredient selected from the group
consisting of: a mood stabiliser, an antidepressant, an anxiolytic, a drug for extrapyrimidal
side effects and a cognitive enhancer in the treatment of a psychotic disorder.

The invention further provides fthe use of an active Ingredient selected from the group
consisting of: a mooed stabiliser, an antidepressant, an anxiolytic, a drug for extrapyrimidal
side efiects and a cognilive enhancer in the manufacture of a medicament for
simultaneous therapeutic administration with a compound of the present invention in the
treatment of a psychotic disorder,

The invention further provides the use of an active ingredient selected from the group
consisting of: a mood stabiliser, an antidepressant, an anxiolytic, a drug for extrapyrimidal
side effects and a cognitive enhancer for simultaneous therapeutic administration with a
compound of the present invention in the treatment of a psychotic disorder,
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stabiliser, an antidepressant, an anxiolytic, a drug for extrapyri mdal side
effects and a cognitive enhancer for sinultaneous therapeutic
-admnistration in the treatnment of a psychotic disorder. (- The invention
further provides the use of a conpound of the present invention in the

manuf acture of a nedi canent for sinultaneous therapeutic administration with

an active i ngoesiasitissel ected fromthe group consi sti ngeP&paoestossoPd
stabiliser, an antidepressant, an anxiolytic, a drug for extrapyrim dal

side effects and a cognitive enhancer In the treatnent of a psychotic

di sorder. The invention further provides the use of a compound of the
present ‘i nvent fugherfaspectsthenihveativacurevidsh er kipefwaite fadise i $ter gatroent Wi 8h an
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fromthe gr%@eu%?@“'ﬁ‘ﬁtfﬁ?@” of . a nood stabiliser, an antldepr essant, an
anxiolytic, a drug for extrapyrimdal side ef'fects and a cognitive enhancer
in the treaxamplks of amippricidirigs ticht aay de lusefliethe veasht ipvenfian ihdiede, pitovi des t he
use of an ag4 hé‘t%ﬂlt@nﬁli@@b&mﬁ cAsneChiSded! ﬂ&b& BET/A5 R he ﬁ@éﬁdr%iaﬂ&aﬁé a mood

stabiliser 1mé[]R§‘rBds v %Ebﬁrs Eé‘ émfébﬂ Ldt G ﬁf;s %ngét&q thc&iﬁcr% Lhm dal

d ff t f
e E e o hltrs AR ranforer BN bl i3, AnianedigpaCarent for

i nvent i on iantagprists;t AMBA mqulaiers: AKSAnEaeeRiste sHehsa 6%’*}“9*3%@'“’1* falnetqnk GR furt her
provi des t teéypiggle ablipsysholic t fov eexamplee dbzapines elapzaping, frisperidoha gueliagine.consi sti ng
of@‘a nood agipiedable) Bgrasidane add bimibepridss batophahtnedNstich lay haloperidold pitngzifegr
extrapyri mgial drogsdrids; @Eér%ﬁﬁaiun@é\ds@hCé%gaﬁlérbwﬁuaﬁﬁ@atﬂféﬁdazfn@r niekSRdbdiAd eous

t her apeuti tr on in the
t reat ment gff%g%&[r% ?ér%ﬁ%@a%é ﬂ he a% glgj k 5%;% éG;%‘BBSQO In a
further asp th ef‘%zénl ny r?f‘?@'ﬁe" ¥ovF#ds ﬁ '° ?)ear {309 ¢ oFIY

t reat ment d‘f' ‘é’be‘ﬁ?é’?'éFﬁﬂﬂeEr dldébﬁ ZPIEZRIeE i @Pﬂ@“éaqo esst PRSEERY aquﬁ“Fﬁ corrprl sing
a conpound iwkazofigingnee:s e enzisothjazalyl-ainerazivgs;on &iggine nosushf uas hdﬂmdﬁmﬁje f or s
each conpr idinengpxazepines,i sueh as pxapdhes dhydraisdofbbibs duthr anmbiingowgs; atigiprazosgi sti ng of .

a mood st akinl UeRkiives herddf IndERive aRABYchotRBcditxi ol ytic, a drug for
extrapyrim daI SI de effects and a cognitive enhancer for sinultaneous

t hera eutl gLion, ) t hat .may be
usetul i Es Lot ol PEAUROER, Fod it Aidphat i 00
channel bl GEIRbIeET s BNS Frepe SRR Feeehiors fzagn el be under the
tradename CLOZARIL®, from Mylan Zenith Goldline, UDL, Novartls). olanzapine
(available under the tradename ZYPREXA®, from Lilly ; ziprasidone (available under the
tradename GEODON®, from Pfizer); risperidone (available under the tradehame
RISPERDAL®, from Janssen); quetiapine fumarate (available under the tradename
SEROQUEL®, from AstraZeneca), sertindole (available under the tradename
C SERLECT®); amisulpride (available under the tradename SOLION®, from Sanofi-
Synthelabo}; haloperidol (available under the tradename HALDOL®, from Ortho-McNelt);
haloperidol decanoate (available under the fradename HALDOL. decanoate®); haloperidol
lactate (available under the fradenames HALDOL® and INTENSCL®); chlorpromazine
(available under the tradename THORAZINE®, from SmithKline Beecham (GSK);
fluphenazine (available under the tradename PROLIXIN®, from Apothecon, Copley,
Schering, Teva, and Ametican Pharmaceutical Partners, Pasadena); fluphenazine
decanoate (available under the tradename PROLIXIN decanocate®); fluphenazine
enanthate (available under the tradename PROLIXIN®); fluphenazine hydrochloride
(available under the fradename PROLIXIN®); thiothixene (available under the tradename
NAVANE®;, from Pfizer); thiothixene hydrochloride (available under the tradename
NAVANE®); trifluoperazine (10-[3-(@-methyl-1-piperazinyl)propyil-2-
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n& uRS positive nodul ators; D3 antagoni sts; 5HT6 angatonists; nicotinic
al pha-7 nodul ators; glycine transporter GyT1l inhibitors; D2 partia
agoni st/ D3 ant anogi st/ H3 antagoni sts; AMPA nodul ators; NK3 antagoni sts such -
as osanetant and tal netant; an C atypical antipsychotic, for exanple

cl ozapi ne, olanzapine ri speridone, quetiapine, = aripirazole ziprasidone
and am sul pri de; ?u%irophenones, such as hal operidol, P

dr operi dol ; %‘ﬁ i nes, such as chl orpronazi ne, th 8?FH§9?%@”°
nesoridazine trlfluoperazine per phenazi ne, fluphenazine, thiflupromazine,

~prochl or per ﬁﬂftuﬁ@meﬂh?l%he@&fﬁézmheanﬂydrm;onadwl Qambleengsler SUR asdéraiat hi xene
and chi or pr Q‘r@ frohh 8 h@?rep%nsﬁazme RAMARARGEREM2ename
bgﬂi: ggi(%zg H%ing? F%pil% n@ 478 lll.l’l n\% @ﬁlrochloride (available

o

di benzoxazeﬂnq‘? ﬁ“aé%e IETRAFPNe T ég g 8% fendone;

ari pi prazol éadenem@l M@Fh%t@sv@@“tﬂi@ﬁé@f KRYE, %thaﬁ?Yapsth\iﬁhéf%tﬂ vity.

Exanpl es of niplirsden afaesiatie d usdep pthe e tredembme e MOBANG®, afiem p Epdd)ot malindenggs t hat

may be sui haldbchlofidy (aksigble inddd theDifRIBRINe MOBRN®), Olbxapire (availiidd uaws the cl ozapi ne

SJ?)\IZ ali lNgbl et Hé’c%émé rLQ)XIfA(%W?:%?%ﬁPQ% Hb&t@ﬁ%téh g@:ﬁ@rﬂzréml éﬂallaﬁerﬁﬁdl@r @@'( S”) ' n?r om

var r§ AW{@ labl Z%

Lilly ; zi al aeb A rom Pfizer

i spor | donoLpy gﬁﬁ@ ﬁa R ?%ertdpéﬁ?imrﬁa@ @%ﬁﬁﬁd)&am dhesioseny -

quet i api ne fEHEPAI®) NaY/RE $s8B] e under the tradename SEROQUEL(r), from

AstraZeneca); sertindole (avail able under the tradenane SERLECT(r));

anm sul pri de ofmey siitadble! gntipsyditic tdn@ystineutienaomazel (atilkble ,unbisrotve Sadedame

8\{/ tnthhe:vgﬁlg) SPHRNE ri giftrploméshd atté\%llébrhdehnciéﬂe thé ad@agmem@@km rrfef mulf)d_
o- i |

decanoat e(r %ﬂ ef?é)‘?é\}aﬁ’%ﬁ Eg%; i&’f }ﬁ? M&Ac!) EEI?E ) %ﬁggér%%s

HALDOL( 1) - o STy ) INAE % Ps zmi R -

THORAZI NE(r )11 W\L@r}a SPreEhiRRPerazinepee o | YAIRRANE | HQM(’MME@%I e under

t he tradenam@ﬂpﬁwpmll\& évallﬂb!eomndﬁpmeﬁeﬂﬁ@mﬁmecﬁﬁsz@) Ypadiering) (avaiaple and

Anmer i can Phandeathe irtitianaine PIFQTRI®), ildpardede panazidé bagpiupesthixsie decanoat e
(avail abl e under the tradename PROLIXIN decanoate(r)); fluphenazine

enant hate ( n RELh hf:ﬁ@
hydr ochl ori 3}‘@ g@ B Eds It ébroﬁéjW ?géggﬁarre @R%’%]E &%Iﬁ(&wl@ oﬂth%exene
(avai l abl e ﬁ'r‘R?g '?#5 %fglﬁ ﬁ%c{ "l\'m/ANE(r) fromPfizer); thiothixene
hydr ochl ori de (avail abl e under the t r adenane NAVANE(r)); trifluoperazine
(10- [ 3- (4- mént el furthep eprechefi the Inyention auliabie. andpsyDtio @Oge IEinds olanzapine,
PCT/ GB2006/ Get&ihe, Guditpingg ranipiptaaglé,) jeiependd i czapine, dipnysiticoe hiaimetadieandavai | abl e
under the tpggheaane STELAZINE(r), from SmthKline Becknman; perphenazi ne
(avai | abl e under the tradenane ‘
Mood stabilisers which may be used in the therapy of the present invention include
lithium, sodium valproate/valproic  acid/divalproex, carbamazepine, lamotrigine,
gabapentin, fopiramate, oxcarbazepine and tiagabine.

Antidepressant drugs which may be used in the therapy of the present invention include
serotonin antagonists, CRF-1 antagonists, Cox-2 inhibitor/SSRI dual antagonists;
dopamine/noradrenaline/serotonin triple reuptake Inhibitors; NK1 antagonists; NK1 and
NK2 dual antagenists; NK1/SSRI dual antagonists; NK2 antagonists; serotonin agonists
{such as rauwolscine, yohimbine and metoclopramide); serctonin reuptake inhibitors
(such as citalopram, escitalopram, fluoxetine, fluvoxamine, femoxetine, indaipine,
zimeldine, paroxetine and seriraling); dual serotonin/noradrenaline reuptake inhibitors
(such as venlafaxine, reboxetine, duloxetine and milnacipran); Noradrenaline reuptake
inhibitors (such as reboxefing); fricyclic éntidepressants {such as amitriptyline,
clomipramine, imipramine, maprotiline, noririptyline and trimipraming); monoamine
oxidase inhibitors (such as isocarboxazide, moclobemide, phenelzine and
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TRI LAFON(r); from Schering); perphenazine and amtriptyline hydrochl oride
(avail able wunder the tradename ETRAFON TRI LAFON(r)); thioridazine

- (avai | abl e under the tradenane MELLARIL(r); from Novartis, Roxane, Hi Tech,
Teva, and Al pharma) ; nolindone (avail able under the tradenane MOBAN(r),
from Endo); nolindone hydrochloride (aavail able under the tradenane
MOBAN(T)); |vpambmgriavai | abl e under the tradename LQ&kANRGdzse0f F OM

WAt son); | oxapi ne hydrochl oride (avail abl e under the tradenane

LOXI TANE(r)); and | oxapine succinate (avail abl e under the tradenane

LOXI TANE( r WW‘WQWOMH@M%W& anegonjisis (sl as MR PRASASSPN angheraniaeties); @ndixi | an(r))
or mel per onthers( Busheasplupfapjon) amiayptine, radafakineCiesseriy mirtdaginea mefapsipodhiot i ¢ drugs
i ncl ude pr eA@#sAe8ordedvai | abl e under the tradename SPARINE(r)),
triflurpromazine (avail abl e under the tradename VESPRIN(r)), ; .i

chl or prot hi . I nder, e TARACTANC ). rgperi dol
(avai | abl eAﬁﬁ@@c@ﬁE%&l% &%&j}ﬁ;{gggl'w%s}%y% i@gergf; %'}%H%Vﬁg%nn@dggevgi abl e under
the tradenZRHBOCMSS\EIAT { Rytagenisisagd RenspeiaseRineyich 85 aPRZRieR aRtig@reRae t r adenane
COWMPAZI NE(r)), nethotrimeprazine (avail able under the tradenane
NOZI NAN( r ) Prugsifproexirapirareidl ssicei dffatts @hichinthg ibetused v the ey dPitiRGIrBSenf r ) ) ,
i | operi dondwentionDin¢ichz antithdlintrigiest(Bickohs bdixeroping, | ipariabmt precydiiditgs ahd st ed above
by Tr adenagRefiRieridyBOaiifisBiHeb 24Uk af aﬁﬁerﬁw&ﬁme)%mmobﬁﬁﬁe@ey Bhucifiagli  f erent
Tr adenane. Jngnt%ﬁefurther aspect of the invention, suitable antipsychotic
agents i ncfude o thapine, ri speri done, quetiapine, aripiprazole,
hal operidol, cl ozapine, ziprasidone, talnetant and osanetant, Mod
stabiliser §°9m1?"8f?nﬁweﬁé”rl'@e’ﬁali be ysed It thethgpydt thenrresanbiswantion iRelada i on
i nel ude | iexamiplem chelirisigrase ainpibibss elsuchl @s otacrinkc i dhindpazdl pivasiigming apfithnmazepi ne,
| ot ri gi n@alantgaing) BB bihtagonistydnd atBtatinic MKGRLHISE Gotings anithelined.gabi ne.
Ant i depressant drugs which may be used in the therapy of the present
I nvention i e%oﬁﬁf‘ehf?ttr%rﬁcmeaiﬂéré@ 63 uSe inddribih ﬁdﬁ%ﬁ@é’éafﬁ uno[%ﬁﬁé .
i nhi bitor/ td.ua .antagoni §ts 0 a%ﬁne/ Hor aar n@ i he éae!fo onin triple
reupt ake i RPEI 'BYSCONKS "o, GG Fiesyepgle g B4 En g8 St s ;
NK1/ SSRI  d{igRerigeneagstiarines arinlazole, gpagidenesy 8misdaridst oni n agoni sts (such as
rauwol sci ne, yohi nbi ne and netocl oprani de); serotonin reuptake inhibitors
(such as cir alecpiitmtiiment $ai dctifedipgradignt fdr wex it domdinafidnuMtbreacampeyund afrexet | ne,
i ndal pi ne, pregérifahvdhitd, isPRtyRkST AfiBsyefic SRF lekathpid @hlorpfbafzine, thioridazine,
ser ot oni n/ RRLALEANAIdBORE D B Aol Db loerdEC Bndtbelichb A RMDRE,
reboxeti ne u '8)iett Répand mhnachgran) . b La @grnao L I1e reucﬁﬁz\ & I nhibitors
(such as rgﬂ?ﬁfg Pne)™ PPW@%‘?H e i BNt PEHE’W &s T pf’g/l i ne,
cl oni prani K&3P&i prani ne, naprotiline, nortriptyline and trinipram ne);
nonoam ne oxi dase inhibitors (such as isocarboxazi de, nocl obem de,
phenel zi ne Ireartbther embodiment, the active ingredient for use in combination with a compound of

the present invention is 2 mood stabiliser, for example lithium, sodium valproate/valproic

acid/divalproex, carbamazepine, lamotrigine, gabapentin, topiramate, oxcarbazepine or
C- tiagabine.

In another embodiment, the active ingredient for use in combination with a compound of
the present inveniion is an antidepressant, for example a serotonin agonist (such as '
rauwolscine, yohimbine or metoclopramide); a serotonin reuptake inhibitor (such as
citalopram, escitalopram, fluoxetine, fluvoxamine, femoxetine, indalpine, zimeldine,
paroxetine or sertraline); a dual serofonin/naradrenaline reuptake inhibitor (such as
venlafaxine, reboxetine, duloxetine or milnacipran), a noradrenaline reuptake inhibitors
{such as reboxetine); a tricyclic antidepressants (such as amitriptyline, clomipramine,
imipramine, maprotiline, nortriptyline or trimipramine); & monoamine oxidase inhibitor
{such as isocarboxazide, moclobemide, phenelzine or tranylcypromine); or other (such as
bupropion, amineptine, radafaxine, mianserin, mirtazapine, nefazodone or frazodone).
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34 WD 2007/ 036715 PCT/ GB2006/ 003590 tranyl cyprom ne); 5HT3 antagonists
(such as exanpl e ondansetron and grani setron); and others (such as

bupr opi on, am neptine, radafaxine, manserin, mrtazapi ne, nefazodone and
trazodone). Anxiolytics which nmay be used in the therapy of the present
invention include Vlb antagonists, 5HT7 antagonists and benzodi azepi nes
such as al prazo nd | orazepam Drugs for extrapyram | ffects

whi ch may be%s%%%l he therapy of the present invenﬁﬂ%k%oﬁ%&gsag
anticholinergics (such as benztropine, biperiden, procyclidine and

t ri hexyphenintgtohher @nifcddimedt, a8 dvtide igradiént &5 usk hvembineiichniithey carmpdustbgfam ner gi cs
(such as apRHaehtiRkntidaddBh bhidiis IHEXERpIE aMehsddiaBEindficH 38 diptolbie t her apy
of the presgmrai,e[& ghtion include exanple cholinesterase inhibitors (such as
tacrine, donepezil, rivastigmne and galantam ne), H3 antagonists and
muscarinic ML agoni sts (such as cevineli nei),. I n one enbodi nent, the active

i ngredi ent Fefrusg demedicing Hisi REPPWAS of thprasepbifyrptieargusyally adpinistessdas; nvent i on,
i s an atypi estandard ippayrebetical cofpesitionaifiw eres¢rd inypition, thasefarezpiides, in a :
ri sper i donefurtfieredspéqpiangharrddeficalogberipesitioni qarmpasintoa ompoudi of drpitiad§.asl N one
enmbodi ment , héBRbd6E idéSerbED biedisBbr EdWNated§irebNarfiOATBhalAabatfically tabeeptdrNPOUNnd of
t he present, igvent! Qrg*aﬁeﬁcé%gwg@s'itioﬁgéd 9@?’0?}31?% b eftr@{mﬁeﬁmn of the

chl orpromazine,. thior] I ne, sori dazi ne, uphenazi ne, pefphenazi ne,
prochl or per 3%%'8’,‘ 4‘*??’#’?‘3@?{8'P-azi ne, thiothixine, haloperidol,

thi fl urpromazi ne, pinozide, droperidol, chlorprothixene, nolindone or

| oxapi ne. | Mhagonprindse gbdnvie b maynke adminigieredniy anl eerivenient mefhod, (for

conbi nat i onexdnple ay coatp paredieal (e.f.hdirpreacait buchale sbbliogual, snasalroedalserabi | | ser,

for exanpl etrhishstridradnfiféhation aha iR (PainRiciHba comSositiaRd Hagicl AbARFARRN. o
carbanmazepi ne, lanmotrigine, gabapentin, topiramate, oxcarbazepine or \_/
L Lo L A,

for exanpl e2% aSHyeokRsH; Fver gillY San b forplaled as %’WBI%E?'W&,‘J"S/W | HEIPSr 7 ’

met ocl opr. anbéEpynsions seeroisntisriablelssepsues enthicganges: (such as cital opram
escital opram fluoxetine, fluvoxam ne, fenoxetine, indalpine, zineldine,
par oxeti ne @riqsiefdrhabticReyil géhetiihptonSier b R0spahsieT ackioRBe bitBe EatapdLaker | nhi bi t or
(such as ves @bavdtd R a JuRSRIRLAIRS ity Fdp ERIMpEarquBbUs RBGEM sah as whiter,
noradrenal i gg e I_Eﬁne' HJHIFUnEa%[@ou a%%ﬁsﬁﬁx ds ggétﬁﬂéﬂ%eahfcoﬁortaﬁ b Ve -
ant i deprgss?ntﬁ 99 qé 'a%“ 0) %h?'c?e clompramnhe, .~71'm prarrbne o
maprotil i ne;gr;flt? PiPPVATHhEEN 2 AHReH ‘%%@?;m BB fRVRWING\ & PRGN hi bi t or

A composifion in the form of a tablet can be prepared using any suitable pharmaceutical

carrier(s) routinely used for preparing solid formulations. Examples of such carriers

include magnesium stearate, starch, lactose, sucrose and cellulose.

