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PAMs enhance a7 nAChR activation mediated by endogenous or exogenous agonists

without activating the receptor in their own right, i.e. in the absence of agonist. A number

of PAMs have been reported (Lightfoot et al. Progress in medicinal chemistry 46:131-71,
2008).

SUMMARY OF THE INVENTION

This invention relates to heterocylic compounds having activity in modulation of the a7
nicotinic acetylcholine receptor (nAChR). The invention also relates to the use of the
heterocylic compounds in treating diseases and conditions mediated by modulation of the



According to a second aspect, the invention provides a conpound of the
formula (la) or a pharmaceutically acceptable salt thereof: O NN(\( Il Z/
(la) wherwOnn12/08594Y and Z are each i ndependently sel ect @edTiEPoon1@bssand N;
A is selected froma isobutyl and a 5 or 6-nenbered aryl or heteroaryl,

wherein sgi | ect f

carbon-1li nkn2\ p eng?ﬁgb pyrle?P ﬁylrga&gsﬁ %’ﬁ?ﬁtlonsi ﬁ@,qngp@?rhs[eiﬁyﬁ? hi enyl
or i soxazohmpbyundsaarit wptessesidryhesybrsparatidred wi t h one or two substituents

i ndependently sel ected from hal o, cyano, nethyl, trifluoronmethyl, nethoxy

and trifluoronethoxy; and one of R3 and R4 is hydrogen and the other is
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IL-1 beta, IL-6, and/or IL-8.

International Patent Application WO 01/42241 also discloses the general formula of a
wide class of compounds encompassing some which have some structural similarities to
some of the compounds with which this invention is concerned, but the alleged activity of
compounds within that disclosed general formula is inhibition of the cytokine activity.

DETAILED DESCRIPTION OF THE INVENTION

In general, this invention relates to heterocylic compounds having activity in modulation of
the a7 nicotinic acetylcholine receptor (nAChR). It is believed that compounds with which
the invention is concerned are primarily active at that receptor and lack significant other
biological activities. The invention also relates to the use of the heterocylic compounds in
treating diseases and conditions mediated by modulation of the a7 nAChR. In addition,
the invention relates to compositions containing the compounds and processes for their
preparation.

According to a first aspect, the invention provides a compound of formula (l) or a salt
thereof:



As used herein, "heteroaryl"” refers to a cyclic or bicyclic group with at
| east one ring having a conjugated pi-electron system and conpri sing at
| east onewofor2/mszaepl e one or two, heteroatons sel ect edPCrmPeM1/0688and S. | n
one aspect the "heteroaryl"” group is a 5-, or 6-nenbered cyclic group. In
one aspect, "heteroaryl" noieties arg selected frompyridinyl (pyridine
group), pyrimdinyl (pyrimdine group), furyl (furan group), pyrrolyl
(pyrrole group), thienyl (thiopheng up) or isoxazolyl (isoxazole group).
Each carbon |inked heteroaryl gro%d\ﬂ/ bg\attached at any ring carbon. If
speci fied herein, the heteroarylRgr oup y Ve substituted by one or nore
substituents. The enbodi nents descri bed\ri%\w are enbodi nrents of either the
first or the second aspect of the inventi (Aas appropriate) unless
speci fied otherw se. WD 2012/ 055942PCT/ EPéOll/ 068807 In one enbodi nent of
the first aspect of the invention, thegnvention provides a conpound or a
salt thereof for use in treating di seasés and conditions medi ated by
nmodul at i d9r eFe hhiseaiingrdisenseniand foadijipng Asdiated b degstudatiop MAGRR7 Rip@ing n t he
conpound g.§t pc%qﬁg%@gtopfnpt(g{mu\;vﬁer@jn) as defined above other than: In a
further enbodl ment of the first aspect of the invention, the invention
provi des a toﬁi;&ﬁmi Herepashlindepredently seigcteddwn qHtanddYsi ng di seases and
condi ti ons t ' i ne
recept or (ng\ECh 'sg%weln ?@gﬁlbg{?ﬁlﬁﬁ oﬂefé'r&a‘?% S%!?%Ee?q&ﬁ%rﬁ:%%%h) as
defi ned above IIOKmhetnbllanyrldlmyh p)’nmlchmm,ddlymwobf thl¢'ﬂ§’| gisoredoyk gech of the
i nvention, ein the
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conmpound |s a

____________ N halo, cyarq, methyl, trifOiiraDr3BylINmethoxy and trifluoromethoxy, and A?isa5or
6-membered heteroaryl selected from a carbon-linked pyridinyl, pyrimidinyl, furyl,
pyrrolyl, thienyl or isoxazolyl, each optionally substituted with one or two
substituents independently selected from halo, cyano, methyl, trifluoromethyl,
methoxy and trifluoromethoxy;

e Qs selected from a bond, -CH,-, -CH,CH,-, -O-, -S- and —-N(R?)-, wherein R?® is

O
O

\ /

e R'and R? are each individually selected from hydrogen and methyl, with the
proviso that when Q is —O-, then R" and R® are both methyl.

According to a second aspect, the invention provides a compound of the formula (la) or a
pharmaceutically acceptable salt thereof:

Yy
3
Z = | R
Al _N

(la)

wherein:
e X, Y and Z are each independently selected from CH and N;
e A'is selected from a isobutyl and a 5 or 6-membered aryl or heteroaryl, wherein

said 5 or 6-membered aryl or heteroaryl is selected from a carbon-linked phenyl,
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0....... 0 H3CN H3 or CH3 WD 2012/055942PCT/ EP2011/ 068807 In a further
enbodi nent of the second aspect of the invention, the invention provides a
conmpound WO 2012985442t her eof wherein the conpound is a comrp®EPAIBOGESOT MUl a
(la) as defined above other than: In one enbodi ment of the first aspect of
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further enbodlsu‘eﬁttutemah o@eios twchubstlﬂmentsﬁddmddé?mya;ekecteadtfrom-halbncyann’) urt her

enbodi nent, H and nethyl and R2
is H Ina furt gﬁtrlﬁ%or %’%M’ Oé(l){]a@d%'f Oﬁétﬁéj %R(g]l and R2 are both H.
In a furthes enbotRirand R“vd“:wdrd@ansand&]h&ﬁmarl,s mdteyl. RL and R2 are both H. In
one particul ar enbodi nent, either: Qis selected froma bond, -CH2CH2- and
-S-, and RlL and R2 are both H Qis -CH2-, Rl is selected fromH and net hyl
and R2 isksmsedmeﬁélmsahafbe s@ostitught @fets R2fllare, dhatrdy brerhbyaind iddo radiealenth@tie nent
of the inv t of the cond ect of the
“nvent i oarisulel SaeoBmeRt IREri By S PARAT hpChab ot GRESEH X and v
is CH andréerhe other is N. In one enbodi nent of the first or second aspects
of the invention, A is 5 or 6-nmenbered aryl or heteroaryl, selected froma
carbon-I|inked phenyl, pyridinyl, pyrimdinyl, furyl, pyrrolyl, thienyl or

i soxazol yh an eabbdiont ¥nalCHy substituted with one or two substituents

i ndependently sel ected from hal o, cyano, nethyl, trifluoronmethyl, nethoxy
and trifluoronethoxy. In one enbodi ment of the first or second aspects of

t he | nvemtsi umed hahan, the teren llgt” (hemesdaed groyp ooas pat ef a@rqdp refaisctom or
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two groups Iect from r..exanl I yano t and
trifl uor(?ﬁ?ﬁ rprom(ﬂ 'BAEC C %ﬂ?thy@(\hgﬁ’ ' létylg %b%ﬁ QF&F t%@‘[l el oar yl ,
sai d het @eotyr,ﬂmemylbpilyl,drmhylgropyjbﬁrhEXWbeiéoMéﬂyh one or two groups sel ected
fromfluoro, chloro, nmethyl and trifluoromethyl. In a further enbodi nent,
when Al is 5 or 6- nenbered heteroaryl, said heteroaryl is optionally
subst i t utfedused hemive 'aryl't wefegr mups @ehatt eplodp ovithf atut@ast onetringl havidg a
trifluoronet hél' ln _a %et further enbodi nent,, vvhﬁn ﬁl IS 'ﬁ or 8- yenber ed
het er oar yI UgaPH PHEEEISLPAT s Tl RAC BERT T 88" IP=5 BB BNP Vit G SRR RIS Sr ¢ wo
met hyl griougyl gronp orag berdnosdiitoedtoy onben milre sgogtihentd., sai d phenyl is
optionally substituted with one or two groups selected fromhalo (for
exanple fluoro or chloro), cyano, nethyl, trifluoronethyl and nethoxy. In a
furt her esbosHdveerkein, Whetarcalyl'i eferbanyd cydiai at hnbrﬂ:htylgrd;@ wphiad)neehét)one ring

substitu wi_th one. o rou sel fromh f
Floor oy - el bt miraleneBer Rt Ry Rbrs e Bl ER s MrskE B ok econd
aspect oftwo Hetéermaentsi setected frora Nsé]) acd &d Ih Domaspmbmwhemdarﬁl group-isrartber ed
aryl or het ai. r rQ ed froma
o bon | e eHRklsA SRYE, o I o (PLR aioshT: BbictEs Hh oA R thma « 1
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trifluor X trifluo speci,al | y hal fo
exarpl e, 0T g BEy RN GGl T rGr e (AL orde ! EachBfor
linked heteroaryl group may be attached at any ring carbon If specified herein, the
heteroaryl group may be substituted by one or more substituents.

The embodiments described below are embodiments of either the first or the second
aspect of the invention (as appropriate) unless specified otherwise.



I n one enbodi nent of the first aspect of the invention, A2 is a 5 or

6- menbered heteroaryl optionally substituted with one or two substiuents
sel ect ed woemamssdagl , trifluoromethyl, nethoxy and triflPacomenetiiosssy7 for
exanpl e, methyl or nethoxy, especially methyl. In anot her enbodi nent, A2 is
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car bon- | ionkesdlt thareafiforylse irpyeaitrigctiimdses fod yd)ncﬁitrud13|n$$maatz<d)bymodeknnbn of;iheonal |y

gug:%égégd @0?'8%%%{)" &%qu ggtofr rﬁh@a Car%% ‘ﬁnﬁg%g%@érhs ny|p°“§§’/ fm di nyl,

furyl andorfruday{l) ad definest abpVecotherctaaton- | i nked pyri di nyl each optionally
substituted as described above. In one enbgdinment, A2 is selected from
unsubsti uted pyridinyl optionally substi tu/tefbl W t h one net hy#Z~pyri m di nyl
substituted wth tw rethoxy groups,, tionally sy wi th one
nmet hyl and isoxaz&fcy \ O tlonq,lcly sugyl uted*wtmpne et hyl . I'n a further

embodi ment, A2 is selgcted fromyungub d pyrldﬁ’ﬂl\’“an PyT) di nyl
&‘/gdlnyl saﬁ’{ltute with one

substituted 7{:3@ espectal |
methyl. In a r yhel\ odi meat, when is optianally substuted

pyridi nyl, then A2NTs seldcted from 4- pyri di nyl o 2- et hyl - 4- pyr'l dinyl ,

3 met hyl - 4-pyridinyl, 2- methyl-3-pyridinyl and 2-pyridinyl, espeC|aIIy
4-pyridinyl, 2-nethy I- ? yridinyl or 3-methyl4-pyridinyl, in particular

2- et hyl Ima;ﬁvmediembpdm% of tiiétf'rsﬁ appacépf @ﬁﬁb’@ﬂh‘ﬁht{he '\WM@H'OAPVQ‘@d%‘pﬁl onal l'y

subst ut eGoRpYbisd Bryé salft'ﬂgféof"%r%e th@dilné Bf%@aélél%ﬂ%ﬁfdnblﬁu@ﬁs %eBMféoddan 8 In

one enbodi nent of the secon ect of "'the invention, R3 is nethyl and R4
is hydr o@%‘?@’u@ﬁﬁﬁblhéswd?m%'@lﬁpﬁ?@?v&i@h%ﬁmtr‘?f‘@pi%f!%@h%)nWhPF%‘] hgeompeLrdigpounds
of list %co‘ﬁ%unb@ffbﬂﬁulﬁ'{ﬁ%@'d@ﬁrﬁ'@d AovkRendritkst aspect of the invention, the
conpound of fornula (1) is a conpound of |list A or a pharmaceutically
acceptabl e salt thereof. Further exanples of conpo of the invention

i ncl ude conmpounds of list B:
4- (2- Met hyl - 3-furanyl) - 2- (3
4-(2- Met hyl - 3-furanyl)-2-(3-ne

4- (2- Met hyl - 3-furanyl) (3
yri mi di ne S
4- (2- Met hyl - 3-f ur any1) =5- ( 2Nmét hy '\4 pyri dithy1) - 2. (1- pi peridinyl)pyrinidine

Pyl - 1- pi peri di ly1 5@4 “Byri dinyl)pyrinidine
| -1- d1 Mo (3-pyr|d|nyl)pyr|md|ne

In one embodiment of the second aspect of the invention, the invention provides a
compound or a salt thereof wherein the compound is a compound of formula (la) as
defined above other than:




Cis-2,6-Dinethyl-4-[4-(2-nmethyl-3-furanyl)-5-(2-nethyl-4-pyridinyl)-2-

pyri m dinyl ] norpholine ) o

trans- 2, owDizoetisyy24- [ 4- (2- met hy1l- 3- f uranyl) - 5- ( 2- net hy PCEAPRO110688971) - 2-

pyri m di nyl ynor phol i ne o S _
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4- ( 2- Met lepmp8uidiorcanydl) therepBwhertemythe tompperd idianobh)pdbnd 2 foymuldi(lay B pyri m di ne

cis-2,6-0) -4-14- (2- et hyl propyl)-5-(2-nmethyl -4-pyridinyl)-2-pyrimdin

yl ] mor pho ﬂﬁ%&%@q}/‘éoﬁhe\r%a’n N-

cis-2,6-Di methyl-4-[6-(

i nyl ] morphol ine Na.
N
|

HSCY\NJ\ .

0O

t hyl- 3-furanyl) 5 (2-met hyl - 4- pyri /' nyl) - 2- pyraz
N

CH,

In one embodiment of the first aspect of the invention, Q is selected from a bond, -CH,-, -
CH,CH,-, -O-, -S-. In a further embodiment, when Q is -CH,CH,-, then R" and R® are both
H. In a further embodiment, when Q is -S-, then R" and R? are both H. In a further
embodiment, when Q is -CH,-, then R’ is selected from H and methyl and R®is H. In a
further embodiment, when Q is bond, then R' and R? are both H. In a further embodiment,
when Q is -CH,CH,-, then R" and R? are both H. In one particular embodiment, either: Q
is selected from a bond, -CH,CH,- and -S-, and R' and R? are both H; Q is -CH,-, R' is
selected from H and methyl and R® is H; or Q is -O- and R" and R? are both methyl.

In one embodiment of the invention, for example, an embodiment of the second aspect of
the invention, Z is CH or N and either X and Y are both CH, or one of X and Y is CH and
the other is N.

In one embodiment of the first or second aspects of the invention, A'is 5 or 6-membered
aryl or heteroaryl, selected from a carbon-linked phenyl, pyridinyl, pyrimidinyl, furyl,
pyrrolyl, thienyl or isoxazolyl, each optionally substituted with one or two substituents
independently selected from halo, cyano, methyl, trifluoromethyl, methoxy and
trifluoromethoxy.

In one embodiment of the first or second aspects of the invention, when A'is 5 or 6-
membered aryl or heteroaryl, said 5 or 6-membered aryl or heteroaryl is selected from
phenyl, pyridinyl or furyl. In one embodiment, when A’ is 5 or 6-membered aryl or
heteroaryl, said aryl or heteroaryl is optionally substituted with one or two groups selected
from halo (for example fluoro or chloro), cyano, methyl, trifluoromethyl and methoxy. In a
further embodiment, when A'is 5 or 6-membered aryl or heteroaryl, said aryl or heteroaryl
is optionally substituted with one or two groups selected from halo (for example, fluoro),

cyano, methyl and trifluoromethyl. In one embodiment, when A'is 5 or 6-membered
7



.yos N N HC) .
6- (CI s- 2 6- d| met hy1l- 4- Mor phol i nyl)-2' - net hyl - 4- (2-net hyl - 3-furanyl)-3, 4'-bi
pyri di ne WO 2012/055942 PCT/EP2011/068807
6- (ci s-2, 6-di net hyl- 4-nor phol i nyl) - 2' - net hyl - 2- (2- et hyl - 3-furanyl) -3, 4' - bi

DY B elaroay's 53 Pteroarylis ARYONa SHESHISC Wit 00 119 0roHRS SRISSISSy I eny! 1 mo

r phol i ne fido@HENIoro, methyl and trifluoromethyl. In a further embodiment, wh_en_A1 is 5 or 6-
Ici fmrzpﬁoﬁé;r%er}g& heteLo%}y%'ﬁé H&le%g?yrll}/slgﬁt%'nSI%'s”%gtk}MtleaA\?\?itlﬂyorn'edo'rrtW&Z;Fo%bQ yrimdiny
Cci s- 2, 6- deleeteyitondfjiote (BetingltamgtrifBioiamethyll ) Syet Juntretr leyribodinpant,i vehiemyAl)is 2-
pyrim di Whlrﬂé)r%w% he%roaryl, said heteroaryl is unsubstiuted or substituted with one or two

methyl groups. In one embodiment, when A’ is phenyl, said phenyl is optionally

substituted with one or two groups selected from halo (for example fluoro or chloro),

cyano, methyl, trifluoromethyl and methoxy. In a further embodiment, when A’ is phenyl,

said phenyl is optionally substituted with one or two groups selected from halo (for

example, fluoro), cyano, methyl and trifluoromethyl.

In one embodiment of the second aspect of the invention, A'is selected from isobutyl and
5 or 6-membered aryl or heteroaryl, said aryl or or heteroaryl being selected from a
carbon-linked phenyl, pyridinyl or furyl each optionally substituted with one or two
substituents independently selected from halo, cyano, methyl, trifluoromethyl, methoxy
and trifluoromethoxy, especially halo (for example, fluoro), cyano, methyl and
trifluoromethyl.

In one embodiment of the first aspect of the invention, A% is a 5 or 6-membered heteroaryl
optionally substituted with one or two substiuents selected from methyl, trifluoromethyl,
methoxy and trifluoromethoxy, for example, methyl or methoxy, especially methyl. In
another embodiment, A%is a 5 or 6-membered heteroaryl optionally substituted with one
methyl group. In one embodiment, A® is a 5 or 6-membered heteroaryl selected from a
carbon-linked pyridinyl, pyrimidinyl, furyl and isoxazolyl, each optionally substituted as
described above. In a further embodiment, A% is a 5 or 6-membered heteroaryl selected
from a carbon-linked pyridinyl, pyrimidinyl, furyl and furyl, for example a carbon-linked
pyridinyl, each optionally substituted as described above. In one embodiment, A® is
selected from unsubstiuted pyridinyl optionally substituted with one methyl, pyrimidinyl
substituted with two methoxy groups, furyl optionally substituted with one methyl and
isoxazolyl optionally substituted with one methyl. In a further embodiment, A® is selected
from unsubstiuted pyridinyl and pyridinyl substituted with one methyl, especially pyridinyl
substituted with one methyl. In a yet further embodiment, when A? is optionally substuted
pyridinyl, then A%is selected from 4-pyridinyl, 2-methyl-4-pyridinyl, 3-methyl-4-pyridinyl, 2-
methyl-3-pyridinyl and 2-pyridinyl, especially 4-pyridinyl, 2-methyl-4-pyridinyl or 3-methyl-
4-pyridinyl, in particular 2-methyl-4-pyridinyl. In a yet further embodiment, when A® is
optionally substuted pyridinyl, then A%is other than unsubstiuted 3-pyridinyl.

8



ci s-2,6-Di nmethyl-4-15-(2-nethyl -4-pyridinyl)-4-[2-(trifluoronethyl)-3-pyrid
inyl]-2- pyrimdinyllnorpholine

Ci s-4-[ 4-WO6-2h2055@24- net hy1- 3- pyri di nyl) - 5- ( 2- met hyl - 4- pgTiE®2ony/0$8887 pyri m d
i nyl]-2,6- dinethyl norpholine

Cis-2-[2-(2,6-D nmet hyl-4-norpholinyl)-5-(2-nethyl-4-pyridinyl)-4-pyrimdiny
|]-4- fluorobenzonitrile ) ; and

ci s-2-[ 24 ﬁn@enhbndrdwtleféthemecpﬂmdlaispydt)of Bie(iBvantibhyR* id meginyil dnah R )s- 4- pyri mi di ny
l']-6- (tr § ronethyl)benzonltrlle )\ NO N In one enbodinent, the
|nvent|on pr vVides a conpound of list B or a salt thereof, for exanple, the
hydrochl oride salt thereof. In a further enbodi nent, the invention provides

;2? ?EW%E%Q%OZ%%HE%C%%H% |ﬁv§{t||05'§| Hpéee%gjco?n%oaﬁdéjgﬁ%”\bed below. In a

[ nven oV
Ci s-4-[4-(6-fluoro-4-net hyl< -pyr|d|ny1)-5 - met hyl -

pyrldlnin%igfyh 1 djnyl | - 2,%-)di met hyl nor p oI|N r\a naceutlcally

accept abl +'t @or« foro e, the hydroch\ oyl d& s Nt thereof. It
wi || be appreci dted

conpounds havi ng

H,C



For the avoi dance of doubt, unless otherw se indicated, the term
"substituted" neans substituted by one or nore defined groups. In the case
wher e growp=0reppsdae sel ected froma nunber of alternati PET@POUPHESSIHE

sel ected groups nmay be the sanme or different. For the avoi dance of doubt,
the term"independently" nmeans that where norge than one substituent is
selected|j60n1a nunber of possible substituEEE$, t hose substituents may be

the sane on different. The conpoypds of for B (N may form
pharnaceutgca?j acgepta e[gﬁj . “exanpl e, xi ¢ acid addition
salts for r%ﬁ Y IC fﬁg hydroéﬁ ~Xhydr obrom c,
hydr oi odi ¢, sul furig._and phosphoric w th caplpoxyl g acids or with

or gano-sul fonic idsl) Exanpl es i \FEr , sulfate or

bi sul fate, nitrate, Phosphate or’ hydogen phosphate, acetate, benzoate,
succi nate, saccharate, funarate, nmaleate, lactate, citrate, tartrate,

gl uconat e; “ganpyl at e t esul fonate, ethapesul fongLe enzenesul f onat e,
p-t ol uenesul angat e rew \S
phar maceuti cal slpltls see Be enay /Pharey Sc/. 9, 1977; P L
Goul d, I nt erfiayd Journgl of Ph ceutilcd 33 (1986) 201-217; and

Bi ghl ey et ak,_Jkncycl opedi a of Pha utical™ Technol @ rcel Dekker 1nc,
New York 1996, Vol ume 13; page 453-497. In one enbodi nen? the-salt of the
conmpound of forrmula (I) is a pharmaceutically acceptable salt, for exanple
an HCl salt. Hereinafter, the conpounds of fornula (1) and their

phar macedt peapMmpodisespeldhe drss asnest ofdhe invepiian: e coreynd ohioredlagbimds of t he
i nventiony i I Ak i in the art that
certain E?SPSE@%§“'E@?@S?ﬁ@gﬁﬁgﬁhfﬂ%%%%%ggﬁﬁﬁékg%h?ﬁe i nvention, which may
be made prior to a final deprotection stage, may not possess

phar mac olFgh @l xaAfidVaiihmdeusHC thdiberfb indi i &Ihunds BeileBees, be

admi ni stered orgll or parenterally and thereafter netabolised in the body
to form doRpdethrs3-weanyhed(3-methiie! -pipesdingds pdé-Ryiginaipyamiingnar macol ogi cal | y
active. S derjvativ y therefore be described as "prodrugs". Al

pr ot ect ed/ dery i nd yprodrugs of conpounds defined in the first aspect
are inclu wi t\ ope of the invention. Exanples of suitable
pro-drugs/for the c ounds of the present invention are described in Drugs
of Today, Volune 19/ Nunber 9, 1983, pp 499 - 538 and in Topics in

Chem stry, Chapter 7 pp 306 - 316 and in "Design of Prodrugs" by H
Bundgaard, El sevier, 1985, Chapter 1 (the disclosures in which docunents

ar e i ncorp@riaétad-rrgiy)-Di8-mefhgr epipe)idinyli-5us-pridiny fdpemidie: appr eci at ed by
those skilled inthe art. that certain noieties, known to those skilled in
the art ag " &QKHDK ti \ for exanple as described by H Bundgaard in
"Desi gn ol Pyod (Whe7di scl osure in which docunent is incorporated
herei n by/referenc may be pl aced on appropriate functionalities when such
functionalities ar e/priesent wi thin the compound defined in the first

aspect. The conpoun f the invention or their salts may exist in solvated
or hydrated form Thé conpounds of the invention or their salts or

sol vat eS/4h(20|\r/|@th§153-ﬁj_fraﬁy|l)ez-(Borﬁemvpfiﬁip@ﬁdihhflsf(zmtﬁﬁA-ﬁWMin?%ﬁﬁnidiiHe crystalline
form for exanple, in one or nore polynorphic fornms.” Therefore, according
to a further\aspgct —Txvention provides a solvate, hydrate or prodrug
of the cofpou of i ntion. Certain conpounds of the invention may
exist in or nor ric forms. Al tautonmers and m xtures thereof
are included in the t he present invention. Certain conpounds of
the i nvention may ss@ss one or nore chiral centres and so exist in a
nunber of stereoi somed’c forns. Conpounds having one chiral centre may
exi st as enantioners or a racenic mxture containing enantiomers. Conpounds
havi ng t iol2dYethrefusany) - (Zcaaty b pigneix2-st-ripgridindpyemnishiesoner s or
enantioners. Al stereoisoners (for exanple enantioners and

di astereoi soners) and m xtures thereof are included in the scope of the
present invention. Racem c m xtures may be separated to give their

i ndi vi dual enantioner using preparative HPLC using a colum with a chiral
stationary phase or resolved to yield individual enantioners utilising

met hods known to those skilled in the,art. In addition, chiral

i nt ernedi ate conmpounds may be resol ved and used to prepare individual
enantionmers. The invention also includes all suitable isotopic variations
of the conpounds of the invention.

th




Compounds of the invention nay be prepared in a variety of ways. In the
follow ng reaction schenes and hereinafter, unless otherw se stated Q X,
Y, Z, Al ,wo2p12Rs5and R2 are as defined in the first aspect/ErRoiiloesso?
invention. These processes formfurther aspects of the invention.
Throughout the SpRecific on, general fornulae are designated by Ronman
nuner al s N(_{/ A\ 1 l\il\/) etc. Subsets of these general fornulae are
defined a ’\E, , etc...(lva), (IVb), (I'Vc) etc. Conpounds of
formula (I are'co

and Y is CH Conpou s\of formula (I b) may be prepared according to schene
1 by reaction of onds of fornmula (11) wth conpounds of fornula (111)
as shown in Scheme 1:9Scheme 1 o R Q)\ ) NINHI ,... NH2 RHC (111)

cis-2,6-Dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinylJmorpholine

trans-2,6-Dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinylJmorpholine

>_\ A
O\_/N—<N_ \ /N

7\

0]

3

1-[4-(2-Methyl-3-furanyl)-5-(2-pyridinyl)-2-pyrimidinyl]hexahydro-1 H-azepine

N \ —
(OHH40
N N

7\

o)

-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-pyridinyl)pyrimidine

Q@?