A composition in the form of a capsule can be prepared using routine encapsulation
procedures. For example, pelflets containing the active ingredient can be preparad using
standard carriers and then filled into a hard gelatin capsule; alternatively, a dispersion or
suspenston can be prepared using any suitable pharmaceutical carrier(s), for example
aqueous gums, celluloses, silicates or oils and the dispersion or suspension then filled
into a soft gelatin capsule.

Typical parenteral compositions consist of a solution or suspension of the compound or
salt or solvate in a sierile aqueous carrier or parenterally acceptable oil, for example
polyethylene glycol, polyviny! pyrrolidone, lecithin, arachis oil or sesame oil. Alternatively,
the solution can be Iyophilised and then reconstituted with a suitable solvent just prior to
adminisiration.
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(such as isocarboxazi de, nocl obem de, phenel zine or tranyl cyprom ne); or

ot her (such as bupropion, am neptine, radafaxine, manserin, mrtazapine,

~ nefazodone or trazodone). 35 WO 2007/036715 PCT/ GB2006/ 003590 | n anot her
enbodi nent, the active ingredient for use in conbination with a conmpound of
the present invention is an anxiolytic, for exanple a benzodi azepi ne such as
al prazol am @oh@hszepam For use in medicine, the conpgpgmedilohhre present
invention are usually adnministered as a standard pharnaceuti cal
conposition. The present invention. therefore pr ovides in a further aspect
a phar maceu®qrerpsitiensrfpoiseliagminisaionimsy senvanientinbe fraulsied Bs perasals, diops.as

her ei nbef orgeldasiqpowdend. dweragolJariulations Sypicalit eniphiss a8 eblutiondr finghspespeut | cal | y
accept abl e ofgasdcties subsibsceha prenpauiicail accapEdRSadUECS of Ath-BRieb@ sove® i n t he
treatment of,qapy u@uall? RfeseRRNH Lihdder ARGk RRENREE & Serid REmCAMPRES Of

formula (1)i| ?vhﬁl: %ﬁ'{agéﬁ'n ‘?Qm %&ﬁtd@@&vrgﬂl'fgmse%hg (Atonﬁs?r{gl de@né@”pl e by

| t al
D ansdbr e MRN8 2e CONIAT Y e 7 Sl PsPEne. ssﬁufq] e SRt ed

accor di ngl ydose mawl nbalpoRrRaerolidispenseiitied with 3 maiering yBue whieh isdatendeded and
t hei r sal t sfondisedl watethe whitelts ofdineeconinerimvehesn gphastedo rVsthdry the alnsdge
formul at ed fam lcosiprisds @m agrobdl Cthsperisef, EXAMPdrEais Y PiRellant WARE NSh Ol aOf

emul sions, dsaRtatss %a%%ga'%sec%n@%iséd%edﬂgﬁérgaﬁc bid HIaFlt dueh Buh abdSpiomd-| |

general ly or salt or
solvate i nc@st a Ighalé%%&?ggdgg%% fa%) I#tté'&% npl e an quﬁges!" sol vent such
as water, ethanol or glycerine, or a non- aqueous sol vent, such as

pol yet hyl erfeofosiEens Bitabis fosj Quccatpe subjipguah AdgnigRtioR JICkife Blsm fozPRgeR

endi ng angeastiles wbseinihe adtive infiledivalis formpiated Wit @ cariierguchaapeavgar ard
c@osi t i orachdia, tilagadaathnorafelatin sradylyetrincan be prepared using any suitable
pharmaceutical carrier(s) routinely used for preparing solid formulations.

Exanpl es_ofoaelinGR! ik Sdal JARUARTBIGH IR g@t formS sk BhostbAg ! 05,

sucrose an osLtlon in.t a caps can be

pr epar ed us‘ioﬂtamml?tcioﬂ‘éen ?P@Q%@B‘F&?’Vﬁ © H?ho%secﬁﬁ?aetﬂ"ﬁ For exanple, pellets
containing the active ingredient can be prepared using standard carriers
and t hen fiGdmpgsiiienssuiiebiedptrapedenmsl adwinistsation inclufe einimenisvedisandpalghesper si on or
suspensi on Theroingogition pay dd inusitrgsestoyn sidh ssdiablep bapsnerceampadd. carrier(s), for
exanpl e aqueous guns, celluloses, silicates or oils and the dispersion or

suspensi on ggieloldgl |uﬁf'£r;r bgr&n@n.aamn SRl B GaRBM! ium THPb8Ahg A %a?d?t eral

conpositions uspe r salt or
o hare | o aregiatd bbb oot Shilhh i imabl WY (o céﬂ[ﬂ%ﬁe B8 For
formula (1) or a salt thereof calculated as the free base.
The compounds of the invention will normally be administered in a daily dosage regimen
(for an adult patient) of, for example, an oral dose of between 1 mg and 500 mg, such as
between 10mg and 400 mg, e.g. between 10 and 250mg or an iniravenous,
- subcutaneous, or intramuscular dose of hetween 0.1 mg and 100 mg, such as between
C,. 0.1 mg and 50 mg, e.g. between 1 and 25 mg of the compound of the formula (1) or a salt
thereof calculated as the fres base, the compound being administered 1 fo 4 times per

day. Suitably the compounds will be administered for a period of continuous therapy, for
example for a week or more. '

exanpl e

The antipsychotic agent component or components used in the adjunciive therapy of the
present invention may also be administered in their basic or acidic forms as appropriate
or, where appropriate, in the form of a salt or other derivative. All solvates and all
alternative physical forms of the antipsychotic agent or agents or their salfs or derivatives
as described hereln, including but not limited to alternative crystzlline forms, amorphous
forms and polymorphs, are aiso within the scope of this invention. In the case of the
antipsychotic agent or agents, the forms and derivatives are, for example, those which are
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pol yet hyl ene gl ycol, pol yvi nyl pyrrolidone, IeC|th|n arachls 0|I or sesane
oil. Alternatively, the solution can be |yophilised and then reconstituted
with a suitable solvent just prior to admnistration. 36 WO 2007/ 036715
PCT/ GB2006/ 003590 Conpositions for nasal adm nistration nmay conveniently be
formul ated as aerosols, drops, gels and powders. Aerosol formulations

' rise a solutlon or fine suspension of the active substance in

typically COWD
a phar maceut MO2P{"{¥3cept abl e aqueous or non-aqueous sBFVERREHY ar e
usual ly presented in single or nultidose quantities in sterile formin a

seal ed Conérﬁ?xlfsci@% forvmérﬁﬁkuﬁ@%\ldlrnﬁgﬁatkﬁ%sﬁﬁérﬂh@?apl@s Ciﬁ&lwlhdj%sé’rmernﬁédelﬂ f or use
oV

wth an ato ternat |
unitary dis ens[]%%haﬁe{??erenceﬁ t?l SRePe h\éﬁc én gggﬁ % %}j a%aﬂgeorrnggpr( an aerosol
di spenser fetnilaé'éie ¢TROT53 é?Y%ﬁﬁF |a(1;eén ‘?EWS'F ‘?rH‘F %% for disposal once
the contents of the container have been exhausted. Were the dosage form
conpri ses aforasijupside, theiapgain sEiministretioni ddcoimgt tai the ainyantigre | dosapbunglhi @h can be a
conpressed @asulss (¥ br aaltsCOFVMARS Efhd ahd aftipsyRolly gaunt or poepebt drir sh as a
‘;:{ ugr gﬁ%og&rw&w@g %Faéggé?t@s rﬂ_éiﬁéﬁfsﬁorﬁ?ﬁggfﬁfe}n ﬁr@sfoﬂ'ﬁ‘”b@giﬁhiggﬁnet he form
gﬂ% c u {spb$J {“E 5 e ‘?Q 3 ?he active

adm ni strati 0zen

g ey R B A %ﬂ%mart%%e@?*ye
tragacanth GQHTPOQ%'F tﬁ'tthﬁhb%d Thg ghoise phthe m@ﬁﬁeefp?ﬂ%%her'mceﬂ@@t BMPREFANGi st r at i on
are convenifenedch comperiest i ovithindlie skilipg dwsi arb mhé say be theasamenigrma oc difierentt | onal
supposi t or yfolwester sathiof s @nposeniilt Suittble GaRTlalNG indide,siut batice lihited tor ansder nal

admi ni st ratﬂaaetsléasém&.epmcfale fifles, BEanges BibpBRHoREE Feconshiifabiitiss dron may be
in unit dos E’Eégapald S@ghgs r&]?l'ﬁérﬂe %Qﬁé}glgfﬁﬁonggp%b%gboﬁgch dosage uni t/ for

oral admnis ron contains, for exa rom (and for Lo

parenteral adninistration contains, for exanple, fromO.1 to 25 ) of a
conpound of Farisinuitargons pdmipitatign as,a sambinedrrempesition gt E?,ﬂ‘pa‘t“éﬁﬁ ofdori Pr ee base.

The conpounamy the antipeycheliccagenton agerity agsondingiitd e tirvenlipni eampoundsdof feimgladai | y
dosage regi fieor thek altaior adudits pad tenantipgthotit cagestxanpyerts amd drelrl satigse of
bet ween | nﬁhr@é’cﬂes5@psé’1%tesSM§)h bé adminRicreRegekibr B pasadfoﬁﬁ)%mze orbingget ween 10

and 250 g @ VEROSmo Fbaugawanae@q gungmea;pm? ieglcdiose of
| Cand 25 aca Pt? L 'x% SBPPsiiRn el Rviges) & 8’%??""8 i@ o ART Bofeaal oul at ed
as the f reecc}ﬂ’cPé’Eer'% H'é nRRS¥ind THe | ‘H’G'Cad?ﬁ fies friosle @rproprinte; Rhapgaceiedl  gay.

Suitably t h@mﬁWn@B tk)ﬂ lcpmbjeda dernpengite rie avithior the skl pb éheofirt.c BWitebleuous
t her apy, f oformueatianglisclider bt werekndar limide fo ThBetan sulpingohlo ttabletsh gBurcalc onponent

or conponengdinpeifishs) Rapsifes AGbwWdred, | gtenulddenaByged| stifiRsitories, reconstitutable

powders, or liquid preparations such as oral or sterile parenteral solutions or suspensions,
In order to obtain consistency of adjunctive administration, the compositions of each of the
components, or of the combination of the components is, for example, in the form of a

unit dose. ‘ r

The term ™treatment” includes prophyiaxls, where this is appropriate for the relevant
condition(s).

Biclogical Test Methods

FLIPR experiments on M; receptor to determine agonist/antagonist potency
Compounds of the invention were characterized in a functional assay ic determine their

ahility fo activate the intracellular calcium pathway in CHO cells with stable expression of
human muscarinic receptors using FLIPR (Fiuorometric Imaging Plate Reader)
technology. Briefly, CHO-M1 cells were plated (20,000/well) and aliowed fo grow
overnight at 37 degrees. Media was removed and 30uL loading buffer containing FLIPR
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present invention nmay al so be admnistered in their basic or acidic forns as
appropriate or, where appropriate, In the formof a salt or other

- derivative. Al solvates and all alternative physical fornms of the

anti psychotic agent or agents or their salts or derivatives as described
herein, including but not limted to alternative crystalline forns,

anor phous v se7/@eds pol ynor phs, are also within the sgGassedoéssies

i nvention. In the case of the antipsychotic. agent or agents, the forns and
derivatives are, for exanple, those which are 37 WD 2007/036715

PCT/ GB2006/C8lotymo8 d@pﬁv@%@@f flRgvices SGoa peiiNY@lea e radeech eensding bt her api es,

i ncl udi ng tMaosfacturers lnsinsnbnsabﬁefmcumahon at|J7 degrees fon¢a80 ntuant i0plsyidkat i ¢ agent s
her ei n i nclstedg balfdr datainhigtést @bipdundsinssd sidded te 2adhwsieaf FLIPROnsunestol vat es and

al ternati veale’ﬂmsrb%hsé Qéérﬁloﬁiﬂ?erdQQEeterﬁm{e RANBAC Pl wdre 'Er@ﬁ%hbaﬁed for

adm nistra 1) or

salts or s%o\q/%t es. a;ra '{P% LOP%SQ%MBU%MOB@%?’%Q% @ﬁme él{é?gl r.salts,

deri vat i ved€of9oRsf \?g? Eg%f}‘,n r%sgonganwﬁgparlgmﬁ% pegan f%tdﬁt.em?irﬂﬁ each of

the conpoRETRANGF | antageaipmelea Apatdcholng.  GroRtANRECH-TRFROBS S RYTVeYIiof asthe

phar maceut agalisimyandzantagoniaib|os Mincaptdrewere\performep dxieattocompsiindh Resolls des

ef fective lereelinspontbdtinte Wmedfiglxise véata Capalpsis edtite | (1D t BesireeslySolutbe lehipi ce of the

nost appropar»s@ ghyP Ry W& Uhé Q:@Jveéiwaﬁéo&iafyhélﬂﬁy nbfineBRehrvE ARG RAAtthd S W thin

the skill qffi Sglpl IR ﬁtd e same formor different fornms for each

of the conpone abl e orrru ations include, but are not linmted to

t abl ets, ca-sules gr anul es, Iozenoes_ supp05|tor|es

reconst it uEabRé eceplopio;datelning a0 z 3WYas oral or sterile

parent er al Tsd*’famlnmtbe tmtrmslggpieftﬁss MY, agmmst companings se@peHndelpithe gvanian on as a
cénbi ned C e Ochiatacterizeall inCRLNPR ergtgimeiits foar a0 cllb )withatrethsiehicexpressigrs yC hot |

agent or  ag@hdrSmascamicl VA Gedcptord) BribflyV 820S 8dlis werdPaHéaGkd Afith ivpr Badvam (1) or

their sal t g.Qn é# )HOLMBLREL %ugd%ﬁs.am,thm% Rfslcﬁll n%ﬂ:?gw Gfrhe"i’rﬂf%ﬁelﬁ% their

pomders

-

salts, derivatives é%“ ure form
ot the colls g ssple il Ruig t@émwé AR aiplopfidte ' 2.

Sui t abl e pRERHEBHFRIE apNjios Sinaist sagniais-Afier EpinaY SEPR Pl ch

provi des eWFfécthﬁﬂ/@13F9é|v@P§0Q¥We|@%ﬁ alipwadhle grew myemisht st #h d?@fée%(félSPR The choi ce
of the nosexpafirperdpiak dtea cpinad netmextiday eding th@samusprotocot ss Heacriltiddeaboefi ned
conponent SCHO-M téllsN RESifts S\ka'ré Impafted My Adthitypats bl Malyéi®sird hdremse | Ncl ude,

but are nokyrdsMidr& SnkiPsek ﬁotnshnea?l&grv!e IRy 3hd tl:l‘ﬂab eEdifhg %a\}alue %Féos' tions,

capsul es, g L bl e
powder s, E’é?%gefghgw%‘% MU S s el DA taéé’gf sol uti ons
or sus pens\’“ﬁ’ﬁ@ m PR rgeRonss, ngpted; by acshishelingrdgde fasaﬁﬂnﬁﬂ'c‘?q same
adni ni st r aBImReUNG plates GNP 6a1vertesHa a drctiembeiwegn @ and 1.conponent s, or of the
conbi nati on of the conponents is, for exanple, in the form of a unit dose.
# Ames, R S; Fornwald, J A; Nuthulaganti, P; Trill, J J; Foley, J J; Buckley, P T, Kost, T
A; Wu, Z and Romanos, M A. (2004) Use of BacMam recombinant baculoviruses to
C, support G protein-coupled receptor drug discovery. Receptors and Channets 10 (3-4):
99-109

The exemplified compounds have a pECs, value of > 6.0 at the muscarinic My recepior,
and intrinsic activity > 0.5, '

FLIPR experiments on M,s receptor to determine receptor subtype selectivity

To determine selectivity of compounds of the invention against other muscarinic receptor
subtypes, compounds were characterized in FLIPR experiments in CHO celis with stabie
expression of human muscarinic receptors, M2, M3, M4 or M5. In the case of M2 and M4
receptors, chimeric G-prolein Ggi5 was also co-expressed to couple receptors to the
calcium signaling pathway. Briefly, cells were plated (20,000/well} and allowed to grow
overnight at 37 degrees. FLIPR experiment was then carried out next day using the same
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The term "treatnent” includes prophylaxis, where this is appropriate for the
rel evant condition(s). Biological Test Mthods FLI PR experinents on M
receptor to determ ne agoni st/ antagoni st potency Conpounds of the invention
were characterized in a functional assay to determne their ability to
activate the intracellular calciumpathway in CHO cells with stable

expr essi on Ofwo r&ggan muscarini ¢ receptors using FLIPR EFI yoronetric | magi ng
Pl at e Reader) PERA ogy. Briefly, CHO ML cells were ?H?E@O?OQE)?Q)OO/V\BI 1)
and allowed to grow overnight at 37 degrees. Media was renoved and 30uL

| oadi ng buf pretocs GRtdabdlibed atidvk RIR CHIBMYGEIRO RE4ults GréreSmpPerdGitd R wi9Be9 0

Cal ci um 3 dyg, GHAIACHIfunbRVihe BivéierSanaNa 1 nofvfleahRina dlRg adg g ding to

y
manuf act uref' s..| bation at 37 degrees for 45-60

m nut es, | S@t'@b%gﬂdggg%'g’/eﬁj‘%‘?gearlduc&ge#t ai ni ng test conpounds was added to
each well on FLIPR instrunent. Calciumresponse was nonitored to determ ne
agoni sm Pl dbeexepslified campountde algselseive dr theaMd trerspton ovel 12nMauMéandMéore | QuL
of assay bufeceptorsovithdypivahsgleaiidy {ratorod bECHRD's)hefs> 18dud cdndiip cettéie cavgohi180-

chal | enge. faal.ci umresponse was then nonitored again to determ ne

conpound' s antagonismto acetyl choline. Concentration-response curves of
both agoni ; . I N rmed for each
conpound. Rzggu'ﬁ%gm%ﬁgﬂ&r@%% i}rﬁ@ﬁ\b C %ﬁ,{ll?ﬁ@é@@ﬁﬁﬁeg. anal ysis suite (1D
Busi ness Solution Inc., Parsippany, NJ) where the curves were anal ysed by
non-1inear MB@AFe relefst i g neasardirerded radqmatsdhgpysification pHeie (RvprEe c £P2SH at ed.

FLI PR exper carenategraphyidn Osexdalionasy phase dited mith aceteniideiveter/d.nterfdrmid agidact i vity To
determne the intrinsic activities of M agoni st conmpounds, conmpounds of the
invention WeKeeied & faliBhit 4&Fioh BxchhrgBied leBBPVarimn U20S cells with
transi ent expression of human nuscarinic receptors. Briefly, U20S cell’s
wer e transd;{ﬁed with M .E‘ac m virus (#) in 2c%g10e5 rrcheII sus%ﬁqrasi on with
0.1 % vi r usPUEIPSMEE PIRGJone-ynden Argancoriegn b dong dadel agef NifEP Shed i n
separ at e exPEPMRELESBPIeMEPILHAUAN 'e3io™i on to be nost appropriate to
measure intrinsic activities of partial agonists. After mxing with virus in
suspensi on, Desdription hie2-Fivoheé-Higaloat-methytatilio®d®@hel | ) and all owed to grow
overni ght at 37 degrees. FLIPR experinent was then carried out next day

usi ng the sane protocol as described above for CHO M cells. Results were

i nported into ActivityBase data anal y&i NEai t e where the curves were

anal ysed by non-linear curve fittin the resulting pECS50 val ues were
calculated. The intrinsic activitf®¥s of dgani st conpounds were cal cul ated as
per centage of maxi mum FLI PR response i nduced by acetyl choli ne added as
control on Alselutane 2-fluorc-4-methylaniline (1.0 g, 8 mmol) (bought from Avocado, Lancaster or

* Aldrich) in glacial acetic acid {10 mi) was treated with sodium acetate trihydrate (2.2 g, 16
mmol) then iodine monochioride (1.3 g). After 30min at room femperature aqueous
sedium bicarbonate / sodium sulfite and diethy! ether were added, and the organic phase
was dried (MgS0,), evaporated and chromatographed on silica eluting with 0 to 30% ethyl _
acetate in hexane to give the fitle compound, 370 mg. {

Description 2. 1-Fluoro-3-iodo-2-isocyanato-5-methylbenzene (D2)

T )
N/
. RHC ]

3

D2
A mixture of 2-fluoro-6-iodo-4-methylaniline (D1) (370 mg, 1.5 mmol), triphosgene (150

mg, 0.05mmol), and dioxan (3 ml) was heated at reflux for 1h 15min then cooled and
evaporated to give the crude title compound.

40




conpound pl ates, and converted to a fraction between 0O and 1. # Anmes, R S;
Fornwal d, J A, Nuthulaganti, P; Trill, J J; Foley, J J; Buckley, P T; Kost,
- T A, Wi, Z and Romanos, M A (2004) Use of BacMam reconbi nant bacul ovi ruses
to support G protein-coupled receptor drug discovery. Receptors and
Channels 10 (3-4): 99-109 The exenplified conpounds have a pECSO val ue of >

6.0 at the nusearasys M receptor, and intrinsic actiiysaesdofen FLI PR
experiments on Mreceptor to determ ne receptor subtype sel ecti vi ty To

det erm ne t| vity of ound inventi.o ar nst nmuscarini c
recept or %o ?JE% ethp Y'ch%rfﬂgf'%?ri"zee'ﬂd? "ﬁ.‘i"ﬂﬂ'e@% PHJent s in CHO

cells with cgrlmvléammbi-ewrl@newbmhﬁa{%scar| nic receptors, M2, M3, M4 or
Mb. In the case of M and M4 receptors chinmeric Gprotein GgiS was al so
co-expressed to coupl e recept orFs cal cium signaling pathway. Briefly,

cells were plated (20, OOO(we d to grow overnight at 37
degrees. FLIPR experinent was r o t next day using the sane 39
‘l rotoc

WO 2007/ 036715 PCT/ GB2006/ 80 scri bed above for CHO ML
cells. Results were inported into Acti vrt s a anal ysis suite where

t he curves were anal ysed by non- | i near curve f|tt| ng and the resulting
pEC50/ pl C5 vaI ues at.ed. The ex unds are sel ective
for the M V‘%vgwﬁw%ﬂr@-&w 2R ey ERe A iRy

sel ect | vi t)PZ(?fé'i“an“"oﬁ" Bge=pigeyiding (20 e dmimgl)pnd iehlorometiape &3 ) %%%lgre@ 100-
fold. The |ahrﬁ@mfemneratyrerf9rirh@ﬁn dirgoths purified by pyomategrapilyl apveilling 9eleiting mi t i ng
exanpl es. MBAPR to ¢0% rtHanolirmdishiatometicdned Fartheo prifiestiop by MDA Inbexdinestethg r ever se

phase chr eimtaiaRdhy %t@ﬁ}[e%%é@aa@ym hase eluted with
ac onrtrrle/water/O %%formc aci d. refers to a sulfonic acid ion

change r p ed b ctr yer,e er 0 under
argon or ijrs?s%r@’ né£ undey ﬁa tﬁyleﬁd %@4‘3@{05? Eﬁ"et 'ﬁem &Ely%f’qg'xarrple
hydr ogenat |b6ﬂz‘ﬁ"é°!§é? rovky-pivegdiBecashaxylater (P4 £ yor o- 6- i 0do- 4- met hyl ani | i ne
(D7) F NH2 H3C i D1 A sol ution of 2- quoro 4-methylaniline (1.0 g, 8 mml)
(bought from Avocado, Lancaster | ch) in glacial acetic acid (10 m)
was treated with sodrumacetatet ate(229 16 mmol) then iodine
nonochl oride (1.3 g). After 30m terrperature aqueous

?‘34 .

Under an argon atmosphere, a mixture of 14-dioxane (3 mi), palladium 1,1
bis{diphenylphosphino)ferrocene dichloride (10% mol, 0.0623 mmol, ~ - x50 mg),
Na'BuO (2 eq., 1.26 mmol, 121 mg), were sonicated for 10 minutes at room temperature
C ~and 1,1-dimethylethyl  4-({[(2-fluoro-6-iodo-4-methylphenyljamino]carbonyl}amino)-1-
) piperidine-carboxylate (D3) (1 ed., 0.623 mmaol, 300 mg) was added at rcom temperature
and the mixture was refluxed at 80 °C for one overnight. The reaction mixture was cooled
to room temperature, poured onto NH,C! (saturated solution) and the aqueous solution
obtained was exiracted with ethyl acetate repeatedly; the organics were combined, dried
over Na S0, filtered and the solvent was evaporated to afford the crude compound (250
mg) that was purified by MDAP fo yield the title compound, 30mg, 11%.
'H NMR 8(DMSO, 400 MHz) 1.44 (9H, s), 1.68 (2H, d broad), 2.20 (2H, dddd), 2.32 (3H,
8), 2.85 (2H, s broad), 4.05 (2H, m broad), 4.30 (1H, m broad), 6.72 (1H, d), 6.90 (1H, s},
11.3 (1H, s broad).

41




sodi um bi carbonate / sodiumsulfite and di ethyl ether were added, and the
organi c phase was dried (MySO4), evaporated and chromatographed on silica
eluting with 0 to 30% ethyl acetate in hexane to give the title conpound,
370 ng. Description 2. 1-Fluoro-3-iodo-2-isocyanato-5-nethyl benzene (D2) N
‘ei~ oH'o/ r D2 A mxture of 2-fluoro-6-iodo-4-nethyl aniline (D1) (370
ng, 1.5 mml;v tri hosgene (150 ng, 0.05mmmol), and di oxan % was heat ed
at reflux fo 010?7/0 BIi n then cooled and evaporated to Eﬂ"’@%l ?%@3 % ude title
conpound. 40 WO 2007/ 036715 PCT/ GB2006/ 003590 Description 3.

L 1 Di et hybedchisiort#4.{ Bbale-ub yscRulre! aiCDifhotMloliyl RS THer B Wnethh-2-0xo-

carbony! } any BQlydrad GérzfhiBEART N WirRirebliboRidte by H C -~ ONO 2 O
I~11ff D3 A’m xture o

1-fl uoro- 3-iodo-2-i socyanat o- 5¢net hyl benzene from description D2,
4-am no-| - N-Boc pi peridine (200 ] | mol ), and di chl oronethane (3 m) was
stirred at roomtenperature den directly purified by chronmatography

on silica gel eluting wt % met hanol i n dichloromethane. Further
purification by MDAP (nmass- Sﬁl recte auto-purification) gave the title
conpound 300 ng. Description 4. 1, | met hyl et hyl

4- (4-fl uoro-6-nethyl -2-oxo-2, 3-di h 0-1 H benzim dazol -1
-yl)-1-piperidinecarboxylate (D4) F YjO H3IC Nb O D4 Under an argon
at nosphere, a mxture of 1, 4-dioxang (§/m), palladium1l,1'-
bi s(di phenyl phosphi no) f errocene di chl grirde 64%0% nmol , 0.0623 mmol, - x50 ny),
Nat BuO (2 eq., 1.26 mmol, 121 ng), were sonicated for 10 m nutes at room
t enperature and 1, 1-di math | et h
4- ({[ (2-f| udndsren ﬁ@é@ﬂmﬂﬁﬂﬁﬁy b\grﬁgﬁyﬁ) antimethexrdrsngtivensperione) palladium e
(0) (6% mol, 1.1 mmol, 0.9 g), 1,1-bis{diphenylphosphino)ferrocene (6% mol, 0.61 g), {
Na'BuO {2 eg., 36 mmol, ~3.5 g), were all dissolved in 1,4-dioxane (40 ml) and the system
was purged through with argon. The mixiure was stirred at room temperature for 15
minutes and 1,1-dimethylethyl 4-({[(2-bromo-6-fiuoro-4-methylphenyl)aminal-
carbonyllamino)-1-piperidinecarboxylate (D32) (7.7 g, 17.9 mmol) was added at room
temperature and the mixture was heated to 80 °C for 1.5 hours and then to 100 °C for
extra 2 hours; the mixfure was then cooled to room temperature, diluted with ethyl acetate
and the organic phase obtained was washed with water and brine. Organics were dried
over NayS0,, filtered and the solvent was evaporated to afford the crude product that
was purified by chromatography (ethyl acetate-n-hexane) to afford the title compound, 4.3
g, 70%, pale-grey solid, M* - H = 348.

Description 5. 4-Fluoro-6-methyl-1-(4-piperidinyl)-1,3- dihydro-2Hubenzimidazol-z-

one hydrochlaride {D5).
F
H
_ H ,\
Jous
HC N
HClI
N
H D5

1,1-Dimethylethyl 4-{4-fluoro-6-methyl-2-oxo-2,3-dihydro-1H-benzimidazo!-1-yl)-1-

piperidinecarboxylate D4 (0.072 mmol, 25 mg) was dissolved in dichloromethane (5 mi)
and was freated with HCI (3 ml of a 4M solution in 1,4-dioxane) at room temperature; the
mixture was stirred at room temperature for two hours. Solvent was evaporated fo afford
the title compound, mono hydrochloride salt, M* + H = 250.
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pi peri di ne-carboxylate (D3) (1 eq., 0.623 mmol, 300 ng) was added at room
tenperature and the mxture was refluxed at 80 C for one overnight. The
reaction m xture was cooled to roomtenperature, poured onto NH4C
(saturated solution) and the aqueous solution obtained was extracted with
ethyl acetate repeatedly; the organics were conbined, dried over Na2SO4,
filtered anqyd W eetiyent was evaporated to afford the ghids8ofassepund (250
ng) that was purified by MDAP to yield the title conpound, 30nmy , 11 % 'H
NVMR S(DVSO, 400 N+E% 1.44 (9H, - s), 1.68 (2H d broad), 2.20 (2H, dddd), 2.32
(3H, s), Peswintion, 53 br Serlg-up 4procedupey, AFlioprrBmethyl-ddd-piperigingi-hdoad) , 6. 72
(1 H d), Gilg0rot2H-bknzinidazdl-2-0Be hfdtocidoticleo@da). 41 WO 2007/ 036715
PCT/ GB2006/ 003590 Description 4a. Scal e-up procedure 1, 1-Di et hyl et hyl
4-(4-f|uoro-6-nethy|-2-oxo-

, 3-di hydr o- 1H benzi m dazol -Axy#) - 1- pi peri di necar boxylate (D4a) F H H3C N-O
Na Under an argon at nosphes °(3, 5 3, 5-
di met hoxy- di benzyl i deneadtf one) pal | adi um (0) (6% nmol, 1.1 nmmol, 0.9 g),
1, 1' - bi s(di phenyl phosphi no)ferr¢cene (6% nol, 0.61 g), Na BuO (2 sqg., 36
nnDI, -3.59), were all dissolv g 1,4-dioxane (40 nl) and the system was
purged through with argon. The m xturepsgs stirred at roomtenperature for
15 mnutes and 1, 1- dinethylethyl

4- ({[(2-br oy etguy[ [10- 4- ”%-Q-Ysu 'ﬁ?h{_«, % dihydro-1H-benzimidazol-1-y)-1-
car bonyl }an n§ i di hecar Pﬂf 3” ¥d9' .”LZ}“‘§ Iy9 was added -
at room t BRPEIEE %??d %x"f‘ﬁ% 42)o g’@ 5c fjﬁ?&%ﬁ fburs and
then to 109'°‘d°rf>@ﬁtha@£mﬁtaa@l ﬁ@aﬁfg@mliﬁ@v'fﬂmeafﬁé%é"ql (i@rpde 8dRemok 53¢ oom
tenper at ur &y ofck #Mtseldtion in H,4etidxge) at womttenpesiatdret he mixigramias sirredisé rasht ai ned was
ished wi t mpaiatire drdorar dvamightr GaRent Svases@pstatee tind Ghe Bolllaghtiided frad t er ed and

tC Eforsrglt \égptntm&d QURRRER Efler! 1B a?fBrEQﬁéjtlﬂeh@onﬁfoh%e( f?a*gﬁt?ﬁmg‘mgﬁﬁg' fl4eg by
70% pa?tﬁ‘g“ﬁé {1 %ﬁ‘gﬁd& e@a,g_q—: B%scrlptlon 5.

4. wor oSl bl A DARRIG o A kb ) m o701 -2+ one

hydr ochl or i

F
M

)(j o
CI Br

2-Bromo-4-chloro-6-fiucroaniline (5 mmol, 1.1259), bis(trichloromethyl) carbonate (1 4
mmol, 0.50 g) and 1,4-dioxane (10 mil) were mixed together and the mixture was heated
to 100 °C for 15 minutes; the mixture was then cooled o room {emperature and it was
filtered. The filtrate was concentrated to afford a mixture of products (2.2 g) containing
the title compound, M" + MeO = 283 (LC-MS run in methanol), .

D6

C-- Description 7. 1,1-Dimethylethyl 4-~{{[(2-bromo-4-chloro-6-flucrophenyljamino]-
carbonyl}amino)-1-piperidinecarboxylate (D7).

(ALK
| c1/©[ar\‘[°r \O\‘\g”)[/ -DT

1-Bromo-5-chlora-3-fluoro-2-isocyanatobenzene (D6} (4.4 mmol, 1.1 g) and 1,1-
dimethylethyl 4-amino-1-piperidinecarboxylate (1 eq., 4.4 mmol, 0.88 g} were mixed
together. Dichloromethane (5 ml) was added io the mixture at room temperature for 1
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HCI H D5 1,1-D nethylethyl 4-(4-fluoro-6-nethyl-2-o0xo-2, 3 d| hydro 1
H benzi m dazol -1 -yl )-1- piperidinecarboxylate D4 (0.072 mml 25 ng) was

di ssolved in dichloronethane (5 M) and was treated with HCl (3 M of a 4M
solution in 1,4-dioxane) at roomtenperature; the mxture was stirred at
roomtenperature for two hours. Solvent was evaporated to afford the title
conpound, nono hydrochloride salt, M + H = 250. 42 WD 2007/ 036715

PCTI GB2006/ 0¥8580"3% s cri pti on 5a. Scal e-up procedur e, FCT/GB2006/003550

4- Fl uor o- 6- et hyl -1 - (4-pi peridinyl)-1, 3- dihydro-2H benzi m dazol - 2- one

2)’?20? Ihljg; :)ﬁtﬁlr (iFabuwddhdakiPht (e tentd el@ﬁl?e tbr éneEHoﬁ'ﬁtMeﬂi \hjlg 1?y:jbasequently
pi peri di nec ar Box 612;%‘? Ea‘% oﬁaﬂ%&“@% gurﬂﬁfﬁ‘zag%ﬂq)% |ms ts o védtdlennﬂe

di chl or onet FAWEH (50 m/20m) and was treated with HO (10 eq.,
0.123 nol, -30 m of a 4Msolution in 1,4-dioxane) at roomtenperature; the
m xture was'HAVRPERMSO, 40004H2) § ZerfReh md. Uk (P1ors)Ing (Faidhni2fBi2H. sdrassht was
evapor at ed aaa(1Hhe), 4@3i(2H, el Badsritd] dhWa59 (1H,idt), 786 €iH, Wi 7.8 dHes)hyl et her to
afford the title conmpound (3.5g, about 12.3 mmol brown solid) as the nono

hydrochl ori g ibn Mt Heq gthyBRﬁrf” o cﬂ%rﬁﬁg&oﬁtﬂ%i%ﬁmyﬂfooﬂ—ﬁ
fl -2-
z-‘é‘r’éﬁo.z4'.iﬁ?% LA garngvﬂﬁ%i )% 250) . bis(trichl or omst hyl)

carbonate (1.7 mmol, 0.50 g) and 1, 4-dioxane (10 m) were m xed toget her
and the m xture was heated tO}leO Cfo 15 mnutes; the m xture was then
cooled to roomtenperature ’géo""as filtered. The filtrate was
concentrated to afford W N of products (2.2 g) containing the title
conpound, M+ + MeO = 283 (LC—h’T/i}un in methanol). Description 7.

1, 1-Di met hyl et hyl 4-({{(2-bron®-4jchl oro-6-fl uorophenyl)am noj - (]
xylate (D7). C Br O NY

7
o

Under an argon  atmosphere, 1,1-dimethylethyl  4-({{(2-bromo-4-chloro-6

- fluorophenyl)aminc]carbonyl}amino)-1-piperidinecarboxylate (D7} (1.09 mmol, 0.483 g),

1,4-dioxane (4.4 ml), Pd.dbas (0.05 eq., 0.054 mmol, 50 mg), BINAP (0.055 eq., 0.059

mmol, 37 mg), Na'BuO (1.5 eq., 1.63 mmol, 157 mg) were mixed together and heated to

80 °C under argon for 4 days. The reaction mixture was cooled to room temperature,

quenched with water and the aqueous solution obtained was extracted with ethyl acetate.

The solvent was evaporated and the crude was purified by MDAP. Fractions were

* collected and the solvent evaporated to yield the tifle compound, 15 mg, 3%, M’ - H =
368.

car bonyl }am no) - 1- pi peri di neca

Description 9. 6-0hloro-4—ﬂuoro-1-{4-p1pendmyl)-1 3-d|hydro-ZH-benmmldazol-z-

one hydrochloride (D9).
F
H
_ N
Joss
Cl 5
HCl
N
H - D9
1,1-Dimethylethyl 4-(6—Ch|oro-4—fluoro-2-oxo—2,3-dihydro-1 M-benzimidazol-1-yl)-1-

piperidinecarboxylate (D8) (0.203 mmol, 75 mg) and HC| (233 microlitres of a 4M
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> o D7 1-Brono-5-chloro-3-fluoro-2-isocyanatobenzene (D6) (4.4 mol, 1.1
g) and 1,1- dinethylethyl 4-am no-I|-piperidinecarboxylate (1 eq., 4.4 mol,
-0.88 g) were mxed together. Dichloronmethane (5 m) was added to the

m xture at roomtenperature for 1 43 WO 2007/036715 PCT/ GB2006/ 003590
“hour. THE (5ul) was added at roomtenperature for one hour. Solvent was
subsequent | wyo eapafdt ed and the crude obtai ned was pugdddmeoshyssoo

chromat ography to afford the title corrpound 0.6 g, 30% 1H NWR 8 (DWMVSO
400 MHz) 1.26 (21-1, m, 1.39 (9H, s), 1.77 (21-1, dd 2.86 (21-1, s .
broad), 3.56tiqninH,A-gipxane) ware miked ippethe. g gitredat gpom temperagure fgr tWel) . 7. 65
(1H, t), 7.hears( 19djvest) was Bapariegtio afford thelljtie-ddmpredridy metd yrdrochioride salt,

4- (6- chl or aoplleworversionpd + 3, 327l hydr o- | H

benzi m dazol - 1-yl ) - 1- pi per| di necar boxyl ate (D8). ~~ M~o0 CI N bND8 Under
an argon a {[(2-Dbrono-4-chl oro-6

fl uorophentl:F)gé ﬁ%ﬁgar %‘%’g m‘hﬁ%r)% @@l di necarboxylate (D7) (1.09 nmol,
0.493 g), 1,4-dioxane (4.4 m) Pd2dba13 (0.05 eq., 0.054 mmuol, 50 ng),

BI NAP (0. 055 eq., 0.059 rmmol, S7OR NatBuO (1.5 eq., 1.63 mmol, 157 ng)
were m xed together and heated to C under argon for 4 days. The reaction
m xture was cool ed to room tenperat{re,NO,quenched with water and the aqueous
sol ution obtai ned was extracted witk ethyl tate. The solvent was
evaporated and the crude was puri fied by I\/DA . Fracti ons vvere coI | ected and

t he sol vent evaporatedtoB/ eld the title ound, 15 % - H=
368. Descr lﬁpﬁqu(gﬁn gf 3,5-difluorophenol (1.3 g, 10 mmol) in dIC loromethane 50 ml) at C was

6- Chl or o- 4teatadwidh nitricacigi (P86 AT m 119 mmad- dhegeniiog bah wep rempdvechansd afler one
hy@r ochl or i3demif [28 yoonk- téthpefaiure the=&biutish h@khedHAIPO wated {Hanndeiet wivert y3$0,,
6- chl or @ittéted bind!6VaPordtedX OFhd, plodibthia! farifledHnDaIRE igal Eaddtogkaphly Jeluting
with 20 to 50% ethyl acetate in hexane to yield the title compound, 440 mg.