013—2,6—D|methyl—4—[4—(2—methylpropyl)—5—(2—methyl—4—pyridinyI)—2—pyrimidinyl]morpholine

cis-2,6-Dimethyl-4-[6-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-pyrazinyllmorpholine

11



(I'b) For exanple, conmpounds of the fornula (lc), which are conpounds of
the formula (I b) wherein Al is 4-pyridinyl, optionally substituted at the
2- posi ti omowntnsemehyl (i.e. R3 is selected from hydr ogeaTmpr2emetobssh), and
A2 is 2-nethyl-3-furanyl, may be prepared according to schene |a by

reacti on of conpounds of fornula (11la), which are conpounds of the formula
(I'r) in which Al is 4-pyridinyl, optionally substituted at the 2-position
with net and A2 is 2-nethyl-3-furanyl, with conpounds of formula (111)
as shown T 1A. Scheme 1A WD 2012/ 055942PCT/ EP2011/ 068807 Ri \N_

~

Q Rz (lc),

N/

“ |

@ N
o) K‘/O

cis—2,6—Dimethyl—4—[4—(,2—methylphenyl)—5—(2—methyl—4—pyridinyI)—2—pyrimidinyl]morpholine

cis—2,6—dimethyl—4—[4—(2—rr;ethyl—3—furanyl)—5—(3—methyl—4—pyridinyl)—2—
pyrimidinylJmorpholine

12



Typi cal conditions for the reaction of conpounds of forrmula (I1) with
conpounds of formula (111) conprise treatnent with a suitable base, such as
pot assi urwoent2/dassdexi de, in a suitable solvent, such asPerhznalijocssn7 ref | ux.
Compounds of the fornula (1l1a) nay be prepared fromthe reaction of
conpounds he formula (1V) with DVF-DVA (N, N-di net hyl f or mai de

di net hyl /et| | ) as shown in schenme 2. Conpounds of the fornmula (I1V) may be

pr epar ed reaction of conpounds of the formula (V) w th conpounds
of the fornul ). Compounds of the fornmula (V) may be prepared from
conpounds £ r a (V1): Compounds of the fornula (111) nmay be
prepared fg ieﬁtion of conpounds of the formula (VIII) with
conmpounds of the forjrula (1 X) as shown in scheme 3: Schene 3 , NNNHR \

| NONH N 'c'is_—z_,é—_Dim_e{I*&/I—éll—{é\—I%_Emlél Iy- —pg/r\lléirlwyl/l))—gf—l[ggtrifluoromethyl)—3—pyridinyl]—2—

pyrimidinyl}morpholine

cis-4-[4-(6-Fluoro-4-methyl-3-pyridinyl)-5-(2-methyl-4-pyridinyl)-2-pyrimidinyl]-2,6-

dimethylmorpholine

cis-2-[2-(2,6-Dimethyl-4-morpholinyl)-5-(2-methyl-4-pyridinyl)-4-pyrimidinyl]-4-

fluorobenzonitrile

; and
cis-2-[2-(2,6-dimethyl-4-morpholinyl)-5-(2-methyl-4-pyridinyl)-4-pyrimidinyl]-6-
(trifluoromethyl)benzonitrile

13



Typi cal conditions for the reaction of conpounds of the formula (VIIl) with
conpounds of the fornmula (I X) conprise treatnent with a base, such as

di i sopropybevteydsasszne, in a suitable solvent, such as PCT/EP2011/068807

N, N- di met hyl f or mam de, at room t enper at ur e. AI ter natively, conpounds of

nccordi ng P8° EREBNE R e iR BRI B ST LS A U hPerlty i ute
| eavi ng @xamplel therhytifeehioede salt thargof. Imafhrdahereoﬂ:royilment nye irtvabtiongyrotides
substit uttl?e cgrﬁ)ﬁou%d%r %gll?ofbényognepb% E%lm%PeBr OtBH'Q%e%cnb%%% G, Awa yet further 71.

yl A
embodiment, the invention provides cis-4-[4-(6-fluoro-4-methyl-3-pyridinyl)-5-(2-methyl-4-

pyridinyl)-2-pyrimidinyl]-2,6-dimethylmorpholine or a pharmaceutically acceptable salt
thereof, for example, the hydrochloride salt thereof.

It will be appreciated that the present invention is intended to include compounds having
any combination of the embodiments defined hereinbefore.

For the avoidance of doubt, unless otherwise indicated, the term “substituted” means
substituted by one or more defined groups. In the case where groups may be selected
from a number of alternative groups, the selected groups may be the same or different.

For the avoidance of doubt, the term “independently” means that where more than one
substituent is selected from a number of possible substituents, those substituents may be
the same or different.

The compounds of formula (I) may form pharmaceutically acceptable salts, for example,
non-toxic acid addition salts formed with inorganic acids such as hydrochloric,
hydrobromic, hydroiodic, sulfuric and phosphoric acid, with carboxylic acids or with
organo-sulfonic acids. Examples include the HCI, HBr, HI, sulfate or bisulfate, nitrate,
phosphate or hydrogen phosphate, acetate, benzoate, succinate, saccharate, fumarate,
maleate, lactate, citrate, tartrate, gluconate, camsylate, methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate salts. For reviews
on suitable pharmaceutical salts see Berge et al, J. Pharm, Sci., 66, 1-19, 1977; P L
Gould, International Journal of Pharmaceutics, 33 (1986), 201-217; and Bighley et al,
Encyclopedia of Pharmaceutical Technology, Marcel Dekker Inc, New York 1996, Volume
13, page 453-497.

In one embodiment the salt of the compound of formula (1) is a pharmaceutically
acceptable salt, for example an HCI salt.

Hereinafter, the compounds of formula (I} and their pharmaceutically acceptable salts, are
referred to as "the compounds of the invention™.

14
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WO 2012/055942 PCT/EP2011/068807

It will be appreciated by those skilled in the art that certain protected derivatives of the
compounds of the invention, which may be made prior to a final deprotection stage, may not
possess pharmacological activity as such, but may, in certain instances, be administered
orally or parenterally and thereafter metabolised in the body to form compounds defined in
the first aspect which are pharmacologically active. Such derivatives may therefore be
described as “prodrugs”. All protected derivatives and prodrugs of compounds defined in the
first aspect are included within the scope of the invention. Examples of suitable pro-drugs for
the compounds of the present invention are described in Drugs of Today, Volume 19,
Number 9, 1983, pp 499 — 538 and in Topics in Chemistry, Chapter 31, pp 306 — 316 and in
“Design of Prodrugs” by H. Bundgaard, Elsevier, 1985, Chapter 1 (the disclosures in which
documents are incorporated herein by reference). It will further be appreciated by those
skilled in the art, that certain moieties, known to those skilled in the art as “pro-moieties”, for
example as described by H. Bundgaard in “Design of Prodrugs” (the disclosure in which
document is incorporated herein by reference) may be placed on appropriate functionalities
when such functionalities are present within the compound defined in the first aspect.

The compounds of the invention or their salts may exist in solvated or hydrated form.

The compounds of the invention or their salts or solvates/hydrates of the compounds or

their salts, may exist in crystalline form, for example, in one or more polymorphic forms.

Therefore, according to a further aspect, the invention provides a solvate, hydrate or
prodrug of the compounds of the invention.

Certain compounds of the invention may exist in one or more tautomeric forms. All

tautomers and mixtures thereof are included in the scope of the present invention.

Certain compounds of the invention may possess one or more chiral centres and so exist
in a number of sterecisomeric forms. Compounds having one chiral centre may exist as
enantiomers or a racemic mixture containing enantiomers. Compounds having two or
more chiral centres may exist as diastereoisomers or enantiomers. All stereocisomers (for
example enantiomers and diastereoisomers) and mixtures thereof are included in the
scope of the present invention. Racemic mixtures may be separated to give their
individual enantiomer using preparative HPLC using a column with a chiral stationary
phase or resolved to yield individual enantiomers utilising methods known to those skilled

15
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WO 2012/055942 PCT/EP2011/068807

in the art. In addition, chiral intermediate compounds may be resolved and used to

prepare individual enantiomers.

The invention also includes all suitable isotopic variations of the compounds of the

invention.

Compounds of the invention may be prepared in a variety of ways. In the following
reaction schemes and hereinafter, unless otherwise stated Q, X, Y, Z, A', A%, R' and R®
are as defined in the first aspect of the invention. These processes form further aspects of

the invention.

Throughout the specification, general formulae are designated by Roman numerals (I),
(1, (11, (1V) etc. Subsets of these general formulae are defined as (la), (Ib), (Ic),
etc...(IVa), (IVb), (IVc) etc.

Compounds of formula (lb) are compounds of the formula (I) wherein X and Z are both N
and Y is CH. Compounds of formula (Ib) may be prepared according to scheme 1 by
reaction of compounds of formula (1) with compounds of formula (Ill) as shown in Scheme
1:

Scheme 1

For example, compounds of the formula (Ic), which are compounds of the formula (Ib)
wherein A'is 4-pyridinyl, optionally substituted at the 2-position with methyl (i.e. R® is
selected from hydrogen or methyl), and A? is 2-methyl-3-furanyl, may be prepared
according to scheme 1a by reaction of compounds of formula (lla), which are compounds
of the formula (I1) in which A'is 4-pyridinyl, optionally substituted at the 2-position with
methyl, and A® is 2-methyl-3-furanyl, with compounds of formula (lll) as shown in
scheme 1A.

Scheme 1A
16



Compounds of the fornmula (Xa) and (Xb) may be forned from conpounds of the
formula (Xla) and (Xl b) respectively as shown in Schene 5a and 5b: Schene
5a SchegeoBinssA® 2012/ 055942PCT/ EP2011/ 068807 PCT/EP2011/068807

R R1\/
7\ NH N —
3 A
Rz/‘ NH2 HCI R2: N / R3
(Ic) 0 }

(la) (1

Typical conditions for the reaction of compounds of formula (I} with compounds of
formula (111} comprise treatment with a suitable base, such as potassium tert-butoxide, in a

suitable solvent, such as ethanol, at reflux.

Compounds of the formula (lla) may be prepared from the reaction of compounds of the
formula (IV) with DMF-DMA (N,N-dimethylformaide dimethylacetal) as shown in scheme
2. Compounds of the formula (IV) may be prepared from the reaction of compounds of the
formula (V) with compounds of the formula (VI). Compounds of the formula (V) may be
prepared from compounds of the formula (VII):

Scheme 2
o)
i o) LDA ! N
P N

e 4GRS / i
o o] 2 5 |

(Vi) ) i W
DMF-DMA

(lla)

Compounds of the formula (lll) may be prepared from the reaction of compounds of the
formula (VIII) with compounds of the formula (IX) as shown in scheme 3:

Scheme 3
NH
N~/ _< 2 * Q>_/NH N4<NH2
2 Cl

HCI R R? H

(VIIl) (IX) (1)
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Salts may be prepared conventionally by reaction with the appropriate acid
or acid derivative, for exanple, hydrochloric acid. Uses of Conpounds of

t he | nverwOan12/0fba2conpounds of the invnetion may be useCuEPR@n/ 064367

t r eat ment of di seases and conditions nediated by positive allosteric

nodul at i t Al an i [ sQci at ed
W th moadvRErsenarBls R ek o BEBRuRE Y SROBHh ETIML Wi o BP BB

positi ve tlad iom;UIar (9 crrmdui;eatreaimeofwttrha bade, sACN B dnsodrm@%raind, ic@andi ti ons
whi ch ar a t f 7 n I ude (the nunbers
in br ack%f@gojt?%&\/é gtﬂgp&%gﬁ%{@%@ e‘lfigc]i\%t ?be per%t he cl assification
code in Diagnostic and St atistical Manual of Ment al Disorders, 4th Edition,

"t er nat (SR s EBFCERR AU Ly B8RPG Binienbolidsf gl )

Psychot i ¢Viliasor (Véifts ai:omrdleg acmad:r@rr&SMazaJm#te ioanplounds dfdomrgjla Kea) sunl()le)pes

e Y e T e

Schi zophraegrotﬁp)AhotDk?sm@m}ror(r@% 40); Schizoaffective D| sorder (295.70)
(i ncluding the subtypes Bi polar Type and Depressive Type); Del usional
Di sorder (297.1) (including the subtypes Erotomanic Type, G andi ose Type,
Jeal ous BebemeHar secutory Type, Somatic Type, M xed Type and Unspecified
Type); Brief Psychotic D sorder (298.8); Shared Psychoti C Dksor der (297.3);
Psychotic D sorder due tg- neral Medical Condition udi ng the
subtypes with Del usi ons }IB i £h Hal luci nationsky Subs |a -] nduced

Fng E’I)J\

Psychotic Di sorder At he subt ypes With oné (293.81) and with
Hal | uci nati ons (293 2 ; and Psychotic Di sorder herw se Specified

(298.9). 1i) cognitive inpairnment including for ex |l e the treatnent of
i npai rment of cogniti Je faneti ons i ncluding attention, orientation,
| earni ng disorders, nenory (i.e. nenory disorders, am@si a, ammesic

di sor der chbmangi ent gl obal armeS| a syndrone and age-associ ated nmenory
i npai rnment) and | anguage function; as well as cognitive i mpairment 19 as a

result of stroke, Alzheinek sdisease, Huntington's di sdas€, Pick di sease,
Ai ds-related dementia or tﬁ r denentia states @{;}\asJ\ i,i nfarct

denentia, al coholi A~hypotiroidismrel atgd demehti ’é and denentia
associ ated to ot her Eeg nerative disorders such a® rebel | ar atrophy and
anmyotropic | ateral ﬁe/;eosi S; other acute or subacut.e conditions that may
cause cognitive declime such as deliriumor depression (pseudodenentl a

states) trauma, head traung” age rel ated cognitive decllin stroke,
neur odegener ation, drug-induced states, neurotoxic agent s i | d cogni ti ve

i npai rment, age . related c itive tismrela nit
R R B R i L e B b T
such as ki) aop(XIBNieapediivelglaarshows or Setemedepamssi:on and ot her psychiatric
di sorders, and post-el ectroconvul sive treatnent related cognitive

di sorders; and dyskinetic disorders such as Parkinson's di sease,

neur ol eptdchemdwbaed par ki nsoni sm and tardi ve dyskinesias. iii) Depression
and nood di sorders for exanple Depr essive Episodes (including Mjor,

Depr essi ve Epi sode, Manic Ep|}§dd;§ M xed Epi sode-" Hypomanl C Epleo e)
Depressive Dy ders (igmclu g j or Depyessi \/){D sor der,

Di sorder ( ooﬁ, Depreﬁégl/\ DiZsorder Not \C(h\mvvlzse BSpeC|f| ed) (3 1)

Bi pol ar Foer,s (lnclu@\Pj Bi pol ar T DJ so* , Biporar Tl ) order (|.

Recurrent Maj or Depr essi vegEpi sodes with Hyp manl ¢ Epi sodes) (296.89),

Cycl ot hym c 43 sorder (301.13) and Bi pol ar Di sorder Not O herw seogpecified
(296. 80)); CIher Mood Di sorders (including Mbod D sorder due to a Ceneral
Medi cal %OEdi ti En (293.83) which includes the subtypes Wth Depressive

Feat ur es; j or Depressive-like Episode, Wth Manic Features and Wth
M xed Features); Substance-I|Induced Mbod Di sorder (including the subtypes
Wth Depressive Features, Wth Manic Features and Wth M xed Features); and
Mood Di sorder Not Ot herw se Specified (296.90). iv) Anxiety disorders for
exanpl e Soci al Anxiety Disorder; Panic Attack; Agoraphobia, Panic Disorder;
Agor aphobi a Wthout Hi story of Panic Disorder (300.22); Specific Phobia
(300.29) (including the subtypes Ani malI Type, Natural Environnent Type,

Bl ood- I njectionlnjury Type, Situational Type and O her Type); Social Phobia
(300. 23); Cbsessive-Conpul sive D sorder (300.3); Posttraumatic Stress

Di sorder (309.81); Acute Stress Disorder (308.3); Ceneralized Anxiety

Di sorder (300.02); Anxiety Disorder Due to a CGeneral Medical Condition
(293.84); Substance-Induced Anxiety Disorder; and Anxiety D sorder Not

O herw se SpeC| f| ed (300 00) v) Substance reI ated di sorders for exarrpl e

~ 1 o a ~ 1 o -~ ~ 1 o ~



22 Anot her Mental Disorder (307.42) and Hypersomi a Related to Anot her
Mental Disorder (307.44)); Sleep Disorder Due to a Ceneral Medical

Condi t i onwoant/Ssdagt ance- | nduced Sl eep Di sorder (i ncl udiPal/EPR@ 196830y pes

| nsommi a Type, Hypersomi a Type Parasommi a Type and M xed Type). vili)
Eating disor ders such as Anorexig Nervosa (307. 1)Y (i,ncluding the subp\ypes
Restrictin € and Bi nge- Eat ™1g/ Pur gi ng Type Y nia Nervosﬁi\(%? 51)
(i ncludin s_ubtypé%sH/LL g“\n ype and Type) a)

Conpul si Ve Eat i ng Di sqrder ge Eati ng der and Eat i sorder Not
Ot herwi se Spggi fied (30Pp0). viii) Auti s&ﬁgect rum Di sor de &gdl ng
Autistic Disorder (299.009, Asperger's Disorger, Rett's D soerer i | dhood
D sintegrative D sorder and Pervasive Devel opnental Disorder Not O herw se
Specified. 1x) Attention-Deficit /Hyperactivity Di sorder (including the
subt ypes Sﬁﬁtsﬁ‘rﬁy'Ué%r%rb@bbn\/eﬁﬁ&%l@%y'ré’édnﬁn With Acdgsprbsrd: Bed ol ¥eg (314.01),
Attention-Deficit/Hyperactivit sorder Predom nantly Inattentive Type
(314.00) d eﬂ‘ﬁt%‘ﬁtfiobﬁx%‘ﬂ?dlyfj}'qqyé’é'faéé'ﬂr vity Disorder Hyperactive-Inpul se Type
(314.01) and Attention-Deficit/Hyperactivity Di sorder Not O herw se
Specified (314.9)); per Ki net| c Disorder; Disruptive Behaviour D sorders
such as &s88Qktompaundecnf the ¥ENNG t he subtypes chi | dhood- onset type
(321.81), Adol escent Onset Type (312.82) and Unspecified Onset (312.89),
Qpposi tional Defiant Disorder (313.81) and Di sruptive Behavi our D sorder
Not Ot herhP$8MBRURHS 9fdlae inyRefion 'Eaﬂ’%kﬁeﬁerf%r tEﬁ&rﬁafé%enTeh‘i"e%%S@S§”ﬁx sor der

(307. 23) conéﬁhorl%erhéélat@b' ?o&lwé%ie‘hc'rﬁé‘ddﬂbﬂ%fEH&%ﬁMW@SduE@és@@@n@
Personal ity Di sorder , Schi zoid Personality Disorder (301.20),

Schi zot yFandifiisswhigh awsepeeﬁeaéwth(re@ﬂy'az@p o SR G HOAG . Pesarsh gt PeRAiESSor der
(301. 7). nReisled bi pesifRy SesekE mbdbiaseR Gﬁﬂhe@Qﬂﬁqcﬁﬁ@rd‘&eﬁsé&, il §orﬁﬁﬂo$1§na| ity

Di sor der 301 50), Narcissistic Personality Disorder Avoi dant
Per sonal ifchrire gseraiatedwith gmwdulaian ehife nﬂé}r%nalviﬂ% Qhenwba@rm prskets) |

Qbsessi vertgpﬂmemheup%eaeésswah Iréﬂér @tﬁ@bﬁeélf.c(aaerl cde AMSlafiRisaORAY BlafishidapOr der
Not O herw se SpeC| fied 01. xi) Sexual dysfunctions such as Sexual

Desire DMk s!\/'%’itﬁ'd?'ﬁﬂfﬂﬂ@ m&&a&m publishsd y theAMPTCanREYFHRIC (302, 71) and

Sexual  AyeksdifibnRDSM- dgran%@aqe7|99e}natpﬂéltmhs@fr@u&abf Oissedefgth Eaiigh udi ng
Fenal e Sexual Ar ousal sorder (302.72) and Male Erectile Disorder

(302. 72) \CR51@asnmi ¢ di sorders (| ncl udi ng Femal e Orgasnic Di sorder (302.73),
Mal e Orgasmic D|sorder (302.74) and Premature E acul ation (302.75));

sexual pal n di sorder (includin Dyspareunl a (302.76) and Vagi ni smus
(306. 51) ) ssewnd'm@raﬁqnxanp ChixoRbrapias e e syoyBeR FONIddaPaphi | i as

(includin m& blsbrg@nlséanyﬁg?age)m @éth@hlcﬂggémﬂ Uncﬁff@rbh@étédi $gpe( 302. 89),

Pedophi | | a Masochi sm ( Sexual Sadi sm ( 84),

Tr ansvest(? %t@&ﬁ%iﬁ“@hﬁ@eﬁ? %»e%ﬁh@t?h(@ﬁ?r% Pisorded (32a-4Phi 1 i a Not

Q her wi secﬁ@egﬁédteéip(s%% 95.7@ ¢iREIREInG AeNSiLbedi BSSIAteT e (AnB WeprédageCender
I dentity _Di sor derI in rgé (ggl Ingand Geynbder IT&{jenty?bteyrn[)l selc??%ler el n

Adol escethyee)oPeJMélﬂ”?%D'é@rG'Qr @@7 'aﬂ i@ e-3uPHIPEd FHIPMRBIE ToPpiFiaNdigse
Speci fi eCTyb@Q.%aﬁnhs TTb@ mmwgﬂsy;@é Sdﬁ%nbrrys@tmnad WWe éfhcsgnérpecmeef ul in

treating_inflamm i n_and neuropat hic

pai n, rhdyRex 6f gl %SrYPH‘PtICtﬁ)@O@ﬁH 2@@&4 af?%P%\f?QO%‘BEBT%@W Phesyshelient is a

human Thesdr@srmauetih @atdrind| i\/léd‘lfall dR&itien Qrdeu@Q(Ih% su%@é@wttlhD‘éldsﬁnn@l@ﬁﬁ opriate
for the reIevant condition(s). In one aspect, the present invention

provi des MNdGHPEIRIPNSE %US?T%F%"HUSW B%YCW@P%PWBEI‘W&P@U%%HH BeHPss WS al t
thereof fyusitsie (893.81 )@@ witBAlucinkfior® (28 BRBT arRERSRhotict DiordBYRAE | ON

provi des a corrp und of I|st B or a salt thereof for use as a nedicanent. In
one aspe&@thenvize $hectiedt29%Yent i on provi des a compound of formula (1) as
her ei nbef ore described or a salt thereof for use in treating a disease

which is associated with a reduction in function of a7 nicotinic acetyl
chol i ne ribERYYE IMpRIFMeNARGHENY fPﬁéx%W%'séWﬁt“‘i‘%WéHTt‘?fd'ﬁP@F'B?/"t(?égO%["tE’@rrpound of

list A oruddtishs BclRting aBtdhtion! Bﬁérﬂ@tfonf %rarniﬁfdls&dbfse&fehﬂﬁy @edm%mye which is
associ at ed WI th a reduction in function a7 nicotinic acetyl choline

r ecept or JHIGHATESE AMNERE pp&eé%ntranﬁ%trﬂ'?%awsva&éedrame&?ﬁagﬁd of
forml a (ksocksted BiePdmp RASHieh S IDRAIa8E flhcidhtastitrRogh@ive WSRirient r eat i ng
a di sease which benefits from posi t| ve %l | osteric nodul ati on of the a7
nicotinic acetyl choline receptor. p e aspect, the present invention
provi des a conmpound of formula (1) as her ei nbef ore described or a salt
thereof for use as a positive allosteric nodulator of the a7 nicotinic
acetyl choline receptor.




I n anot her aspect, the invention provides a conpound of fornula (1) as
her ei nbef ore described or a salt thereof for use in the treatnent of a
psychot i cwoizevidsq42 | n one 24 enbodi nent, the inventi oRCPEP2I1dHE38a7
conpound of forrmula (I) as herei nbefore described or a salt thereof for use

or ovi des & BRabaoRf. AAFRIPEY PsesseARARROR e fik MRebBl P02 a1

t her eof frelatedstementia beotheedemerita MteaauoremWMolmmtteplrmma alddtelic nvent i on

hercof Henepud HRORRLA BlahdhiMee sha BBroB T el e SPRE el huibel, |

al so pr O\disxdmerasmmqlmmebeﬂhr étmphylaald(aln)yo&eplbmtenahi;rehérome alksrcaoutseat spb- a sal t

t her eof f I i se. vention al so
provi des Uisialher Bt haf FursE oo shaReEhL Ao P RS oebBiobl & sl
t her eof fmeudeeementtalmates)aaiumheacﬂ trpuama,,ag‘ecrela@chrqghmve déd:lm&nsitakey pa| n or

vent: on BB SHCEH Bund g UARE b AR el ey R enk o
descr i bedgerelateslaognitivesimgoafrment, tahbsrrmeialtbd«:bgmimeufnpalrmedi Camelstsyhdronte, eat i ng
a di Seas%oé\m{ \()\’ehdéf%lt gt%(&' Bﬁgr %Qse% s'[JSr‘F'H% g&ﬁ%bé)hpem Ia?%ls%ﬁde?7 ni cotinic

acetyl chofine recep n another-aspec HVERTI o N provides the use
of a conpepredsion aﬁdlorhelr as;(dh)atrasdlh@densnam past-elagiecarivbisiyedreabnadirelateber eof

pane 1 t & RO aees: A Sk PRI Holdlly URF ok M AR L9 e RSB e )

chol i ne rrevepd parkinsnniamo e tardiggpdyskijnesiae. i nvent i on provi des the use of a
conmpound of forrmula (I) as herei nbef ore described or a salt thereof in the
manuf acture of a medi canent for the positive allosteric nodul ation of the
a7 ni cot iiiniDepeasstoplandmodaddisarders pororxamipie Repebsve E]SIpQﬂHS (inchdirigrivigot i on

D a1 ISP etisclel QARR LARGBE, WREA¥ Babe ind ByPRF DB ofEE o™t et nent
of a psyduptessivdiBisordens.(intindiag didjer Dgsesite, Disbreer, rﬁ)yethrlepo@erCB@Q@he use
of a COW%P%SR; 04 Qd’rgép (dt%er@\ﬁsefrg;rge%f@%%w h oﬁgrrlf) ?grget%rl Iuﬁ% BIE)(”%J’ Ieof in

t he manuf ure dcanent use ‘in r eal ment o |zop reni a.
| n anot hé)uscudqﬁeBnoplalr H1€D|s0wler(i € drequrrrevi ejsr Dapreasiee Ebusademmﬁotlmbrmdmcﬁ ormul a

(1 ). as h":E;o%fo 2% §9 t@%&o hggﬁh Blso%e§fj0t1 1t3:)] c? % o\arp [ﬂ%?d%%qfcﬁﬁérb{ﬁs% of a

nmedi canmen se | nent of anhx depressi on.” I'h anot her
aspect, tSpecified €96i86)); Prtlwar iMbes! [Duh@rdase(urmfudmgd‘dmmblnlﬂdrdefduﬁe)tormﬁan(er‘a) as

Prga?::gggal\{l eical €‘§§8E6r?&[%g%f3 %h%ﬁ' r’iclqcié%rtﬁég%udrt] rhefs\'}@iﬂ?B@HJe@&Bé’FSatﬁFesaWitp
npai rirent . 'n-anot her
aspect, thegori Mmaumlkprlipvsodesvwméﬂam%ﬁturas(aodrw\liuﬂwxeﬁ Feetunes)a (1) as

her ef nbefs g 0eR6f LDRM0h k@l LISREGfe Libe WRIBEAELUNSFBLu s,

medi camenst use 1'n s di seas
With Manic Features and With Mixed Features); and Mood Disorder Not Other\lee

Specified (296.90).

iv) Anxiety disorders for example Social Anxiety Disorder; Panic Attack; Agoraphobia,
Panic Disorder; Agoraphobia Without History of Panic Disorder (300.22); Specific Phobia
(300.29) (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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I n anot her aspect, the invention provides the use of a conpound of fornula
(1) as hereinbef ore described or a salt thereof in the manufacture of a
medi canmerwof2or2/03s®2i n t he treatnent of pain, for exanpl eCirmPk@mvetsoTy pai n
or neuropathic pal n, especi al Iy neuropathic pain. In another aspect, the

2 1 educt TR PGB BFURACe S o} SaR SR TORRPIER WRURS ™ e

conpr i sesSubdianoe @eBemdegcecSLmstamna@ravmmm&dSﬂMr@afAmBe)eSDbﬁanaeelndamaht of a

cepeot . ko ETHRRahRSuRRRRR FRRREEL SRR IRl SRS BB bl

benefits [Temnmmpsmstanoe Iadidaedtl%rrslsilngﬂahjhmtlaoﬁum‘tamdeelndﬂceldi Raosistirigc acet yl

an et f ect U Eotn Bl S RE IR Bk P S Rl eacr | bed
or a sal tDisdréereStibstamceoindua@sipeodety D_h;erqarMtaﬁcavmucied@epmaj\ﬂydtemcmrrret hod
FO e RRLERNE) B OFBRED DR 10l Bhod i@ oM 0b Bl A5 Uk, chol T e
receptor, q i Ve dnount of a
conpound (Bfstimcks)t d\lc(dh)al Belataeir[ésmr‘delfsdmludﬂf@oqtlcdjmﬁDeperwlesaé 303t .eof . In
anot her . BERELanlTabauer BRaRN R EATS BoTBh L AkCE B WGl Lo 781 N9 2
psychoti ¢ di sor h conprises admnisteéring to a unan I'n Need
t her eof acadbf Iemloaboraﬁehmtm d’ﬂcmot:‘ﬁlntbdnawal Délirfuor, mldodalo( Influces! Pasisiimgoef ore
e L P e e IV T T
in need thereet Aanh@ﬂhmmtedmwrmeémsow@hoblnpmﬁwmay Bisordes, /glboho_as |
e oc BRSSO Pl Aohal PRl p BB ERE ARkl | Dec "
adm ni st élisardertNotDthermte Specitiedd29he)); e%ﬁp@amhbeécrtﬁ\my’aheatammetum )-Relatedpound
al o pr g o BRLGHP ARl BEbbREReR (a0 A8 AmbAS AR AclRE 0P ee”
adm ni st ¢80¢0); Amah&taméne intoxivatah (A98r88pfArephetdrhiee Withelrawad (292.@f a conpound
O o M beley e MRS LB B RSP ARG R oy b Whordne [ nvent ! on
provides a nethno reatin einer’s €ase, WP Eh conpri ses
adm ni st @émpigtdanoine:Itrucad Mmdrﬁhﬁﬂdemé_rr@hétaamefnﬁeced Aua»qeimﬁltsurderr a conpound
of for rruI dcmse)[arﬁﬁerl]r? u e&%ga? gﬁﬁéﬁdag?\%p%%tg&i@eigwtduﬁgfél%?;) DISO er a%ent' on

al so provi a rreth anmatory pain or

neur opat intohesamine ¢issed @Isb;demélmt Oprerlise Spacified (@92E)); Caffpine Hedated
d t : : ' d
o or muib P Je ARG (38380 R S BB RREY PhoBeherar
conpoundsCatieinedndaded Slégp Disomesahd CaﬂmneﬁblaheayDiseroad hohOteeriee Spacnhhws es
f ) : ' di vi ded
Goses (i (B0l ndRan DRt (AT BP g Reosidbabe RSy ' v ¢
necessar |Gaymalcle u!NbusI@f%)ﬁdaomg:mmahlstlrhtexuwlogﬁfas)z.a@)e Candaki® mdibxidation Okelirtiuve,