"H NMR 5 (DMSO, 400 MHz): 6.7 (2H, d), and 11.8 (1H, bs).

Description 11. 4-Nitro-3,5-difluoroanisole (D11).

O F

NO,
F D11

A mixture of 4-nitro-3,5-difluorophenocl (D10) (440 mg, 2.5 mmol), potassium carbonate
_ (600 mg, 4.6 mmal), iodomethane (1 ml), and dimethylformamide (5 ml) sfirred ovemight
Cf at room temperature then ethyl acetate and water added and the solution washed with
water then dried over MgSQ,, filtered and ‘evaporated to yield the title compound, pale
brown oil, 370 mg.
H NMR & (DMSQ, 400 MHz): 3.9 (3H, s) and 7.1 (2H, d).

Description 12. 1,1-Dimethylethyl 4—[(2-nitro-3;ﬂuoro-5-methoxyphenyl)amino]-
piperidinecarboxylate (D12).
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pi peri di necar boxylate (D8) (0.203 mml, 75 ng) and HC (233 mcrolltres of a
AM 44 WO 2007/ 036715 PCT/ GB2006/ 003590 solution in 1, 4-di oxane) were m xed
together and stirred at roomtenperature for two hours. Solvent was -
evaporated to afford the title conmpound, nono hydrochloride salt, conplete
conversion, M + H = 270. Description 10. 4-Nitro-3,5-difl uorophenol (DlO).
-HO ~ F [/ NO2 F D10 A solution of 3,5-difluorophenol (1,3 in

di chl or onet hgvr?em‘(’f%ﬁm) at OC was treated with nitri CPSBng"{aWQ 0 7 m, 10
mol ). The cooling bath was renoved and after 30 mn at roomterrperature
the solution washed with water then 'ed over MgS04, filtered and

evapor ated. The product was purified | | ica gel chromatography eluting
with 20 to 50% et hyl acetate in hexan o yield the title compound, 440 ny.
"HNVR S (DVMSO, 400 WMHz): 6.7 (2H, d), ,»and 11.8 (1 H, bs). Description 11.
4-Nitro-3,5-difluoroanisole (D11). O N2 F D11 A m xture of
4-nitro-3,5-difluorophenol (D10) (440 2 2.5 mmol ), potassium carbonate
(600 ng, 4.6 mol ), iodonmethane (1 m),| and di nmethylfornmam de (5 m) stirred
overnight at roomtenperature t S acetate and water added and the
solution washed with water then d d over MgSHA, filtered and evaporated
to yield the title conpound, pale fowD,0i |, 370 ng. 'H NVR S (DMSO, 400
Miz): 3.9 (3H s) and 7.1 (2H, d). Pescriptjgn 12. 1, 1-Dinethylethyl
4-1(2-nitro-3-fluoro5-nmethoxyphenyl)am no]- piperidi necarboxylate (012). 45

WO 2007/ 036715 PCT/ 302006/ 003590 Y 0OtO c% NH NO2 .
4-Nitro-3,5-diflucroaniscle  (D11) (370 mg, mmol) was dissolved in dry

dimethylformamide (3 mi) and diisopropylethylamine (0.4 ml), and1,1-dimethylethyl 4-
amino-1-piperidinecarboxylate (400 mg, 2 mmol) were added at room temperature. The
mixture was stirred at room temperature for 18h, then cooled {o room temperature and AL
water and ethyl acetate added. The organic layer was dried over MgSQ,, filtered and
evaporated, and the residue crystallised from diethyl ether to afford the title compound,

380 mg. M- H = 388.

T
A

Description 13a. 1,1-Dimethylethyl 4-[(2-amino-3-fluoro-5-methoxyphenyl)amino]-
1-piperidinecarboxyiate (D13a).

T
\f

N

l

0 NH
; :NHZ Lo

F D13a

1,1-Dimethylethyl 4-[(2-nitro-3-fluoro-5-methoxyphenyl}aming}-piperidine-carboxylate
{D12) (380 mg, 1 mmol) was dissolved in ethanol (10 mi) and Raney nickel (50% aqueous
suspension, 1ml) was added at room temperature; the mixture was heated to 40°C and
hydrazine monchydrate (0.5 ml) was added over dropwise. After 30 min more, the
reaction mixture was cooled to room temperature, filtlered through Celite and the solvent
evaporated. The product was purified by silica gel chromatography eluting with 20 to 50%
ethyl acetate in hexane to yield the title compound, 250 mg. M*- H = 340.
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F D12 4-Nitro-3,5-difluoroanisole (D11) (370 ng, 2 mmol) was dissolved in
dry dinmethyiformamde (3 ml) and diisopropylethylamne (0.4 m),
andl , 1-di net hyl et hyl 4- ami no-I - pi peridi necarboxyl ate (400 ng, 2 mmol) were
added at roomtenperature. The mxture was stirred at roomtenperature for
18h, then cooled to roomtenperature and water and ethyl acetate added. The
organi c | ayeyowasesenised over MgSO4, filtered and evapqmaipehsoass t he
residue crystallised fromdiethyl ether to afford the title conpound, 380
rrg MH = 368. Description 13a. 1,1-Di nethy

4-[ (2- am nDeserintigny H365_ b Riseethuiethyl 4a(ﬂ1ﬂHB']°“""I'eﬁﬁ°§¥é?1°6Pﬁéc%ﬂ‘%&9ﬁat e (Dl3a).
| 0t 0  Nbenziddazaifiy))-FpiperidnecarhioxpatePhk) et hy
~4-[(2-nitro-3-fluoro-5-net hoxyphenyl ) am no] pi peri di ne-carboxyl ate (D12)
(380 ng, 1 mmol) was dissolved in eth# Cl(,10 m ) and Raney nickel (50%
aqueous suspension, 1 m) was addedoat J% omtenperature; the mxture was
heated to 40C and hydrazi ne m)nohydrgl 0.5 M) was added over dropwi se.
After 30 min nore, the reaction m e was cooled to roomtenperature,
filtered through Celite and the sol ke evapor at ed. The product was
purified by silica gel chromabo aplly eluting wwth 20 to 50% ethyl acetate
in hexane to yield the title co un}l=0250’ ng. M- H = 340. 46 WD
2007/ 036715 PCT/ GB2006/ 003590 z I ption 13b. 1, 1-Di net hyl et hyl
4- (4-fiuoro-6-met hoxy- 2- oxo- 2, 3- di hydro- 1H b
benzi m dazol - 1-yl ) - 1- pi peri di necar boxyl at e( Dl%‘l% HyC ~CHy 0 ~~NN~O CH, "O
| N>=O N FD13bAmxtureof11d|rrethIe I
4-[ (2- ani nb- 3B 09fs- AdrdrBetyisiavy |‘}-H?rﬁﬁt9]=-3 tioro-5-methoxyphenyl)amino]-1-

_ - piperidinecarboxylate (D13a} (230 mg, 0.7 mmol), carbonyl diimidazole (150mg, 1.0
C . mmol), and tetrahydrofuran (6ml) was heated 1h at 50°C then partitioned between

dichloromethane and water. The organic layer was puwified by chromatography on
silicagel eluting with 0 to 10% methanol in dichloromethane containing 0.2M ammonia to

give the title compound as white crystals, 47%, 120mg, M"- H = 364,

Description 14. 4-Fluoro-6-methoxy-1~(4-piperidinyl)-1,3-dihydro-2H-benzimidazol- '

2-one hydrochloride (D14).
H

N “HCI
| Q
0 N
-
N
\
M

1,1-Dimethylethy! 4-{4-fluoro-6-methoxy)-2-oxo-2,3-dihydro-1H-benzimidazol-1-yi)-1-
piperidinecarboxylate (D13b) (120 mg, 0.33 mmol) was dissolved in methano! (2 ml) and
dichloromethane (1 mi) was treaied with HCI (4M in 1,4-dioxane, 1 ml) at room
temperature. The mixiure was sfirred at room temperature for 4h. then evaporated to give
the title compound, 100 mg. M*- H = 268,

Description 15. Diethyl 2-(2,3-difluoro-4-nitrophenyl)malonate (D15).
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pi peri di necar boxylate (D13a) (230 ng, 0.7 mmol ), carbonyl diim dazole
(150ng, 1.0 nmmol), and tetrahydrofuran (6ml) was heated 1h at 506C t hen
partitioned between dichloronethane and water. The organic | ayer was
purified by chromatography on silicagel eluting with 0 to 10% nethanol in

di chl or onet hane cont ai ni ng 0 2M ammonia to give the title conpound as white
crystals, 47% 120"&1 = 364. Description 14.

4- Fl uor o- 6- 5(4 pI perl d| nyl)-1, 3-di hydro- 2H beRZTHBEELYP? 2- one

hydr ochl orlde (014) ~N"HO O >=NO F H D14 1, 1-D net hyl et hyl

4- (4-fl uoro-6-nmet hoxy) - 2- oxo- 2, 3-di hydr o- 1FH benzi m dazol -1-yl) - 1-

pi peri di necar boxyl ate (D13b) (120 g, @.33A\nmmig, was di ssol ved i n methanol

(2 mM) and dichloronethane (1 nm). was t pd with HC (4Min 1, 4-di oxane,

| m) at room tenperature. The mMBOMLE W tirred at roomtenperature for
4h. then evaporated to give the title|conpound, 100 ng. M- H = 266.
Description 15. Diethyl 2-(2,3-difluor&0gtnitrop yl )mal onate (DI5). 47 WO
2007/ 036715 PCT/ GB2006/ 003590 F NO2 EtQ2C I / Et D15 To di et hyl

mal onate (5.1g, 32 mmol) in N-nethyl pyrrolidone (50m) at OC were added

sodi um hydr Ttudie(hxl Bjonates (otgl A2 mmoj) in ménetwlmrrmhqom {30mdr 8 ° s A9deRe (5. 4g,
31 mol ) i nsodivor bydeenét.Spyk B9%rio loil)dibere 26 HetrifiupreaitroBdn@neABt4gr 32 mredl) inoom

t enper at ur embleN-FeRgbyrdons $10neit REC. |ARO2hoA iR 8mperaTard tumaabﬂmrwede and

extracted 6J?eoetnm/|a &%ﬁg %Fn?non%Y&HWlde (d}{g%écteoemp%rﬁ't la@ftate 2NBry .
chr.omat ogr a | ol %{Srg%gP cf 8&0@2 prf%dJ uct"thé su!Q:a25A) et hyl
acetate in >¥ ,{e th d and

di et hyl 2- (‘2 e éﬂraﬁetéte 'P‘?xﬁlbﬁgﬁ‘ﬁf‘l ggﬂzﬂ’ Gniat @ h ctly in
D16. ' H NVR IWS@)?' difigeroGrptiophenydmalgnate yhich wsz!s?fmhrecfﬂwn DSB 45 and 5.6 (1H,- 2
s), 7.5 and' H MMB. §(DMEO, 200itiz)8 112 @, i), 48 (4HDess SraSENd &b (18, 2 s), 7.5 and \\_ 4
2, 3-Di f| uor pa4iH)i2tmphbhemy micetic acid (016). F F NO2

Description 16. 2,3-Difluoro-4-nitrophenylacetic acid (D16).

F
F NO,

HO,C+ |
D16

The mixture of diethyl 2-(2,3-diflucro-4-nitrophenyl)malonate and diethy! 2-(2,3-difluoro-6-
nitrophenyl)malonate from D15 (0.5g) was heated with 11M hydrochioric acid (Smi) at
reflux overnight then evaporated to give 320mg of the title compound (pale yellow solid)
as a 1:1 mixture with 2,3-diflucro-6-nifrophenylacetic acid. M - CO.H =172,

Description 17. 2,3.Difluoro-4-nitrotoluene (D17)

F -
F NO,

HC D17

The mixture of 2,3-difluoro-4-nitrophenylacetic acid and 2,3-diffuoro-8-nitrophenylacetic
acid from D16 (13.5g) was dissolved in dimethylformamide (100mi) and potassium
carbonate {8.5g) added. After stirring at 50°C for 30min the cooled solution was
partitioned befween aqueous hydrochloric acid and hexane. Drying (MgSO,),
gvaporation, and chromatography (0-5% ethyl acetate in hexane, 70g silica column) gave
3.2g of a 3.1 mixture of the title compound and 2,3-difluoro-6-nitrotoluene.
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HO2C 016 The m xture of diethyl 2-(2,3-difluoro-4-nitrophenyl)nal onate and
di ethyl 2-(2,3-difluoro-6- nitrophenyl)nmalonate from D15 (0.5g) was heated
-with 11M hydrochloric acid (5ml) at reflux overnight then evaporated to
give 320ng of the title conpound (pale yellow solid) as a 1:1 mxture with
2, 3-di fluoro-6-nitrophenylacetic acid. M- CO2H = 172. Description 17.

2, 3-Di fl uor evghotisdseas ol uene (D17) F F NO2 H3C | / DeércHieedissdour e of

2, 3-di fl uoro-4-nitrophenyl acetic acid and 2, 3-di fl uoro-6-nitrophenyl acetic
acid from P16 géﬁi ?’%) was di ssol ved in dinet h$/l f or mam de élOOrﬂ) and

pot assi um EHMBSHRMSC, 800hi2)a ddend 2818k Mist-? ARd 18 (1t 2589 615 Bdni n t he
cooled. solution was partitioned between aqueous hydrochloric acid and
hexane. Dr Pesuyiplibh 342, 3-difewepdnethiytanilina @i dy.nr omat ogr aphy (0-5% et hyl acetate
in hexane, 70g silica colum) gave 3.2g of a 3:1 mxture of the title
conpound and 2, 3-di fl uoro-6-nitrotolueneF 48 WD 2007/ 036715

PCT/ GB2006/ 003590 'H NVR S (DMSO, 409 ) nd:4 and 2.5 (3H, m, 7.3 and
7.6 (1H, 2 m, 7.9 (1H, n). Descriptioi 72% 3-di f | uor o- 4- et hyl ani | i ne
(D18). F F~NHZ H3C D18 The m xture 3-di f | uor o- 4- am not ol uene and
2,3-di fluoro-6-nitrotoluene from D1¥43.2g, 1&4gml) was dissolved in

et hanol (50nl) and Raney nickel (5m x 50% aqueous suspension) added. The’

m xture wag heat ed .tao 40C and drazi ne h ate (3.7m, 74 |) added in
portions 0\%@? mixtrR 97.2'3A‘ﬁﬁ3%9f°"i“ﬂmh tP'He'?ta"ﬂ(?‘éX ‘%ﬁ’@rﬁ'&fr??'@e%af?"bla%&)?' filtered,
and evapor 4% emollawas wdissolyesk Ingethansh (A0mi) e Bansyt viekeh (Bmick S8V oAteR4he and
wat er -at pilePensny addpd( NHEOMiyre avaa hoatad tco40°C and hydrazineatyolgate (SmI( B 25% et hyl
acetat e i Nmmish>6AB&) inOFviNE 406rB0RTIN. t ARert tht hére G ADWIME . miktiteNMR &oo(e@MSO, 400
M@)j 2.5 figkdd, Bd evpsrated Hind ¥R resiBudpaitibhed Betwddn fichibldmeane akEw&Ed Ption 19.
2)3-Difl uo&toﬁl%.f Wﬂﬁgll '(M‘g:é(.t)%l &féb&hﬂﬁ_, gl%l%ﬁromgtography (0-25% ethyl acetate in

hexane) gave 240mg of the title compound. ‘

"H NMR 3 (DMSO, 400 MHz): 2.5 (3H, m), 5.2 (2H, bs), 6.4 (1H, m), 8.7 (1H, m).

Description 19. 2,3-Difluoro-6-lodo-4-methylaniline (D19).
F.'
Fﬁwz
H,C |
A solution of 2,3-difiucro-4-methylaniline (D19) (240mg, 1.7 mmol) in glacial acetic acid
{2ml) was treated with sodium acetate trihydrate (440mg, 3.2 mmol) then iodine
monochloride (300mg, 1.8 mmol). After 30min at room temperature agqueous sodium
bicarbonate / sodium sulfite and diethyl ether were added, and the organic phase was

C dried (MgS0,) and evaporated to give the tifle compound, dark red gum (72%), 330mg.
H NMR 3 (DMSO, 400 MHz); 2.1 (3H, s), 5.2 (2H, bs), 7.3 (1H, d).

D19

Description 20. 2,3-Difluoro-6-iodo-4-methylphenyl isocyanate (D20).

o)

Z

F
F N

H,C t D20
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F~-NHZ H3C | D19 A solution of 2, 3- d|fluoro 4- nethylanlllne (Eﬂg) (240ng,
1.7 mol) in glacial acetic acid (2nl) was treated with sodium acetate
trihydrate (440ngy, 3.2 mmol) then iodine nonochloride (300ny, 1.8 mmol).
After 30nfn at room tenperature aqueous sodi um C bi carbonate / sodi um
sulfite and diethyl ether were added, and the organic phase was dried
(MgSH) and evaporated to give the title conpound, dar 29 ,
330ng. ' H NWY ‘(@R%é%i 400 MHz): 2.1 (3H, s), 5.2 (2H, F%@Se,,ﬂmg%}@}s%%, d).
Description 20. 2,3-Difluoro-6-fodo-4net hyl phenyi fsocyanate (D20). F O ~
H3C | D20 A riluréCor2£)8-¢i0cks-é-iduio AGRéthyliind /00 3B ing\ 12 Xhrusig tofhosgene
2, 3-difluorgs cﬁni %dpmﬂqorfeédayd.@@h éérﬁlgwﬂﬁeaée%@fmwclfoﬁm'tﬁen sdoleBlpggene

(150rrg, 0.5, %dtogsl'\g é@er}m e[ ﬂmgﬁ or 15m n then cool ed
and evapora e cru used

I'rectly in the next
step. Description 21. 1- D et hyl et hyl :
4- ({[ (2, 3- dPescriptien &1 addllmww méﬂlm '§H9fﬁtﬁrl°d°-4-methylPheﬂy')am'""l'
car bony| } antarbgnyllapinedipileridivacdsooxylate éDR1D21) F FH NYN Hol ~ o --ON O-
/CH3 3 dl 30 CH3 D21 A m xture of the crude
2, 3-di fluoro-6-iodo-4-nethyl phenyl jsocyanate from D20, 4-am no- 1-N-Boc
pi peri di ne (480ng), and di L e (5ml) was stirred at room
tenperature for 16h then e ed an ecttHIy purified by chronatography
on silica gel 20g el utingc acét ate in hexane to give the
title compound, 300ny. M- H = 494 Desc c|E)t:|+|on 2834 1, 1- Di net hyl et hyl
4-(4,5-dif|uoro-6 nethyl 2- 0X0- 2, 3-di hydro-1

benzi m dazol - 1-yl ) - 1- pi peri dl necar boxyl at e FH N _HICN
A mixture of the crude 2,3-difluoro-8-iodo methylphenyl !socyanate from D20, 4-amino-

1-N-Boc piperidine (480mg), and dichloromethane (5ml) was stirred at room temperature
for 18h then evaporated and directly purified by chromatography on silica gel 20g eluting
with 10-50% ethyl acetate in hexane {o give the title compound, 300mg. M- H = 484,

€ conpoun

P

Description 22, 1,1-Dimethylethyl 4-(4,5-difluoro-6-methyl-2-oxo0-2,3-dihydro~1H-
_ benzimidazol-1-yl)~1-piperidinecarboxylate (D22),

S

)\OCH
s

H, ‘._r
H,C D22

1,1-dimethylethyl 4-({[(2,3-difluoro-6-iodo-4-methylphenyl}aminojcarbonyl}amine)-1-
piperidine-carboxylate D21 was dissolved in 1ml dioxan. Under an argon atmosphere, a
mixture of 1,4-dioxane (3 ml), Pd.dbas (35 mg, 0.4 mmol), Na'BuQ (120 mg, 1.20 mmol),
and 1,1-bis(diphenylphosphino)ferrocene (21mg, 0.4 mmol) was stirred for 10 minutes at
room temperature and then  1,1-dimethylethyl  4-({{(2,3-difiuoro-6-icdo-4-
methylphenyhamino]carbonyl}amine)-1-piperidine-carboxylate D21 (300 mg) was added
and the mixiure heated at 80 °C for 2h. The reaction mixture was cooled to room
temperature, quenched with NH,CI (saturated solution) and extracted with ethyl acetate,
Drying (MgSQ4), evaporation, and crystallisation from diethyl ether gave 150mg of the fitle
compound. M - H = 366,
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b M\ OCH3 CH3 H3C 022 1, 1-di nethyl ethyl

4- ({[ (2, 3-di fluoro-6-iodo-4-net hyl phenyl ) am no] car bonyl } am no) - 1-

pi peri di ne-carboxyl ate D21 was di ssolved in 1m dioxan. Under an argon
at sphere a mxture of 1,4-dioxane (3 m), Pd2dba3 (35 ng, 0.4 mmol),
Na' BuO

0.4

(120 ng, 1.20 mml ), and 1,1 -bis(diphenyl phosphino)ferrocene (21ny,

nmol ) j for 10 mnutes at roomtenperat n

1, 1-di et hm%y{(ﬁiﬁ?{[w 3-di fl uoro-6-iodo-4- PEfrafflol S

met hyl phenyl ) am no] car bonyl } am no) - 1- pi peri di ne-car boxyl ate D21 (300 ng) was

added and the m xture heated at 80 C for 2h. The reaction m xture was

cool ed t o Desdriptibe@p.c4,8iDiflro-guttinne d4-pipehdih - CB-djisalre:2Hhbentzimbdapdlt on) and

extracted Woh@h?én’ﬁbfﬂﬂoﬂ&@%l}”z@ﬁ Drying (MgSO4), evaporation, and

crystal lisation fromdie et her gave 150ng of the title conmpound. M- H
366. 50 WD 2007/ 036715 PCT/ GB20§6/ 003590 Description 23.