2‘;‘;'52? F%”Q%b%#%g} 89 Ps?@noﬁeﬂls ?@ert ESanégfs Iinablée%rA QeH)?]Bls%Lde?gﬂb aa%ék%' on

0se TS &M nrstered
enbodi endieigted Pisodiss dpe Otfereise iSpecified [RO2rA N gocaine dlsdaied Djsbrdnysé kiocltdingbout

500, 1/ K At LA AAAdIBY) cblaie RUILDGHs BEPULIE L o LG ganes | ove

smtherane r day.
The corrp(ﬁmdme(yfluﬂfoh)a\mll&92(0)Canajnsmm:)scattlheID@brﬁumaQomn;aeanece;iRSyabd)te: for use

I n combi njLd Q0 l’i"oI:Q r{&‘ﬁgecfﬁ/ltobé! Brord Qo@a?né bﬁ%h§€d Aanxy%)lﬂs\’o%ecrabo%aune

anti psychotl1 CS, I'Sers, epressan tics rugs for
ext r apyr amiugaé Semm nysftmcm(m é}ndaloemaucedéle@pi{asmdersartdd)qnamerladaiedpr oved

b, bR 8 SOLBATo0 9y 080 RFRSEL kB L BYBRL ARURIGY 1o @

further &iﬁtllumeogamgbmndame (3a4.00k Hattbobgepribuse 0T 80)t Halluceogewve i ngr edi ent

I's an adqﬁtbklgg'[%l E@fﬁ@)?ﬁﬂﬁdc?no@gﬁ'Il‘ler3|st|ng Perception Disorder (Flashbacks) (292.89),
Hallucinogen Intoxication Delirium, Hallucinogen-Induced Psychotic Disorder,
Hallucinogen-Induced Mood Disorder, Hallucinogen-Induced Anxiety Disorder and
Hallucinogen-Related Disorder Not Otherwise Specified (292.9)); Inhalant-Related
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The conbi nation therapies of the invention are, for exanple, adm nistered
adj unctively. By adjunctive adm nistration is nmeant the coterm nous or

over | appiwg 2athmiss4gt rat i on of each of the components i nPCHEPR@nmvEshH7
separate pharmaceutical conpositions or devices. This regime of therapeutic

d f h ' f |
byt nose S e el JnafEPt BehOidRER o Loda el fuBudia gl bgRArer = 1Y
adm ni st dabxicatjoni (R92. 89)a|rmalalnntmml<m$orafbdhmmntIhIeHIattemiuoeda’cemmtlngt ration. Any
o o SRTE e RS IR SR e o SO PRI ER BB
formul a (hhalat-ladusad tAnthyr[éecbrdamhcaltthaleatsBelatee [hsrtrderslyco:ttmmmvmgamcmed nood

tabili anxi, | f dal
i do ef r 02030 MEbEIRERRI P Narn @R PP KgeFne PePRirBiutoh! FREVAT rene
i nventi orvvlthdna\mtezwr@)cnjtdrmmnrmmemmedrlmsard@r NdiSrtbgraisei S‘meadled 2.9t i on as
adm ni st R pre S RBRIIR ndidd BRER OtpS KR pEPo8 el ARLEP IS5 an
t hen r ecé@piad Iradmatloet(zw 89)n0pi‘0|andhcﬂrawabd@@@he@moudTrttexicajimpdilatidsmof formul a
tr at menORGC I ERTPodRle BRoRE BhORAEARMAR abish DHIH AL, “one
Snt i pfsyc et ual [agmmt:tloralcmlmdlmed SlespDisaderaarntdi (bkmpldefiﬁtaad Dlamdeam\ithLyt ic, a

ru or e scope
of tghe i r@@lﬁ%é a@ggﬁl ngs% %gelssﬂetn géhﬁmg %@?rfe\?gpélﬁ@reg‘ eét]p?eg&%r%'%%s r% ation 8f
at | east (mnledlagtthsm@hdme@eagrextﬁnpeasonﬁm Bhel‘hwd:lldebLaBB (308.9Q@epr essant, an
f‘gx:og't ?’te'n@gn\%ﬂ& HE |Jt8x.ca€fféh Eé’é’é%”bﬁ&tcﬁﬁoﬁ? (3 oxf‘:% iGN Béllrﬁ&g‘r‘%ghwct‘&nggh?[‘)cegr
adsal t t hedueed Ps§r¢t@tlc@nﬂmr<ﬂmt Ptaﬂnct/tieirrprlneecadfMolesnmntF?mncycﬂxgmat sot be
adm ni s i r : a
fr oat nonti s AMEhAPESHS, dno FlorkyMilrRERNS ST oSk Sodi
toget her (2%4. Q)hei?edanvet hdygratio, of AamelytrchelatddaIDlamrdetst(lrmalldlrxgcﬂ'qdasvet ion or

L ni t t
dovice. SRR, BEaRloBRTOBLRAALRER EERIARN Prpfincts ARRRIR fouse
adm ni st €3@EH43)i ﬁadiat?éaeldymoyc cﬁghﬁghmtwa%am%zaﬁ 2(3{)9 hje%w;ﬂ?&gotm?x;ﬂvg ](cjugl
corrponenA% thl v?a[fﬁ €8 %t Yor By Uit ficdtian ri
Ki t - of f i
rr{et hgd ggmiw r]l'l‘kypmotmf oraArp)quyttmthhx:irdwaldBeci)lLEmbﬁe:ja}lgEttr-lly;;rg)gchre? lemecﬁ;tia?
adm ni st rF%tr%&Pw ‘Ben?en‘i% 241l Oy @é?étféu'o?A%#Po RE- @er&é‘h’i I\Hﬁé&%“ Lfag patient
receivi ngsmt;EI g eutic mn| §tra |y onesega [?to ¢’ agent.
In a furt atl\&sﬁéynn,otlct her A\mw@yttcrloduqadd‘\’/aydlecmctwleordete ﬁata/eedmp)outmal of
f I '
adi unct 1 GikcREe ifed Mo %irger sOSER ORI S AriBnETHEIE ekl
gln ;s_or geg rI]:)lsf;o_reter]élﬁetdatmet , Hpw®itiod, ogAtkielyépedticed &eimahDisfurattlporﬁen‘atlae I eg?tm Ioge
i

(n) grya %i@'ct ’hep%anc))(to wgrm&l}lse Lé'ée?e’ba%gérhgfi{@cgéé%{gggpI—@erﬁo@@%&ﬁﬂr@@pétI on for
t he treathetated Bfsosdgndpt DitareisdiSpecitied (292.9); PatysebstamaeeRelaied Pisdrderapeut i ¢

adm ni str, t spect,
the 1 nverFhanaFeuRine A naEgBd BRLEDRLIR OFRllarndun (S UREheairer
adj unct i \Relatbe Dipeders GnelehimghAsavadit iSteroiob, Iartratedabalamaetnamntrqw)@h@& i c agent
to a patient receiving therapeutic adm nistration of a conpound of formula

(1) or a salt thereof. In a further aspect, the invention provides the use
of at | eadtSleapedisortiénsdgrohratripte prifeary sigeptdisordms afictaubessomnasnidludingent f or
adj uncti r e

di sor der \ﬁ?'rrﬁ 6{31)? r%? I e&@PZga \'I}:nﬁttarfﬁgﬁé?s%rﬁrﬁla @@d{lﬁ{ h@éﬁsak {?49 I%?fé(gtnﬁ%ound of
fornmul a (Aeatea S@e9a11$ord¢rer(é%ﬁ59 Tﬁecadwelﬁltlythm Sleer Bisorder (B0i7d&3 and | east one
anti psyc for the

ot montoFO TS Ol sl 87 S S AR SIS RS Ol

adm ni st Ferasemnids ( atodunimgdﬂlgtltnta‘re Disonddr4347.47)o8leap Jatror Diserdeo{307146).a f urt her
aspect, NP 2Nt - ic

di sor der tsgy R mgﬁgtﬁ%@ aﬁd cagggr%%n'ﬂ@t@g%ﬁ@% %‘?ch%gg%ﬁgﬁﬁi of

formul a (Qlgepdpisardsed Ittelatledrtteéﬁothar Ittlenﬂal Disviden (ingludingtnsbmaist Related to

anti psychotic agent. The invention fur%%uer provi des the use of a

conbi nati on of a conpound of fornula ( or a salt thereof and at |east one
anti psychotic agent in the manufacture of a medi canent for sinultaneous
therapeutic admnistration in the treatnment of a psychotic disorder. The

i nvention further provides the use of a conpound of formula (1) or a salt
thereof in the manufacture of a nedi canment for simnultaneous therapeutic
adm ni stratl on W|th at | east one antipsychotic agent |n the treat rrent of a

1 4 —— - e e L Y o Y rr



for adjunctive therapeutic admnistration for the treatnment of a psychotic
di sorder in a patient receiving therapeutic admnistration of a conmpound of
t he presewO 20rvss442on. The invention al so provi des the REE/EPR0IANGEROT i ve

i ngredi ent selected fromthe group consi sting of: a nood stabl liser,

et e 553 O DB B AP By Bl <

t Ei eat nent(3@f.44) F&kgmlbrsm«dedDeelajaGenaradiMedtcble(Mnmtmeiwd ngsttdarmealpémnadc
the | nventiDiapgol HELER e Bhvbr AR e oo flun ol Rtelehlls "oy

si mul t andgps ahthétveguelpes adm ni strati on of a conpound of the present
invention in conmbination with an active ingredient selected fromthe group
consisting of: a nood stabiliser, an antidepressant, an anxiolytic, a drug
for extr ar'p)ylfai'migctﬁéordéreleu@f deAbgresindNeavasadB0. i v@chrlireibe subtybes Restaciingon
further : i nt
nvent | o /BRA G B se RGBT B BEE el R SR ERE B bR e RaIRRY of
nood st alﬂulrgmgaifypeamchlﬁbmpimgingé’ et Obasltyaﬁnmpmjstvecﬁatlag ﬂ)ns.mgde‘rmege Eating
extrapyr in the manufacture of
a medi ca@egnétm% ?‘M;Earrﬁﬁ @%é@&gﬂg tn@rth'gg% éégg%ew@zt% I’Sj;itl on in the treatnent
of a psychotic disorder. The invention further provides the use of a

conbi nat i . e[ty S . redi ent
sel ect ed vﬁ?éﬁ{l%rﬁgﬁgr oupﬁgsc?géseirgs Fw%lu%fng /flﬂl%tlé B gt%te% I9I ﬁbegietrs\fﬁsdrggr

ant i depr d&dtsrdisordar, ﬁmddfnﬁo;dt[Dlsmte@rajwa@lsfandereantdr&mwsam[&E\Aelwnw@teéDﬁ&mder and a
cognitiv RANCEL mul t aneous t herapeutic adm nistration in the

treat msmﬁ\\I g?ﬂa p%yc%? Fléadl sorder. The invention further provides the use
of a compound of the present invention in the manufacture of a nedi canent
for S|rrul =3¢ 1 NI st ratl Qn w i i - edi ent

sel ect ed Vot ERaCRTeb g Y By ALhaBgthe e dioho BEfGH

ant i depr ddgammactiviyn Disosdeo Optribinedal yibe (§14.01), AttentapyDdicit/tigperaciidy Eifoeders and a
cognitiv a fi. . DSHChot i e invention
Further oo AabHhS e e BT Ay T B et EkeroBh ™ or

si mul t andtypsracties- tmmcmlﬂa Typad @i 1D $)t arat Atemtion-DieficiiHgodractiwity Dipoetir &lot sel ect ed
fromthe t n

ani ol yt (Cn SRR EH A8 Sl PeBBRSi T Pber: BErug P gRRbUAERSTREY el
enhancer asernkiecttB@x’dme(mtcltmﬁngahpsymvms childnemm-oieet typhé32 IndBnhAdadesdeut-t her
provi des u eous

t her apeutc?hc%a[ iﬁ%% E}‘i‘% )[Mbeur%q%é%& dn@%({e@ﬁb gfog)go ?ngl %Ireg%lt]terﬂtjéérr%m t he
group cor81381)rypddiisruptiveddehastoabDIsoster NoaQtrentvisd Speeifisdrand TanDaosdedd ytic, a
drug for cts and a cognitive enhancer in the

treat mantsgétﬁ 5%9%%@[%%@%0?%&3%%%@ The invention further provides the use
of an active ingredient selected fromthe group consisting of: a nood
stabilis W m dal

i de ef f Gp AnaM, DGR HE b SRR naid Pl D AT o
for si nul&caizeidlf&rwraha@smrder @ami2aj, ﬁchabiypai Rergdnatityddspdem@0bL2L he present
inventio A j on further
provi des nlt QO%Q%&%O%%J[W%W&& §0P§y§%gc%etrl%§g?%g r%ﬁ{yf[?%&ng?}hgwr% g p consisting
of : a nodtistsorEbPkisesality b)rsoedetrl@[ﬁpﬁs@slﬁamtsslsmPansmnailt;yDisordea le,ﬁgl )f or
extrapyr ! it <] g aneous

her apout B CanHE el Sk e P Dol e R D e BT T (e
t r eat nentObskssivepSpuipolsive RiirsamatiyDisdrderg 30 AT et Perspreality, Dishisler Noknt i on

provi descﬁ M e%ﬁfeﬁ 3610§ use in the treatnent of a psychotic disorder
conprising a R orm conprising a conmpound of the present
invention and one or nore further dosage forns each conprisi ng an acti ve

i ngredi enf 1

anti depr & sS;e%L' %&s%géio%g}sh{;ﬁagég |‘E)%Q?%?) slé)x rr% nﬁllgde%H?p gp }?%Fact s and a
cogniti vé)esmh@lﬁoederf(wz 81) ramldt%xealtmelrﬁlm Bisetder (;30&:1?6 hlsexmalauaal Exanpl es of
anti psyc e de,

ut ar e Aefersfitdgbg PongRemBat BTl cibrichiadt PRl MK N BT oisB el
recept or (308 &d)prorgassnic dﬁ)l{;ﬂREs (mmlctngvléemmemrgamjmis DidoBdenri8CRy63)i Blake; 5S5HT6
angat oni sts; nicotinic al pha-7 nodul at gt s; glycine transporter GyT1
inhibitors; D2 partial agonist/D3 antagonist/H3 antagonists; AMPA

nmodul at ors; NK3 antagoni sts such as osanetant and tal netant; an atypical
anti psychotic, for exanple clozapine, ol anzapine, risperidone, queti api ne,
ari pirazol e, ziprasidone and am sul pride; butyrophenones, such as

hal operi dol, pinpzide, and droperidol; phenothiazines, such as

chI orpr oma2| ne, th| or| da2| ne, rresorl da2| ne, tr| fl uoper azi ne, per phena2| ne,

o o o o o e o o



Thus, specific exanples of selected antipsychotic drugs that may be
suitable for use in the present invention are as follows: clozapine;
ol anzapi &0 2nizpsasizdone; ri speri done; queti api ne funar aP€T/EPROLLiOngS0T €;
am sul pri de; hal operidol; hal operidol decanoate; hal operidol |actate;

hi Lne: f Lpne: f i - fl uph i
enant hat SO rAgRTa0E oAt S PRRRE R ase RRREIST: b yiARPaR RoRfer
hydr ochl dgintldding tDyispaneopien2G4.78) and Vaginismus (306.51)); Sexual Dysfunction Not

10-[ 3- (45 hyls1-Ri Layl 1] -2-(trdifl I t hi azi
oy oo SR 02 R bABEA il SRR Y P gaR 221 ne
hydr ochl ¢8021&1), Etotteuristiaz302639) Rddopdiba ¢3023)| Serdahilabgahisne (B02r83deSexduakapi ne;

| oxapi ne 0 ride; and.]| i ne i i dol ,
per avi ne SOEHEREHANd R TR RRSARRRER ST st okt A0 PP A Rl

i ncl ude Dtbemisergpectfiedf(808.9) aendenidentintisomiect (rickeive, Gelnaep ddentityl ,

acet ophe i pe,. i N ] ] Lazine,

" operi donrigineh G e B e Riend el IERASHL AR AR bER IR ¢ e

i nvent i orf30%8h)};and Seandli isordérdilotcOthgmnitesSpanifiedd8020anzapi ne, ri speri done,
gueti api ne, ari piprazole, haloperidol, clozapine, ziprasidone, talnetant
and osanetant. Mbod stabilisers which may be used in the therapy of the
present ilimeentmponndsaltioel @mvémnttoni roay alsode ueefulh reatitginflachmatore pain

oxcar bar A SR AABRTARR Pl nel AERMBA o HERRRM s abP B MEed i n tne

therapy of the present invention include serotonin antagonists, CRF-1

ant agoni - 2 i nhi,bi / I 9H§| oy o -

dopami ne/sf rﬁlé?%gﬁ éﬂéﬂeﬂgf 'E%é%(%ﬁ'?% '{ rp _gﬂ Qtéeﬂrﬁ} ?géﬁeﬂ : i 'B‘f”ﬁj %erss‘? rONMaX'S’

ant agoni sttere i€lis approbk2tedorahe sele b norstitton(dNK1/ SSRI dual ant agoni sts; NK2
ant agoni sts; serotonin agoni sts (such as rauwol sci ne, yohi nbi ne and

met ocl opram de); serotonin reuptake inhibitors (such as cital opram

esci t al opm ang aspachtied preeentfihvenbsrapionigles beoopetnd ef formaal(lp) agherzintetode ne,
par oxet i rtrali ; |..seratonin r nal i t ak.
inhibito?@S?g%g%ﬁgéa@gkﬁg%é%ﬂ#%f$f%@§§§€#ﬁ@?RH%&%@%?%%gﬁgﬁ%Hﬁ¥$ﬁ§Eipran);
Nor adr engrovidesraecqeduadion istid oror sal{therchf s usebo R @tadiment.ri cycl i c

anti depressants (such as amtriptyline, clom pramne, impranine,
maprotiline, nortriptyline and trim pram ne); nonoam ne oxi dase inhibitors
(such as In soe asiack dzé nresemmmeobamb[d:eldepla@ompnhnrdzoﬁafndnmlazejmyts tgm@irkeiane) ; 5HT3
ant agoni $h.g. {RYGH aas%{t%?g&'f& &%gqﬁ‘%%r{goé‘d@@éjse%rﬂéﬂ %eais%)&&tied AR others (such
as bupropi’on, ‘am nepti ne, radaraxi ne, m anserin, mrtazapine, nefazodone
and tr azoeduoddn inAnretonydf o€ siostinic lacetslychoénaisedpion Hohexarele by pofsethe present
i nvention_j : i i Lazepi nes
such as. a1SAEPEena TR RIOR SR anthd 8 A el BB FERShEErT o s

whi ch nmaylideeseiwbhiinasdoeiatdueritipy resfuctidrein furestion bf @ huvieotinioacdtyl chalie
anticholhg@g }ps (such as benztropi ne, biperiden, procyclidine and

tri hexyphenirdyl ), antihi stam nes (such as di phenhydram ne) and

dopam nergi cs (such as amantadi ne). Cognitive enhancers which nmay be used
inthet b j i I L€ se

i b o' p uefec, B IVesk et BRIBE o ladifa SIRIRUES AShURFRERIET®
ant agoni skescrioed omasel thened fiviusego tresting 4 disedseashicebemsdits fna) positiveone

embodi ”E%h?st&.fi‘cemég&éﬂo% Of ke S?hféeﬁmé Qrety tholib r‘égé(}?bﬂa“ on wth a conpound of
the present Tnvention, is an atypi cal antrpsyc Irc, for exanple clozapine,
ol anzapi ne, risperidone, quetiapine, aripirazole, ziprasidone or

am sul pri i - ive | i I

comi nat /oM Ereeh TS RSEh g BEVREL aBriddtha! ERhya f af fercidhrore

ant i psycliesérivedfonia sel dmped fehlsergsraopesttivea)losthiiomiodalaion ef theesori¢ddiazi ne,

fl uphenazj ne, prochl orperazine, trifluoperazine, thiothixine,
hal oper i 8P§'?ﬂﬁ@?8$%§@hazine, pi nozi de, droperidol, chlorprothixene,

nol i ndone or | oxapine. I n another enbodi nent, the active ingredient for use
i n conbi i i f. r } [ [

stabi 11 sd 20l UepRee nESTRENDE pids R ERBRY of BAAlIR B 2skErBRG: et pr oex
car bamaz eseribed|oaasiatt ithyired forgaedp dret tregtmeoipf pasatiwmtic aicoatdsa regiene or

ti agabi ne. In another enbodi nent, the Eétive ingredient for use in
conbination with a conpound of the preSent invention is an anti depressant,
for exanple a serotonin agoni st (such as rauwol sci ne, yohi nbi ne or

nmet ocl opram de); a serotonin reuptake inhibitor (such as cital opram
escital opram fluoxetine, fluvoxam ne, fenoxetine, indalpine, zineldne,
paroxetine or sertraline); a dual serotonin/noradrenaline reuptake

i nhi bitor (such as venl af axi ne, reboxetine, dul oxetine or m|lnacipran); a

-, o,



The conpounds of the invention which are active when given orally can be
formulated as |iquids or solids, for exanple syrups, suspensions or

enul si onswotat/essslz capsul es and | ozenges. A |iquid for rarapr2an/oedsbt
general ly consist of a suspension or solution of the conpound or salt in a

ot hanol - SRR RE B i nrBhoft BB B AT ER: HEShaRYE RN ol co

or an oi lor aBak ]:[Haneomd)ratsiedmthm;eahem af cohizophrenis.us peadmbgdiagantthe f f
Pabi ot - cdneBiorpBiaH 8 uPhy S enTR AT e MbiouBelRERR ke S Bup Pl gl ™ ' @

rout i nel yorusedn thertrgatregetraf mgxistylar depressioh.at i ons. Exanpl es of such carriers
i ncl ude magnesi um stearate, starch, |actose, sucrose and cellul ose. A
conposition in the formof a capsule can be prepared using routine
encapsul dtheanveptiatalda pewidesar coayzoupd ef fopeliadt) :is terdirbaforaglestrded or avsalt
| nar edi el 680D A ElmdR A%oSAMRAA fRRLT or s and then filled into a
ard gel atin capsule;, alternativery, a & SPErsi on or suspension can be
prepared using any suitable pharmaceutical carrier(s), for exanple aqueous
gurs (g i8RERon Sb ERIES LlorfolRa3RhlR (2SRRI Mo e ERERT h3Ay L her
illed into a soft gefatin capsule. Typlcal ‘pafenteral conpoésitions consi st
of a sol dlereor for useus pleniseasmentf of tAehegoenfsodisehser salt in a steril e agueous
carrier or parenterally acceptable oil, for exanple polyethyl ene glycol,
pol yvi nyl pyrrolidone, lecithin, arachis oil or sesane oil. Alternatively,
t he sol utTihemnveatiorbalsb papitesiaseinEoudd bhisnmuled b rs thietainbedoraidekcrived wir eialalte

col vent ISkt S b0 83 320 sSRRRTARRROL Lo 8o Ry 21 1

Aer osol frampasEdcadnsetppathal pan.conpri se a sol ution or fine suspension of
the active substance in a pharmaceutically acceptabl e agueous or

non- aqueous solvent and are usually presented in single or nultidose
guanti t i ésanothert aspetiethiednvantion provek dte gsndfa coamgounti o€ formala (t)ase t he form
of a car th%?e%eetf(g)rre dregéﬂbleld o{r)%rsaH?I?er%%ftipt &R 3e aqﬁé/diga%e pider nati vely
the seal ed contarner may be a unitary dispensing device such as a single
dose nasdleatimhabiseasy whinh éseassschtediveiheneeoctfantin &ohctiort bf @&/ medtaid agptwal ve
which is ingl&%r}gg t{){or di sposal once the contents of the container have been
exhaust ed’ ere é dosage form conprises an aerosol dispenser, it wll
contain a propellant which can be a conpressed gas such as conpressed air
or an or ' t. L.yorochl o . aer osol
dosage o ARSE! SBRL TRl T Broyieb o el R S gD 88, one

sui t abl e hemindziae aleswibes W laisaf diedrecidmihe mamadadtone df achedieantatfet s, | ozenges
and pastiycl goyoiBTeh L dDG RS bABrNARP AR diBs Al MALALEd, M hbgg carrier
such as sugar and“acacia, tragacanth, or gelatrn and glycerrin. 5

Conposi t inmoesnit @cetyedtolihe eadaptor.strati on are conveniently in the form of
suppositories containing a conventional suppository base such as cocoa
butter. Conpositions suitable for transdermal adm nistration include

oi nt nent dn agaher aspeciptitedmentioT hovideapususd afra caypdoed iohfoomila (J@se f or m such
as a tab lh%Feinkfe?@r@"Hegcr redaorfr%%léhﬁer?@ﬁ@&%%%a&f@jetoffa%ed?éa%erﬁg nistration
may contarn, Tor exanple, from 0 ng (and for parentéra

adm ni st rtike pegitiveatibsiens mofloiati@xaitpé a7 nfootinc @cdtytahobite regeptof. a conmpound of
the formula (1) or a salt thereof calculated as the free base. In an
enbodi nent the unit dose for oral adm nistration contains fromb50 to 450
ng. | n alf andtheraspebiptheraventiompravities titbewse dentamipming obformo@ (H@s400 ng. I n
order to -3l i i Y L. strafl conposi tions
of each gf% P%l@dee?%rg%%@tﬁﬁ S%?%()s%ftélfe%ﬁgﬁygnrﬁ?rﬂg |tE(])l'Jr? Otfofa %%ée?&cr%ér{ggor{ents is, for
exanpl e, usair the tfeatmerdfof a payrihioticdiserdeThie dEotrep hegeds dbe fnvettioniedddesaihe

iy o 81 REaFPERY 856 1 SRS BRRON ALRaBBl o SLNHERGl R him £ 1 any
’ manufacture of a medicament for use in the treatment of schizophrenia. In another

aspect, the invention provides the use of a compound of formula (1) as hereinbefore

25



The preparation of a nunber of conpounds of the invention are exenplified
bel ow. Conpounds of the invention and internedi ates are naned usi ng
ACD/ Nane wBQoR/B24eheni cal nam ng software (Advanced CherirgtregiiDesse? opnent
Inc., Toronto, Ontario, MbH2L3, Canada). Abbreviations LC/ MSLiquid

Chromat o Spect. ucl ear .. | C Re

THFC ot r aRGRTRPoAn BAERR? RITLEH ST B RN Mg P Mgt o
VDAPMas s -adkietyodregpeastionpr epar at i on WO 2012/ 055942PCT/ EP2011/ 068807

m nm nutes Menet hyl Etethyl etherdiethyl ether

Bl NAP2, 2' - bi s(di phenyl phosphi no) -1, 1' - bi naphthyl Starting materials were
obt ai ned If amtheroanpectctr@“nmmpjpm pevile shechseas aAtampaningd oAfdrmaulaghas, Apol | o

Sci enti f| | er t. d used
wi t hout fh her&gq’%’s?r bgg Salti’}?es(gs’f 'b)E eerpé\nﬁg%d&'{eao[#%gﬁ@ %nt r omat ogr aphy

was carr |uee| irotlne tmtm@wtpf eegmtwleerdpalsmdamit e Fl ashTM or BiotageTM sili ca- gel
colums as the stationary phase and anal ytical grade solvents as the el uent
unl ess ot herw se stated.

In another aspect, the invention provides the use of a compound of formula (1) as

hereinbefore described or a salt thereof in the manufacture of a medicament for
use in the treatment of Alzheimer’s disease.