4, 5-Di fluoro-6-nethyl.|-(4-pipgeridingl)-1, 3-di hydro-2H benzi m dazol - 2-one

hydrochl ori de (D23). F F H |, $3C HCI H D23 1, 1- Di net hyl et hyl
4- (4, 5-di fluoro-6-nethyl -2- oxps ydro-1 H benzi m dazol -1-yl)-1-
pi peri di necar boxyl ate D22 (15Gng, 0.4 | ) was dissolved in dichloronethane

(5mL) and treated with HCl in 1,4-d{oxane (1 mM x 4M at roomtenperature
for 4h. Solvent was then evaporatedtg gfford the title compound, 120nyg.
Mi+ H = 268. Description 24.5- Brono-1, 3+ di fl @@K0- 2- ni trobenzene (D24) Br F
NOz F D24 To a suspension of sodium perborate tetrahydrate (1.78 mml, 0.27

10 m  of d d at 65C dd | uti f
P b oms- 514 RGbd il B el 05 LB iRt Py
plpendmecarboxy ate D22 (150mg, 0.4 mmol) was dissolved in dichloromethane (5ml)

fj f_ and treated with HClin 1,4-dioxane (1 ml x 4M) at room temperature for 4h. Solvent was
’ then evaporated to afford the title compound, 120mg. M*+ H = 268,

Description 24. 5-Bromo-1,3-difluoro-2-nitrobenzene (D24)

Br F
/T\ NO,

F D24

To a suspension of sodium perborate tetrahydrate (1.78 mmol, 0.27 g) in 10 mi of acetic
acid stirred at 65°C was added a solution of (4-bromo-2,6-diﬂudrophenyl)amine (1.78
mmol, 0.42 g, 1 eq.) in 5 ml of acetic acid over one hour dropwise, The reaction was
heated at 65°C over 3 days. Sodium perborate teirahydrate (2 eq., 3.56 mmol, 0,54 g)
was added again. After 3 hours, sodium perborate tetrahydrate (1eq., 1.78 mmol, 0.27 g)
was added again. Additional sodium perborate tetrahydrate (3eq., 5.34 mmol, 0.81 g}
C‘ was again added. The reaction was then left overnight at 70°C under refiux and under
. argon. The solution was then cooled to room temperature and poured onfo ice and
extracted with ethyl acetate (2x). The combined orgariics were washed with water and
brine. The organics were dried aver MgS0Q,, filtered and the organic solvent was removed
under reduced pressure to afford the crude product which was purified by silica
chromatography (ethyl acetate-4% n-hexane 96%) to afford the title compound, 0.29 g,
68%.
*H NMR B (d*DMSO, 400MHz): 7.964 (2H, d).

Description 25. 5-Cyclopropyl-1,3-difluoro-2-nitrobenzene (D25)

51.




mmol, 0.42 g, | eq.) in 5 nm of acetic acid over one hour dropw se. The
reaction was heated at 65C over 3 days. Sodi um perborate tetrahydrate (2
eq., 3.56 nmol, 0.54 g) was added again. After 3 hours, sodium perborate
tetrahydrate (leq., 1.78 mmol, 0.27 g) was added again. Additional sodium
perborate tetrahydrate (3eq., 5.34 nmmol, 0.81 g) was again added. The
reaction was then | eft overnight at 70C under reflux and under argon. The
sol ution wasWHEWBES ed to room tenperature and pour e§CHRBYIGWE'4nd
extracted with ethyl acetate (2x). The conbi ned organi cs were washed with
water and brine. The organics werg dried over MgSH4, filtered and the
organi ¢ solvent was renoved unde edaced pressure to afford the crude
product which was purified by silica omat ography (et hyl acetate-4%

n- hexane 96% to afford the title conpg p,0.29 g, 68% 'H NWVR 6 (d6DVSO,
400MHz): 7.964 (2H, d). Descri ption E

25. 5- Cycl opropyl -1, 3 d| fluoro-2-nitrobenzene (D25) 51 WD 2007/ 036715

PCT/ GB2006/ Q03590 oro nltrob nzene (,D24, 560
. 235 mi %- fs%%mecﬁg%]ség v 28 e b BPROERB B2 000
eq., 7.1 mbliéd. J? B (8G9, 73 mgmplhR 0), MRBs 4T eg;)za%amwa@ h3)4 ( 280
ngy) were ad dkand th(F’?haﬁ ( 20 rey) ylete(ﬂdéﬁﬁe 3anl 6f dritelugnecenst the mixture wag kagtedpy

m crowave aby hs@@afoat ¥0°Criondd eimuted. hEhenmbiter veasvihen pduesdl qntounvadelr (G ) vvater (10
M) and exbfskediediviii &kl cetate Ba0M)( SREOINbined Ggsabidre diried @asr cs wer e

dried over ggé%lteréd bdaRhEoraRtwds a t¥@ﬁtaﬁ%%6§%%pcﬂﬁaﬁ:knﬁ%ﬁo‘é piddugr d 660 ng

of brown cr ﬁbl’ﬁ%ﬁ') b%"lgé’gg'%ﬁrg&%ﬁ’bffg?ﬁg 5& iﬁ %?4?1 eeﬂl%{)ﬁggﬁnd as

5-20% di et
L vel e comppuige 21 . 160 (211

a yel l ow oi P
m, 2.55 (1H4\IMR)5(0| MBD, (OGHHzY) 1. 37(%@r1§@(2b1nm28551 umm b 8% hy| {5
4-1(5-cycl opropyl - 3-fl uoro-2-ni trophenyl)am no]-1- piperidi necarboxylate ~
(026) o N es iom\@6. 1,1=Dwnethylethyl 4-[{5-cyclopropyl-3-flucro-2-nitrophenyljamino]~1-

piperidinecarboxylate (D26)

s
Y

N .

NH

NO,
E D26

To a solution of 1,1-dimethylethyl 4-amino-1-piperidinecarboxylate (1 eq., 1.51 mmol, 302
mg) in dry dimethylformamide (10 ml), diisopropylethylamine (1eq., 1.5 mmal, 0.26 mil)
and 5-cyclopropyl-1,3-difluoro-2-nitrobenzene (D25, 1 eq., 1.51 mmol, 300 mg) were
added at room temperature and the mixture was sfirred under argon at 120°C overnight.
The crude mixture was then cooled to room temperature and poured onto water (10 mi).
The aqueous solution was extracted with ethyl acetate (3x100 mi) and the organics were
combined and washed with water and brine alternately (5x100 ml), dried over NazSO,,
filtered and the solvent was evaporated fo afford the crude compound which was purified
by chromatography (30% ethyl acetate-n-hexane 60%) to yield the title compound; 300 g,
0.79 mmol, 52%, M - H = 378.

Description 27. 1,1-Dimethylethyl 4-{(2-amino-5-cyclopropyl-3-fluorophenyl)amino]-
1-piperidinecarboxylate (D27)
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To a solution of 1,1-dinethylethyl 4-am no-I-piperidinecarboxylate (1 eq.,
1.51 nmmol, 302 ng) in dry dinethylformam de (10 m ), diisopropylethylam ne
~(leqg., 1.51 mmol, 0.26 M) and 5-cyclopropyl -1, 3-di fl uoro-2-nitrobenzene
(D25, 1 eq., 1.51 nmol, 300 ng) were added at roomtenperature and the

m xture was stirred under argon at 120C overnight. The crude m xture was
then cool edw@bAREns enperature and poured onto water pckfipidoseosssdhe aqueous
solution was extracted with ethyl acetate (3x100 ml) and the organics were
conbi ned and washed with water and brine alternately (5x100 m), dried over
Na2SO4, filtered and the sol vent wa\q<evaporat ed to afford the crude
conpound which was purified by chro raphy (30% et hyl acet at e-n-hexane
60% to yield the title compound; 300 § 0.79 mmol, 52% M- H = 378.
Description 27. 1,1-Di nethyl et hyl ' '

4-[ (2-am no-5-cycl opropyl 3-fl uorophenyl JJam no] - 1-pi peri di necar boxyl at e
(D27) 52 WD 2007/ 036715 PCT/ GHOG/ 00390 010 NH NH NHz F (D27)

1, 1- Di et hyl et hyl
4-[ (5-cycl opropyl -3-fluoro-2-nitr
(D26, 0.8 mml, 300 ng) was dissol wd™ny MeOH (15 nl) and it was reduced by
THALI S H CUBE apparatus (bought from Asyn@gz;, sing a palladiumcartridge.
The process yi eI ded 280 ngs of the title ngound corrpl ete conversion, M
g scription . 1, 1-Dimethyl et h

4 ( 6- CyCI 0 tbyjfetwl uﬂ){(g cgc_lqymylﬁ @_oaq ?1 HQRgep)m_ammo] 1-p|perrd|necarboxylate
benzi m daz(®26,0.§ mmol,-360 ed wes dle%fﬁﬂ)wm €15z and ipwas-red@ed by THAKS( D28)
1, 1- Di met hijdCuiBEy#pparatus (bought from Asynt) using a palladium cartridge. The process

4-1-(2- am ngel§adc260! ro«pwltméccf @J{QOBJW[B{éM\%er@ﬁ M--awecainessocar boxyl at e
(R27, O. 88ﬁemml ?833 ng) was 5Bssol ved in of tetra(hygrofuran and CDI

1,1 dil Q 3
(1,1 (oxopmiliphesiay P PimhybiCes ﬁ%&f‘%?%%‘&bf 3R IR Snder
ar gon. ExtPea*zwﬁaz ol-1-viiy) -piperisiinesgrboyylale (P38 ) was added and the mixture was

refluxed for two extra hours. The m xture was cooled to roomtenperature
and the solvent was evaporated to affo t he

J

o

Ay
FooH (D28)
1,1-Dimeathylethyl 4-(2-amino-5-cyclopropyl-3-flucrophenyl)amino]-1-piperidine-
C" carboxylate (D27, 0.80 mmol, 280 mg) was dissolved in 4 ml of teirahydrofuran and CDI

(1,1'-{oxomethanediyl)bis-1H-imidazole) (2.5 eq., 2.0 mmol, 0.33g) at room temperature
and the mixture was stirred at 50°C for one overnight under argon. Exira CDJ (1 eq.,
0.13g, 0.80 mmaol) was added and the mixture was refluxed for two exira hours. The
mixture was cooled to room temperature and the solvent was evaporated to afford the
crude compound which was purified by chromatography (ethyl acetate (50) -n-hexane
(50)} o yield the title compound, 102 mg , 36%, M"- H = 374.

Description 29, 6-Cyclopropyl-4-fluore-1 -(4-piperi&inyl)-1 »3~dihydro-2H-
benzimidazol-2-one hydrochloride {D29)
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crude conpound which was purified by chromatography (ethyl acetate (-50)
-n-hexane (50)) to yield the title conpound, 102 ng , 36% M - H = 374.
Description 29. 6-Cycl opropyl - 4-fl uoro-1-(4-piperidinyl)-1,3-di hydro-2H
benzi m dazol - 2- one hydrochl oride (D29) 53 WD 2007/ 036715 PCT/ GBZOOG/ 003590
N HC >=o0 NF H (D29) 1, 1-Di nethyl ethyl

4-(6-cyclopro 4-f| uoro- 2- oxo- 2, 3-di hydro-1 H benzi m dazol (P

pi peri di necaWB&W P367%¥ (D28, 0.28 mol, 107 ngy) was di s%%ﬂ“ﬁfoﬁ%ﬁ M of

di chl oronet hane and treated with HCl (1 m of a 4Msolution in 1,4-dioxane)
at room tenperature and the mxture stiffred at roomtenperature for 3
hours. The solvent was evaporated to 6t the title conmpound, 100ny, O0.32
nmol , conpl ete conversion, M + H = 276,/ Description 30.

4,5-Di fluoro-6-nethyl-1-[1-(4-e6yanotet ydr o- 2H pyr an- 4-yl ) - 4-

pi perl dinyl]-1, 3-dl hydr o- 2H benzigi | -2-one (D30) 0 p H3C >-p F F (D30)
4,5-Di fl uoro-6-nethyl -1-(4-pi pe(d 3- di hydr o- 2H benzi ni dazol - 2- one
hydrochl oride (D23, 90ng, 0.3 nmolf) Whs converted to its free base using
SCX, and this was then m xed withFtetFahydr H pyran-4-one (100nmg, 1.2
nmmol ), acetone cyanohydrin (100ng, 1.2 mol gmémagnem um sul fate (0.33g) and

di net hyl ace ) , Jhe m x der. t r eam of
argon at 60%15??\%9&?#93?3(? 1&6—9}&8&99}{ ﬂﬁ?{ ( '%8?&@?’(8%@ snzi d(?%?iq S1or onet hane.
Dryi ng and RREEEBPATONYIALE A (R28: Hb2& ryadlal | 19e Ma) ¢ o8 disspistthdn £ T o i et hyl
et her, 70nydichlapmgiare qr@medﬂﬁom)ﬁ mi o 21418 splutign in)1,4-gioxpne) gt rgomgH, ),
2.3 ( 3H d) temBerdtutd. &nd(tddimixtung stirted Bt fdbinh techperatre?fot 3 Houns) , The sOIvérit wes ) .
Descri pti onevdgoeratdd B AR the fitleWampouthd DR (EE thinbe cdniplete corérsion, Wr-+8

= 276. (

Description 30. 4,5-Difiuoro-6-methyi-1-[1-(4-cyanotefrahydro-2H-pyran-4-yl)-4-
piperidinyf]-1,3-dihydro-2H-benzimidazol-2-one (D30)

o
F i

F (D30) :
4,5-Difluoro-6-methyl-1-(4-piperidinyl)-1,3-dihydro-2H-benzimidazol-2-one hydrochioride
(D23, 90mg, 0.3 mmol) was converted to its free base using SCX, and this was then
mixed with tetrahydro-4H-pyran-4-one (100mg, 1.2 mmol), acetone cyanohydrin (100mg,
1.2 mmol), magnesium sulfate (0.33g) and dimethylacetamide (1ml). The mixture was
stirred under a slow stream of argon at 60°C overnight, then partitioned between water
and dichloromethane. Drying and evaporation gave the crystalline titte compound from
diethyl ether, 70mg.

'H NMR 3 (DMSO, 400MHz): 1.6-1.8 (4H, m), 2.1 — 2.4 (8H, m), 2.3 (3H, d), 3.2-3.5 (dH,
m), 3.9 (1H, d), 4.2 (1H, m), 7.0 (1H, m).

Description 31. 2-Bromo-6-ﬂuoro-4-methyianiline (D31)
By .
: [ NH,
¥ D31
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F D31 54 WO 2007/036715 PCT/ GB2006/ 003590 A stirred sol ution of

4-met hyl -2-fluoroaniline (15g, 0.12 nol) in acetic acid (120m) at 15C

- under argon was treated portionwi se over 20 mnutes with solid

N- br omosucci ni mde (24g, 0.135 nol), then allowed to warmto room
tenperature and stirred for 1 hr. The reaction mxture was treated W|th
wat er (500mwo toaglosexsracted with ethyl acetate (2 x  3QQ¥dBre06bé3S90cONbi ned
extract was washed with water (2 x 500nl), then excess 10% Na2CO3 sol ution
(400mL). The ethyl acetate solution was dried (Na2SO4) and concentrated
under vacuumto |eave the title conpound as a dark red oil (24.Qy, 98%. 'H
NVR a ( CDCAStiradaiinted of £metyl(23dpros)iline3 185 0.(12 kiol) lir acslic adsd A80niIL& 1580 , 7. 02
(1H, s). Deserdrgdni was G@atedl pdriidAwiget st e ythutes with solid N-bromosuccm\mide

4- ({[ (2- br onm- 6184 HRHOMEn %ﬁ\@b{ |td)ﬂ§r'ﬂwo)rbom temperature and stirred for 1 hr.
ani no] car booy l E\ ngs % O LNYQ)( C

RO R
~1 7 D32 2 3
di ssol ved © ncijlfmrha C(S)Q'& gtz%?w%’ 3o %I’f) g%ﬁ b %1te (9,3
mol , -2.7N§ %§°I%Pde&i403{" T OOME € %‘?eéﬂt%rsé‘luﬁ%l wage drigdy (#2800 s heat ed to
60 C for 15oneepitatessundeitvapuunniadeavé tha taﬂﬁw@nundaspad@ redoil 2410gr98%6)f urt her 15
m nut es. THeNMRE (CDELMIDMHAE 2,22 (3, 8)1 3196 (2H) bre)} &np@Had)ur.e2 (1Hf é)l t ered and t he
sol vent was thoroughly evaporated; the crude was redi ssolved in

di chl 0 hI
4I gm ?\I)OTEH&Q& t%ﬂ nh) quﬁ é]mjei y 1"’°"T°“"“'i%’.‘"z‘""d‘5‘*“¥ﬂ'ﬁ‘%e"3’3aed at room
terrperaturg"@e ‘S'fé " é”‘fﬁ"g‘? 8?35 HSE ed at roomtenperature for

1.5 hours, the solvent vva then evapor at ed totally and the crude nmterial
~then left under vacuu ﬁr HO m nutes; dichloronethane was added again

.-t he m xture obtaine to afford the solid that is the first
batch (5.2 g) of the d dgro uc e _sol vent was evaporated fromthe
organic filtrate and"%he ™ xBure was re-dissolved into

di chl oronet hane and filtered again toQafford D32e second batch (1 g) of. the
desired product; the solvent was evaporat ed fromthe organic filtrate and

the m xtur il again,
washed wi tgs?%ﬁﬁ%n ? [ lgﬁﬁnﬂﬁ Qﬁ é?)h@?ﬁ \%’4 aiéch%ﬁ m 24tlt gld@ba? ch
(1.5g) of Wi’enﬁe ga(“ 85’{[\@% % (%g hgga s cagﬁ%q afford
7.7 of t kevere AR b ks WFB gznu } wes)thep oot
4- FI uor o- 6uprst WI°C for[atiunthes 5 mﬁwﬁoTwww&wm gooled i foem tenpgpatire] | 3-
di hydr o- 2Hfilleeetz mnd dieez sblvéht oves thpaughih legapodsed; Bha)crude was redissolved in
dichloromethane (40 ml) and 1,1-dimethylethyl 4-amino-1-piperidinecarboxyiate (2 eq., 51
mmol, ~10.2 g) was added at room temperaiure very siowly. The mixture was stirred at
room temperature for 1.5 hours, the solvent was then evaporated totally and the crude
matetial was then left under vacuum for 10 minutes; dichloromethane was added again
and the mixture obtained was filtered to afford the solid that is the first batch (5.2 g) of the
5 desired product; the solvent was evaporated from the organic filtrate and the mixture
C,' obtained was re-dissolved inio dichloromethane and filtered again fo afford the second
batch (1 g} of the desired product; the solvent was evaporated from the organic filtraie
and the mixture obtained was re-dissolved into diethyl ether, filtered again, washed with
methano! then with diethyl ether o afford the third batch (1.5g) of the desired product.
The three batches were combined to afford 7.7 g of the titie compound, 70%, M* + H =

432.

Example 1a.  4-Fluoro-6-methyl-1-[1 -(tetrahydro-ZH-pyran-4-yl)-4-piperidinyl]-1,3-'
dihydro-2H-benzimidazol-2-one hydrochloride (E1a).

55




55 WD 2007/ 036715 PCT/ GB2006/ 003590 2 H3ON O HOI HF Ela

4- Fl uor o- 6- et hyl - 1- (4- pi peri di nyl) -1, 3-di hydr o- 2H benzi m dazol - 2- one
hydrochl oride (D5) (0.072 mmol, 21 ng) was dissolved in dichloronmethane (2 -
m) and triethylamne (3eq., 0.216 mmol, 30 microlitres),

tetrahydro-4H pyran-4-one (7 eq., 0.5 mol, 47 nicrolitres) wer e added and
the m xture d at romntemmrMUrefor]ﬂ m
trlacetoxyboﬁﬁﬁvgﬁyégp(7 eq., 0.5 mmol, 106 ngy) was added 5?&§@%#P
tenperature and the n1murevmsstwredatroomtemmrMureforone

overni ght. Reaction mxture was quenchied with NaHCO3 (saturated sol ution)
and diluted with dichloronethane; thet phases were separated and the
organi ¢ sol vent was evaporated to afférd the crude product. The crude
obt ai ned was dissolved in 1,2-dichlgrogthane (3 m) and triethyl am ne

(3eq., 0.216 mmol, 30 mcrolitres), trahydro- 4H pyran-4-one (7 eq., 0.5
mmol, 47 mcrolitres) were mdded _again and the mxture was stirred at room
tenperature for 10 mnutes; SO n1}£macetdﬁyborohydr|de (7 eq., 0.5 mol,
106 ng) was subsequently added™; oom tenperature and the m xture was
stirred at roomtenperature for 8 extra hoursgqReaction mxture was
quenched with NaHCO3 (saturated solution) and diluted with dichl oronethane;
the two phases were segarated and _the organi ¢ sol yent masﬁwé Eora ed to

afford the &FYerR-SIPSairdv-PiRgidingerd: 3;94.“5’?"1‘" eRIMdRFbARND Y Y anol - NH3-
di chl or orret (§é)fé mntch 24f @rwas dissolved In dichloromethane (2 ml) and tnethylamlne (3eq.,
4-f | uor o- 6- ietéhminel] 3¢ inicfdliges)athtyahydro-2H-yyanalroné-(Y ley; 4.5pnipey 4T mivydliires)
1, 3-di hydr Owé’rbl-aH@édZéﬂﬂ e atturd w2B &tirrskiOatfHom té%ﬁ%l‘attﬂ!’b for 1d mlnataéz, sh‘kiﬂﬁrﬁh vvas
converted tg ?&éﬁwﬁa' fed;lSﬂ: 8 thmblVh 5830 02 i robih Réiperatire DAY

ne Ve

400 MHz, H lh t2 om 3F£e% d)nlt %v (3H ‘s)
e A

2.80 ( 2H
6.75 (1H, d engh
remai ni ng 1 %?%Wﬁlesseﬁéfﬁteél%’é éFGh PHRRIC jsAlvery ﬁ’@@t ‘?Vﬂﬁs?réﬁﬁ Hhe Pe-up
procedur e ugbdgt dlhearudabbiisepwacdisssivedlin Al2dichipréstmpe I(fyllnl) Iandg triethylamine
(tetrahydr of3gdd; pyenemmely BY -rierpiitiee); itstianytrd-4H-pFranlitlonel r(0- & e naingl, dazol - 2- one
free base ffgtditresp HelddBS &M Bd e RRbEBLAL08RE 3D dm temperature for 10

minutes; sodium triacetoxyborohydride (7 eq., 0.5 mmol, 106 mg) was subsequently

added at room temperature and the mixture was stirred at room temperature for 3 extra

hours. Reaction mixture was quenched with NaHCO; {saturated solution) and diluted with

dichloromethane; the two phases were separated and the organic solvent was evaporated

to afford the crude product that was purified by chromatography (mesthanol-NHs-

dichloromethane) to afford 4—ﬂuoro-6-methyl-1-[1 ~(tetrahydro-2H-pyran-4-yl)-4-piperidinyl]-

1,3~dihydro-2H-benzimidazol-2-one, 10 mg , 42%, M* + H = 334, which was converted to

the HCI salt using 1M HCI in diethyl ether.

'H NMR § (DMSO, 400 MHz, HCI salt) 1.74 (2H, m), 1.91 (2H, d), 2.03 (2H, d), 2.34 (3H,

s), 2.80 (2H, q), 3.17 (3H, m), 3.34 (2H, m), 4.00 (2H, dd), 4.56 (1H, m), .75 (1H, d), 7.31 [

(1H, s}, 10.5 (1H, s broad), 11 .35 (1H, s broad); remaining 'H signals not discernible in

spectrum

Example 1b. Scale-up procedure using alternative process. 4-Fluoro-8-methyl-1-[1~
(tetrahydro~-2H-pyran-4-yl)-4-piperidinylj-1,3-dihydro-2H-benzimidazol-2-one free
base (E1b)
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OP HBN o | H_F ED

4- Fl uor o- 6- et hyl - 1- (4- pi peri di nyl) -1, 3-di hydr o- 2H benzi m dazol - 2-one (12.5
mmol, 3.6g9) (Dba) was dissolved in dichloronethane (50 m), :
di i sopropyl et hyl am ne (3eq., 37.6 nmol, -6.4 m), and

tetrahydro-4H pyran-4-one (4 eq., 50 nmol, -5 g) were added in that order
at room t enpeo abweze7issodi um tri acet oxybor ohydri de (3 eerT/cRd66osw0l , -8 Q)
was added at roomtenperature and the m xture was stirred at room
tenperature for one overnight. Thegreaction mxture was diluted with

di chl oronet hane (100 m) and quenghed with NaHCO6 (saturated aqueous
solution); methanol was added to dhssolve the solid which developed in the
organi c |l ayer; the two phases werayseparated and the aqueous:phase was
extracted wi th dichloronethane (£x)} the conbi ned organics were washed with

brine, dried over Na2SO4, filte and the sol vent was evaporated to afford
3.8 g, 92% The nmaterialbs Nturated with diethyl ether and filtered to
afford 3.6 g title conpound. Qas di ssolved in MOH DCM and 2 eq of HC
(IMin Et20 were added. The Hure was stirred at roomtenperature for 10

m nut es, sol vent was evaporat%d and the&lisolid was triturated with Et20to
af ford anot her batch, 3.8g, pale grey solid. '"H NWR 6(DVBO 600 MHz, free
base) 1.45 (2H, m, 1.70 (41 1 , 2.25(4H, m, 2.33 (3H, s), 2.48 (1 H,

m, 3.01 (%-'ﬁuoﬂ?e- F% ejs? a(«c?'z'h-be Aimidazb2-brid 12’9mm9t 63 1H ),
3; g?uo§ éHei%)w §di @m‘%{ 'ﬁrzipziopv%: vfaéﬂme&@g 78 mmog'
yl) - 4- pi perf4im ]‘d@ r@‘ﬂfWﬂPWWWﬁﬁﬁﬁﬂmh-‘@ o wereraddedisrihalprdge (Elc) 2
N éA._N>=p Hét robiB tarffierdfurglsodiuf ZriadSo00rehiiBies CqRCT/AEBAY 0 o) 235 odied at :

L uor o- 6rae @ytipelaturd ahd @ier AR Was2btingYl @ Roofr Wimperbtupé R fondioldthightl, 3- di hydro
-2 benzi fhelagRlion? mpfe fe Cqilids Swith LichiofndiBMe. (186 mfP8nd &inkhétains uspended
In met hanohaH&éO&s\é ated®&fueBle) sonldb; hefbrd! wlh %M!a\é' to Hs38be it X0 whidn © €0.) was

added dro Weve oped in the orgamc layer; the two phases were separated and the aqueous phase
was extracted with dichloromethane (2x); the combined organics were washed with brine,
dried over Na,SO,, filtered and the solvent was evaporated to afford 3.8 g, 92%. The
material was friturated with diethyl ether and filtered to afford 3.6 g fitle compound. This
was dissolved in MeOH/DCM and 2 eq of HCI (1M in Et,O) were added. The mixture was
stirred at room temperature for 10 minutes, solvent was evaporated and the solid was
triturated with Et;O to afford another batch, 3.8g, pale grey solid.
'H NMR 5(DMSO, 600 MHz, free base) 1.45 (2H, m), 1.70 (4H, m), 2.25(4H, m), 2.33 (3H,
s), 2.48 (1H, m), 3.01 (2H, m), 3.33 (2H, 1), 3.88 (2H, m), 4.12 (1H, m), 6.65 (1H, d), 6.88
(1H, ), and 11.3 (1H, bs).

C Example 1c. Scale-up procedure. 4-Fiuoro-6-methyl-1-[t-(tetrahydro-2H-pyran-4.
g yl)-4-piperidinyl])-1,3-dihydro-2H-benzimidazol-2-one hydrochloride (E1c)

S

N

R@fo "

F Elc
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The slurry was magnetically stirred at anbient tenp. for 3 hours. The
solvents were evaporated and the solid triturated in diethyl ether (14.5

vol ., 500nl) for 20 min. Diethyl ether was decanted and the white solid was.

dri ed under high acuum at 40C overnight. Residual MeOH (7% w w by NVR) was
found. The solid was dried under high vacuum over ni ght at 40C . The solid
was triturated in dlethyl ether (14.5 vol, 500m), g dried again
in the oven 4P 2H&%IS gh vacuumfor 4 hours t hen at 6 6@%???}' PGHt? t hen at
80C for two hours. 36 1g, 5% H NVR 6 (DI\/SO 600 MHz, hydrochl oride) 1.69

(2H m, 1. nﬁﬁu&réb"m 1- l?ﬂ-(o%bhdu@)]ﬂ @dlﬁjﬁrc(ﬂlﬁ m, 3.17 (21-1,
m, 3.34 (%imd c'?z 7 rr(o? Uspdriddd idThethad (11-1,
dtet’hyle

42
Béngl Z5|é| V‘f" m’) of (1%4311 leadqaeﬁ YroishisdGn odbin. S) -

4- FI uor o- 6- TSt fHI-way Ta%fte@?%"& i$jierdoatoambinnt Lemng for) 3 houry; Ther sQleRtp e | 3-
di hydr o- 2H-$yeparated eac the splidotritiraieshio sllethybeteer (4.2l yol., BRD 2P+mna@lf€§wl10/ N~ OF
| i O OH Eldether was decanted and the white solid was dried under high acuum at 40°C overnight.

42ﬂ ugro 6- m&idhmlméfﬂ {rok WRb bR gpmh)%ai@useérm sahwd%asdnealmrdgmwchurﬁ ﬁ 3' hyflro
- enzing 4t n‘&‘er rs%ﬁ aS it ther PHO5 Dol ), filéred\WRggned 1 nto
a 250m ro“é‘\g%g %"czﬁé%\?ﬁc un?%:r gﬁpggéher;%tds%gc\:,\%kghﬁﬁe% 49, ) was

d am m ven iﬁ

added. Acet OlL P Eeg ol slurry obtai ned,
di ssol ut i on q‘%é?rm?tho'd@h 18 85%: ¢ h heatl ng using a hot air gun. The slurry
was ragnet i talNMB dPMBPe B0k MHaSydrashlondsy .58 436 mindSP (4 m) dg"gr{%mﬁb solid was
cool ed and 2.3tBthtspcR.aYy(2amy BN 7 (2Ht mht&i’édﬂand). B ed m), 8157 (Ziden)odPBrile (10

vol . 5ml). (BHemgake thH, i), GIrsToH, dif 1. 80X H R 9196 ¢THY) e W36 IHH, BR not her
liquors plus acetonitrile (29 vol., 14.5 m) and n-propanol (22 vol. 11 n)

was added. rr t t. The '/
solid was |g%é§'leséu V4 FfiBrone. Hf{lﬁj 1'Elt' % tz\ll\-lkafgﬁse]’F E%bﬂﬁg%egﬁﬁgﬂ'1%r]u le (10
vol, 5nl). 9\% thg %‘m'cfaag\%gnﬁjﬂ%ﬂc' ﬂ:ae( vacuum at 60C for 25 hours.
506nmy, 64% 'H NVR 5 (DVBO, 400 MHz, citrate) 1.60 (2H n), 1.86 (41-1, n),
2.36(3H, s), 2.50 (21-1, n), 2.56/(R1-1, d), 2.64 (2H d), 2.79 (21-1. m,
3.04 (1H m, 3.32 (41-1, m. 3.98(Z1-1. dd), 4.33 (11-1. t), 6.75 (11-1,
d), 6.93 (11-1, m), 11.27 (31-1, and 11.29 (1H, s) 58 ~1 WD 2007/ 036715
PCT/ GB2006/ 003590 Exanpl e 1le.

H-pyrl_B 4-yl)-4-piperidinyl]-1,3-

e).

4- Fl uoro-6-nmethyl -1-[1-(tetrahyd

di hydr o- 2H benzi m dazol - 2Hg anesul fo HEl e
= HO o

F 0" oH . Ewd

4-Fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-4-yl}-4-piperidinyl}-1,3-dihydro-2H-

benzimidazol-2-one free base (1.499 mmol, 500mg, 1wt) was weighed into a 250ml round
bottomed flask, citric acid (1eq, 1.499 mmol, 288 mg,) was added. Acetonitrile (95 vol.

47.5ml) was added and a white slurry obtained, dissolution was not achleved with heating 0
using a hot air gun. The slurry was magnetlcally stirred at 35°C for four days under ‘
nitrogen. The solid was cooled and isolated by vacuum filiration and washed with
acetonitrile (10 vol. 5ml). The solid (1.0g not dried) was recorbined with the mother

liquors plus acetoniirile (29 vol., 14.5 ml) and n-propanol (22 vol. 11ml) was added. The

slurry was stirred at ambient temperature overnight. The solid was isolated by vacuum

filtration and washed with acetonitrile (10 vol, 5ml). The white solid was dried under

vacuum at 60°C for 25 hours, 506mg, 64%.

'H NMR & (DMSO, 400 MHz, citrate) 1.60 (2H, m), 1.86 (4H, m), 2.36(3H, s), 2.50 (2H,

m), 2.56 (2H, d), 2.64 (2H, d), 2.79 (2H, m), 3,04 (1H, m), 3.32 (4H, m), 3.98 (2H, dd),

4.33 (1H, t), 6,75 (1H, d), 6.93 (1H, m}), 11.27 (3H, m), and 11.29 (1H, s)
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>=0 .CHSGBH H H3 F Ele
4- Fl uoro-6-nethyl -1-[1-(tetrahydro-2H pyran-4-yl)-4-piperidinyl]-1,3-di hydro
- -2H benzi m dazol -2-one free base (1.499 mmol, 500ngy, 1wt) was wei ghed into
a 250mL round bottoned flask, acetonitrile (95 vol., 47.5nl) and n-propanol
(80vol ., 40nt) were added, giving a white slurry. Methanesulfonic acid
(leq, 1.499 ygRbmosis) was pipetted into the flask. Theeatents of the
flask were heated using a hot air gun - the slurry dissolved and a white
precipitate formed. The precipitate was nmagnetically stirred at 35C for four
days undeExanpleoden. 4#&'@@9-%@#1)”@1t(@tfahﬂﬁr@ﬂﬂ'wmylhﬂﬂmﬂdmhwéoI id was
i sol at ed bylihydms2Hrbedzihidazdli2eome ancthavaeshifchate (Ehe)acet onitrile (10 vol. 5m).
The white solid was dried under high vacuumat 60C for 25 hours. 561 ny,
87% white solid. "HNW 8 (DVMSO, 5 MHz, nethanesul fonate salt) 1.69 (2H,
m, 1.96 (4H, nm, 2.31(3H s), 2.34 (B3H, s), 2.64 (2H, m, 3.17 (2H, m,
3.34 (2H, m, 3.48 (1 H m, 3.62 (2A d), 3.98 (2H, d), 4.52 (1H m, 6.75
(1H, d), 6.96 (1H, bs), 9.25 (1H, and 11.36 (1H, s). Exanmple If.
Alternative nmethod for 4 fluoro-6§methyl-I-[1-(tetrahydro-2H pyran-4-
yl)-4-piperid inyl]-1,3-dijydro-2 enzi m dazol - 2-one Stage | Preparation of
1, 1-di met hyl et hyl (3,5-difll0 : \é;lijtropl*@gm@acetate F tBu2C-C F NOZ NO
2 F KO Bu/ NVPNMP HCI / Hexane tBaBg F A mxture of potassium
t est - but oxi de (248g) in NWVP (2Q00fl) was cool edlEgnder nitrogen to -20C. A
m xture of 2,6-difluoronitrobenzene (100g) and Pt- butyl chloroacetate
(160g) in NI\/P (2000mM.) was added slowy at -10C to -20C 59 WD 2007/ 036715
PCT/ GB2006AG0850H methylel-[14ilebalydor Z--pydreLyl)-Lpiperidinylj-d S-difgydfoeBH-her portion of
p SSi UM beriAmidezbrachiterdetdRgs (1.468 fnnill dogg, TRE mraea@tghmnmommuwenc hed

to 1600%%&%&0%&&%%5 VB, Y2 BRf ohé fuprdddfd EHBOT)SKRE SagpRs added and
the m xtur yph R oY, i n&q}ﬁ.%@gc.d g @g @2@@&&&9 g the
aqueous | aye 'ﬁ% {%{‘ 0 ned hexane
| ayers wer ik ‘Pﬁ’ 5 ﬁ?kd’feé%l e%dllﬁ‘@g ‘&Q}{ﬁ S'urt“ﬁ ?Fo @’EF over

anhydr ous gmﬂqt@, Rresioiatm terraed. The nrepxpliqteewwnmtlcally stirred ‘at 35°C for four days
under nitrogen. After cooling to ambient temperature, the solid was isolated by vacuum

filtration and washed with acefonitrile (10 vol. 5ml). The white solid was dried under high
vacuum at 60°C for 25 hours. 561mg, 87%, white solid. ‘
'H NMR & (DMSO, 500 MMz, methanesulfonate salf) 1.69 (2H, m), 1.96 (4H, m), 2.31(3H,
8), 2.34 (3H, s), 2.64 (2H, m), 3.17 (2H, m}, 3.34 (2H, m), 3.48 (1H, m), 3.62 (2H, d), 3.98
{2H, d), 4.52 (1H, m), 6.75 (1H, d), 6.96 (1H, bs), 9.25 (1H, m), and 11.36 (1H, s).