In another aspect, the invention provides the use of a compound of formula (1) as
hereinbefore described or a salt thereof in the manufacture of a medicament for

use in the treatment of pain, for example inflammatory pain or neuropathic pain, especially
neuropathic pain.

In another aspect, the invention provides a method of treating a disease which is
associated with a reduction in function of a7 nicotinic acetyl choline receptor, which
comprises administering to a human in need thereof an effective amount of a compound

of formula (l) as hereinbefore described or a salt thereof.

In one aspect, the present invention provides a method of treating a disease which
benefits from positive allosteric modulation of the a7 nicotinic acetyl choline receptor,
which comprises administering to a human in need thereof an effective amount of a

compound of formula (l) as hereinbefore described or a salt thereof.

In one aspect, the present invention provides a method for the positive allosteric
modulation of the a7 nicotinic acetyl choline receptor, which comprises administering to a
human an effective amount of a compound of formula (1) as hereinbefore described or a
salt thereof.

In another aspect, the invention provides a method for use in treating a psychotic

disorder, which comprises administering to a human in need thereof an effective amount

of a compound of formula (l) as hereinbefore described or a salt thereof.
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NMR spectra were obtai ned at 298K, 303.2K or 300K, at the frequency stated
using either a Bruker TM DPX400 or AV400 nmachine and run as a dilute

sol uti on Wb 2056t er at ed sol vent stated. Al NVR specPCa/Bresia/oss8hEr ence
to tetranethylsilane (TM5 6H O, 6¢ 0). Al coupling constants are reported

Singl et )i EBRE e i Er S 4 Beondd foailh P S ilior et s).
dt ( douglcetnpda‘;est adrphistesipng &amd homamin béqal tbejeof Bueifédtigatmonnt &i arompaundf t he
conpounds

e Al A Do st o0 Svstem
such as the Waters ZQ nass sp;actrometgr. Intermedi ate I1: - o of
N, 2-Di - ) - 3~ 0 r\l .

ot howy it B07 RbRB AL 2y idoH PR R8BIl oy raclin Bkt By Bl ©

( 1|6ijt7i30nmwhicfr|2<fbrmmisb$ ai_:lnni_nﬁterhgdo Wﬁe n(a&@ifhem()f amesﬁwegmlbf) @i rC]: A
Ziochl oroﬁgﬁwﬁlﬁ%ﬁég%ﬁlg(Ig\égsﬂ%@gg%g%geﬁpiégé 8g§5%lgwé%og'{ure was stirred at

roomtenperature for 30 mnutes. The reaction mxture was diluted with

hydr ogen D8 baA 2B N 2 MEREH TGty ROy b M REE P BENT, g1 ve
t he tit| edoumgteumyitosshamarinl negd tiergof ardsiiectiveCGinvBurt If-Blcompaditd of formwda medi at e

2: 1-(2- - 3.1 2 2-(4- Ldi ovl ) et hanone To a solution of |ithium
di i sopr og@%gﬁ%ﬁznbfﬁ??%%ﬁb%%%ﬁﬁ%\é[}h@e’fﬁ%pt ane/ et hyl benzene) (12.00 nm, 24.00
nmml ) in tetrahydrofuran (20 m) at -78 C under argon was added 4- picoline

i nut o 18 2L g ARSI B T e ARReifleb R e ik SriBioat e
(3.38 g, a@midgtenmplo)a humaretrreeydneyéolravef(ebtivel amaars ohd dethpdurupeti fsrenuldhe
sol uti Oné”%%g%@]ix\@%qetdgs%%@&gstraf?g@ é(%qrrperat ure over 2 hours. Brine was

added an Ur & Was extr acted' W h di chl or onet hane. The organi c | ayer
was separated and washed with saturated sodi um hydrogen carbonate sol ution,

v oo S B SV ARBARI G Yo B SRR ety 011
3- 5( E)L?gt meUmpathm paln,(elziom_sally?neuﬁepfa_mi?pai?])wplﬁ dompprisagi aunrinist2ripg tnmahurmgrmnmin I SA
imn N, Ndi (riﬁa? %ﬁﬂ( %S@L%nggcéip%ﬁ% Eﬂ) %{c(?:a eéoirfﬁ%@!.j gg@lﬁﬁwgré%f%ﬁbﬁg%ghgat ed at

100 C f orde&cripedros a sahi¢hareoft ure was cool ed to roomtenperature and the

sol vent was evaporated. The residue was partitioned between ethyl acetate
and water. The organi c phase was separated, washed with water and brine,
dri ed andn gezgal edrepourals @i toemtilad|)tor l salt ¢clerpaumal Resadminsidred h dages 86%) .

L& M [ M?gﬂgin:g %?r?] ‘about 0.1 mg to about 1000 mg per day, in single or divided doses (i.e., from
1 to 4 doses per day), although variations will necessarily occur depending upon the
weight, age and condition of the patient being treated, as well as the particular route of
administration chosen. In an embodiment, the dose is administered once daily. In an
embodiement, the dosage level is in the range of about 0.1 mg/kg to about 500 mg/kg
body weight per day. In a further embdodiment, the dosage level is in the range of about
0.1 mg/kg to about 100 mg/kg body weight per day.

The compounds of formula (I} and salts thereof may also be suitable for use in
combination with other actives, such as typical and atypical antipsychotics, mood
stabilisers, antidepressants, anxiolytics, drugs for extrapyramidal side effects and
cognitive enhancers to provide improved treatment of psychotic disorders. In one aspect,
the invention provides a combination of a compound of the formula (1) or a salt thereof
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Internedi ate 4: 3-Methyl - 1-pi peri di necar boxi m dam de hydrochloride \ /N NH
|"( NH2 HCI A m xture of 3-nethyl piperidine (2.347 m, 20 mol),

di i sopr opybevtedsasszne (3.49 m, 20.00 mol) and PCT/EP2011/068807

1H1, 2, 4-triazol e- 1- car boxi m dam de hydrochl oride (2.444 g, 22.00 nmmml) in

N . e R R BB g PSR L 9

at room taddienattherepdudic agéntm nut es. The et her |ayer was separated and DVF

| ayer was stirred with ether (50 m) at 5 C (ice water bath) for 10 m nutes
and the ether |ayer was separated fromthe residue. Ether (20 m) was added
to the rddecombanation Herapied efrtke insntfini are gdr edtanipl€. adiisteesiddjumtjvedplByd was

e congulielbEreuriR s Befne RP5Rglt oBhaRbng liv e 8réhef ™
| nt er medichthe dmpbneats MethieybrBef separatd phan(aBeplioal chnmygsétohanodevicdsi tTHniisu m

i 1 >90 Oyl At 5L AN ROLU Akl SIS ARG SLNRSRESR) of il 12, 00

nmol ) was I'rre nmol )
i n tetralgpdeaflybyihoéd Skildq indbe Brt @nd hdesin as gajunctine trera@itioiadoiregratian;sol ut i on

of N, 2 i1l VLAY ELIY ek FUCARGAORERTAAP o0 P thon el

tetrahydr ur an Opw se an Peaction ture was
stirred athidh QOodt@nt dechivas serkmaterbwwaeieanidmds arwvetl&ypimg thetapeutivas extr act ed

W th di ng'dﬂﬂ é‘EPén% Bfa cmﬁoﬁ’rﬁog@’}br‘fndlé‘gg{éu 3 HER3 %ﬁoegt |§ng oﬁ’gﬁnﬁ%ﬁﬁ%ﬂ&and

saturate | um ydrogen car bonate 'l AE,
evapor at @gentoagmowl sﬁdrtehser tdneantidegressetht, s aumodytub q dlrualorge)xtnapj/ramidmgdased

oo rer PR RE o8t R STy ope Y AR Roflon, it 1 cne
I'N embodiment of adjunctive therapeutlc administration as descrlbed hereln a patient is
typically stabilised on a therapeutic administration of one or more of the components for a
period of time and then receives administration of another component. The compounds of
formula (1) or a salt thereof may be administered as adjunctive therapeutic treatment to
patients who are receiving administration of at least one antipsychotic agent, a mood
stabiliser, an antidepressant, an anxiolytic, a drug for extrapyramidal side effects or a
cognitive enhancer, but the scope of the invention also includes the adjunctive therapeutic
administration of at least one antipsychotic agent, a mood stabiliser, an antidepressant,
an anxiolytic, a drug for extrapyramidal side effects or a cognitive enhancer to patients

who are receiving administration of compounds of formula (1) or a salt thereof.

The combination therapies of the invention may also be administered simultaneously. By
simultaneous administration is meant a treatment regime wherein the individual
components are administered together, either in the form of a single pharmaceutical
composition or device comprising or containing both components, or as separate
compositions or devices, each comprising one of the components, administered
simultaneously. 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 a compound of formula (1) or a salt

thereof to a patient receiving therapeutic administration of at least one antipsychotic

agent. In a further aspect, the invention provides the use of a compound of formula () or a
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0---\N | A mxture of 1-(2-methyl-3-furanyl)-2-(3-pyridinypethanone (1207
mg, 6 nmol) in N, Ndi net hyl f ormam de di net hyl acetal (797 pi, 6.00 nmol) was
heat ed atw@Q01205f%2 2 hours. The m xture was cool ed to PoPmMPR@Pessat ure and
t he sol vent was evaporated. The residue was partitioned between et hyl

br e arrbielnd R R e R R et R BB RARAE bl

(750 ny, ferake trebi@evBol dpdfichetidordémt erpatidntareeeiving therapeutic administration

1- (2- Met hyl:3-fur ) - 2 (.2- -4-pvr.idj h A sol| ut] f

i t hi um & 9&'%%%@5?%ﬁ%ﬂéhétﬁn@hpﬁh%@ﬁ?‘#%ﬁﬁE@%{ gﬁ%?%t‘:ﬂ?f’%@”n‘]z%ﬁéﬁ“ﬁo. 00
m , 20. 0Ql) omalsalt theredd foratsg doradfdjurative B@rapeticadmisisirati@dioathe-tB@trGenirod ar

argon. A .' 4- i di ne. , , l),in.tetrahydrofuran
(5001 weSeill ARaftlon fy ettt FBPubdneiaPallc acnfu Ca IR Bt Bl 817 P e
-10 C f oranfipdyoboticcaggnt.hen cooled to -78 C. A sol ution of

N, 2- di net hyl - N- ( met hyl oxy) - 3- f urancar boxam de (3.38 g, 20 mml) in
tetrahydrofuran (5 m) was added dropw se maintaining the internal

t enper at um e flrélepaspdd tX: invartiom provides avestisidi of tredtnagnt o7 8 p€ydhofic distvalar and

t hen all , , oom 1. [ . ter ., d 2 reaction
m xture \%g%%gb? tr'oz;gitb gpélb\%l [E%gd@'hﬁ Otr?oganéété%%ﬁg%@t@%&ﬁﬁ%%@?&a thenéepar at ed
and washeecenindthsedpentt admisstiation dhedcangeoundar momatag ) o lawgait dmgrestatner and

brine. dri _ ; i S
chr omat od S Eosef RN B Efr st R R A03ed et e i Bloblade s % ve cne
titl e compowfatias oha stddichn(edt B8 adjunédtherb@WNS dditihiltratiop 16r. thé treetmemdi at e 8:

S} f) 362‘?2%%3%%% 5@@@;@2{%@%{ Fe R therapédic T dioR¥: a Eompblnd of
1- ( 2- et hgimuBa fluoranselt) th@eORT meinhgrtion-fyryhar gravdestah faasheng ntipS@rhgtic 2900

mol ) in N N di _ Was
heat ed atf@ﬁ%%ﬂ%ﬂ\?%{%%ﬁ%%’éf@rﬂiﬁﬁghﬁﬁamheeatﬁe%éﬂ%rg((ﬂ?g%@?%ﬂi‘ru%8%}0@%@&} ature and
t he sol veatiemascewpihestpedtic adrginisgatidreoftd ¢dneparodod tomeu @S Y @r rgpalt Wieredi. was
used crude in the next step. LOMS [MH = 271. Internediate 9:

1- Pi Deri di necar boxi m dam de hydrochl ori de A m xture of piperidine (4.95
m , 50 mimh)Yyrtrehir espgot,dpy ingeidngorovidey 8 mehad gf tre@infentobh psyohdtic disorder

A 2 ARkl GRS SRR b e B R

weekend. iretdrebingtid with at least one antipsychotic agent. The invention further provides the
use of a combination of a compound of formula (1) or a salt thereof and at least one
antipsychotic agent in the manufacture of a medicament for simultaneous therapeutic
administration in the treatment of a psychotic disorder. The invention further provides the
use of a compound of formula () or a salt thereof in the manufacture of a medicament for
simultaneous therapeutic administration with at least one antipsychotic agent in the
treatment of a psychotic disorder. The invention further provides a compound 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 medicament
for simultaneous therapeutic administration with a compound of formula (1) or a salt

thereof in the treatment of a psychotic disorder.

In a further aspect, the invention provides a kit-of-parts for use in the treatment of a
psychotic disorder comprising a first dosage form comprising a compound of formula (1) or
a salt thereof and one or more further dosage forms each comprising an antipsychotic
agent for simultaneous therapeutic administration.
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41 m) was added to the reaction mxture and the m xture was stirred at
roomtenperature for 10 m nutes. The ether |ayer was separated and DW

| ayer waswetnrwwssv4ai th ether (50 ml) at 5 C (ice water paTEP2010/068807 M nut es
and the ether |ayer was separated fromthe residue. Ether (30 m) was added
to the residue and the m xture was stirred at 5 C. The resulting solid was
triturated with ether, collected, washed with ether and dried to give the
title corpeocttersaspacts ieonvdnéiss pewided a(rBethidd gf tréBftent df @ pegchdietdisorder 2.

I nt er medi : - Di - 4= mor.phal i r boxi m j d or.i de
A s e A L T L e

m xt ur e oécainiygg theeapeuticadeins)ratiah ofsopadtipy Ingtddjdraselreted SorBthalgroup0. O mmol )
and 1H 1, -triaz -1- r boxj mj i 1 de 1 g, 55 mol) in
N, N- di met’ ?/Tﬂ?%wrgrpgh%) @goi}f@%@?%’ é}érsgh @ i F%%&n%%?@gh&{"% derﬁ@{oire for 24 hours.
The suspensapmamasl slié atfeds and & cegrire rh@ncdr) and the reacti on m xture was
stirred at roomtenperature for 10 m nutes. The ether |ayer was decanted
off. Ether (50 m) was added and the process repeated twi ce. The solid was
col | ect edn avartitee dsped Hhetriventicoanutoddeettie tuse gif & eompeurtd ¢fltike p@spaiimanéisn a

colourle I i 9 S S g f_el.s: | SQMers.
LC VB [ erﬁﬁhig%ﬁrgggﬁc@r%tog a nnéé?ﬂ@aa[nzawﬁgr?adﬁm%tn}g tEHAbEUR adhifishARAYof B8
1- ( 2- Met hgkin3erft of apygychofs (i2enier indi patipet teaaiging thérapeutis @datinistratioh of at hi um
di i sopropyl.am } in THE/ el:e I : 3.60 M, 7.20
mol ) i n%g@%&%g%%@%ﬁé’% kgﬂéb?g%){dgfgﬁggtﬁﬁﬂréQﬁagﬁ%g@g%g ed 2-picoline
(0. 593 niantidedOssanb lah .anXiblytic,adruig dor exirapyamidabsids eifecte dndit cogidtive f or 15

m nut es ae'ﬂgar?ce§0| ution of N, 2-dinmethyl-N-(nethyl oxy)-3-furancar boxam de
(1.015 g, nitol ) in tetrahydrofuran (2 m) was added dropw se. The
solution was allowed to warmto roomtenperature over 1 hour. Brine was

added an . 1 . i i r : nj_c |ayer
was sepaﬁ_g%"reﬁﬁ/ eﬁh%ﬁ g\llggﬁ)é&&?dvﬁg ;flﬁ]é @%% ﬁ?aa erﬁdgb éjggg’ﬁm%r@%%”gwgr&%?mﬁﬁ?i{“g&@g| ution,
wat er andhdyapergic admirestragind fevibg bealtredt bica gsyckotiduisdroed ie aqatipiuaceidsg an oi |
whi ch wa i . ; v . = . : nedi ate
15 3. ( DUaRe R RRh of af Bofvbe Bhent s da Mg B ppnst GO LR “one
o 1 (yfl mood stabiliser, an antidepressant, an anxiolytic, a drug for extrapyramidal side effects

and a cognitive enhancer.

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

In a further aspect, the invention provides a method of treatment of a psychotic disorder
by adjunctive therapeutic administration of an active ingredient selected from the group
consisting of: a mood stabiliser, an antidepressant, an anxiolytic, a drug for
extrapyramidal side effects and a cognitive enhancer to a patient receiving therapeutic

administration of a compound of the present invention.
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

extrapyramidal side effects and a cognitive enhancer in the manufacture of a medicament
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ONN I A mxture of 1-(2-methyl-3-furanyl)-2-(2-pyridi nypethanone (1.207 g,
6 mmol) in N, Ndi net hyl f or mam de di nethyl acetal (0.797 m, 6.00 nmol) was
heat ed atw@Q01205f%2 2 hours. The m xture was cool ed to PoPmMPR@Pessat ure and
t he sol vent was evaporated. The residue was partitioned between ethyl

acetate d r. t ter and
bri ne, ‘}‘ aéj%nr‘f‘ﬁv t\pghag)leg (9%5}?'%'38?6“0 ?et%lﬂﬁé%roggt?é 0%'8§'385&reEm0 ange oi l
whi ch V\/a$)aUesrﬁde¢a1N|mg1mer&peUtusacdrpm(sllraﬂorgof a7<2%poulnd/off¢ﬂ§1e[ﬂ¢b$ﬂnt mvastian.

I nternedi ate 13: Hexahydro- 1H azepi ne- 1- car boxi m dam de hydrochl ori de

Z----\NH N N,....-/NH2HCI A m xture of hexahydro-1H azepine (5.63 m, 50.0
nmol ), diThsapreopy atsbyptartesehd Bse/d arl actisd ingreiit pelated from the group

1H1, 2, 4- ' 1 55 nmmol ) in

N, N- di et hﬁ %%r%n%@%%ég%ﬁmg%’rdgm?ﬂﬁ |rre$§ﬁth Rtah ﬁ?’ﬁ Cilru Otﬁre over the
weekend. eEtrbwrarﬁﬂ:l@Dsudé ¢ffemsaraxﬁdedgmm/etdfré1aneacfd)natdjunmxe tlneeapamhbthe m xture
was stirr ; t . M t . C ed from
the sol 1 dorulrBf R PEAReLS A8 lPiuBFTn atfief BEO I LR ce
wat er batddjnirffisiratibd ofra womesurahaf thépresehtenvdrdiper was separated from the
residue. Ether (50 m) was added to the residue and the m xture was stirred
at 5 C The resulting solid was coll ected, washed with ether and dried to
gi ve the It atflrthec aspantirite awenrticvqirovidées siedtuidi al tre6tngerg of & p8gchotiCHMBdpMEH] =

142. Int %E,’Eﬁ#&l?a%o&s eFap%utA'c écﬁn %lrgtr & gf aDé/ 'u%]o} th% p@egﬁqwgyﬂo’mﬁ pholine N

I a ..o R
combination with an active ingredient selected from the group consisting of: a mood

stabiliser, an antidepressant, an anxiolytic, a drug for extrapyramidal side effects and a

cognitive enhancer.

The invention further provides the use of a combination of a compound of the present
invention and an active ingredient selected from the group consisting of: a mood
stabiliser, an antidepressant, an anxiolytic, a drug for extrapyramidal side effects and a
cognitive enhancer in the manufacture of a medicament for simultaneous therapeutic

administration in the treatment of a psychotic disorder.

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

psychotic disorder.

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

The invention further provides the use of a compound of the present invention for
simultaneous therapeutic administration with an active ingredient selected from the group
consisting of: a mood stabiliser, an antidepressant, an anxiolytic, a drug for
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ci s-2, 6-Di net hyl nor pholine (0.850 g, 7.38 mmol) was added to a suspension
of 2,6- dichloropyrazine (1 g, 6.71 mml) and potassium carbonate (2.78 g,
20. 14 moWwp 201e/@edgdr ous acetonitrile (50 nL). After ad@CTiEPRQ11/0b880T eacti on
m xture was stirred at 90 C for 3 hours. Crude LCVM5 showed desired product

i ut od arerOReRpR ShEbhedoBh Shuftnditneerd® oA O bR Byer

was sepamioedtrand t he aqueous | ayer was extracted with ethyl acetate (2 x
100 nL). The conbi ned organic | ayer was dried (sodiumsulfate), filtered
and concentrated under reduced pressure. The residue was dissolved in

di chl or oméehareti¢r fultBenprpvidesia pompburetiofdhe prdsectanyentian Rirasadw SP4

chromat o i t ate in
" sonexancuiipaly PRPR A AR AT RSB i e 6
concentr @besistingddra medd cttilipere as antiddpoesganie ab hexidlytid, @ drogound as a white
lsﬁ![ Ie(rjm(egl %{r@/{@%idapsﬂgghectégn&a(g%aﬁ t?\Jeerfhan!:'ecr:/ M%e tME't_&ent o%%%sg&otlc
ci s-2, 6- llsmeddnyl 4-1.6-(2-met hyl -3-furanyl)-2-pyrazinyl | norpholine N

R -, ,,---". NN)O O
4 4 5, 5- Tetrarret hyl 2-(2-nmethyl -3-furanyl)-1, 3, 2-di oxabor ol ane (567 ng,
2. 72 mmolThewasntaddtheopravides thei uwse obfin active ingredient selected from the group

2 i xt or SOTOU SR HpRd s Al PSR SR AR SR, Cafbonate (577
ng, 5. 45 extradyramibakside ifkdtoandasogieessddncsiimtheanguriagars dadnedieamatar ged

wi L tet gkl hdRhe i ANORPLLARIRALL ABY TN 63120 He oflsB BN TERRE o ATt T

addi tion, erea Was et rre n crowave at
100 C forthéLtrdamiment @raupkychavBlisiidavs desi red product and starting material so
the reaction mxture was stirred and heated for a further 1 hour at 100 C
in the mcrowave. Crude LCMS shows desired product and no starting naterial
can be sddér.invEnBom kaiber providex therusewh ahadtive ihgredtehystelescctm Bivre ti2§Oupl) , wat er

(100 m), goaé Lt d@r(ﬁ ﬁw%gdts Bllis&Y aR %ﬁﬁée%gess aX Qﬁ? glgtu;r gedr[lf %rdue nas

di ssol ve 1oronmethané™( - pur i ICa by a Biotage
SP4 chr oreatragyrapliiatside stieats erzucﬂ)aNbgmm\terercﬂ@eceréd)mlmdltamebbs OeBBuEet hyl acetate

I SOneX Ao Bh A ST 0R B Hoe s B BRI LS e TR

concentra ' VeduedyP pressur € CO

1. 533 mmulisordsB. 3 A, yield). LC/I\/B [ MFH = 274. Internedi ate 16:

Ci s-4-15- brono-6-(2- et hyl - 3-furanyl ) -2-pyrazinyl | -2, 6- di net hyl nor phol i ne

N- Bronosucci nim de (272 ng, 1.529 mol) was added portionwi se to a sol ution
of ci s2, 6n difurbtehpnipett,[tBe (rﬂemrt'mnmrmviees‘ alkizniparss- fpyvszinnlye reatmenbdiane (418 ny,

1.529 I t 0C
for 1 hour}c@c@@oﬁ%ﬁ%@h@h r\:’/é ﬂ}%l Fad 6?9&]1%- ptrsrf?‘:%bgrﬂ BEh angﬁéér%g?@rtl ng
mat eri al inveftion gl oreaartinome foitharwiosagw®rrds bathecbmprismgetrhadtivaogredient( 20 nl)

d h - ter. I d 50
m). The SRS buRectladbt Ao Eilsen ) FipbpRairh ARt
concent r st drdg toneeirapyeahncatsige ees and Thegnipsi ahenewmdordiimsitdneeds i n

di chl oro nd purified on silica by a Bi otage SP4
chr omat ogﬁéag 'C(s?;qs?nm%Q&M cartridge, eluted with 0-100% et hyl acetate in

i sohexanes). Fractions containing pure product were combined and

copeent ' EMpAAT arhRIUERE PIGSM finh B BL1G1 b % Sebdf iFRARSHAEL6E K T
are not limited to: sodlum channel blockers; mixed 5HT/dopamine receptor antagonists;
mGIluR5 positive modulators; D3 antagonists; 5SHT6 angatonists; nicotinic alpha-7
modulators; glycine transporter GlyT1 inhibitors; D2 partial agonist/D3 antagonist/H3
antagonists; AMPA modulators; NK3 antagonists such as osanetant and talnetant; an
atypical antipsychotic, for example clozapine, olanzapine, risperidone, quetiapine,
aripirazole, ziprasidone and amisulpride; butyrophenones, such as haloperidol, pimozide,
and droperidol; phenothiazines, such as chlorpromazine, thioridazine, mesoridazine,
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Internediate 17: cis-4-(4-Chloro-2-pvridinvl)-2,6-dinethvlnorpholine NI
CIN\,/0 Y cis-2,6-D nethyl norpholine (2.029 g, 17.62 mvol) was added to a
suspensi omoab1258942di chl oropyri dine (2.37 g, 16.01 mmol pCIMP2@0o06887 um
carbonate (6.64 g, 48.0 mmol) in anhydrous acetonitrile (120 ). After
addi tion

showed sitgrutgﬁﬁ'r&%ﬁét% Ea%ﬂaz'ngrﬁjeom %%F]% ﬁﬁ% ? an gp%%?@{pg'iﬂgw& i lrjrg(raphg{ :V[r?e

(0.500 equetophardzslk; thiscaaiihdees,tsach betmcﬁhlxeme)mdnhtmrprcehim then stirred and

or aduct - Seaea SR, opat R boneS syt A Ao AR S 00 1o the

react i on imidatelideoaast kIeInemothtazobe;dperadmbe&ﬂmheaﬂ;ucm% Iﬂnol\mgmm ght. Crude

LC/ M5 sh i al _and. 0 t

i o2, o SEeRREBPERSTER 8 |6 2B WlERYRdaRE SHitoS Raingors: 4R f on

m xt ure and dehmtlvesk thermﬂ t@rhttiairearhtégxéyettotud:@@tlmyover n| ght. Crude LCMS showed
desired product can be seen and no starting material left, so the reaction
m xture was diluted with ethyl acetate (100 nL) and water (50 nli). The
organic ITetherspmejﬁc seqaplas etiseenied adipaycretosrugsieat m@sbextitabletfecussiinh et hyl
acetate T e | e I um

sul fate) (ﬂ%? f)(re% ere aHO %%n%sgﬁtt% rgt gl&%fgﬁ o(far!zgél%dé’@%ggéter gls§%ﬁ®n§é8| due was
di ssol veduetapiaiharaaetdntimele; amiyipride; aicogyidoi; haledemﬂol gdedanvatehy a Bi ot age
SP4 chro A

acet at e TSR et cH IR A bl Bt oek oo R Eh e
concentranenlt.hated&mpheedzmedthoemsmd’eetltlcoihlggm@ tmlbmlxtene hedrocmpridend as a
IC(;![ gtj L‘LS?@T u%b%ré&ﬂwe% o-f3-<]45m%9|'-1 —p%gra%in%Eftjosg/ljj—é—'(trih%rmeiﬂwsﬂlenﬁﬂ‘ﬁgzzéez29'
Ci s- 2, 6- Dihydtdehbride;lpefpl{edanive hpdrptdriaginampd entiviptylinelhydyddhiaridehthlidridezihe;|

4,4, 5, 5 -Fr)%llhggﬁeta@/&:hag?n(ezhﬁ&{M{rtdg o%%&ﬂ}éj bxalpirs Ky PO MRHR A FiBadid 918 9.

|ned and

4.41 mol

Ci s- 4- ( 4-sobdimate- Rurinermalienyeénpeddd; peraeiné pt mefpenoie may bd usgd.4. 41 nmmol ) in a
m xture of 1,4-dioxane (17 nlL), water (2.83 nlL) and sodi um carbonate (0.935
g, 8.82 mol ). The sol ution was degassed using argon gas and then charged
wi t h t et IGtkers{uitablp laetiydyphaEphugehpaté pdimar(re) trfl0rbdoazne, GChibgdrotnimen,  Af t er

addi tion, e I m cr owave at
100 C fordr(%éﬁ'gélr §‘%t§@% gk ﬁ%ﬁéﬂ’(@@ %,n @?g@ ﬁ%ér}%%% pggégg%ﬁestartl ng

mat eri al iloperidose sEmozidd laed flepertthioel. M xt ure was washed with ethyl acetate
(200 nL), water (100 nmL), filtered and then evaporated to dryness. The

resi due was dissolved in dichloronethane (- 10 mM) and purified on silica
by a Bi otlagee Bifhechspecbtidige appbntions ysitable §ripsidnobe agéndgimclude otapdaping,h 0- 50%
et hyl ac { o) n r

combi ned RSN S e TR0 bl Pl BB M RS 2 o
(336 ng, otadatantrmol , 26.6 %yield). LM [ MH = 273 I nternedi ate 19:

Ci S- 445- Br ono- 4- ( 2- met hy1- 3-furanvl) - 2-pyridi nvll- 2, 6- di net hyl nor phol i ne
N- Br onosucci nimde (133 ng, 0.749 mmol) was added portionwi se to a sol ution
of ci s2, GAatidretathilsersiwhidh (Tmyrmtdsyemirsmumraw bt the pyasedt inydritiooimhaelei ne (204

, 0.74 I [ d 0
Chor 1 AT it e s el marg bR BRE afllfte 0o

starting gahamntlal topedmates@(camazegae'andynagabmla,lr e was diluted with ethyl
acetate and washed with water, brine, water and brine. The organic |ayer
was dried (sodiumsulfate), filtered and concentrated under reduced

pr essur e Anfilepresssintideigaadiatii rsayobes eged in thl thietapy @ftitehaasent invsnhidn)indndle

purified i1 t Mcartrldge,
el uted Wst@ﬂ)t@l@bﬁ)gg? ? g@ggg@%@;‘%@;%g@hggg d%%éf%rﬁtgb ¢ontai ni ng pure
product wlepwnm:‘rtmiramenaimd/semtmmmtnpw redpbaheiemluted;ubléd goragopstse NKJ agidve t he

title CO%}’&%éﬁlﬁg%@Qs k{28 RTERA antybnfats; W@la%ag%ﬁls?s SOl 5&0%3% ¥

LG/ M5 [ M

(such as rauwolscine, yohimbine and metoclopramide); serotonin reuptake inhibitors

(such as citalopram, escitalopram, fluoxetine, fluvoxamine, femoxetine, indalpine,

zimeldine, paroxetine and sertraline); dual serotonin/noradrenaline reuptake inhibitors
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I nternmedi ate 20: cis-4-(6-Brono-2-pyridinyl)-2,6-dinmethyl norpholine 1 BrNN
" .0

.......... -- St T i e e r

of 2,6- dibronopyridine (1 g, 4.22 mmol) and potassi um carbonate (1.750 g,

i xtur e deen BRI SRR bl e e ko per Al Bl iy o "

mat eri al irhiltode&ucieds phodetite) Socyelis atjdeprassamt isUchas@notriptyéing, 185 ng, 1. 61
mrol ) was 10. r.eactjon.m x whi ch , n.Stir .at 120 C
over ni ghtC!O%%gﬁﬁgﬁei_’@ %Earg'ﬁg’vé%g)rate”'srﬁer Fééé&@%'a%%{“ d@@ﬁ'p agrﬁ g%)eﬁ,ﬂog{z,%ﬂw starting

mat er i al dxigse inbibitbisg suaeaad isacaripoxarzide emoasbemidat geenelzine ardhyl acetate (100

d . ' :
Taver wad Rgpd R Rl Braf ¥ i 3E0RiR O B0 DB 8P o
| ayer s wetlesrgltsuel a6 bopliopionsarminapty)e, rddafaxares dhiansericoniciandpice, eefazndare r educed
pressure.anal'l{;r%zé&%iesj_ue was di ssol ved in dichloronethane (- 10 nl) and

purified on sitica’ by a Bi otage SP4 chronat ographi c system (40+M cartri dge,
eluted with 0-100% et hyl acetate in isohexanes). Fractions containing pure

r oduct ' r r r ive the
e e R S RS A e T A
LC/ M5 [ MeHlagoni2B1 AT 3 anlagbeistsediddieez@&liazepines such as alprazolam and lorazepam.
ci s-2,6-Dinmethyl-4-1.6-(2-nethyl-3-furanyl)-2-pyridinyll norpholine |
4,4,5,5-Tetranmet hyl-2-(2-met hyl -3-furanyl)-1, 3, 2-di oxabor ol ane (412 nmg,
1. 980 mmidrpigsnias estdapychnbidalssidsodfieicisomhic may be used in the therapy of the present

cis-4-(6- L oyl ) o 2. 65 di ol 1. nmol ) in
a m xtur é%ﬁ [@n %9 'ﬁ?%%gfh‘{ep’%l‘%%&ﬁ%s?"C@%’% h%@@%ﬂb%ﬁdé{ﬁéﬁig Ifdﬁrg% %g][r)bonat e
(420 ny, thexgomamidy)), afiiestayoinas (sueh wa sliptegassadings amdepegonergas (auod ashen
char ged ‘(gf.niapwtéo%e{)aki s(triphenyl phosphi ne) pal | adi un{0) (229 ng, 0.198 mol).
After addition, the reaction m xture was stirred and heated in the

m crowave at 100 C for 1 hour. Crude LC/ MS showed starting material and

desi 1 ed _ . . I. : . _ 0.
O SERAFS R BB MG R PARSPIAAEY R ALk . O 198
t et ramcei'él rwamale(czloﬁrmﬁwagéﬁnhb:rter?yd;t)ch]as:’ia@ir@i, d@(raslsm(eerzidgIries’(iaﬁirgﬁ'nﬂfrléarmdghe:rL 230a{rmilo)0
Cin the arsig. HBaBsh et BN B SIE b Bh ek bBHBIRCT and o
starting material can be seen. The reaction m xture was washed wth et hyl

acetate : I . SR t he : yness.
The resi doamanbarbEbr A rRe Tkt n bR 0 ohdfh FHEREOAbE A 84

si |l i ca byreseBi ovagienSPanctyicah aotipsaghutic, oy exanplé¢ 4Dzapicardlanzdgiee, el uted with
0- 50% et hy 1N |S . t1.oNs 1t ai ni ng pure product were
conbi nedbéhﬂ%@%&lﬁﬁ“?@{“é’ﬁ@%@g’%£dﬁgé ep@e%@ﬁ@gmeg give the title conmpound
as a colourless oil (270 ng, 0.942 mmol, 47.6 %yield). LM [MH = 273.

| nt er medi L Gls-4-15- - 6. ( 2- y1-3-f. V1) 2- L di -2, 6-
ai ot v e ampadrRni s TR A g coinbHe@a ZcBbbAI e o,

por t i onwipsesenbingergiohus a typiaaf antipsychotic, for example chlorpromazine, thioridazine,

cis2,6-di = A- 6= 2~ hyl- 3- n £i2= l.ine. (210 ny,
0. 771 it oot SfaiaRe pcpserad B Hob R, PACRERRE B 0o
for 1 hotnaloperidaehifl@pkdnatinsweimazdd, deapepidold auorpeathixéee, sedindemedorno st arti ng
mat eri al |AX%F)|FH so the reaction mxture was diluted with ethyl acetate (20
m.) and was eg'with water (10 mL), brine (10 nL), water (10 nL) and brine
(10 nL). The organic layer was dried (sodiumsulfate), filtered and
concentr - e o resid - di |

ai ot or onbEnad Fhod B ARl AIEHbRAhY Brs i Unific M S fdufla o

chr onmat ogheapiesentsypenton (s40msSod stabitisetgr esdrople dthiving FsodiubDEiprettaMalciet at e i n

i sohexanes).F I YWl . : f
concont r LRGN RabEREbERE RGBS Bl W ErERE B ES0a A e o

col our | ediggabihe.(280 ng, 0.678 mmol, 88 A yield). LM [MH = 351/353.
I nternedi ate 23: cis-4-(3-Chlorophenvl) -2, 6-di net hvl nor phol i ne
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1- Chl or o- 3-i odobenzene (3.09 g, 12.96 mml) was di ssol ved in 1, 4-di oxane
(50 nm.). To this was added ci s-2, 6-di net hyl norpholine (1.492 g, 12.96
nmol ), cawei2omvissydbonate 48 (6.33 g, 19.44 mol) and Bl RAP/EP2012068897 1. 944
mol ) and the sol uti on was degassed by sonication under argon. To this was

et Fuxba anadd CadE S e it 1 e T RS omIRECoe PR e

and no stize pieagntimteetiorals eapaartibepressert,ifomexampiela senvémirf addnist ¢xbichtasough

the aquedtirondel iRl A8 SRt b el BRe SR e ot (x 3
The conbicitadprangascitaldpagrer fuoxetire, asixaching, fdmdxetine,indadpes, ireeldindr i ed over

[ I ' : . id
e PR ekl AR R BRPGEh h lg VRASPRARY GRS Lol
a Bi ot ageeSRihxuler mivakatgeagiioxetisy ot enné@diant arrtoradigegline Ireupgakennhibitdys 35%

t hyl in.i _ j i.ni DU .
o Rl AR Ry BRI AP BRI S o
as a yel linipraxnine (rhagi@bling, nariritylimeok trinfiBratniné)ya elahpamin€/ dvislajsdirtfibiter 226/ 228.

TSI oSk e AR R AR R RS

7. 91 nmolbuprepnadaecptine, sadabdxine, onamaderin, mirtazapine, nefazodone or trazodone).

i 5-4-(3- . | 785. q, .7.9 [
i xt ur ¢ o oEE B e, Bl (SRR e St A BB L. 676
g, 15. 82 tmmpiepentTinentat istancamxichgic deyessaue asiengodiaappimegash asdlprématanc har ged
with tet r?ﬁqggeltprahphenyl phosphi ne) pal | adi un(0) (0.914 g, 0.791 mmol). After
€

addi ti on, eaction mxture was stirred and heated in the m crowave at
100 C for 48 hours. Crude LC/ M5 showed desired product and only 26% of

. . ) e ‘ hvl
ccet at o (OBb S Fythedi@e e S6EPoyrH % I PR ot e RTANARIE st 0¥
The resi dusawisd gdhaseeedidtal condpasitioar dhe pheseet iGvertion rithgrefarsdprnovides$ inead on

it h_0- SOV g e fcenlict SREBERATE ML iar S RBR I RLA 28, Sauce
wer e conthiersgtbedord deserivedtor atsatl thevdarandedueenagerutissllyrasceptalglevcarrteher ti t | e

conpound e?éip%nf; %?gﬂé@?ascemﬂal g:gng'sit%n <,2an509e fHPBée in%l?e ﬁea%méin%fdgny olrﬁ;(eNS [ MH

= 272. In medi a
Ci s-4- 1. soBditons Gstdbaretdngih- Bad pneaentlinvensory thereloré-uioviadshy larfortiphralsped a

N- Br onps i ni i 137, t . a solution
of ci 52, STETRHi sOREoTEn Sl Er e S R SRR BN AsTBI A e .

2. 137 mmmulepcribedohlacab tlereof fdQuselin thet traat@enfidiany eattieiconditiarss descripeed at 0 C
for 1 hoyr, . i_red. : : starting
mater al PS5 oY p NiC b R M B RR R ARG, 21 & ana
washed wicomprietsean adinifiona| thespenti@agenbr i ne. The organic | ayer was dried
(sodiumsulfate), filtered and concentrated under reduced pressure. The
resi due was di ssolved in dichloronethane (- 10 m) and purified on silica
by usi ng TheBootpagedsSH4he mvemsinogayeipdh admisisitredoy 40y bbro@nient agthodefout ed wi t h

0- 50% et q% 3 Lo n; Fracthl LNj roduct were
conbi nedr%%rgs%o cer%It k%te é%?%ﬁéégr'ﬂ?ge\é?ﬂgé%’%Erjcgcsggt?ﬁ@%gblgbg%l’ﬁ Eéetghﬂt | e conpound
as a col danbdsmabadminBgatiorgandths @Bammagleptictd cémpesitjansladippted @cdBdingtyH] =
350/ 352. Internedi ate 26: 5-Bronp-2-chl oro-4-(methyl oxy)pyrimdine Br

The compounds of the invention which are active when given orally can be formulated as

liquids or solids, for example syrups, suspensions or emulsions, tablets, capsules and

lozenges.

A liquid formulation will generally consist of a suspension or solution of the compound or
salt in a suitable liquid carrier(s) for example an aqueous solvent such as water, ethanol
or glycerine, or a non-aqueous solvent, such as polyethylene glycol or an oil. The
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NI, CINO I To a solution of 5-brono-2,4-dichloropyrimdine (17.82 g, 78.2
nmmol ) in nethanol (100 nL) stirred at 0 C was added solid sodi um net hoxi de
(4.22 g, w6 armmisjo4porti onwi se during 5 mnutes. The rea®CIrmP201106880E Was

stirred at 23 C overnight. To the organic phase was added water (25 nL) and

or gani ¢ AR ol Edsbberl R AL RSN dsBbdeB VARG (o

gi ve the agebtl e conpound as a white solid (17.2 g, 67.6 muol, 86 A, yield).
LCO M5 [ MHH] = 223/ 225. Internedi ate 27:

Ci S-4-1.5-Brono-4- (et hyl oxy)-2-pyrimdinyll-2, 6-di net hyl norpholine -Br N A
NNO CYlI Pocanpsitioniimthedbrndotba tabiet 2ac hé prapadedeetiigoarypsuitabie gihaendckdti@al g, 77

nmol ) stiyr ' ' , | S- - di line (24.5
o 213 mig el B B ol RERSR ARk, S B BOR,  8g &0 as
C for 30 imilutetresgnebluen stegiaie, ctantha sactases seoragroarat eedluiorevacuo to give the
crude product as a white solid. The crude product was 50 added to a silica
gel colum and was eluted with hexane/ethyl acetate (20/1). Collected

fracti on emn@osévapotiatienn dba gapsele ¢ da prepared mpiog moutas enbapselaiohi d (17. 4
% s-2; o BmePhE: T atipi PRuat ) ol e d e caf 5P 84 il
pyri m di sidnidaat qeniérs med theX filled into a hard gelatin capsule; alternatively, a dispersion or
suspension 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 in a sterile aqueous carrier or parenterally acceptable oil, for example polyethylene
glycol, polyvinyl pyrrolidone, lecithin, arachis oil or sesame oil. Alternatively, the solution
can be lyophilised and then reconstituted with a suitable solvent just prior to

administration.

Compositions for nasal administration may conveniently be formulated as aerosols, drops,
gels and powders. Aerosol formulations typically comprise a solution or fine suspension
of the active substance in a pharmaceutically acceptable aqueous or non-aqueous solvent
and are usually presented in single or multidose quantities in sterile form in a sealed
container, which can take the form of a cartridge or refill for use with an atomising device.
Alternatively the sealed container may be a unitary dispensing device such as a single
dose nasal inhaler or an aerosol dispenser fitted with a metering valve which is intended
for disposal once the contents of the container have been exhausted. Where the dosage
form comprises an aerosol dispenser, it will contain a propellant which can be a
compressed gas such as compressed air or an organic propellant such as a
fluorochlorohydrocarbon. The aerosol dosage forms can also take the form of a pump-

atomiser.

Compositions suitable for buccal or sublingual administration include tablets, lozenges
and pastilles, wherein the active ingredient is formulated with a carrier such as sugar and
acacia, tragacanth, or gelatin and glycerin.
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N NNO orl To a suspension of

Ci S-4-(5-brono-4-net hoxypyrim din-2-yl)-2,6-di met hyl norpholine (671 ny,

2. 22 mmolwQ B1amsshgl - 4- (4, 4,5, 5-tetramet hyl- 1, 3, 2- di oxalpommpan12688pyri di ne
(632 ng, 2.89 mmol) and potassium carbonate (798 ng, 5.77 mmol) in

1, 4-di oxane (3 nL) and water (0.5 nL) stirred in air at 20C was added solid
tetraki s(tri phenyl phosphi ne) pall adium0) (128 ng, 0.111 mmol). The

react i on Gunxtositiensves rexdtalradethistredien aae ganveaienty0d te rerafisgbyasitdtes r eact i on

m xt ure 1o . 00| I 00 e ratur di.luted with water and
ex?r;ct eg%\a\}iaﬁw%ge%\ﬁgq\}eﬁg%qag?éép%@t%ry@a%%g&%t y cg%gyg%rg Iay\(lamrs wer e conbi ned,
dried over magnesi um sul fate and evaporat ed under reduced pressure. The

d t i | . . d. I i
e P Rl SRR APPSR ol T A B Bl one
were evaporated to give the title conpound (120 ng, 0.031 mmol, 1.393 A
ield). H = . ' ;
baci s 2, draRErHorenTAg P b SRS SeiER g et et U BTPRCE B oy ¢
i m di n o dosage unit for dtal] AdMinitrBlidy Bkl ¥ontain, for example, from 1 to 500 mg (and for
2, 6-Di I -5-(2- | = 4- j O - 2- h
210Dt el RN AR B TR O TN R i o e
aci d (45.fermulg (1836 safdhg¢reanchlhdaeads dte 18 Eef rani@nibalimsnt the umadosonf i r med

ol Towed 1 SRGIATRETRER PRAETR TP R AR AT Bh U 1o

met hanol candinsdsseoAmdd0ang0 g SCX colum. The inpurities were eluted with
nmet hanol , followed by elution of the product with 2M amoni a / net hanol .
The fractions containing product were conbi ned and evaporat ed under reduced
pr essur e It ordgr toeolitéie consistengyoofpoljundtiesadminisiratonrs Gle abnfposdiony)pf €ackdf thepl |

20,0, YorkPhd H VRN 3Rl s SR b, mrgrom ot

di et hyl mos@holine N /\/\ N NC

The Examples set forth below are illustrative of the present invention and are not intended
to limit, in any way, the scope of the present invention.

EXAMPLES

The preparation of a number of compounds of the invention are exemplified below.

Compounds of the invention and intermediates are named using ACD/Name PRO 6.02
chemical naming software (Advanced Chemistry Development Inc., Toronto, Ontario,
M5H2L3, Canada).

Abbreviations

LC/MS Liquid Chromatography / Mass Spectrometry
NMR Nuclear Magnetic Resonance

THF tetrahydrofuran

DMSO dimethylsulfoxide

DMF N,N-dimethylformamide

MDAP Mass-directed auto-preparation
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or To solid

2-(cis-2,6-di net hyl nor phol i no) - 5- (2-net hyl pyridin-4-yl)pyrimdin-4-ol (8.3
g, 27.6 mwolpr2ass@Q C was added neat phosphorus oxychl oPCaHEPeTI9/0683807 848
mmol ). The reaction mxture was stirred at 110 C for 3 hours. After cooling
to 30 C n[ﬁﬁSt of ttr]nel\n hsosphor us oxychl oride was renoved and 20 m of

di chl or ot hane wad"Added. The sol uti on was added into ice-water. The pH
was adj uddeed to 8 wowtmg sodi um bi carbonate. The dichl or omet hane | ayer was
separ at ecé washed \é\%w wat er, dried and evaporated. The crude product was
added to é silica gq colum and was eluted with dichloronethane and then
di chl or omiteénane/ nedledhybetheb: 1) . Col | ected fractions were evaporated to give

the titl ound ,(H: mol, 4 yield). LM [MH =
b16) 501 IRRBY o 2 BsdiPherpgenach i (2 Zr’;‘sﬂgﬁgfﬁyb-fur anyl ) pyrini di ne N NCI
2,4-Dichloropyrimdine (1.0 g, 6.71 mmol),

e T

t et r aki s(ApollpBeiaylifiphAsmiadn effpati¢ratiemifio Inc( Or. lZBBasgjer) dnd 36ednmidhquitvieiler added

t oget her jn. 1.4-dj A | i ng

m xture %Qﬂ‘%ﬁgé’»ﬂ ghlt‘%g?g@g% %ﬁ?g? E%rs ngb\r%gn gﬁogﬁg%ﬁ%.%%é @33&%{% §t)brﬁém xture
was al | owadkadisclo® Flagh ' oo Bidtaged¥ sditargel, codlinhing &dthedstationary @hasendnaxt r act ed
Wi th et hyl gheh Lo B 16 SN L ASEI Gl xergg wer e combined, - dri ed
over magnesrum {Pare “and’ evaporat edunder reduced pressure. The residue
was purified by Biotage SP4 col um chronmat ography eluting with a gradient
of 0- 30 t at e oS R- t W f tions were
conbi ned I\@p}%%é@%"{%&rﬁ% @%‘aﬁ%%;é& érg égugg%ﬁg&e%(&@%v s fgeﬁgéﬂwet&g FtuF'@Scorrpound
(686 ny, eBhérza Braakr™ FIPXGH08,0r WD Maahina antirtre as eldildte soOtiMBof teH] = 195/ 197.

| nt er medi X .
cis-2,6- Ry %é‘i?%-vi’?tﬂa(‘%‘!- AN SBesHR WA PIeRse e RIEMSISIBPR AP Re N
--).---1.0, pc 0). All.coupling.constants.dre rdgrted in hertz (Hz), and multiplicities are labelled s

2- Chl or 0-/4- (,2- et -3-furan 6 ) I,S- 2, 6-

G ot iy PR, Brbag ShAfED" Y (BB Ghel, Pt o R b B o

3. 88 mmol(Joumdat of hightkes) andge{rheltiplet). et hanol (16 nlL) and the resulting m xture
was heated under reflux for 4 hours. A further quantity of

ci s- 2, 6-di nmet hyl nor phol i ne (122 ng, 1.057 mmol) and pot assi um car bonat e
(146 ny, Plrif&gtionnol ) were added and the resulting m xture was heated under

reflux faqr rs. ' I . t .
terpor at o SUTRAN B 0e (RRERRE S AbHES D AMBHF DR B QRN er et
the filt rSysene(MpAPatredrporadieg HRdL denthnjmues siud enaagprograte ewisd spegitomdteed by
SP4 Bi ot @Rt Ing with a gradient of 0-30 A, ethyl
acetate %ﬁgh ?gs)@fé@%%re. E@rﬁ%’%ﬁ#’%@éﬁf%hl ng fractions were conbi ned and
evapor at ed under reduced pressure to give the title conpound (737 ng, 2.70
(r:rTrgl " Zgl errP(éo_? g)16;\§2 - MR M 274. Internediate 33:
di et hyl nor phol i ne O
2,6-Dinmethyl-4-[4-(2-nmethyl-3-furanyl -p@S_m di nyl ] mor phol i ne (737 ng,
2.70 mmol ) was dissolved in chlor o[m(TS ), cooled in an ice bath and
treated with N 0

A mixture of methoxymethylamine hydrochloride (5.85 g, 60.0 mmol) and triethylamine
(16.73 ml, 120 mmol) in dichloromethane (100 ml) was stirred at 0 °C. A solution of 2-
methyl-3-furancarbonyl chloride (7.23 g, 50 mmol) in dichloromethane (20 ml) was added
and the reaction mixture was stirred at room temperature for 30 minutes. The reaction
mixture was diluted with water. The organic layer was separated, washed with saturated
sodium hydrogen carbonate solution, water and brine, dried and evaporated to give the
title compound as an oil (6.7 g, 79%); LC/MS [M+H]* = 170.
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br omosuccinimde (480 ng, 2.70 mml ). The resulting m xture was stirred at
O Cfor 1 hour. The reaction m xture was diluted with water and extracted
wi th et hWwoaoet@s®s2(x 2). The ethyl acetate | ayers werePCOmPRO10638dT i ed
over magnesi um sul fate and evaporated under reduced pressure. The residue
was purified by SP4 Bi otage col um chromat ography eluting wth a gradient
of 0-20 A, ethyl acetate in iso-hexane. Product containing fractions were
conbi ned |@nohediatp @ dt @dMVethde3-furardlie th-pyrelsyletbabanegi ve the titl e conpound
(719 ng, 2.041 mol, 76 A, yield) as a white solid. LC M5 [ MtH = 352/ 354.
Example 1: 4-(2-Methyl-3-furanyl)-2-(
-pi peridinyl)-5-(4-pyridinyl)pyrimdi
m xture of 7
3- (di et hyl am no) - 1- (2- net hy1- 3- figrdny1l) - 2- (4- pyri di nyl) - 2- pr open- 1- one
(256 mg, 1 mmol) and 3-nethyl - 1- pi pery di necar boxi m dam de hydrochl ori de

267 t
R e e M
heat ed at(12.86 mluB4.9ommed indetiahidrofusn @0 ralbel 785G ndep srgoneyaseaddedrde t he
reaction ﬁ%ﬁﬁél{@gzl’éﬁﬁl 9plnh&d THetBa h%ﬁﬁ%‘%%%}tf@e‘&ta@%g‘%fﬁ%@%%nu getate.

The organi racts were conbi ne wat er and Dbrine r| ed and
evapor at eid amedutios of Mﬂadlm&ypﬂkﬁrﬁqt@dpwy%ilﬂah@%tbg&qmld(h(%%Go%ﬂ %\Q)FWNQEI inti ng
with 25-5%

4 (2- ot hgrl/éhgﬁﬁdrrgﬁ\zﬁnﬂ aaﬂfclielj %?cfkﬁ@f@é‘emeoscﬁut\bﬂ was allowed to warm to room

pi peri di fgmperstufeloysrd @WIW@?W&%WI&@ apd 4® miyture 3% exiracied with on  of

4- ( 2- et 1

2 (3. mot R oLo DRI 4T guoapicjayer was separpled and waghed wif sgluated gogum -
di chl or oﬁmdwaﬁ@cer:bomt)% sakigon, rveiereandirtnie, dijedr angesyaphiatad TQ@I\(GZL’[NB tike di et hyl

et her .)€ +an he resi due co-evaporated

W th dletEnF%QWLgpg 2¥ﬁﬁ#%%@/ {gﬂ@éﬂgﬁﬂ rlgu%ated wi th diethyl ether and
t he resultlng solid was collected washed with diethyl ether and drled to
gi ve the ; ) ; = 335.
1H NWR ( ' '
(1H, d), 6. 00 (1H d),
m, 2.37 (3H s), 1.91-1.19 (5H,
4- (2- Met hyl - 3-furanyl) - 2- ( 3- met hyp-
hydrochloride \ N/ HCl o A m xt
3- (di net hyl am no) - 1- ( 2- net hy1- 3-f uranyl) - (3 pyri di nyl)-2-propen-1-one
(256 ng, 1 mmol) and 3-nethyl - 1-pi peri di necar boxi m dam de hydrochl ori de

267 my, Al
bot ass! u TRTEBLY 43 e fantiP2 Tl by (R oRE (Fbod GO RERIBR AN L
heat ed atdlm@tﬁyltmmfamndecmmmhymml (ABB4ml, cﬁ)mmOHgvasdﬂaamﬁtﬂ@ﬁﬁ@rfat @heunshe
react i on i G WAS cSHibd oot RpYRLFE aAT thefddNRAEhEY eVhdoPatBl NY he

residue was partitioned between ethyl acetate and water. The organic phase was

e hydrochl oride /[ \HCl o A

-2.99’(1H1 M, 2.67-2.76 (1H,
d). Example 2:
i nyl)-5-(3-pyridinyl)pyrimdine

4.67-4.60 (2H, On) ’
.93/l(3

separated, washed with water and brine, dried and evaporated to give the title compound
as an oil (1.1g, 86%). LC/MS [M+H]* = 257.