Example 1f. Alternative method for 4-fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-4-
yl}-4-piperidinyl]-1,3-dihydro-2H-henzimidazol-2-one

Stage 1 Preparation of 1,1-dimethylethyl - (3,5-difluoro-4-
C nitrophenyl)acetate
¥ {BUO,C.__Cl v
NO i NO,
2
KOBU/NMP
F HCl/Hexane BuO,C F

A mixture of potassium ferf-butoxide (248g) in NMP (2000ml} was cooled under
nifrogen to -20°C. A mixture of 2,6-difluoronitrobenzene (100g) and feri-
butyichloroacetate (160g) in NMP (2000ml) was added slowly at -10°C fo -20°C
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washed wi th 200mL hexane. The solution was then evaporated to give the title
conpound as a brown liquid (152g). Stage 2 Preparation of
(3,5-difluoro-4-nitrophenyl)acetic acid F F N2 HC /D oxan NO2 tBu2C
Hexane HO2C | / F Toluene F 1, 1-di nethyl et hyl

(3,5-di fluoro-4-nitrophenyl)acetate (150g) and 4M HCl in 1,4- dioxane
(1150m ) was_stirred for 18 h at about 25C N|trogen t hr ough
the mxture YOH%UMNE excess HCl over 7 hours, then the ﬁ%é?‘ﬁkgs%va
concentrated. Toluene (300ml) was distilled off then the residue was stirred
with hexane (36@#h)k Hoae, Afer0Mkias, a fliteeripoxiomer porassiote eaartiveskideeddg) ; and the
residue sti rreﬂa?/"a@dédh%@Q@acﬁ#ﬂgés)wefsod’ueﬂ&emlr{%mﬁﬂml bhem Hdianfexgne was

~decanted off. I.n&ep%%%@ Bt gyt bkl Al @ﬁg@r@t ol Qbr 4o hours at

/
CSoom) o helhﬁwn?'ﬁe o fﬁﬁ%&a&ﬁ ok i gyl very ag*si WK e

powder (41.5g) 'mm'aa@f%!!ewfaé? sglurgte % ppm
8(ppm: 3.78 (2H)nes(2 Xﬂoaﬂmll 2i1en|9ne@iove5taa@@lroys Bpdiysa selphaim “éﬂ" filtered and

1, 3- di f | uor o- 5- wesheg [wita -200mk indxemez eTie sdiutieh whl) theK2@aRHDbd-toNp theldll€ ~ / F |/
F A mxture of cdmpchndlad 4 browoliglid\ii$2ghphenyl ) acetic acid (41g), potassium
carbonate (24.6g9) and DMF (205m ) was slowy heated to about 50C for 30

m nutes. The r on I nched into 2M HCl
(1025m) and hg%%%g (43@%’3%&2%6@ |ﬁ%f?ﬁmm§h§n§@3?ge%ﬁrlﬁe | ayers were
separated and the aqueousFI ayer was extracted with hexage (400ml). The
conbi ned hexane | ayers wefe washed with saturated brine|(2 x 200nl), then
dried with anhydrous sodi w68 2007iedm7 15 PCT/ GB200€ 3 sul phat e
and the sol ution was conate tg_g.uLe_t_hetltle co d as a |l ow
melting solid (mz{; 300Q \ aNcea

F Toluene

1,1-dimethylethyt (3,5-difluorc-4-nitrophenyl)acetate {150g) and 4M HCI in 1,4-
' dioxane (1150ml) was stired for 18 h at about 25°C. Nitrogen was bubbled
through the mixture to remove excess HCl over 7 hours, then the mixture was
concentrated. Toluene (300mi) was distilled off then the residue was stirred with
hexane (300mli) for 10 minutes. The hexane was decanted off, and the residue
stirred. with hexane . (150ml) for 10 minutes, then the hexane was decanfed off.
The residue was stirred with toluene (450m) for 2 hours at around 25°C. The
solid was filtered and washed with 1:1 toluene/hexane (300ml), then dried under
vacuum to give the title compound as a brown fine powder {(41.5g).
300MHz NMR in DMSO-d;. DMSO-d; as reference at 2.5 ppm.
8(ppm}). 3.78 (2H) s; 7.44 (2H) d;

Stage 3 Preparation of 1,3-diﬂuoro-5-methyl-2-nitrobénzene

b F
NO, K,COy/DMF NO,
HO,C —

A mixture of (3,5-difluoro-4-nitrophenyl)acetic acid (41g), potassium carbonate
(24.6g) and DMF (205ml) was slowly heated to about 50°C for 30 minutes. The
reaction was then cooled to about 25°C and quenched into 2M HC} (1025ml) and
hexane (400ml) and stirred for 10 minutes. The layers were separated and the
agueous [ayer was extracted with hexane (400mil), The combined hexane layers
were washed with saturated brine ( 2 x 200ml), then dried with anhydrous sodium
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8(ppm: 2.44(3H) s; 6.91 (2H) d Stage 4 Preparation of

1- (tetrahydro-2H pyran-4-yl)-4-piperl dinam ne, dihydrochloride O HN O 1.
NaBH( OAc) 3 DCM Water/K €03 /~ C 2. HCI/IPA H2N. -( N O a N6 2HC ~~~~/1/1/
OH To a solution of 1,1-dinethylethyl 4-piperidinylcarbamate (50g) was
added tetrahydro-4H pyran-4-one (35.75g) in dry DCM (1000m ), then was
added sodi ugg fit0dsed oxyborohydride (141g) portion W $@rR¥efsddsii nut es at
about 25C. The mxture was stirred under nitrogen for about 30 hours, then
cooled to 0OC. Water (107nml) was added portion wise in 20 m nutes, foI | owed
by saturated aguipbais ang deashitiomwen chserdtated(td BBaite tledcoswouniaaseal lowr i ne (178g
in 178ml). The nmitingsok (26@s stirred for 10 m nutes at about 25C, then the

| ayers were separated and the organic |ayer washed with saturated brine (3

x 214ml). After, o@mw_nmmwebcgaamg%g%e&e@wabaw phate, the organic |ayer

was concentr at was treated wth 100m isopropanol and
reconcentr at ed%?pf)ﬁﬁL reﬂlglc_]{] lsfﬁ-ls)ldow{ y heated to reflux with 11% HC in

i sopr opanol (200ml) for 2 hours then cooled to about 25C. The solid was
filtered, and STRA%Y wadieesraiiem ofi &tatirhyerar-Pyrandatiy4-pireridinaditted under

hi gh vacuum to gi ve t he dihydrechigrisiéuct (43g). 300MHz NVR in D20. HDO si gnal
as reference at 4.70 ppm S(ppm: 1.72(2H m 1.88 (2H m 1.99 (2H m 2.29
(21-1) m 3.08 (21-1) m 3400(4 ‘'m 3.65 (2H) m 4.02 (21-1) m Stage 5

Preparation of N-(3-fluoro- 5- -2-ni trophenyl ) - 1-

(tetrahydro-2H pygan- 4-yl )HN pi ;&rl raMaBhEOAck1 f1 WO 2007/ 036715

PCT/ GB2006/ 00359 F NO2 NO2 H, NDC(W"MﬂtQE@%HC@ NH 2HCI ~/ NWP
F 2. HCUIPA —C

2HCI

C

To a solution of 1,1-dimethylethyl 4-piperidinylcarbamate (50g) was added
tetrahydro-4H-pyran-4-one (35.75g) in dry DCM (1000ml), then was added sodium
triacetoxyborohydride (141g) porlion wise over 10 minutes at about 25°C. The
mixture was stirred under nitrogen for about 30 hours, then cooled to 0°C. Water
{107ml) was added portion wise in 20 minutes, followed by saturated aqueous
potassium carbonate (178ml) and saturated brine (178g In 178ml). The mixture
was stirred for 10 minutes at about 25°C, then the layers were separated and the
organic layer washed with saturated brine (3 x 214ml). After drying over
anhydrous sadium sulphate, the organic layer was concentrated and the residue
was treated with 100m! isopropanol and reconcenirated. The residue was slowly
heated to reflux with 11% HCI in isopropanol (200mil) for 2 hours then cooled to
: about 25°C. The solid was filtered, and slurry washed with diethyl ether (100ml),
( then dried under high vacuum to give the title product (43g).
' 300MHz NMR in D20. HDO signal as reference at 4.70 ppm.
8(ppm): 1.72(2H) m; 1.88 (2H) m; 1.99 (2H} m; 2.28 (2H) m; 3.08 (2H) m; 3.40
(4H) m; 3.65 (2H) m; 4.02 (2H) m

Stage 5 Preparation of N-(3-fluoro-5-methyl-2-nitrophenyl)-1-
(tetrahydro-2H-pyran-4-yl}-4-piperidinamine
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Acetonitrile 6- 0 A mxture of 1,3-difluoro-5-nethyl-2-nitrobenzene (1g),
1- (tetrahydro-2H pyran-4- yl)-4-piperidi nam ne, dihydrochloride (1.63Q),
sodi um bi carbonate (1.94g) and tetrabutyl ammoni um i odi de (100ng) in NWP
(15nl) was slowly heated at about 50C for 3 hours. After cooling to about
25C, the reaction mxture was added to ethyl acetate (15nl) and saturated
brine (15ml), The | ayers were separated and the aqueo wth

et hyl acet at gvo(zfqo:r ‘%Y The conbi ned ethyl acetate IayeyéT"&e%Ong%#gﬁ washed
with saturated brine (4 x 4ml), dried with 2g anhydrous sodi um sul phate

t hen concentrated under vacuum The residue was heated vviFth acetonitrile

(4nml) to about 60C'1;o give a solution, then cooled to O ©2and stirred
for 1 hour. The sol sfllt ﬂa V\htkn:o%ﬂp{led tonltrlle(Zrﬂ)
then dried at 40- er .hlgg\ﬁ\écum oguLe_t_ELe. itTe und as an
orange solid (0. 300M—|z in CDCI 3. NMB as ref erenc t 0.0 ppm

8(ppm: 1.62(4H) "m 1.76 (2H m 2.05 (2H) mAcgonigly (3H) s: [2.42 (2H) m. 2.51
(1H m 2.88 (2H m 3.390 (2H m 3.49 (1H m 4.05 (2H ND. 23 (1H) d;
6.36 (I H s; 7.51 (1 H m Stage 6 Preparation of

(2-am no- 3-fl uoro-5- net hyl phenyl ) [ 1-

(tetrahydro-2H pyran-4- yI) 4-piperidinyl]amne F F NO2 | o012 NH H2/ Pd/ C
NH Et CAc/ Hexane N Stage 5 N OO0 6 62 WD 20071036715 PCT/ GB2006/ 003590 A
m xture of

N- (3-fl uoro- 5- Wéﬂ‘ﬂHWurezofn? ?P@Bﬂ%ﬁﬁ"eéhyf "2 lfrglﬁné 9 3 yﬁ?? o4t r?"’@f
pi peri di nami ne (Wt perlgpwpe,a@@{dgtc olidso il oIV PicBaPRElR ibcz Q)V\%{E1 stirred
at about 30C uﬁ@l Utyih ARrBRyiLm t?ﬁ'é%émo@g}‘ '@rNW’ fiGoWsvasTeiewly: headed aftabpils £ | t er ed
and the filtratd8°@tonddntrs.atdet.codling to @outiRiECyvibe restlionrmaistursi wats asitiéd/to acet a; e
(20nL) and ethyl acetate (15ml) and saturated brine (15ml). The layers were separated and

the aqueous extracted with ethyl acetate {15ml). The combined ethyl acetate

layers were then washed with saturated brine (4 x 4ml), dried with 2g anhydrous

sodium sulphate then concentrated under vacuum. The residue was heated with

acetonitrile (4ml} fo about 60°C to give a solution, then cooled to 0 fo 5°C and

stirred for 1 hour, The solid was filtered, washed with chilled acetonitrile (2ml),

then dried at 40-45°C under high vacuum to give the titie compound as an orange

solid (0.83g).

300MHz NMR in CDCl;. TMS as reference at0. 0 ppm,

3(ppm): 1.62(4H) m; 1.76 (2H) m; 2.05 (2H) m; 2.30 (3H) s; 2.42 (2H) m; 2.51

(1H) m; 2.88 (2H) m; 3.380 (2H) m; 3.49 (1H) m; 4.05 (2H) m; 6.23 (1H) d; 6.36

(1H) s; 7.51 (1H) m;

Stage 6 Preparation of (2-amino-3-fluoro-5-methyiphenyl)[1-
{tetrahydro-2H-pyran-4-yl)-4-piperidinyl]amine

F F
NO, NH,
H./Pd/C
NH o NH
EtOAc/Hexane
N Stage 5 N
o) o
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hexane (40mL) for 1 hour at roomtenperature then filtered and the solid
dried at 50Cto give the title conpound as a solid (6.3g). 300MHz NMR in
CDC13. TMs as reference at 0.0 ppm a(ppnm): 1.50(2H m 1.64 (2H m 1.76
(2H m 2.08 (2H m. 2.23 (3H) s; 2.34 (2H m 2.50 (1 H m 2.94 (2H m
3.07 (2H) br s; 3.27 (1 H m 3.38 (2H m 4.02 (2H m 6.23 (1 H s; 6.32
(1 H d; St agsoedséAparation of PCT/GB2006/003590
4-fluoro-6-nmethyl-1-[1-(tetrahydro-2H pyran-4-

yl)-4-piperidinyl]-1, 3-di hydro- 2H benzi m dazol-2-one F F HN O x5c2 CD N
6 THE6 NN OO A mxture of _

(2-ani no- 3- f | ugy aikturee oh yN-(BioN 5 hthyl-Laitirophng)-d-(@irktydrosd-gyrati-g-yhd-

pi peri di nyl ] ampiprififarsige {1 I\éthypaéemgmdmt) rindaed ©dACO(185 Was Mfled at
tetrahydrof ur arab L(t@asﬂé ol b  dourd 'h’?er yh@e?e

és% &
tetrahydrofura Hcﬂ,l% Y)\%n The ud WEs Eﬂr?é g for a
further '%ho LS Hg%a,;ﬁag‘ix
tetrahydrofura i °?frPéf%°8ﬁéH‘P6\am@’ed‘P?% eé'? Qﬂﬁi % 7
vacuumto gi ve PHetod eAvad ez 8 B-30)300Mz NVR in CDCl 3 +TFA+I drop
DVBO- d8. TNB a§09MHéNMHd@CQ§soTMSp@fﬁferer&epmpprz 00(2H) m 2.12 (2H) m 2.22
(2H) m 2.37 ( 3tpmg; 1506R) (2 H)64rRHBM2476 (ZH)m;r2.083(28D ¢ 21p (Bh) 8.28% (2H) m
4.29 (2H) m 4B rh;13H0 (1H) & B34 (ZHn; 6.07 2194r s A9 (181) nEBBBYRHY R .4.02

6- Chl or o- 4- f | uesd:d 2Bt e sabydna; 2H pyran-4-yl) - 4-pi peridinyl]-1, 3-
di hydr o- 2H benzim dazol - 2- one hydrochl oride (E2). 63 WO 2007/ 036715

6-Chior o-4- | uSHEPL 4 et f) Ml St USRI one

m@r ochl ori de -4—p|péﬂdn?yl] d -benz:mlda

F "y
- !

NHZ /@ O
N

NH cD

THF
N N
O O

A mixture of (2-amino-3-fluoro-5-methylphenyi){i-(tetrabhydro-2H-pyran-4-yl)-4-
) piperidinyllamine (0.5g), N,N-carbonyidiimidazole (0.66g) and tetrahydrofuran
C : (7ml) was heated to refiux. After 30 minutes, tetrahydrofuran (3ml) was added,
and the mixture heated at reflux far a further 112 hours. The reaction mixiure was
filtered and washed with fetrahydrofuran (10ml), then the solid was dried at 40-
45°C under high vacuum to give the title compound (0.323g).
300MHz NMR in CDCl; +TFA+1drop DMSO-ds. TMS as reference at 0.0 ppm.
3(ppm): 2.00(2H) m; 2.12 (2H) m; 2.22 (2H) m; 2.37 (3H) s; 2.92 (2H) m; 3.24
(2H) m; 3.60 (8H) m; 3.87 (2H) m; 4.29 (2H) m; 4.63 (1H) m; 6.81 (1H) d; 6.84
{1H) s;

Example 2. 6-Chloro-4-flu6ro-1-[1-(tetrahydro-ZH-pyran-4-y|)-4-piperidinyl]-1 y 3
dihydro-2H-benzimidazol-2-one hydrochloride {E2). '
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(0.36 mol, 0.1g) was dissolved in dichloronmethane (10 m) and triethyl am ne
(3eqg., 1.08 nmmol, 80 mcrolitres), tetrahydro-4H pyran-4-one (4.5 eq., 1.62
mol , 162 ng), sodium triacetoxyborohydride (4.5 eq., 1.62 mrnol, 345 ng)
were added at roomtenperature and the mxture was stirred at room
tenperature for 2 hours. Additional tetrahydro-4H pyran-4- one (2 eq., 0.72
nmol , 72 nlcr litres) and sodiumtriacetoxyborohydrid 72 mcl,

0. 015g) wer e éﬁ’g% roomtenperature and the nixturé"&égngﬁ%g%h at room
tenperature for two further hours. The m xture was quenched with water and
brought to pH - 10 by sodi um hydr oxi (aqueous solution). The organic
phase was separated from the aqueou§ phase (by hydrophobic filters) and the
organi ¢ sol vent was evaporated to af ord the crude product that was
purified by chromatography (nethanot™\H3- di chl oronethane) to afford

6-chl oro-4-fluoro-1-[1- (tetrahydro- pyran-4-yl)-4-piperidinyl]-

1, 3-di hydr o- 2H benzi m dazol - 2,0 ng, 11% M + H = 354 and 356, which
was converted to the hydrochl t us#ﬁb 1 MHCI in diethyl ether. 1H
NVR (free base) .& (DVSO, 400 45 (2H, , 1.68 (4H, t), 2.29 (4H m,
3.00 (21-1, d), 3.27 (2H, t), (21 1, dd)E 4.10 (1H, mbroad), 7.08
(1H, d), 7.20 (1H, s), 11.6 (1 H S broad) rémai ning 11.1 signals not

di scernible in spectrum Exanp )

4-Fl uor 0- 6 Gn%hlcmﬁmmﬂﬂ%@ﬁd@ﬁycﬁ-@wgn%wwmawbzquhp@?qhwm/| Peq, 3-

di hydr o- 2H{@.e&mimal, GagplasZdissairedindicblottimethacke(10 B8) andHi@thylaming (3ep, NOB F H E3

4- Fl uor o- 6-nid hexichlitkesf, 4et¥&hmbi4sliméh-)4-ohe%4 glishy 6162 r@tbipe8PZinG) Saidd - 2- one

hydr ochl or iyiestoldbbrohyd e 15 ed). £5k mREY 345 Jd)we%éahéd Qproémfiém efatite 3P ) . and

t et ; gg?nd{ g tﬁ'e%%l:ea\pas stlﬁgcﬁatécgo {%Fﬁgérz,rr%)tt%ﬁ: orrm 12? Es ?t@ Hio ﬁlpWaﬁQ-t oget f{]er
PCT) CBR006. 564858 g 721 '?ﬁ")" BM‘ g e L added and
t he mi xt ur é"Rls0-8159) wete added 8 Hram @mﬂéﬁa@mﬁ@ 'F]Grm'&"Hre wre stfed o PRt ur e was
t hen quencHerdpenitura fordwi furtbér heas. iThe wdure pas qdeneltbdiwithsratéryanG@hougl|teinm

chr omat ogr aphw 1 9 doaumchytrgxida (ahosbug sdiutiohi dRabegiiepitse was separated from

(met hanol Nr@a@esm @{a@éﬂa& &;bhob@mé%s %hcpfhet énh.eso%ﬁkr w&dﬂéﬁbbxdﬁd gave the

tltle Hathe —t’ép w-i ~1.75 (211,
1. 92 ( 6 (2H rr)
3 44 (1H, c’hlo f’rct- r -3-[1- tré dg py -yg-4 eri "_:[
J=12Hz), 7.%dip YEFP"z enzmda&' 308, 1590 A% Ml T B¢ 25§ 35Pewhiphivay H
si gnal s notconverted tothe hydrochlonde salt using 1M HClin diethyl ether.

H NMR (free base) 3 (DMSOQ, 400 MHz) 1.45 (2H, m), 1.68 (4H, t), 2.28 (4H, m)}, 3.00

(2H, d), 3.27 (2H, 1), 3.89 (2H, dd), 4.10 (1H, m broad), 7.08 (1H, d), 7.20 (1H, 8), 11.6

(1H, s broad); remaining 'H signals not discernible in spectrum.

Example 3. 4-Fluoro-6-methoxy-1-[1-{tetrahydro-2H-pyran-4-yl)-4-piperidinyl]-1,3-
dihydro-2H-benzimidazol-2-one hydrochloride (E3).

e
e
(e

4-Fluoro-6-methoxy-5-1-(4-piperidinyl)-1,3-dihydro-2H-benzimidazol-2-one  hydrochloride

D14 (100 mg, 0.33 mmol), Ti(iPrO), (0.3 ml, 1.0 mmol}, and tetrahydro-4H-pyran-4-one

(100mg, 1.0 mmol, 0.3 ml) were stirred together at room temperature for 1h; dry methanol -
64
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di scernible in spectrum Exanpl e 4.