Intermediate 4: 3-Methyl-1-piperidinecarboximidamide hydrochloride

NH
NJ<

A mixture of 3-methylpiperidine (2.347 ml, 20 mmol), diisopropylethylamine (3.49 ml,
20.00 mmol) and 1H-1,2,4-triazole-1-carboximidamide hydrochloride (2.444 g, 22.00
mmol) in N,N-dimethylformamide (10 ml) was stirred at room temperature overnight. Ether

(50 ml) was added to the reaction mixture and the mixture was stirred at room
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acetate. The organic extracts were conbi ned, washed with water and bri ne,
dried and evaporated. The residue was purified by silica gel chromatography
el uti ng woho2s%sebhyl acetate and i sohexane to give PCT/EP2011/068807

4- (2- et hyl - 3-furanyl) - 2- (3-net hyl - 1- pi peri di nyl)-5-(3-

zyE Izdlng%l %/rﬁﬁ%"ap]u?gqug gutg% The%h?tﬁ‘ife?lv\% s%Bar%[ed and DMF layer was stirred
pi peri di nyith)etlzer((30 p}}')ratcil‘?ﬁ:y{u)qowaherrbathhtar(IQ&nmtges Bnd B atmeylldyer was

ether . 0 Femaeo e eyeie. GEEH 0. s BNOETB PR L dle dfuhe Ml

Wit h di chtivedaed A@ndhéxe)tingEoéd was tritUnatugi witl etdenvaglledtadedasiedywitteethre titl e

conmpound .
Go- bso) 218 BB i i Btoppbils g cHRUMSE doyg 250y, A MRS - 1y
m, 7.451@2H, d), 5.87 (1H, d), 4.65-4.59 (2H, n), 3.02-2.95 (1H, m,
2.71-2.65 (1H m, 2.38 (3H, s), 1.91-1.18 (5H, m, 0.92 (3H, d). Exanple
3: 4-(2-Methyl-3-furanyl)-2-(3-mnethyl-1-piperidinyl)-5-(2-nethyl-4-
pyri di nylintpymedidtdind -@ydetbel8-brardd-2-(HGriddhyhethardng e of
3- (di et hyl am no) - 1- (2- met hy1- 3-f
uranyl) - 2-(2-net hyl -4-pyridi nyl)-2-pr
3- et hyl - 1- pi peri di necar boxi m dam de
ethanol (10 ml) was stirred at r tenperature. Potassiumtert-butoxide
(449 ngy, 4.00 mmol) was added andp m xture was heated at reflux for 90
m nutes. After cooling to roomtenperature the solvent was evaporated and
the resi ciuﬁuumisdbdopylam.dei (tzkn SuRitien iramgFﬂl?ébLaaéﬁeﬂ@Ib&ntéhegf(@Eb nﬂ,gm_c.@% e. ghe
organi c extracts was Wt ter rine rred an
evapor at SamoRHeS adde o RREOaI T o ioLta 023 gBs B dmal Blr aphy el ut i ng
}M th 2?;’/0tﬁtdmybro&ﬁ§h atemi) it 0 Sohaxenargon. @ift\éEB@lﬂﬁrZHéﬁ?,ta&yﬁﬂJt@ﬁ of N,2-dimethyl-
uranyl)-2-

gum (460 etgg%y %Auéa@?:ér@ﬁ%%ﬁfggyﬂ) ?g(gmmol % tetral‘@&rofurarqﬁ ?nB allsna}ld%lege as a
4- (2- met Imyépvﬁsé alrﬁcamﬁléaﬁlob%lktﬁtefwés étrrtydpﬂlolqﬂl 1oy 1 )hobr. (RBatee iy ladded and

pyridi ny rim di ne di chl or onet hane (2 ) S

Y eat ed” W MBI raH PG PO SKPNPTR G« FF CBERE 2veL v8S sparaliiantor vent

\gﬁs evapg\raah@@lwandamkmw @@dlt@fﬁ&l%mge@ﬁambﬁ@QFSGMﬂd% wveirt]ér acﬁdﬂirihyél dr@ohﬂfd (x 2).
e residue was triturated wt and t ereut sol

ol | et edVaRRiaRade AVERTei t etuh s il TheT s s grseR il B ttbound

as a pal etepellemsyn+Ht €460, ng, 89% . LC/ M5 [ MFH = 349. 1H NWR (400 MHz,

dé-DVsS0): 6 8.59 (1H, d), 8.54 (1H, s), 7.81 (1H, s) 7.57-7.52 (1H, m,

7.51 (1H, d), 602(1H d), 470460(2H n, 306298(1H n) 2.70-2.77

(1H, m, IZXebbedidels: pdarhiBbl- 1 $2-methya ahg Blp :

Exanpl e 4:

4- (2-Met hyl- 3-furanyl)-5-(2-nmethyl -4- i i ny1) - 2- (1- pi peri dinyl)pyrim di ne

hydrochloride / 3HCI O A m xtur hyl am no) - 1- ( 2- et hyl - 3-f

uranyl) - 2-(2-net hyl -4-pyri di nyl) - one (270 ng, 1 nmmol ) and

1- pi peri di necar boxi m dam de hydr ool £245 ny, 1.500 nmml) in ethanol

(4 M) was stirred at roomtenperature. PNtaSS| um tert-butoxide (224 ny,

2.000 mmol ) was added and the m xture was heated at ref lux for 90 m nutes.

After cod mixgure of t-g2mettempBdu@null-e- B@rlmoylmrnﬁnomawmiap@,raamml andy, Ilslhe

d d d h h
o gani o Steauan BrlFl & AaS B irolier e ot FAE Gl e
evapor at ddhe niikiere was dmt&ed/\meropmrterhpemtbg aad tHecsohget wabh ewapatratgd.aphy el uti ng

with 30-100% eth te|n| ere tin was_di ssol ved in
G chi or otk eey pa et SPUFRRR pUFabh: oo shrtetedn v

di et hyl etpamted]lwathed Witrewstel siesbrivea siried apa eedpecatedith gitethreaile dompound
co-evaporated with i he Ihe sidue was triturated with

di et hyl %ﬁgror3W?ﬁQ§¢5@uﬁ§ kr): [gﬁ)\ﬁ ﬁ\)&/@ 7Ieect ed, washed wi th diethyl
ether and dried to g| ve the t|tIe corrpound as a pale yel l ow solid (114 ng,
31% . LC/ . \ oy ] .60 (2H, d), 8.55
(1H, s), 7 08= 1. , .03 (1H, d),
390385(4H m, 2.67 (3H, s), 238(3H s) 170153(6H m . Exanple
5: cis-2,6-D nmethyl-444-(2-nethyl - 3- fur&myl) 5- (2- net hyl - 4- pyri di nyl) - 2-
pvrim di nyI | mor phol i ne hydrochl ori de ﬁl HCI

en{l-None (541 ngy, 2.000 mmol) and
drachloride (533 ng, 3 mmmol) in




o0 A mxture of 3-(dinethylam no)-1-(2-nethyl-3-f
uranyl)-2-(2-net hyl -4-pyridi nyl)-2-propen-1- one (1352 ng, 5 nmol) and

2, 6- di retwoRor/aserphol i necar boxi m danmi de hydrochl ori de @C46220m3/0688050 nmol )
(ca. 2.3:1 mxture of cis:trans isonmers) in ethanol (10 mM) was stirred at
roomtenperature. Potassiumtert-butoxide (1122 ng, 10.00 mml) was added
and the m xture was heated at refl ux0Cfor urs. After cooling to room
tenperature the solvent was evapqr at ed Lhe residue was diluted with

wat er and extracted with ethyl orygani c extracts were conbi ned,
washed with water and brine, dri nd evapor ated. The residue was purlfled
by silica gel chromatography eluting with 50%ethyl acetate in isohexane to

give cis A?sﬁhtfo'nrﬂﬂlfﬁﬁﬂm Biidof cgo%r ARG %luwﬁﬁwihr%g%e@ﬁ%énzéne (10.00

pyridi nyl) %I‘I m hol1 ne as an ol l e Ccross-over
fracti ongnlf 2 ﬂﬁ@'h‘ﬁltﬁ@quflgem (2l wesstippad ﬁf 13Qd) Cb‘y”%s'ﬁégﬂdi Pealipn

aut omat egy b"ﬂ'—lﬁldlﬁ’e é’@ rﬂFj(ébtonﬁ‘r%I? in tetrah drofuran (5 mI was ad added dropW|se at -30
C|526d|ne -(2-1e uran 1§ é/ I di 13-2 pyrim
di nyl ynor Ig}fmqythg rrfagtjgn rpturgrieRs stirred at -10 °C for 1 hour and then cooled to -78 ¥C.

tr ?Prs11 gl §o%in6%hbo§ (Iﬂrrq%ﬂ'le/ﬁﬁ' Hﬁ%ﬂ‘mdxy)33 Ed%éﬁ&ﬁf@dxa% 4L O30 ftmBl id di nyl) - 2-
2?/3 2, 6- dg’[mﬁ@?uran (2f) naper ddg)mmeamgr_p}argng the internal temperature below

(2-nmet hyl. (ffe@}’ﬁhg'nﬂytwe \A’faspé(trde'd‘éi“md)d) ‘fﬂ?ﬁprlﬂﬂjlr R& tr(e%oemowgd t(pw§t$n HRbh wes

di ssol ved 1 n di chl oromethane (2 m) hydr ogen chlorid IMin ether, 0.6
m) was adefdeeraturgaVatgr Wéﬁﬁd%a@/tﬁﬁo‘?aﬁ'@d MEHEretwRs @@@P@Qé’\" s evapor at ed

with et h%!‘ch(df&%eﬁaﬁe t *ﬁﬁé‘o?g%h?c%ﬁ? %s‘é’bb&a%%ﬁ wakigd %‘rh isdpRrad SO br‘ﬁCt ed,
washed vvlt ether and dried to give the title conpound (178 ). LC/ M5

[ MeH = 3drogenicRmRIAZGOIUtipD. walg. andkmine, dl@%@wppra@d Be s L@Hva%) 7.82

(1H, b) gﬁn@@d k?y Qﬁba(zéle‘ﬁchr%}natggr%%y(e]ruﬂmg@lth@jg(ﬂ]%(ejdw'l a@e)tate‘]n RandxapB t62H M,
3.64-3.5 m (I é )+ (3H, s), 1.18 (6H,
d). Exa,gmeéh@tltle compound as a solid (2 56 g, 60%). L /MS [M+H] 216
trans- 2, 6- D net hvl - 444- (2- et hyl - 3-furanvl) - 5-(2- et hyl - 4-pvridi nvl) - 2-
pvrim d| nvl | rmrphol i ne hydrochl or| de \N O N .--: HCI o A solution of
t rans- 2, dotgimedigie 8- 4- Dimegthyvlzring) 2 : 7)) -2 A 2 1img 4-pprid & nyl ) - 2-
pyrlmdlr&d Jof-phol i ne (49 ng, 0.13 m*rol) |solatedfromthe crude product
obtained T n arrp e 5 by silica gel chromatography and HPLC as descri bed
above, was dissolved in dichloronethane ) and hydrogen chloride (1Min
ether, 0.15 nl) was added. The sol vent S _evapor at ed and the residue was

i i edt with ether. The solid was
col l ected, washed with ether an give the title conpound (38 ny).
LC/ M5 [M+H] 365. 1H NMR (400 I\/ﬂz 6- DN’BO) 6 8.61 (2H, d), 8.55 (1H, s),
7.81 (1H, b)758754(1Hn)751(1ILI 6. 02 (1H, d)408401(2H

?44 ?Zgﬁ/b h%ilu é%hr(anym%/l g%f% % I'ﬂ%ei;[@l4zdyndﬁ1lyl)ngtﬁ‘a djrf Hexa@gro 1H azepi ne

WO 2012/ 059 RRTN-EP20YE I 0EB30F dm&jln;dahdatar(OcﬁSG MHCP mjndl wax heated af

3- (di nmet ® 2- one
(205 o, B0BCRE o TREVINYA e R o fe RSN 1 BRRES DTC 1 e
(213 ng, eyametedﬁogy/enme mtdwmbou(wd 514()mwawhlsln wasodedt:rudemﬂhempbsrtam ure.

Pot assi urpct/ﬁ t[MQHﬁpxde (180 ng, 1.600 mmol) was added and the m xture was
heat ed at 45 mnutes. After cooling to roomtenperature the
reaction mxture was diluted with water and extracted with ethyl acetate.

Th : . i d bri dried d
The or gaheE14@S! 3 SR 6 OUBLG B NGH et o1 and brine, dried an

product was dissolved in a m xtu f diNthl or onet hane (2 nl) and net hanol
(0.5 m) and hydrogen chloride (1M her, 0.5 m) was added and the
sol vent was evaporated. The resi was Nfo- e\J'istior ated with ether and

triturated with ether. The solid was collécted and dried to give the title
conpound A ®ikiure of gigédidind-@.96mi, Mohthmal), 3se r&;bMéiNﬁa(nﬂ@XSMﬁlZml g6.00MpB)): 6 8. 74

AR N e e O R EHE NG e NS

(4H, m . dimethylformamide (20 ml) was stirred at room temperature over the weekend. Ether (50
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Exampl e 8:
4-(2- Met hyl - 3-furanyl)-2-(3-net hyl - 1- pi peridi nyl)-5-(2-pyridinyl)pyrimdine

hydr ochl owode12/055942 mi xt ure of PCT/EP2011/068807

3- (di et hyl am no) - 1- ( 2- net hyl - 3-furanyl ) - 2 (2 pyri di nyl) - 2- propen 1- one
256 : d
(267 g, ") BB e FERLIK] e G R BRSNS B bPatPaor ™

Eot aszI i umOtrmPUtebuTmetUe |6 &2 Avastseparatatodnd wisﬂE Ia@dwsandedi tvéh ethet (ﬁOemWﬁS
t t t
Feacts on peailte el St bEE Gyt Allre Ry Bt et SPRBIBIENE acerate.

The or gamesidwextEtaert SOwd) was eddiediedhe waslve cindithdmindiire waarsdirrbd a’né OCdrTihed and

evapor at ting
W th 250 ST el Pap iR BT her Eoiat Wl in SHE TR OB e oo
HPLC to gltlveompommydnlemess solid (3.55 g, 43%). LC/MS [M+H]* = 128.
furanyl)-2-(3-nethyl-1-piperidinyl)-5-(2-pyridinyl)pyrimdine (223ng, 67%.
A sol ution of

4- ( 2- et hyter3ediate d Ayd, B-Dlmedwhditoybhdlinpcaueoxididayide byadféshipridedi nyl ) pyri m di ne
(200 ng, 0.6 mmol ) in dichloronmethane (2 mM) was treated wth hydrogen
chloride (1Min diethyl ether, (:}8_”%ﬁ The solvent was evaporated and the

resi due co-evaporated with dichl t§ne (x 2). The resulting solid was

dried to give the title conpoundias/a pale yetl ow solid (160 ng, 43%.

L M5 [MHH] = 335. 1H NWMR (400 , d6- 9): 6 8.77 (1H, d), 8.56 (1H, s),

8.25-8.21 (1H, m, 7.74-7.65 (2H, m, 7.45 (1H d), 7.78 (1H, d), 4.66-4.60

(2H m , AmikAx2 008 6(direthgimorzhdibe 26.66 n(,134.0 mmol)2FABa( BPL5:snjxture ®0- 1. 20 ( 5H,
, 0.93 (34, d .

) -2, o GRS AP RHTIBR 72 £ DABI 8 1 A g e

pYrim di rmgafk:iowmqiﬂmlldem@dﬂmyhloo@éﬂﬁoﬁ gles5 romol) i) N/ANdiR@thyomharhigde 2@ ) was

cis-4-[4- VA ) ebg m)rphol
e (100 e R ERBRAURI A (S Gt lom i teiyrcp BB e]

t et r ahy dreofi tineareagtiorninixture svas tstimee et rabmGeGperatiee farigoninated. Ttm)eihevylbyer
magnesi um 2 n r 7 mol)
was added’ %m&gé&"@gO Tkﬁeﬁe?é%t%:#ﬁona{s%ogg? i aﬂg\}//\%s&g %s‘%;}é@éﬁ?g’%ﬁ he%@@@ m nut es.
Sat ur at edvaamotedteshvashed vitle efer atd driedhvesyiaditie ditlandmpbienchaska ooleuness

extracte t c { t Sgpar d, washed

W th sat %rm {e7h1 § -mé}r} %n?%%ﬂorrnixgje}ggg 9%!15.3‘8%1 Esa?‘b/'\\,/}%?%r Ea qégl ed and
evaporated. The residue was purified by SI lica gel chronmatography el uting
wi th 50- I : yct (61 ng, 0.18 mmol)
was di ssmg'{% c}'gx 1 etﬁ%u”“?&i (0.5 m) and hydrogen
chloride (1IMin ether, 0.2 nl) was added. sol vent was evaporated and

t he resi due was co- evaporated with ether. residue was triturated with
ether and the resulting solid was 7and dried to give the title
conpound (48 ng, 41% . LC/ MS [ Mt 341. 1H NWR (400 MHz, d6-DMsSO): 6 8.74
(1H, d), 8.36 (1H, s), 7.87-7.85 (AHNm, 7.81-7.78 (1H m, 4.62-4.58 (2H,

m,

3. 61_T:%')'a‘LSSA'qution of lithium diisopropylamide (2M solution in THF/heptane/ethylbenzene) (3.60
ml, 7.20 mmol) in tetrahydrofuran (10 ml) at -78 °C under argon was added 2-picoline
(0.593 ml, 6.00 mmol). The reaction mixture was stirred at -78 °C for 15 minutes and a
solution of N,2-dimethyl-N-(methyloxy)-3-furancarboxamide (1.015 g, 6 mmol) in
tetrahydrofuran (2 ml) was added dropwise. The solution was allowed to warm to room
temperature over 1 hour. Brine was added and the mixture was extracted with
dichloromethane. The organic layer was separated and washed with saturated sodium
hydrogen carbonate solution, water and brine, dried and evaporated to give the title
compound as an oil which was used in the next step (1.3 g). LC/MS [M+H]* = 202.
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(2H, m, 2.72 (3H, s), 2.63-2.58 (4H, m, 2.15-2.08 (1H, nm, 1.18 (6H d),
0.79 (6H, d). Exanple 10:
ci s- 2, 6- Dvoebtybs946- ( 2- et hyl - 3-f uranyl) - 5- ( 2- net hyl - 4PpYmEPAIINPEFS02 -
pyrazi nyI I nmor phol i ne hydrochl ori de o

' ﬁaﬂk{ i —9—' efw—llg’g‘ne !

2- Met hyI
0. 596 '

ci s-4- [5-brom)- 6- (2- net hyl- 3-furanyl) -2-p i nyl]-2,6- dinethyl norphol i ne
(210 ng, 0.596 mol) in a m xture of i oxlane (4 m.), water (0.667 i)
and sodi um carbonate (126 ng, 1.1 e solution was degassed using
argon gas and then charged w th t¥etraki |(tr phenyl phosphi ne) pal | adi un( 0)
(68.9 ng, 0.060 nmol). After addi £ om reactlon m xture was stirred and
heated in the m'crovvave at 100 C for 1 ho LC/ M5 showed starting materi al

dd d ' d. and h d 100 C
a0, 9eot LR R P IS P, 00 B T SR APAIRILR 1
and no stdanethylg)rnmatrmm dilnettghadatal $@297 ml,[6e00 mawt)i voas daxéduatel 00EC foaghed wi t h

et hyl actate | ter t hen eva oratedto
Gt ynese. Tl Bl wet oo e OGmItbpoiai b Ag e dtal s BYARHEH7S 1 and
purified Thmg ré@AlFe whs partitiores edmde ethylgacplaleeamn‘waltectTWeorgamorphasmWaand

concentrated _under uced pressure. 1. ui val en Cl di et hyl

cther vergraalid Tpa EEN T PRBF ERTBLG ohed atTHaRER B Qe Sk PetthBL Y
evapor at eddankndeinge ed wbetl wasasediiretieaegt step (he gt 72%e c@/MBojvdH]as 2b7yel | ow
solid (37 ng, 0.088 mml, 14.71 A, yield). LM [MrH = 365; 1H NWVR (400
MHz, d4-MeOD): 6 8.50-8.48 (1H, d), 8.37 (1H, s), 8.02 (1H, s), 7.89-7.87
(1H, d), |fterBediatda3( Hekahgiiro- BH-26einé B-cafddxinddamible45drbchBri¢H, d), 3.77-3.69
(2H, m, 2.78-2.73 (5H, m, 2.29 (3H, s), 1.27-1.25 (6H, d). Exanple 11:

6- (ci s-2, 6-di net hyl-4-norpholin ' - nptthyl - 4- (2- et hyl - 3-furanyl) -3, 4' -

bi pyri di ne hydrochl oride HC
2-Met hyl -4- (4, 4,5, 5-tetramet hy1- 2- diNkabdtDl an- 2- Apyri di ne (184 ny,
0.840 mml) was added to a sol ution of

ci s-4-[ 5ﬁbm&xtme4>f (xarpdrioytiH-3zdnineai®y8e) MR SpPrmaichydilsoropyletylaeting/(8nis iphol i ne

295 ny, i t 0 nL
nd sodt (R 23 PeXid EalodmiaAldiaBRdBTble 118! Lm0 10 g
ar gon gad\l Arcimethgiforaamidee@Ownly was etirreckatg pomitgmperaiysé ovgrineeeekdndadi un( 0)

97 h ib , ' d and
heat eq | Peiia 00 R ras BB 1R readtin yidrd SRPHE e B e i ng
mat eri al temperaisse foedopmlouiaetT@(ﬁthﬂeNaSe@wn@d fmtharselld\wldym Mhedesidie heat ed
at 100 C o difteq Wifil-ERYSD rfifat 8 dcided PhiedodlfHbr 1 SHrtlfed SAns gy by dpsi red
pr oduct no starting he reaction m xtur
washed wmtas separptechicen éheereélzge Emer (¥eme was eaidedto thefresidue andl thadnixthen
evapor at g, i rrgg)éggssDAya' ésr it I%Il&‘%s%bﬁe%%d’%sheh with éth%é%\& dn%@ ie>x0- 9

m.) and pur| ns contal ning pure product were conbi ned
and concdg ht@t@mnmdélasﬁmasqﬁtd@s(ﬁﬁel, 77%). bGINS BVerk'ss t442.HCI i n di et hyl
ether were added to formthe HCl salt and the resulting m xture was
evapor at ed under reduced %ressure to gl ve the t|tIe conpound as a yel |l ow
solid ( g yoP-pyraziing)-2p-

(400MHz, d4-MeOD): 6 8 56-8.55 (1H, QiS 30 (1H s) 7.87

X

Y
Y

1o

cis-2,6-Dimethylmorpholine (0.850 g, 7.38 mmol) was added to a suspension of 2,6-
dichloropyrazine (1 g, 6.71 mmol) and potassium carbonate (2.78 g, 20.14 mmol) in
anhydrous acetonitrile (50 mL). After addition, the reaction mixture was stirred at 90 °C for
3 hours. Crude LCMS showed desired product can be seen and no starting material left,
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(1H, s), 7.64-7.63 (1H, n), 7.45-7.43 (1H, d), 7.25 (1H, s), 6.19-6.20 (1H,
d), 4.25- 4.22 (2H, d), 3.82-3.75 (2H, m, 2.92-2.86 (2H, m, 2.76 (3H, s),
2.19 (3Hwexp121052921. 27 (6H, d). Exanple 12: PCT/EP2011/068807

6- (ci s- 2, 6-di net hyl- 4-nor phol i nyl) - 2' - met hyl - 2- (2- et hyl - 3-furanyl)-3, 4' -

bi-pyri di ng v ACag Ank 88 walilhteBWith- ety acetate (100 mL) and water [50 mL). The
organic layer was separated and the aqueous layer was extracted with ethyl acetate (2 x
100 mL). The combined organic layer was dried (sodium sulfate), filtered and
concentrated under reduced pressure. The residue was dissolved in dichloromethane (~
10 ml) and purified on silica by a Biotage SP4 chromatographic system (40+M cartridge,
eluted with 0-100% ethyl acetate in isohexanes). Fractions containing the pure product
were combined and concentrated under reduced pressure to give the title compound as a
white solid (742 mg, 3.10 mmol, 46.1 % yield);. LC/MS [M+H]* = 228/230.

Intermediate 15: cis-2,6-Dimethyl-4-[6-(2-methyl-3-furanyl}-2-pyrazinyl]morpholine

4,4.5,5-Tetramethyl-2-(2-methyl-3-furanyl)-1,3,2-dioxaborolane (567 mg, 2.72 mmol) was

added to a solution of cis-4-(6-chloro-2-pyrazinyl)-2,6-dimethylmorpholine (620 mg, 2.72
mmol) in a mixture of 1,4-dioxane (17 mL), water (2.83 mL) and sodium carbonate (577
mg, 5.45 mmol). The solution was degassed using argon gas and then charged with
tetrakis(triphenylphosphine)palladium(0) (315 mg, 0.272 mmol). After addition, the
reaction mixture was stirred and heated in the microwave at 100 °C for 1 hour. Crude
LCMS shows desired product and starting material so the reaction mixture was stirred and
heated for a further 1 hour at 100 °C in the microwave. Crude LCMS shows desired
product and no starting material can be seen. The reaction mixture washed with ethyl
acetate (200 mL), water (100 mL), filtered and then evaporated to dryness. The residue
was dissolved in dichloromethane (~ 5 ml) and purified on silica by a Biotage SP4
chromatographic system (40+M cartridge, eluted with 0-50% ethyl acetate in isohexanes).
Fractions containing pure product were combined and concentrated under reduced
pressure to give the title compound (441 mg, 1.533 mmol, 56.3 % vyield). LC/MS [M+H]*
274.

Intermediate 16: cis-4-[5-bromo-6-(2-methyl-3-furanyl-2-pyrazinyl]-2,6-

dimethylmorpholine
Br N
N
L
J / N N/H/
O Kro
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0 HCl 2-Methyl-4-(4,4,5,5-tetramet hyl-1, 3, 2-di oxabor ol an-2- Apyri di ne (175
ng, 0.797 mmol) was added to a sol ution of

Ci s- 4- [ 5-Wwoan/65{42- net hyl - 3-furanyl) - 2- pyri di nyl] - 2, 6- pdirmmeeéngiosssophol i ne
(280 ng, 0.797 mmol ) in a mxture of 1,4-dioxane (4 nL), water (0.667 nlL)

o gon_ gad PR RRAN RS B2 s 94m§11"5a%ad5€§8§% s e SR BEPREAT it o)
gggt rerg | @, 638!@16MII’§{I}|4)[6 Z-\htaialwl 3ddna1nyl<)}2 pytdenyt]eagihiobme (A18tng,d.528smebl) nr;re;jl ﬁnd
mat eri al %hrﬁ)aoqa ﬁr e'H oduc gre%%' ijeaﬁgwéodnat% Lt?ﬁorréqow C’srfjl f rgﬁl\ﬁ%nd hegt ed
at éggt Cshows UeSI:ﬂmeod\El‘/i earf be §ee|rf amd iestadinh onateriaCiali eo L@cMﬁh _Emcblwedvﬁzl red
Pchog wiliteBRDIsthh P8 bl ard WABELBRT Batol it MEF b8 Fod il Weliroe

evapor at €60 tnd1 dncybm(50‘mu )s Th® bigdnindsyed wais alriee (sadium sulthtdypid@idred ONMEO ( 3.6

) and UL DA B BRLLABST RONLAILRLNY UERARSIN oBNEEOT e

and conc fessure edyin 1: 1
MeCN : DB} and.pBrifikd orasiticgooyr & Blomgea@aci ohrognaigpdhhidsyattnn ¢fos-Mccantrigigai ng pur e

G val entus TRy TEBR R SRRER e fihe S heoFS BRI bt Yergng e

resul ti ng;ombxtedrwdwaecentrammatdedraaindm pressiue dalgige destitleecompognd @ t0hegti tl e
conpound 4 745 %yield). LM [MH =
364; 1H ﬁ%‘%ﬁ%@'bﬁé‘p f%gﬂ%@? 61 %1H, d), 8.26-8.24 (1H d).
7.93 (1H, s), 769767(1H d) 763760(1H d, 7.56 (1H, s), 6.59 (1H,
S), 4 224 1% (b 70)ic 434 8%0rR oSkl ID g2 ™ 278 (3H ),

2.10 (3H, :
ci s- 26D|rrethy1413(2 rrethyl urhny1) - 4- ( 2- met hyl - 4-
Z
2-Met hyl -4-(4,4,5,5-tetranmet hy1€f 3, -di%%ﬁol an- 2- Apyri di ne (313 ng,

3ft

pyri di nyl) phenyl | mor phol i ne

1.428 mmol ) was added to a sol ution of 0

Cci s-4-[4-brono-3-(2- nethyl 3-furanyl ) phenyfl] - 2, 6- di net hyl nor phol i ne (500
nmg, 1.428 mol) in m xture of 1,4-dioxa (6 nmb), water (1.000 nL) and
sodi um c&dh '@GWWGGNW&W”Q (362%ro] 762 mmollswas addsh toasugeesesed 24si ng ar gon

gas and tdt%rbr%ﬁa&%%wghm@ﬁ rn%bl%ﬁcﬁ ?&Qwuﬁnpﬁmaﬁmm@ h@@'rﬁﬂ%mn (165 ny,
0. 143 %%After addi tTon, the reaction m xture was stirred and heated in

the mcr oug agehenicieniiep ﬁi@h‘f‘ﬂer@dd@@” Lo/ asHeheKtwe ayasi sigedat 890 & and

desired preghyH. C%Qd@t@ﬁ\ﬂ@%hoﬂéd startmg material and deS|red product so cis-2,6-
(4,4,5,5-tetranet hy - di oxabor 6l an- 2- Apyri di ne (0.5 equi val ents),

t et r aki s(dﬂm‘i’th@WWWH@% ﬁﬂ#%%’é‘ﬁ'% WYASGdded t@ﬁ‘eéq%ﬁtk%lr@ﬁtﬁé% anghi@e8odi um

car bonat &;jfrdg Qn@ﬁé‘ét&é‘bﬁmd °O"§\Fe$n@ﬁ'ld@%o%rl_cb/klﬁesﬁo%ets't&fhg’ﬂnéfe‘ﬁé@aﬁ@as stirred
and heated at 100 C | he m crowave fo furt 1 hour. Cru LCMVS

showed dé’@ﬁ'f%ﬂprﬁﬂwéetc’sa%ﬁ qﬂbetgvlmwh%n%& =i %flu"@éqﬂt%)é’vwed‘t%@er eaction
m xture vasctvReiRdreridtngh Bitte PRI lafed é’tol@of’ﬁb)ove\’b@érﬁrctﬁj@QQCVﬂtlé shbibd er ed

and then evaporated to dryness. The resi due was dissol ved
di chl or ofiartn@aieriahandgesirgeh aroslyet So; @2 Sriigpityzerpholinsil éo%eﬁ“b@'%}@ SP4
chr omat ogfARMdEd B HkeBAdBA TGRS dd tﬂgﬁstur?édlér%%é’atéd‘atoro'é(l%&khﬁéhta@ﬁb@t ein

i sohexanes 3 Fractions containing pure product were conbi ned and
concentr Bityead desiiad erpdyetcasiieeseentand nogttaringuaatasiaklet] seelieirgaction 1 MeCN

DVBO ( 3xiQulk Whd diffih Wi iatfh?%epé{e MedFmL Fa{n%lc\kétetn(%o(iﬂl)t @hé‘b@ﬁm@%ﬁer Ragduct

wer e combi ned and concentrated under re uce ressure to glve He title
conpound Séea@t%?’eﬁlﬂddllﬁ ggqjequm@/eﬁﬁ/as @xuactedhviih e tha@t@}@ &2 L 9 mL)\ihe

§0é2{5 85§%§§1bl(nleﬁ%#\|°@@}é#\/@£&§% (5&di M% shl‘f@ibﬂ ﬁlt&@é and BoNbRiratdQMags d4- MeOD) :
reduced pressure. The reS|due was dlssolved |n dlchloromethane (~ 10 ml) and purified

on silica by a Biotage SP4 chromatographic system (40+M cartridge, eluted with 0-100%
ethyl acetate in isohexanes).
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(1H, d), 7.61-7.59 (1H, d), 7.48-7.45 (1H m, 7.39-7.40 (1H d), 7.34 (1H
s), 6.25-6.24 (1H, d), 4.03-3.96 (2H, m, 3.76-3.73 (2H, d), 2.88-2.82 (2H,
m, 2.74 WeHp129)559422. 02 (3H, s), 1.28-1.26 (6H, d). ExamplraEP2eiL1/068807

ci s- 2, 6- Di net hyl- 444- ( 2- et hyl pheny1l) - 5- (2- net hyl - 4- pyri di nyl) - 2-

pyrim di

Ci s-4- ( 4'%%ctlgﬂ%)8€nq?5%§&u ﬁrgyyﬁﬁ&ggghﬁﬁsg Iapgncgn%engagep)unger reduced

di met hy| mpoegshr torgéve(tBe 10O gompPoB it asmmdigyriess by bbbt Dminwl 25.91%( Yel6pb4 g,
0.471 I a carbonate (0.138 g, 1 mml) in 1, 4-dioxane (3 nl)
and wat er C)Mggﬂnﬁ;n ?lﬁ?/rée in air at 20C was added solid

tetraki s(triphenyl phosphi ne) pal | adi un{0) (0 058 g, 0.0500 nmol). The
reaction il UiGe Y858 bl f ; e The
reaction 2 oW Ced with

wat er and extracted W|th ethyl acetafe ('x 3). The et hyI acetate | ayers were
conbi ned, dried under magnesi um g s porated under reduced
pressure. The crude product was<pu |f|ed y preHPLC, (G| son GX-281;

Shi madzu 15 um 250*19 mm A: 10 9 NH4H ter B: CH3CN, 0-7 mn 85-95%
7-14 min 95% 214 nm 30 nL/mn) to obtainikhe title conpound (35.4 ny,

0. 095 nmell 4,530"etrametiyil-2H B methyd/3MBr gniyly-H] 3,2 dd k& ordidn&INR (81§ 4. MHIMATDRAS) @ 6
8.41 (1H, 8.27-8. 7, 29- 7,14 (2H :

7 0. v 0go3e S ol drbya-Borode ficknBon b et moiprblid g 44 i)

3. 72- 3. 63n & 2hikturg of 124-6@xane6@ 7 (n2LL), water (283AL{ 3ht sejium 2afbonbaidHp.98h g, 8.827- 1. 26
(6H, d).

cis-2,6- d“’ﬂﬁ‘mthf SR?%'OZ"V@E eI SN0 e 99 B e EIHOPI Wiy r i di ny1) - 2-
pyri m di nattdkisgiriphetyiph@sprylos)paltddiun(@e(0.510 g, 0.441 mmol). After addition, the

reaction mixture was stirred and heated in the microwave at 100 °C for 4 hours. Crude

LC/MS showed desired product and no starting material can be seen. The reaction
mixture was washed with ethyl acetate (200 mL), water (100 mL), filtered and then
evaporated to dryness. The residue was dissolved in dichloromethane (~ 10 ml) and
purified on silica by a Biotage SP4 chromatographic system (40+M cartridge, eluted with
0-50% ethyl acetate in isohexanes). Fractions containing pure product were combined
and concentrated under reduced pressure to give the title compound (336 mg, 1.172
mmol, 26.6 % yield). LC/MS [M+H]* = 273.

Intermediate 19: cis-4-[5-Bromo-4-(2-methyl-3-furanyl}-2-pyridinyl]-2,6-

dimethylmorpholine
@

N-Bromosuccinimide (133 mg, 0.749 mmol) was added portionwise to a solution of cis-

2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-2-pyridinylJmorpholine (204 mg, 0.749 mmol) in
chloroform (6 mL) at 0 °C. The reaction was stirred at 0 °C for 1 hour. Crude LC/MS
showed desired product can be seen and no starting material left, so the reaction mixture
was diluted with ethyl acetate and washed with water, brine, water and brine. The organic
layer was dried (sodium sulfate), filtered and concentrated under reduced pressure. The
residue was dissolved in dichloromethane (~ 5 ml) and purified on silica by a Biotage SP4
chromatographic system (25+M cartridge, eluted with 0-50% ethyl acetate in isohexanes).

46



Ci S-4-[5-Brono-4-(2-nethyl-3-furanyl)-2-pyrimdinyl]-2,6-dinmethyl nor phol i ne
(100 ng, 0.284 mmol ), 3-nethyl-4-pyridinyl)boronic acid HCl (54.2 ng, 0.312
nmol ), sosloem2Esdenate (75 ng, 0.710 mmol ) and PCT/EP2011/068807
tetraki s(triphenyl phosphi ne)pal | adi un{0) (16.40 ng, 0.014 nmol) were added

t oget her : n I h ting
ot ur o RS pEURE PR Rl 3% PBlRne Ang CRair o BR iRl Lt o
(13- met hytes$umytoigiliertiie Ytk campauradRes FGL 0798 nimoly] 00%3/4&d naend $ologrtess wih

car bonat 0. |) and tetrakis (16.40 ng, 0.014 nmol) were
added ang‘cmg [&g's_'ljl tl“%?/3 xture was heated at 85 QC under argon for 18
hours. The reaction mxture was allowed to cool to room tenperature,

di | ut ed V‘ht[ennéféﬁétgrzoa994- eqd efh ) (x 3). The ethyl

acet ate lIaye et Ve qyTTes U o f at e and evapor at ed
under reduced pressure. The re5| du |m purified by Biotage SP4 col um
chromat ography eluting with a grgdirept /QTGO % et hyl acetate and

i so- hexane. Product containing fFact | ons$ e conbi ned and evapor at ed under

reduced pressure. The residue was dissol in nethanol (1 m), treated
with IMHC in ether (0.1 nL, 0.100 nmmol) land evaporated under reduced

pressur e.cisthe- Uumemh/nmmghcﬁmbl(@5wg 4164 afnal @sfadilie@iho\aaéus! Ehsidn dt@ 6XC for 18

hours to ethetltlec 4 (V as a
nhite codRiomoeyTise (o Z%r%@spam&pm%e%er s e [b? b 5226 2
m, 8.33 ahﬂdnﬂro@é acelor9t2|+e7 (380nL() LxtterdBdditién 2he 7ea2:ﬁoh Mtu@)was‘%tﬁ'féd@t 140 6QH, d),

?3L4- g) ,70 @@hi%ﬁde géﬁ\ﬂ%ho@éﬁﬁqtlgg I@aterla?f and des}ed proéﬁct SO c:s 2 é 3H s), 2.18
cis-2,6- Blrﬁahhphbfpﬁro{lﬁe (1B5eg, My + Aoy rial éddb)i*télthb?re(aétrdnfm;dmfe)wbhwa)s 3-

pvri di nv1l- 2- i m i ne ochI ide \N Kr21
Sodi um czyf‘eﬂbﬂ a(t igé %Veff'%égf F?Mgﬁ de(sfﬁ‘ﬂj)r (tfcan be seer anu-
bi s(tri phersyérpﬁg)mratvnael)aftrwthedewﬂbm miatreotasddiufetlwithletAy acBtafsl@ oowml)) and

[ 2- (trlflu ronet r|d|n bor oni c aci d 0 , 0.471 mml ) were
hdded t o ISR POt 18 oA YL ET Borad daf Apiadyioss (ayar Wa eHradied
pyridi nyl:outh%twacaa@ e 100206 Uhereshpine® brjzelc 1ageré Mk dibd (Boddd surmak), in

1, 2- di t heated to 80
R T L L MR
Ioart i ti ongghiddehemane et hy miagetirifed 80 Blicd bpadioraiesP4 Zﬁh@hﬁlogra'm organic
ayer wa

S pass t hr qu a h |t to, reno wat er and
Lhan evagubaredory canyiti Sl b BBt netBid M mbSraieRh Radiest St eot to
IVDQP puricbme&ﬁngtwglprdmbt wéreiﬁnﬁaﬂwelal‘@@ldlﬁhadrﬂ\tra@cﬁm_r ef F@mbe@ﬁ@smeeo gioebi nedOI
and evapg o dryness to e um Jee nerate
oy par 11 el ds aint e oG08 e e B Ttinal SRk S S MR; ant
| ayer was ziryEr. by passing through a hydrophobic frit and then the HCl salt
was generated by addition of 1M HCH in diethylether (97 ul). The sol vent
was evaporated and the residue was co-evaporat ed vvith et her. The residue
vas Urit riahiidhith . 64 DS oRdhiAGsYSRHRIAGRRLY O RSInGRbBRbAR and dr i ed
at 40 QC-unde aar 0 QVE S rpound as a yel |l ow
solid (30 ng, 19.5%. LC/I\/S [I\/H—I] 143\0 1H NVR (400 MHz, d6- DNSO) 6 8.64
(1H, s), 8.60 (1H, d), 8.53 (1H, 2 t), 797(1H d), 7.67 (1H,
m, 7.53-7.44 (1H, m, 4.70 (2H 681\.r505(2H m, 275265(2H m,

2.58 (3H, s), 1.19 (6H, d). Exa S
Ci s-4-1.4-(6-Fl uoro-4-nethyl-3-pyridi nyl) (2-met hyl - 4-pyridi nyl) - 2-
pyrim di nyf ‘552Te@r'aqie‘ﬂwl b)(bmmetm%ywdé %I@:‘x%ér%ne (412 mg, 1.980 mmol)

Sodi uncar bonat eé166 i nwat er (2n),

bi s(tri pN&@$addn %ﬁﬁh‘é?%@fl%f’f TOI')Q:HPMF'@'@@ -¢.Pdimethygnorphaling ($voMy. and
(6-f1 uor g-ghy rﬂ%hynla %T.ﬁwel cﬁwwb.b%}feohs%@}cwgte( 2560 M) art SotureRbbn 8T €
added to a solution of cis-4-

[ 4- chl or 642 g 386 AYMOl}-THe splitiny vas degraseauging @wgangas-andrieehgnaige Nt i ne
(100 ny, t&ré)k?s‘ﬂthy)pHogpﬂi@bQHM@%(b’z@bhﬁ?% {Q’@M;r}no( 3afdradaitibe, theact i on

m xt ure was d’to 80 for 1 hour. Arter c00|n to roomtenperature
t he reacte@HORMIXtUicavaRgirgdrandihieatesldn B Wiseqwvave syl Oﬁg@ﬁ%(ﬂehquﬂpr#ﬁ? and
water (20 mL). The organic |ayer was passed through a hydrophobic frit to
renove traces of water and then evaporg&ed to dryness to give a brown gum
The residue was subject to MDAP purification in 1 nL of 50:50 DVSO MeOH.

Cl ean fractions were conbi ned and evaporated to dryness to give a white
solid. The free base was generated by partitioning between sodi um

bi carbonat e and di chl or omet hane. The organic |ayer was dried by passing
through a hydrophobic frit and then the HCl salt was generated by addition
of 1M HCI |n d| et hyI et her (132 ul) The sol vent was evapor at ed and the

o o o o, o o T 1 T



Sodi um car bonate (166 ng, 1.568 mml) in water (2 niL),

bi s(triphenyl phosphine) palladiunm(ll) chloride (11.01 ng, 0.016 nmml) and
2- cyano- Swolzaovespaeny| boroni ¢ aci d pi nacol ester (155 mpCTEP®T/068807 ) were
added to a solution of cis-4-[4-chloro-5-(2-

ol i s 4yBed ﬁ@%”ﬂ%‘ﬁ%'%aﬁéwe%ﬁ”&gﬁ&% ARSI D 0o

100 QC f qall®lidmo(® (22Bhreg r@ 828 morol) nsodmneadbohaltee(dZG)\mghS\ﬂﬁtrmnolq 5ndﬂ4)4 B5d

(voson) - o e e chivnnt Sah b s TS hS, S50 R hEE B Lo o

t hen pur itd thedebgtiohdDAiRtueanahich awets itioerssticedtaad mea@ddaesl poed npthednncrcomme éor 1

et hanol "0 0CERa A gl e ol Rlb s ks ol L7 St Vs

renoved treaqion enixthes wad Washedmpibaiblyl (asetateg()zoo @) MateMARD ni) 41(Dt©redl&hd\|l\/R ( 400

VMHz, d6- 0),; . H, .. - ool L f-7.79
(2 m BotapBld qrhifss "t ol %ésﬁﬁ%?w#znl%_c%%%eéﬁﬁaﬂﬁ mf afd

3. 63- 3. 5pufitdd om3ilica2oy7® BRigRE SRHchronat@yrdphiq Sidtens j40+M dBtrigged, elated witkanpl e
19: o

cis-2-12- (%0/668“" a%enat_eL I 'S%?’Xﬁﬂo?l ny 5'0%3 wtaﬁ%p%wrezpro?/uret Iehey%mkﬂney“ m di ny
|1 6-(tri falndaommttrlaydd)tbeiazmduwd pressiyetogité the tdie conodndias eanoriesseoil 166 ng,

56 L Sy RO 10, B pe () cnr

yl)-6- (trlfluoromethyl)benzonltrlIe (178 ng, 0.627 mmol) were added to a
SO|utI0n|r(& . idinvll-2.6-

[ 4-chl oro: ‘ - o-urnet hyl nor phol i ne
(100 ny, &5 n 1, 2- d| rreth xyethane (3 ) . The reaction m xture
was heat ed to 100 QC for 2 hours. action mxture diluted with water
(5 nL) and extracted with DCM (5 organi c extracts were

conbi ned, dried (MSH), flltere nd the vent was renoved. The
resul ting residues were then puri%iad by and fractions containing

desired product were conbined and evapor at d to dryness. The solid was
di ssol vedV-BrmasuReinglidg O 3dima, Sad 14w Waﬁr@déﬁ@Rarﬁ@”‘("ie .3 soiEoefcd. The
sol vent  Was gk RN %{61(@ r’rgaltIW?Stfht%n%I') Bl rleiﬂm&ﬂﬁolﬁ%zm mg'—%%ﬂrﬁ@%‘ﬂw 454.

Bi ol ogi cal Assay he PAM acti vi e’ conpoun fhe invention at the

a7 nAChRCHJ@f/Of@VéSn e} i h&d Th§|rﬁ@Ct%ﬁé"aﬁc§F'fr6‘9\Ph & derugalleiNen £ 1 ux

assay WhishBwst$ 8§su%d'|:dr&ﬂlfd BR bé §eér{7§r9>end°ét§ﬁ|ﬁg ReAsled ifsd ﬁ@reé&%‘ﬁ nﬁng@eder
etal.; J. Bionolecular Screening, cell Tine

stably t maRilaiedathatin aﬁ%ﬁﬁ*&rﬁﬁmﬁ,&@ﬁw&ﬁg@ wﬁ%weiﬁﬂébg Ly 53”5841 QA@H pl ate
and | nCUQ\?&t&%@PnL??QnQQnﬁ@U04r§L)hTh8 oﬂ%aﬁ%lﬁﬁr% dﬂlb@%éd?ﬁurﬁ“sm&)hﬁlie@ed The

growth medi a was renoved he cells washed three times with a sol ution
of Hanks' anﬁ&p@.w&tegdlrldersEﬂdUF¢Q)We§$"IB§S-§he regidpfmvREREssoed indihlermsitseneci d

| eavi ng %Oﬂ)'nh S) MY?eﬁﬂSUrﬁu@d%ﬁ'anEh%? a'Eﬂotﬁé@@PW%‘h omeﬁoér‘a?ﬁ’ib@%tém ypion (200)
cont ai ni ng HBSS, probenecid, | uo4 AM (a calciumin |cator dye) and

pl uroni ¢ CQHT'QQQNQEJ’[%M@UO aﬁg%t%@/' gretate in irolipaneg)- froactions RRHaiginIPEro0” under

an atmos et \fvét%ecofn{%o%fd%ﬂcéht@fédj@ndeﬂﬂ&ddé@b b?es‘é@rre%‘ﬂﬁ/%hﬁ@tlﬁé” ee tines
leaving 30 ill in each well. The plate containing the cells and calcium

i ndi cat OICOWQU%@%GIICR'@H”Q%%W\'S(?%Q me@ESBmﬁ@olpﬂL& %FY'equhéCéM%WJbes—l nitiated
by col | egkii/agzbasel i ne datapoints at 10 second intervals followed by
addition of the test conpound in buffer solution (0.33% DVSO) and dil uted
to a final concentration of 101..1Mand serial dilution of the wells, 1:2
or 1:3, gR¥enciAte w3CeE eridf)-26-BiMeti@hb@iotee & further 5- 10 mns 10
i1l of 50 V yAd dafa co ecedfor2t03mns

Ni cotine pr oduced a rapid, d reproduci bl e cal ciumflux which
could be potentiated with the positNve g ’r\o]e(erl c nodul ator test conpounds.
The conpounds of Exanples 1 to 19 descriledoabove and/or salts thereof, for
exanple HCl salts, were screened usi ng th assay descri bed above and gave

wth a ﬁﬁoq?ﬁeﬁ{%%%eﬁ@n e o085 ThE matdnes dntaledls e dBay 19000
rel ati ve tiio wak @@tiédeisCmtin@ihyiaophone (1 iobaph e, 9@ nirBbIPWaesiurhadakisonhte
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Exanpl e MOLSTRUCTURE a7 new snPPXC50 MEAN 1 \N- /N-/\ N\ HCl H3C *** 2
HOIH, C \N(1\\I-/ >
WO 2012/055942 PCT/EP2011/068807

(6.33 g, 19.44 mmol) and BINAP (1.210 g, 1.944 mmol) and the solution was degassed by
sonication under argon. To this was added palladium(ll) acetate (0.145 g, 0.648 mmol)
and the solution was refluxed at 130 °C under argon overnight. Crude LC/MS showed
desired product and no starting material so the reaction mixture was filtered through
celite, eluting with ethyl acetate. The filtrate was diluted with water and the aqueous
phase was separated and re-extracted using ethyl acetate (x 3). The combined organic
layers were washed with brine, separated, dried over magnesium sulphate, filtered and
concentrated under pressure. The residue was dissolved in dichloromethane (~ 10 ml)
and purified on silica by using a Biotage SP4 chromatographic system (65i cartridge,
eluted with 0-35% ethyl acetate in isohexanes). Fractions containing pure product were
combined and concentrated under reduced pressure to give the title compound as a
yellow oil (1.785 g, 7.51 mmol, 58.0 % yield). LC/MS [M+H]* = 226/228.

Intermediate 24: cis-2,6-Dimethyl-4-[3-(2-methyl-3-furanyl)phenyllmorpholine

4,4.5,5-Tetramethyl-2-(2-methyl-3-furanyl)-1,3,2-dioxaborolane (1.645 g, 7.91 mmol) was

added to a solution of cis-4-(3-chlorophenyl)-2,6-dimethylmorpholine (1.785 g, 7.91 mmol)
in a mixture of 1,4-dioxane (17 mL), water (2.83 mL) and sodium carbonate (1.676 g,
15.82 mmol). The solution was degassed using argon gas and then charged with
tetrakis(triphenylphosphine)palladium(0) (0.914 g, 0.791 mmol). After addition, the
reaction mixture was stirred and heated in the microwave at 100 °C for 48 hours. Crude
LC/MS showed desired product and only 26% of starting material can be seen. The
reaction mixture was washed with ethyl acetate (200 mL), water (100 mL), filtered and
then evaporated to dryness. The residue was dissolved in dichloromethane (~ 10 ml) and
purified on silica by using a Biotage SP4 chromatographic system (65i cartridge, eluted
with 0-50% ethyl acetate in isohexanes). Fractions containing pure product were
combined and concentrated under reduced pressure to give the title compound as a
colourless oil (0.74 g, 2.59 mmol, 32.8 % yield). LC/MS [M+H]* = 272.

Intermediate 25: cis-4-[4-Bromo-3-(2-methyl-3-furanyl)phenyl]-2.6-dimethylmorpholine
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e

N-Bromosuccinimide (380 mg, 2.137 mmol) was added portionwise to a solution of cis-
2,6-dimethyl-4-[3-(2-methyl-3-furanyl)phenyl]morpholine (580 mg, 2.137 mmol) in
chloroform (10 mL) at 0 °C. The reaction was stirred at 0 °C for 1 hour. Crude LC/MS
showed desired product can be seen and no starting material left, so the reaction mixture
was diluted with ethyl acetate and washed with water, brine, water and brine. The organic
layer was dried (sodium sulfate), filtered and concentrated under reduced pressure.

The residue was dissolved in dichloromethane (~ 10 ml) and purified on silica by using a
Biotage SP4 chromatographic system (40+M cartridge, eluted with 0-50% ethyl acetate in
isohexanes). Fractions containing pure product were combined and concentrated under
reduced pressure to give the title compound as a colourless oil (320 mg, 0.868 mmol,
40.6 % yield). LC/MS [M+H]* = 350/352.

Intermediate 26: 5-Bromo-2-chloro-4-{(methyloxy)pyrimidine

N\Br
P
N

ol
|

Cl

To a solution of 5-bromo-2,4-dichloropyrimidine (17.82 g, 78.2 mmol) in methanol (100
mL) stirred at 0 °C was added solid sodium methoxide (4.22 g, 78 mmol) portionwise
during 5 minutes. The reaction mixture was stirred at 23 °C overnight. To the organic
phase was added water (25 mL) and the methanol was removed. Then it was extracted
with dichloromethane. The organic phase was dried over sodium sulphate and
evaporated in vacuo to give the title compound as a white solid (17.2 g, 67.6 mmol, 86 %
yield). LC/MS [M+H]* = 223/225.

Intermediate 27: cis-4-[5-Bromo-4-(methyloxy)-2-pyrimidinyl]-2,6-dimethylmorpholine
N/\/[Br

Y\N/KN/ 0

oj) |

To a solution of 5-bromo-2-chloro-4-methoxypyrimidine (17.2 g, 77 mmol) stirred in air at

0 °C was added neat cis-2,6-dimethylmorpholine (24.5 g, 213 mmol) dropwise in 10
minutes. The reaction mixture was stirred at 45 °C for 30 minutes. The organic phase was
evaporated in vacuo to give the crude product as a white solid. The crude product was
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added to a silica gel column and was eluted with hexane/ethyl acetate (20/1). Collected

fractions were evaporated to give the title compound as white solid (17.4 g, 49.3 mmol,
64.1 % yield). LC/MS [M+H]* = 302/304.

Intermediate 28: cis-2,6-Dimethyl-4-[4-(methyloxy)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinyllmorpholine

N
o
\hN/I\N/ (l)
g
To a suspension of cis-4-(5-bromo-4-methoxypyrimidin-2-yl)-2,6-dimethylmorpholine (671
mg, 2.22 mmol), 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (632 mg,
2.89 mmol) and potassium carbonate (798 mg, 5.77 mmol) in 1,4-dioxane (3 mL) and
water (0.5 mL) stirred in air at 20°C was added solid tetrakis(triphenylphosphine)
palladium(0) (128 mg, 0.111 mmol). The reaction mixture was stirred under argon at 100
°C overnight. The reaction mixture was allowed to cool to room temperature, diluted with
water and extracted with ethyl acetate (x 3). The ethyl acetate layers were combined,
dried over magnesium sulfate and evaporated under reduced pressure. The crude
product was added to a silica gel column and was eluted with dichloromethane / methanol

/ triethylamine (20:1:0.5). Collected fractions were evaporated to give the title compound
(120 mg, 0.031 mmol, 1.393 % yield). LC/MS [M+H]* = 318.

Intermediate 29: 2-[cis-2,6-dimethyl-4-morpholinyl]-5-(2-methyl-4-pyridinyl}-4{1 H)-
pyrimidinone

Z "N

<

N| X
\(\NJ\N/ OH
g

2,6-Dimethyl-4-[4-(methyloxy)-5-(2-methyl-4-pyridinyl)-2-pyrimidinylJmorpholine (1.42 g,
4.52 mmol) was dissolved in 33 % hydrobromic acid in acetic acid (45.4 ml, 836 mmol)
and heated at 80 °C for 18 hours. It was confirmed reaction had progressed to completion
by LC/MS. The reaction mixture was allowed to cool to room temperature. The product
was then diluted with methanol and passed down a 50 g SCX column. The impurities
were eluted with methanol, followed by elution of the product with 2M ammonia /
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methanol. The fractions containing product were combined and evaporated under
reduced pressure to give the title compound as a white solid (760 mg, 2.53 mmol, 56.0 %
yield). LC/MS [M+H]* = 301.

Intermediate 30: cis-4-[4-Chloro-5-(2-methyl-4-pyridiny)-2-pyrimidinyl!]-2.6-
dimethylmorpholine

ZN

<

N| X
\hN/I\N/ cl
y

To solid 2-(cis-2,6-dimethylmorpholino)-5-(2-methylpyridin-4-yl)pyrimidin-4-ol (8.3 g, 27.6
mmol) at 20 °C was added neat phosphorus oxychloride (79 ml, 848 mmol). The reaction
mixture was stirred at 110 °C for 3 hours. After cooling to 30 °C, most of the phosphorus
oxychloride was removed and 20 ml of dichloromethane was added. The solution was
added into ice-water. The pH was adjusted to 8 using sodium bicarbonate. The
dichloromethane layer was separated, washed with water, dried and evaporated. The
crude product was added to a silica gel column and was eluted with dichloromethane and

then dichloromethane/methanol (5:1). Collected fractions were evaporated to give the title
compound (680 mg, 1.960 mmol, 7.09 % yield). LC/MS [M+H]* = 319/321.

Intermediate 31: 2-Chloro-4-(2-methyl-3-furanyl)pyrimidine
N

2,4-Dichloropyrimidine (1.0 g, 6.71 mmol), 4,4,5,5-tetramethyl-2-(2-methyl-3-furanyl)-
1,3,2-dioxaborolane (1.397 g, 6.71 mmol), sodium carbonate (1.067 g, 10.07 mmol) and
tetrakis(triphenylphosphine)palladium(0) (0.388 g, 0.336 mmol) were added together in
1,4-dioxane (42 mL) and water (7.00 mL) and the resulting mixture was heated at 85 °C
under argon for 4 hours. The reaction mixture was allowed to cool to room temperature,
diluted with water and extracted with ethyl acetate (x 3). The ethyl acetate layers were
combined, dried over magnesium sulfate and evaporated under reduced pressure. The
residue was purified by Biotage SP4 column chromatography eluting with a gradient of 0-
30 % ethyl acetate and iso-hexane. Product containing fractions were combined and
evaporated under reduced pressure to give the title compound (686 mg, 3.52 mmol, 52.5
% yield) as a white solid. LC/MS [M+H]* = 195/197.
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Intermediate 32: cis-2.6-dimethyl-4-[4-(2-methyl-3-furany}-2-pyrimidinyllmorpholine

LA
oY

2-Chloro-4-(2-methyl-3-furanyl)pyrimidine (686 mg, 3.52 mmol), cis-2,6-

dimethylmorpholine (447 mg, 3.88 mmol) and potassium carbonate (536 mg, 3.88 mmol)
were added together in ethanol (16 mL) and the resulting mixture was heated under reflux
for 4 hours. A further quantity of cis-2,6-dimethylmorpholine (122 mg, 1.057 mmol) and
potassium carbonate (146 mg, 1.057 mmol) were added and the resulting mixture was
heated under reflux for 4 hours. The reaction mixture was allowed to cool to room
temperature and left to stand overnight. The reaction mixture was filtered, the filtrate
evaporated under reduced pressure and the residue purified by SP4 Biotage column
chromatography eluting with a gradient of 0-30 % ethyl acetate and iso-hexane. Product
containing fractions were combined and evaporated under reduced pressure to give the
title compound (737 mg, 2.70 mmol, 76 % yield) as a colourless oil. LC/MS [M+H]* = 274.