4,5-Difluoro-6-nethyl-1-[1-(tetrahydro-2H pyran-4-yl)-4-piperidinyl]-1, 3-

di hydr o- 2H benzi m dazol - 2- one hydrochloride (E4). 9 /rNHCO HCH F E4

4, 5-Di fl'uor o- 6- met hyl - 1- (4- pi peridinyl)-1, 3-di hydr o- 2H benzi m dazol - 2- one
hydrochl oride D23 (120ng) was dissolved in dichloronmethane (5 nl) and

di i sopropyl ebhydamne (0.2nl, 1.2 mmol), tetrahydro- #&l/pproasmossoone (0. 2ni,
2.0 mmol ) and sodium triacetoxyborohydride (250ng, 1.2 mml) were added and
the m xture stirred at room tenperature for 4h. The m xture was partitioned
with wat er@omdoligwed iy NaBHyGN (50 may seel) wers 20d6¢ abd B mixeg wasypdired 8t sat i on of

t he resi dueor tesrnegatere Fy Bh.eTircgryudeviigive migs thien nuenghed vt roeteaneband itg@de the titl e
conmpound fpuefedofirse by \@0X olwas chomatgtapitly fotiowddeby Isiick gehtioomategraphyi t ur ati on
wi th di et hyetiahdlNH GRYBrodRIENS hodhasbh abi gie BytlrdohioNlt gavéSiBe titlkH NVR (HA

rsT)aIt)3(1 : phnclsdmp Al 389 2.0 (4H' m, "2 3°(3H Td, 3= 2r), 5|2—|.z;3 (2n
(1H, bs), M%(.H ';' A %g?'%:3'gﬂé}'ﬁpﬁ?gf&z@ﬁ?@h%ﬁg%ﬂ'gj{")ﬁ'g%@%hWBl ein
spect r um EkahigHemy 3:56 (2H, m), 344 (1R, m), 3.6213H, 5) 201 (2H, m), 4,62 (1H, m), 6.59

6- Oycl opr dpgi & 4=13Hzd 7111 K 18)( 10:82r(Athyhst encHL49\(H re)wrespiining i isigaals eatny | ] - 1, 3-
di hydr o- 2 Hiissemiblenn deectbm?2- one hydr ochl ori de (E5) 65 WD 2007/ 036715
PCT/ GB2006/ 003590 9 N HCl -~ >=0 N F H (Eb5)

6- Cycl opr ifes T4l URs-Birtkiokdle-RieRR{T-A fH- 5 ol A5k jyifldazol - 2- one
hydr ochl ogﬁggf %éﬁ%miﬂﬁ&% é&?&%ﬂﬁ%ﬁﬁ%ﬁ%@%ﬁ&gg ﬁ:pﬁi‘%‘@}f‘ﬁl or oet hane
(3 M) an I e yamnef eq.,c&. 7 0.086 g),

tetrahydro-4H pyran-4-one (7 eq., 1.99 mgol, 0.2 g) and sodium

tri.acet oxyborohydride (3 eq., 0.83 , ¥0. 052 g) were added at room
tenperature and the m xture was stirr at roomtenperature for one
overnight. The reaction m xture vvasrri,:;ncn&d w th NaHCO3 (saturated

solution) and diluted with dichlorongthane, 'then the two phases were
separated by hydrophobic filter and t

H.C N

9 >=o
N
H

F E4

aqueous was washed with

4,5-Difluoro-6-methyl-1-(4-piperidinyt)-1,3-dihydro-2H-benzimidazol-2-one  hydrochloride
D23 (120mg) was dissolved in dichloromethane (5 mi} and diisopropylethylamine (0.2ml,
12  mmol), teirahydro-4H-pyran-d-one (0.2ml, 2.0 mmol) and sodium
triacetoxyborohydride (250mg, 1.2 mmol) were added and the mixiure stirred at room
temperature for 4h. The mixiure was pariifioned with watet/MDC at pH9. Drying
{MgSQy,), evaporation, and crystallisation of the residue from diethyl ether, washing with
dichloromethane gave the title compound free base, which was converted io the
C' hydrochloride. Trituration with diethyl ether gave 35mg of hydrochloride salt. MH* = 352,

- 'H NMR (HCI salt) (DMSO) 3: 1.7 (2H, m), 2.0 (4H, m), 2.3 (3H, d, J = 2Hz), 2.8 (2H, m),
3.1 (3H, m), 4.0 (2H, bd), 4.5 (1H, m), 7.3 (1H, d, J = &Hz), 10.3 (1H, bs), and 11.1 (1H,
bs); remaining 'H signals not discemible in specfrum

Example 5. 6-Cyclopropyl-4-fluoro-1-{1-{tetrahydro-2H-pyran-4-yl)-4-piperidinyl]-1,3-
dihydro-2H-henzimidazol-2-one hydrochloride (E5)
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di chl oronet hane again. The organi c phases were conbi ned and the sol vent was
evaporated to afford the crude product which was purified by chromat ography
(et hanol - NH3-di chl oronet hane) to afford the free base of the title
conmpound, 100 ng , 98% M + H = 360. This material was dissolved in

met hanol (2nl) and HCl (3 eq., 0.046 ml froma 1 M solution in diethyl
ether) was added at roomtenperature and the m xture room

t enperature V88937 5ut es. The sol vent was subsequent Y@%@&i’%&@g%d to afford
the title conmpound, 90 ng, 82% 'H NVR 5 (d6DVSO, 400 MHz,
nonohydrochloride): 0.75 (2H, m, 0.91 £, m, 1.76 (2H, m, 1.93 (2H n'),
2.04 (21-1, d), 2.84 (21-1, q), 3.18(4 , 3.44 (1 H m, 3.59 (21-1, d),
3.99 (21-1, m, 4.11(1 H, mbroad), 4. (1H, m, 6.63 (1H, d), 7.19 (1H,
s), 10.85 (1H, s broad), 11.30 (1H, $}W Eﬁarrple 6.

4,5-D rfluoro-6-nethyl-1-[1-(4-nethyl{etyahydro-2H pyran-4-yl)-4-

pi peridinyl]-1, 3-di hydro- 2H-b2| mda ot"- 2-one hydrochloride (E6) 9 ~5Me
HJO H3ICNF HFE6 66 WO 2007M03 N, PCT/ GB2006/ 003590 A stirred sol ution
of 3M net hyl magnesi um broni de in th}FOet her (0.7mL, 2.0 mol), was
treated with a tetrahydrofuran (5mf) 8ol ution of . '

4,5-di fluoro-6-nethyl-1-[1-(4- F ES

cyanot et r ahydr o- 2H pyr an- 4-yl ) - 4- pi peri di nyg- (1 5 di hydro 2H benzi m dazol - 2-0

ne (D30, erat, t he into a
sat l(JI’ at ed aégg‘ﬂﬂ?g"py %f‘:? 1){1“9596“&8@5@ ﬁ%ﬁ?@ﬁ%ﬁﬂ@ %18'9%3“’8&0? o
di chi or onet B2kd-281RECloEGmAN Wag disaeivediis!, %@'F@QIOB“Q%M) 28¢ His8virming and

purified byemHaSmemnalgd.C6iyy, W¢ikbydre#Hippran-4@nd (Reovstd9ammodl, G.29) atidspdiemonet hane
with 0.2M affmeetixghordhPdritiie (8 ely.ne.88 inintoh; CUBERPWerd dddedre) momsahgdratdreamsdt he £
hydr ochl or i #lg np@lré wE!i Qifedia Fad terﬁ S8lre fM’d@ew&ﬁght Tid Aok 'ﬁ'ﬂtur&@da&) 8 .

(d6DVEO) : 1 ﬁNaH 09 olut n)la th%l ﬁ t(o i ﬂe 2.8
2H 3. 2UER9R "”'t IehlgrortiEthg Hz 10. 3
ooy § phaEsghary sspargt pmon @apeca»sgfaerw bR

spect rum Afighlororpethgpr again. ¢ P@?%tphﬁeﬁ hW%rﬁé%bFﬁet%ﬂdeg‘es?Rﬂ‘ﬁﬁt “'!&FI
publ i cat i orevapdraied teafioyl tb%lPrumpmﬂuChwhlduW%aﬁlmmcbbn@lfmthﬁtmetbﬁfpl-l cati ons,
cited in thNs;-disheandthana) toafiord the flee beserf thedite cronpatied] 10y mp ed&%k.aviceHas i f each

i ndi vi dual pady. It YRELIssSREETIh irefrahbl 2rANshd Meliy b4l Labdeymi e £afred to be
i ncor por at egy ¥y fnecfleﬁﬁﬁ BH8r) WRE BhdbdaR rddiPiéMBerature and the mixture was stirred at -

room temperature for 5 minutes. The solvent was subsequently evaporated to afford the

fitte compound, 80 mg, 82%.

'H NMR § (d°DMSO, 400 MHz, monohydrochloride): 075 {2H, m), 0.1 (2H, m)}, 1.76 (2H,

m), 1.93 (2H, m), 2.04 (2H, d), 2.84 (2H, q), 3.18(4H, g), 3.44 (1H, m), 3.59 (2H, d), 3.99

{2H, m), 4.11(1H, m broad), 4.57 (1H, m), 6.63 (1H, d), 7.12 (1H, s), 10.85 (1H s broad),

11,30 (1H, s).

Example 6. 4,5-Difluoro-6-methyl-1-{1-(4-methyitetrahydro-2H-pyran-4-yl)-4-
piperidinyi]-1,3-dihydro-2H-benzimidazol-2-one hydrochloride (E6)

Q
Me

N HCI

HC N
o
N
F H
O
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fully set forth. The application of which this description and clains forns
part may be used as a basis for priority in respect of any subsequent
application. The clains of such subsequent application nmay be directed to
any feature or conbination of features described herein. They may take the
form of product, conposition, process or use clainms and may include, by way
of exanpl e aadopokdIgut |imtation, one or nore of thepéphangse! ai ns. 67
CLAIMS 1. A compound of forrmula (I) or a salt or solvate thereof: 1P Rs R5
1 N>=O R4 H5 wherein: R4 is fluoro; R5.is selected from hydrogen,

hal ogen, chalifesd selutigaf RY metiyimagsesiym biopisern dipthy Gthar (O mbrRD i) ﬁ'tﬁse f1 uori ne
atons, Cl. Beaigdkowiih andetahydsofarak oX§mik ubsiution utod d 4fkdifivorprfamethylrteld€4-f | uor i ne

10 atons; GandtstrahgdreHamran4omHisipaigiml-1,6 dhpdro-28befamidstol-2.Ghe 63DBY!

substi t ut egony, e RARYHGEr P EErook fé@.béra@reatumspou@%sﬁw oLl a Qémécycl oal kyl
substi tut eﬁ%‘ ﬁﬁf%ﬁeiférsaﬁgﬁoe@in%&g& \k}l%edl o%methanng 6 al koxy

substitute F’%Y or Cl1_6al kyl .
15 2. A co ﬁ)de"&88r8 8| ﬁ?rim %rf" yn si ga,s% f‘%e%’af’?] fh hydr ogen,
chloro, bfiigisomethgngrwith & a@meplﬁ) togive Ahg itie| compend (BB dsditehanhe or nore

fl uorine alnudrmhlomauomdmwyl@w Mi'e= 36. A conpound according to claim 1 or
claim 2, wheNdRiHEGal)S (§WME0)etl4 {3H) ), chd @Hom), 2o @Hpm), 2I3UeHd, JakHdy| , et hyl

i sopr opyl , 2.8 Y2H, o) 3aieH, miTestdh@Mym), ute (tHURY, ek RoX V=6, 109 (1H Hﬂ!%ﬁt hyl. 4. A
conpound app@(ﬂi,l g}gré"%"ﬁﬁ'@/pr&f)ng@mg&rrﬂb;@fmﬁ\/gﬁgcﬁurﬁ Qis selected from hydrogen

25 and nethyl. 5.7 A conpound according to claim1 which is selected fromthe
group cons
4- Fl uor o- &Iﬁéhmlﬂ?ﬁe 'ins(sfeé' lgh@%l?tﬁ'-cﬁ'ﬁsﬁp?"gh- 4-yl)-4-piperidinyl]-1, 3-di hydro
H benzi m dazol - 2- one 30
6L ohil or o- 4l publisegons, ineluding bty bpited Appatonta and; pgtentapplisatinss, eltedyn this1, 3- di hydr o
-2H specification are herein incorporated by reference as if each individual publication were
specifically and individually indicated to be incorporated by reference herein as though

fully set forth.

The application of which this description and claims forms part may be used as a basis for
priority in respect of any subsequent application. The claims of such subsequent
application may be directed to any feature or combination of features described hersin.
They may take the form of product, composition, process or use claims and may include,
by way of example and without limitation, one or more of the following claims.
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benzi m dazol - 2- one 4-Fl uor o- 6- et hoxy- |
-[ 1= (t et rahydr o- 2H pyran- 4-yl ) - 4-pi peri di nyl ] -1, 3-di hydr o- 2H
benzi m dazol - 2- one 4, 5-Di fl uor o- 6-net hyl -1

-[1- (t etrahydro- 2H pyran-4-yl ) -4-piperidinyl]-1, 3- dlhydro 2H 35
benzi m dazol - 2- one 68
6- Cyclop?E g 4-fluoro-1-[1-(tetrahydro-2H pyran-4-yl)-4-piperidinyl]-1,3-d
" i hydro-2 en2|n1dazol 2-one 4, 5-Difluoro-6-nethyl-1-[1-(4-methyltetrahyd
ro-2H pyran-4-yl)-4-piperidinyl]-1, 3-dihydro- 2H benzi m dazol -2-one 5 and
salts ant solA(aomsomrtdeafémmulas(l)mmsﬂifmrmhvawbeﬁeof ng to claim1 which is
4-fluoro-6-nethyl-1-[1-(tetrahydro-2H pyran-
4-yl)-4-piperidinyl]-1, 3-di hydro-2H benzi podazol - 2-one. 10 7. A conpound
according to claim1 which is 4-fluoro-6{methyl-1-[1-(tetrahydro-2H pyran-
4-yi)-4-piperidinyl]-1,3-di hydro-2H benzi jdazol - 2-one hydrochloride. 8. A
conpound according to claim1 which is ~N Q
4-f|uoro-6-nethy|-1-[1-(tetrahydro ZFng;gn- 15
4-yl)-4-piperidinyl]-1,3-di hydrogp2H benzi'm dazol - 2-one nonocitrate. 9. A
conpound according to cIa|n11 mhlc '
4-fluoro-6-nethyl-1-[1- (tetrahydﬁ réh
4-yl)-4-piperidinyl]-1, 3-di hydro-2H Qerti m dazol - 2- one net hanesul fonate. 20
10. A pharmaceutical .conposition conprising a conpound as claimed in any one
~of claiwerdinto 9, and a pharnmceutically acceptable carrier thereof. 11. A

conmpouncRGs figdrei Ned in any one of claiml1 to 9 for use in therapy. 25 12. A

Comgglrjlgldl%ﬁg ﬁ%mglegqporrtggﬁr%éeﬁ nr?aécr%{en cgzwgscl é]@&%# kykﬁfbsﬁhééc{"&ntﬁ ﬁ%to'imnt of
conpound"@® ficanenster s Gwyall ‘PP@I &hd Gai algoxy %L@S@Iuﬁegrw'dtén?r?rtfﬁ%retfﬁ@élf‘ﬁent of
a p9ychabms, di sorder or cognl tive inpairment. 30 14. A conpound as clai med

Lgnglogiﬁzsig shiisd T % BRYA N, 159( eu ék}@%ﬁﬁtﬂ@@!rﬁrﬂha%nglé? : gf a_
rod! candiPiG AR o e el %WE'?\OF‘%(?M‘P‘?:!E "hdine stoms

muscar i e aloxy red Ept ekoxm@bsmmltmommwndluasne:at@mseanqi n any one of
cl ai s ]Qisqqygrdg@ntolaq;{_ggmy]f_ acture of a
15 _
2, A compound according to claim 1 wherein R® is selected from hydrogen, chloro,
bromo, fluoro, Cisalkyl, Cialkyl substitufed with one or more fluorine atoms, and C,.
salkoxy.

20 3. A compound according to claim 1 or claim 2, wherein R® is selected from chloro,
bromo, fiuoro, methyl, ethyl, isopropyl, cyclopropyl, methoxy, trifluoromethoxy and
trifluoromethyl. -

4, A compound according to any of claims 1-3, wherein Q is selected from hydrog*en
25  and methyl.

5. A compound according to claim 1 which is selected from the group consisting of:
4-Fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-4-yl)-4-piperidinyl}-1,3-dihydro-2H-
benzimidazol-2-one |

30  6-Chloro-4-fluoro-1-{1-(tetrahydro-2H-pyran-4-yl}-4-piperidinyl]-1,3-dihydro-2H-
benzimidazol-2-one
4-Fluoro-6-methoxy-1-{1-{tetrahydro-2H-pyran-4-yl)-4-piperidinyl}-1,3-dihydro-2H-
benzimidazol-2-one
4,5-Difluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-4-yl)-4-piperidinyi]-1,3-dihydro-2H-

35  benzimidazol-2-one
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medi canment for the treatnent of a psychotic disorder or cognitive

I mpairnment. 40 17. Use according to claim 16 wherein the psychotic disorder
i s schizophrenia. 69 18. A conpound of forrmula (XXXX) or a salt or solvate
thereof: 0 HIPR6 RS1 HOa H(XXXX) 5 wherein Ris a group Was
defined in claim1l1, or a group convertible to R4, R5 is a group R5 as

ot i ned & GrogtoByilen oA [FRUANGRILE birt) B 24 Pperidiif-TR-ifBrdiofit oup RO as
benzimidazol-2-one _
4, 5-Difluoro-6-methyl-1-[1-{4-methyltetrahydro-2H-pyran-4-yl}-4-piperidinyl]-1,3-dihydro-
2H-benzimidazol-2-one
5 and
salts and solvates thereof.

6. A compound according to claim 1 which is 4-fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-
4-y)-4-piperidinyl]-1,3-dihydro-2H-benzimidazol-2-one.
10
7. A compound according to claim 1 which is 4-fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-
4-yi)y-4-piperidinyl}-1,3-dihydro-2H-benzimidazol-2-one hydrochloride.

8. A compound according to claim 1 which is 4-fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-
15 4-yl)-4-piperidinyl]-1,3-dihydro-2H-benzimidazol-2-one monocitrate.

9. A compound according to claim 1 which is 4-fluoro-6-methyl-1-[1-(tetrahydro-2H-pyran-
4-yl)-4-piperidinyl]-1,3-dihydro-2H-benzimidazol-2-one methanesuifonate.

20 10. A pharmaceutical composition comprising a compound as claimed in any one of -
claims 1 to 9, and a pharmaceutically acceptable carrier thereof.

11. A compound as claimed in any one of claim 1 to 9 for use in therapy.

25 12. A compound as claimed in any one of claims 1 to 9 for use in the freatment of a
condition which requires agonism of a muscarinic M, receptor.

13. A compound as claimed in any one of claims 1 to 9 for use in the treatment of a
psychotic disorder or cognitive impairment. |
30 _
14, A compound as claimed in claim 13 wherein the psychotic disorder is
schizophrenia. ‘

15.  Use of a compound as claimed in any one of claims 1 to 9 in the manufacture of a
35 medicament for the treatment of a condition which requires agonism of a muscarinic M,
receptor,

16.  Use of a compound as claimed in any one of claims 1 to 9 in the manufacture of a
medicament for the treatment of a psychotic disorder or cognitive impairment.

40 _ _
17. Use according to claim 16 wherein the psychotic disorder is schizophrenia.
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18. A compound of formula (CKXX) or a salt or solvate thereof;
Q
QN CN
N
=0

R®,
R* N
R* H (OO}
5
wherein R* is a group R* as defined in claim 1, or a group convertible to R*, R® is a group
R as defined in claim 1, or a group convertible to R®, and R® is a group R® as defined in
claim 1, or a group convertible to R®, '
10
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