Intermediate 33: cis-4-[5-Bromo-4-(2-methyl-3-furanyl)-2-pyrimidinyl]-2,6-

dimethylmorpholine

Br | SN%
a N/)\N/\/
o) H/O
2,6-Dimethyl-4-[4-(2-methyl-3-furanyl)-2-pyrimidinyl]Jmorpholine (737 mg, 2.70 mmol) was
dissolved in chloroform (13 mL), cooled in an ice bath and treated with N-
bromosuccinimide (480 mg, 2.70 mmol). The resulting mixture was stirred at 0 °C for 1
hour. The reaction mixture was diluted with water and extracted with ethyl acetate (x 2).
The ethyl acetate layers were combined, dried over magnesium sulfate and evaporated
under reduced pressure. The residue was purified by SP4 Biotage column
chromatography eluting with a gradient of 0-20 % ethyl acetate in iso-hexane. Product
containing fractions were combined and evaporated under reduced pressure to give the
title compound (719 mg, 2.041 mmol, 76 % yield) as a white solid. LC/MS [M+H]* =
352/354.
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Example 1: 4-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(4-pyridinyl}pyrimidine

hydrochloride
N —
j N4</ N \ /N
=
/ \ HCl
0

A mixture of 3-(dimethylamino)-1-(2-methyl-3-furanyl)-2-(4-pyridinyl)-2-propen-1-one (256

mg, 1 mmol) and 3-methyl-1-piperidinecarboximidamide hydrochloride (267 mg, 1.500
mmol) in ethanol (5 ml) was stirred at room temperature. Potassium fert-butoxide (224
mg, 2.000 mmol) was added and the mixture was heated at reflux for 45 minutes. After
cooling to room temperature the reaction mixture was diluted with water and extracted
with ethyl acetate. The organic extracts were combined, washed with water and brine,
dried and evaporated. The residue was purified by silica gel chromatography eluting with
25-50% ethyl acetate and isohexane to give 4-(2-methyl-3-furanyl)-2-(3-methyl-1-
piperidinyl)-5-(4-pyridinyl)pyrimidine (195 mg, 58%). A solution of 4-(2-methyl-3-furanyl)-
2-(3-methyl-1-piperidinyl)-5-(4-pyridinyl)pyrimidine (167 mg, 0.5 mmol) in dichloromethane
(1 ml) was treated with hydrogen chloride (1M in diethyl ether, 0.6 ml). The solvent was
evaporated and the residue co-evaporated with diethyl ether (x 2). The residue was
triturated with diethyl ether and the resulting solid was collected, washed with diethyl ether
and dried to give the title compound as a yellow solid (121 mg, 65%). LC/MS [M+H]* =
335. TH NMR (400 MHz, d6-DMSO): 5 8.76 (1H, d), 8.57 (1H, s), 7.80 (2H, d), 7.51 (1H,
d), 6.00 (1H, d), 4.67-4.60 (2H, m), 3.06-2.99 (1H, m), 2.67-2.76 (1H, m), 2.37 (3H, s),
1.91-1.19 (5H, m), 0.93 (3H, d).

Example 2: 4-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(3-pyridinyl)pyrimidine

hydrochloride
N —
f Y
N= N
/ \ HCl
0

A mixture of 3-(dimethylamino)-1-(2-methyl-3-furanyl)-2-(3-pyridinyl)-2-propen-1-one (256

mg, 1 mmol) and 3-methyl-1-piperidinecarboximidamide hydrochloride (267 mg, 1.5
mmol) in ethanol (5 ml) was stirred at room temperature. Potassium tert-butoxide (224
mg, 2 mmol) was added and the mixture was heated at reflux for 45 minutes. After cooling
to room temperature the reaction mixture was diluted with water and extracted with ethyl
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acetate. The organic extracts were combined, washed with water and brine, dried and
evaporated. The residue was purified by silica gel chromatography eluting with 25% ethyl
acetate and isohexane to give 4-(2-methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(3-
pyridinyl)pyrimidine (28 mg, 8%). A solution of 4-(2-methyl-3-furanyl)-2-(3-methyl-1-
piperidinyl}-5-(3-pyridinyl)pyrimidine (28 mg, 0.084 mmol) in dichloromethane (1 ml) was
treated with hydrogen chloride (1M in diethyl ether, 0.1 ml). The solvent was evaporated
and the residue co-evaporated with dichloromethane (x 2). The resulting solid was dried
to give the title compound as a solid (24 mg, 77%). LC/MS [M+H]* = 335. TH NMR (400
MHz, d6-DMSO): & 8.75-8.73 (2H, m), 8.45 (1H, s), 8.17 (1H, d), 7.86-7.82 (1H, m), 7.45
(1H, d), 5.87 (1H, d), 4.65-4.59 (2H, m), 3.02-2.95 (1H, m), 2.71-2.65 (1H, m), 2.38 (3H,
s), 1.91-1.18 (5H, m), 0.92 (3H, d).

Example 3: 4-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-methyl-4-
pyridinypyrimidine hydrochloride

N A —

/ HCl

0]

A mixture of 3-(dimethylamino)-1-(2-methyl-3-furanyl)-2-(2-methyl-4-pyridinyl)-2-propen-1-
one (541 mg, 2.000 mmol) and 3-methyl-1-piperidinecarboximidamide hydrochloride (533
mg, 3 mmol) in ethanol (10 ml) was stirred at room temperature. Potassium tert-butoxide
(449 mg, 4.00 mmol) was added and the mixture was heated at reflux for 90 minutes.
After cooling to room temperature the solvent was evaporated and the residue was diluted
with water and extracted with ethyl acetate. The organic extracts were combined, washed
with water and brine, dried and evaporated. The residue was purified by silica gel
chromatography eluting with 25% ethyl acetate in isohexane to give 4-(2-methyl-3-
furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-methyl-4-pyridinyl)pyrimidine as a gum (460 mg,
66%). A solution of 4-(2-methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-methyl-4-
pyridinyl)pyrimidine (460 mg, 1.3 mmol) in dichloromethane (2 ml) was treated with
hydrogen chloride (1M in diethyl ether, 1.5 ml). The solvent was evaporated and the
residue was co-evaporated with diethyl ether (x 2). The residue was triturated with diethyl
ether and the resulting solid was collected, washed with diethyl ether and dried to give the
title compound as a pale yellow solid (450 mg, 89%). LC/MS [M+H]* = 349. TH NMR (400
MHz, d6-DMSO): & 8.59 (1H, d), 8.54 (1H, s), 7.81 (1H, s), 7.57-7.52 (1H, m), 7.51 (1H,
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d), 6.02 (1H, d), 4.70-4.60 (2H, m), 3.06-2.98 (1H, m), 2.70-2.77 (1H, m), 2.66 (3H, s),
2.39 (3H, s), 1.84-1.19 (5H, m), 0.93 (3H, d).

Example 4: 4-(2-Methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-(1-piperidinyl}pyrimidine

hydrochloride
N —
< : 7\
N—<N_ \ /N

/ HCI

0

A mixture of 3-(dimethylamino)-1-(2-methyl-3-furanyl)-2-(2-methyl-4-pyridinyl)-2-propen-1-
one (270 mg, 1 mmol) and 1-piperidinecarboximidamide hydrochloride (245 mg, 1.500
mmol) in ethanol (4 ml) was stirred at room temperature. Potassium fert-butoxide (224
mg, 2.000 mmol) was added and the mixture was heated at reflux for 90 minutes. After
cooling to room temperature the solvent was evaporated and the residue was diluted with
water and extracted with ethyl acetate. The organic extracts were combined, washed with
water and brine, dried and evaporated. The residue was purified by silica gel
chromatography eluting with 30-100% ethyl acetate in isohexane. The resulting oil was
dissolved in dichloromethane (2 ml) and was treated with hydrogen chloride (1M in diethyl
ether, 1 ml). The solvent was evaporated and the residue co-evaporated with diethyl
ether (x 2). The residue was triturated with diethyl ether and the resulting solid was
collected, washed with diethyl ether and dried to give the title compound as a pale yellow
solid (114 mg, 31%). LC/MS [M+H]* = 335. TH NMR (400 MHz, d6-DMSO): & 8.60 (2H,
d), 8.55 (1H, s), 7.83 (1H, b), 7.58-7.54 (1H, m), 7.51 (1H, d), 6.03 (1H, d), 3.90-3.85 (4H,
m), 2.67 (3H, s), 2.38 (3H, s), 1.70-1.53 (6H, m).

Example 5: cis-2,6-Dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinyllmorpholine hydrochloride

; N_(N%\:%N
=
/ S \ HCl

A mixture of 3-(dimethylamino)-1-(2-methyl-3-furanyl)-2-(2-methyl-4-pyridinyl)-2-propen-1-

one (1352 mg, 5 mmol) and 2,6-dimethyl-4-morpholinecarboximidamide hydrochloride
(1453 mg, 7.50 mmol) (ca. 2.3:1 mixture of cis:trans isomers) in ethanol (10 ml) was
stirred at room temperature. Potassium tert-butoxide (1122 mg, 10.00 mmol) was added
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and the mixture was heated at reflux for 3 hours. After cooling to room temperature the
solvent was evaporated and the residue was diluted with water and extracted with ethyl
acetate. The organic extracts were combined, washed with water and brine, dried and
evaporated. The residue was purified by silica gel chromatography eluting with 50% ethyl
acetate in isohexane to give cis-2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-
pyridinyl)-2-pyrimidinyllmorpholine as an oil (200 mg). The cross-over fractions from the
column (~ 800 mg) were purified by mass-directed automated HPLC to give additional cis-
2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-pyrimidinyljmorpholine
(200 mg) and trans-2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinyllmorpholine (49 mg). A solution of cis-2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-5-
(2-methyl-4-pyridinyl)-2-pyrimidinylJmorpholine (200 mg, 0.55 mmol) was dissolved in
dichloromethane (2 ml) and hydrogen chloride (1M in ether, 0.6 ml) was added. The
solvent was evaporated and the residue was evaporated with ether (x2) and then
triturated with ether. The solid was collected, washed with ether and dried to give the title
compound (178 mg). LC/MS [M+H]* = 365. TH NMR (400 MHz, d6-DMSO): 5 8.61 (1H,
d), 8.56 (1H, s), 7.82 (1H, b), 7.58-7.53 (1H, m), 7.52 (1H, d), 6.04 (1H, d), 4.65-4.58 (2H,
m), 3.64-3.55 (2H, m), 2.72-2.63 (2H, m), 2.66 (3H, s), 2.36 (3H, s), 1.18 (6H, d).

Example 6: frans-2,6-Dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-

pyrimidinyllmorpholine hydrochloride

N

O\_/N—</N_\ NN

[\ HCl
0

A solution of trans-2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinyllmorpholine (49 mg, 0.13 mmol), isolated from the crude product obtained in
Example 5 by silica gel chromatography and HPLC as described above, was dissolved in
dichloromethane (2 ml) and hydrogen chloride (1M in ether, 0.15 ml) was added. The
solvent was evaporated and the residue was evaporated with ether (x2) and then
triturated with ether. The solid was collected, washed with ether and dried to give the title
compound (38 mg). LC/MS [M+H]* = 365. TH NMR (400 MHz, d6-DMSO): 5 8.61 (2H, d),
8.55 (1H, s), 7.81 (1H, b), 7.58-7.54 (1H, m), 7.51 (1H, d), 6.02 (1H, d), 4.08-4.01 (2H, m),
3.98-3.91 (1H, m), 3.62-3.52 (2H, m), 1.16 (6H, d).

Example 7: 1-[4-(2-Methyl-3-furany}-5-(2-pyridinyl}-2-pyrimidinyllhexahydro-1 H-azepine
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6]

hydrochloride

HCI

A mixture of 3-(dimethylamino)-1-(2-methyl-3-furanyl)-2-(2-pyridinyl)-2-propen-1-one (205
mg, 0.8 mmol) and hexahydro-1H-azepine-1-carboximidamide hydrochloride (213 mg,
1.200 mmol) in ethanol (4 ml) was stirred at room temperature. Potassium tert-butoxide
(180 mg, 1.600 mmol) was added and the mixture was heated at reflux for 45 minutes.
After cooling to room temperature the reaction mixture was diluted with water and
extracted with ethyl acetate. The organic extracts were combined, washed with water and
brine, dried and evaporated. The residue was purified by mass-directed automated HPLC.
The product was dissolved in a mixture of dichloromethane (2 ml) and methanol (0.5 ml)
and hydrogen chloride (1M in ether, 0.5 ml) was added and the solvent was evaporated.
The residue was co-evaporated with ether and triturated with ether. The solid was
collected and dried to give the title compound (67 mg, 23%). LC/MS [M+H]* = 335. TH
NMR (400 MHz, d6-DMSO): 6 8.74 (2H, d), 8.54 (1H, s), 8.12-8.10 (1H, m), 7.65-7.55
(2H, m), 7.43 (1H, d), 5.74 (1H, d), 3.84-3.80 (4H, m), 2.41 (3H, s), 1.85-1.70 (4H, m),
1.60-1.48 (4H, m).

Example 8: 4-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-pyridinyl}pyrimidine

hydrochloride
N —
N—</ \ \ /
: N= N
/ \ HCI
0

A mixture of 3-(dimethylamino)-1-(2-methyl-3-furanyl)-2-(2-pyridinyl)-2-propen-1-one (256

mg, 1 mmol) and 3-methyl-1-piperidinecarboximidamide hydrochloride (267 mg, 1.5
mmol) in ethanol (5 ml) was stirred at room temperature. Potassium tert-butoxide (224
mg, 2 mmol) was added and the mixture was heated at reflux for 45 minutes. After cooling
to room temperature the reaction mixture was diluted with water and extracted with ethyl
acetate. The organic extracts were combined, washed with water and brine, dried and
evaporated. The residue was purified by silica gel chromatography eluting with 25% ethyl
acetate and isohexane followed by mass-directed automated HPLC to give 4-(2-methyl-3-
furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-pyridinyl)pyrimidine (223mg, 67%).
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A solution of 4-(2-methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-pyridinyl)pyrimidine
(200 mg, 0.6 mmol) in dichloromethane (2 ml) was treated with hydrogen chloride (1M in
diethyl ether, 0.8ml). The solvent was evaporated and the residue co-evaporated with
dichloromethane (x 2). The resulting solid was dried to give the title compound as a pale
yellow solid (160 mg, 43%). LC/MS [M+H]* = 335. TH NMR (400MHz, d6-DMSO): & 8.77
(1H, d), 8.56 (1H, s), 8.25-8.21 (1H, m), 7.74-7.65 (2H, m), 7.45 (1H, d), 7.78 (1H, d),
4.66-4.60 (2H, m), 3.12-2.98 (1H, m), 2.75-2.66 (1H, m), 2.40 (3H, s), 1.90-1.20 (5H, m),
0.93 (3H, d).

Example 9: cis-2,6-Dimethyl-4-[4-(2-methylpropyl)-5-(2-methyl-4-pyridinyl)-2-

pyrimidinyllmorpholine hydrochloride

_</

A mixture of cis-4-[4-chloro-5-(2-methyl-4-pyridinyl)-2-pyrimidinyl]-2,6-dimethylmorpholine
(100 mg, 0.314 mmol) and copper (l) iodide (11.95 mg, 0.063 mmol) in tetrahydrofuran (1
ml) was stirred at 0 °C under argon and isobutyl magnesium chloride (2M solution in
tetrahydrofuran) (0.314 ml, 0.627 mmol) was added dropwise. The reaction mixture was
stirred at 0°C for 90 minutes. Saturated ammonium chloride solution was added and the
mixture was extracted with ethyl acetate. The organic extract was separated, washed with
saturated ammonium chloride solution, water and brine, dried and evaporated. The
residue was purified by silica gel chromatography eluting with 50-100% ethyl acetate in
isohexanes. The product (61 mg, 0.18 mmol) was dissolved in dichloromethane (1 ml)
and methanol (0.5 ml) and hydrogen chloride (1M in ether, 0.2 ml) was added. The
solvent was evaporated and the residue was co-evaporated with ether. The residue was
triturated with ether and the resulting solid was collected and dried to give the title
compound (48 mg, 41%). LC/MS [M+H]* = 341. TH NMR (400 MHz, d6-DMSO): 5 8.74
(1H, d), 8.36 (1H, s), 7.87-7.85 (1H, m), 7.81-7.78 (1H, m), 4.62-4.58 (2H, m), 3.61-3.54
(2H, m), 2.72 (3H, s), 2.63-2.58 (4H, m), 2.15-2.08 (1H, m), 1.18 (6H, d), 0.79 (6H, d).

Example 10: cis-2,6-Dimethyl-4-[6-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrazinyllmorpholine hydrochloride
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N N
P

ad N/Y

o H/o HCI
2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (131 mg, 0.596 mmol)
was added to a solution of cis-4-[5-bromo-6-(2-methyl-3-furanyl)-2-pyrazinyl]-2,6-
dimethylmorpholine (210 mg, 0.596 mmol) in a mixture of 1,4-dioxane (4 mL), water
(0.667 mL) and sodium carbonate (126 mg, 1.192 mmol). The solution was degassed
using argon gas and then charged with tetrakis(triphenylphosphine)palladium(0) (68.9 mg,
0.060 mmol). After addition, the reaction mixture was stirred and heated in the microwave
at 100 °C for 1 hour. LC/MS showed starting material and desired product so the reaction
mixture was stirred and heated at 100 °C in the microwave for a further 1 hour. Crude
LC/MS showed desired product and no starting material can be seen. The reaction
mixture was washed with ethyl acetate (200 mL), water (100 mL), filtered and then
evaporated to dryness. The resulting solid was dissolved in 1 : 1 MeCN : DMSO (2.7 mL)
and purified by MDAP. Fractions containing pure product were combined and
concentrated under reduced pressure. 1.1 equivalents of HCI in diethyl ether were added
to form the HCI salt and the resulting mixture was evaporated under reduced pressure to
give the title compound as a yellow solid (37 mg, 0.088 mmol, 14.71 % vyield).
LC/MS [M+H]* = 365; TH NMR (400 MHz, d,-MeOD): 5 8.50-8.48 (1H, d), 8.37 (1H, s),
8.02 (1H, s), 7.89-7.87 (1H, d), 7.43-7.42 (1H, d), 6.26-6.25 (1H, d), 4.45-4.42 (2H, d),
3.77-3.69 (2H, m), 2.78-2.73 (5H, m), 2.29 (3H, s), 1.27-1.25 (6H, d).

Example 11: 6-(cis-2,6-dimethyl-4-morpholinyl}-2'-methyl-4-(2-methyl-3-furanyl)-3.4'-

bipyridine hydrochloride

N~ |
AN XN
=
N
AT
HCI

2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (184 mg, 0.840 mmol)
was added to a solution of cis-4-[5-bromo-4-(2-methyl-3-furanyl)-2-pyridinyl]-2,6-
dimethylmorpholine (295 mg, 0.840 mmol) in a mixture of 1,4-dioxane (6 mL), water
(1.000 mL) and sodium carbonate (178 mg, 1.680 mmol). The solution was degassed
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using argon gas and then charged with tetrakis(triphenylphosphine)palladium(0) (97 mg,
0.084 mmol). After addition, the reaction mixture was stirred and heated in the microwave
at 100 °C for 1 hour. Crude LCMS showed starting material and desired product so the
reaction mixture was stirred and heated at 100 °C in the microwave for a further 1 hour.
Crude LCMS showed desired product and no starting material can be seen. The reaction
mixture was washed with ethyl acetate (200 mL), water (100 mL), filtered and then
evaporated to dryness. This solid was dissolved in 1 : 1 MeCN : DMSO (5x0.9 mL) and
purified by MDAP. Fractions containing pure product were combined and concentrated
under reduced pressure. 1.1 equivalents of HCI in diethyl ether were added to form the
HCI salt and the resulting mixture was evaporated under reduced pressure to give the title
compound as a yellow solid (141 mg, 0.335 mmol, 39.9 % yield).

LC/MS [M+H]* = 364; TH NMR (400MHz, d,-MeOD): & 8.56-8.55 (1H, d), 8.30 (1H, s),
7.87 (1H, s), 7.64-7.63 (1H, m), 7.45-7.43 (1H, d), 7.25 (1H, s), 6.19-6.20 (1H, d), 4.25-
4.22 (2H, d), 3.82-3.75 (2H, m), 2.92-2.86 (2H, m), 2.76 (3H, s), 2.19 (3H, s), 1.29-1.27
(6H, d).

Example 12: 6-(cis-2,6-dimethyl-4-morpholinyl}-2'-methyl-2-(2-methyl-3-furanyl)-3,4'-

bipyridine hydrochloride

HCl
2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (175 mg, 0.797 mmol)

was added to a solution of cis-4-[5-bromo-6-(2-methyl-3-furanyl)-2-pyridinyl]-2,6-
dimethylmorpholine (280 mg, 0.797 mmol) in a mixture of 1,4-dioxane (4 mL), water
(0.667 mL) and sodium carbonate (169 mg, 1.594 mmol). The solution was degassed
using argon gas and then charged with tetrakis(triphenylphosphine)palladium(0) (92 mg,
0.080 mmol). After addition, the reaction mixture was stirred and heated in the microwave
at 100 °C for 1 hour. Crude LC/MS showed starting material and desired product so the
reaction mixture was stirred and heated at 100 °C in the microwave for a further 1 hour.
Crude LC/MS showed desired product and no starting material can be seen. The reaction
mixture was washed with ethyl acetate (200 mL), water (100 mL), filtered and then
evaporated to dryness. This solid was dissolved in 1 : 1 MeCN : DMSO (3.6 mL) and
purified by MDAP. Fractions containing pure product were combined and concentrated
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purified again by MDAP. Fractions containing pure product were combined and
concentrated under reduced pressure. 1.1 equivalents of HCI in diethyl ether was added
to form the HCI salt and the resulting mixture was evaporated under reduced pressure to
give the title compound as a yellow oil (25 mg, 0.059 mmol, 7.45 % yield). LC/MS [M+H]*
= 364; TH NMR (400 MHz, d;-MeOD): & 8.61-8.60 (1H, d), 8.26-8.24 (1H, d), 7.93 (1H, s),
7.69-7.67 (1H, d), 7.63-7.60 (1H, d), 7.56 (1H, s), 6.59 (1H, s), 4.22-4.19 (2H, d), 3.86-
3.79 (2H, m), 3.06-3.00 (2H, m), 2.78 (3H, s), 2.10 (3H, s), 1.29-1.27 (6H, d).

Example 13: cis-2,6-Dimethyl-4-[3-(2-methyl-3-furanyl}-4-(2-methyl-4-
pyridinyly)phenyllmorpholine

N/

“ |

a N
o) H/O

2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (313 mg, 1.428 mmol)
was added to a solution of cis-4-[4-bromo-3-(2-methyl-3-furanyl)phenyl]-2,6-
dimethylmorpholine (500 mg, 1.428 mmol) in a mixture of 1,4-dioxane (6 mL), water
(1.000 mL) and sodium carbonate (303 mg, 2.86 mmol). The solution was degassed using
argon gas and then charged with tetrakis(triphenylphosphine)palladium(0) (165 mg, 0.143
mmol). After addition, the reaction mixture was stirred and heated in the microwave at 100
°C overnight. Crude LCMS showed starting material and desired product so 2-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (0.5 equivalents),
tetrakis(triphenylphosphine)palladium(0) (0.05 equivalents) and sodium carbonate (1.0
equivalent) were added and the reaction mixture was stirred and heated at 100 °C in the
microwave for a further 1 hour. Crude LCMS showed desired product and no starting
material can be seen. The reaction mixture was washed with ethyl acetate (200 mL),
water (100 mL), filtered and then evaporated to dryness. The residue was dissolved in
dichloromethane (~ 10 ml) and purified on silica by using a Biotage SP4 chromatographic
system (40+M cartridge, eluted with 0-50% ethyl acetate in isohexanes). Fractions
containing pure product were combined and concentrated under reduced pressure. This
solid was dissolved in 1 : 1 MeCN : DMSO (3x0.9 mL) and purified by MDAP. Fractions
containing pure product were combined and concentrated under reduced pressure to give
the title compound as a yellow oil (169 mg, 0.443 mmol, 31.0 % yield).
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LC/MS [M+H]* = 363; TH NMR (400MHz, d.-MeOD): & 8.50-8.48 (1H, d), 7.79 (1H, s),
7.70-7.68 (1H, d), 7.61-7.59 (1H, d), 7.48-7.45 (1H, m), 7.39-7.40 (1H, d), 7.34 (1H, s),
6.25-6.24 (1H, d), 4.03-3.96 (2H, m), 3.76-3.73 (2H, d), 2.88-2.82 (2H, m), 2.74 (3H, s),
2.02 (3H, s), 1.28-1.26 (6H, d).

Example 14: cis-2,6-Dimethyl-4-[4-(2-methylpheny)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinyllmorpholine

To a suspension of cis-4-(4-chloro-5-(2-methylpyridin-4-yl)pyrimidin-2-yl)-2,6-
dimethylmorpholine (0.100g, 0.314 mmol), o-tolylboronic acid (0.064 g, 0.471 mmol) and
potassium carbonate (0.138 g, 1 mmol) in 1,4-dioxane (3 mL) and water (0.5 mL) stirred
in air at 20°C was added solid tetrakis(triphenylphosphine)palladium(0) (0.058 g, 0.0500
mmol). The reaction mixture was stirred under nitrogen at 100 °C overnight. The reaction
mixture was allowed to cool to room temperature, diluted with water and extracted with
ethyl acetate (x 3). The ethyl acetate layers were combined, dried under magnesium
sulfate and evaporated under reduced pressure. The crude product was purified by pre-
HPLC, (Gilson GX-281; Shimadzu 15 um 250*19 mm; A:10 mMol NH,HCO,;/Water B:
CH3CN; 0-7 min 85-95%, 7-14 min 95%; 214 nm; 30 mL/min) to obtain the title compound
(35.4 mg, 0.095 mmol, 30.1 % yield). LC/MS [M+H]* = 375; TH NMR (400 MHz, CDCl,): &
8.41 (1H, s), 8.27-8.25 (1H, s), 7.29-7.25 (1H, m), 7.17-7.14 (2H, m), 7.10-7.09 (1H, m),
6.81 (1H, s), 6.69-6.67 (1H, d), 4.69-4.65 (2H, d), 3.72-3.63 (2H, m), 2.69-2.63 (2H, m),
2.43 (3H, s), 2.07 (3H, s), 1.27-1.26 (6H, d).

Example 15: cis-2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-5-(3-methyl-4-pyridinyl)-2-
pyrimidinyllmorpholine hydrochloride

HCI

63



ASI NEX ADM 14220368 CNN 7 \- N-/ cH3 H3c\ N ** ASI NEX ACP 14465544 Ove CNN
/" NN Ove ASINEX ATL 14631887
WO 2012/055942 PCT/EP2011/068807

cis-4-[5-Bromo-4-(2-methyl-3-furanyl)-2-pyrimidinyl]-2,6-dimethylmorpholine (100 mg,
0.284 mmol), 3-methyl-4-pyridinyl)boronic acid HCI (54.2 mg, 0.312 mmol), sodium
carbonate (75 mg, 0.710 mmol) and tetrakis(triphenylphosphine)palladium(0) (16.40 mg,
0.014 mmol) were added together in 1,4-dioxane (3 mL) and water (0.500 mL) and the
resulting mixture was heated at 85 °C under argon for 4 hours. A further amount of (3-
methyl-4-pyridinyl)boronic acid HCI (54.2 mg, 0.312 mmol), sodium carbonate (75 mg,
0.710 mmol) and tetrakis (16.40 mg, 0.014 mmol) were added and the resulting mixture
was heated at 85 °C under argon for 18 hours. The reaction mixture was allowed to cool
to room temperature, diluted with water and extracted with ethyl acetate (x 3). The ethyl
acetate layers were combined, dried over magnesium sulfate and evaporated under
reduced pressure. The residue was purified by Biotage SP4 column chromatography
eluting with a gradient of 0-60 % ethyl acetate and iso-hexane. Product containing
fractions were combined and evaporated under reduced pressure. The residue was
dissolved in methanol (1 ml), treated with 1M HCI in ether (0.1 mL, 0.100 mmol) and
evaporated under reduced pressure. The resulting solid was dried under high vacuum at
40 °C for 18 hours to give the title compound (34 mg, 0.085 mmol, 29.9 % yield) as a
white solid. LC/MS [M+H]™* = 365; TH NMR (400 MHz, d,-MeOD): 5 8.68-8.66 (2H, m),
8.33 (1H, s), 7.92-7.90 (1H, d), 7.25-7.24 (1H, d), 5.75-5.74 (1H, d), 4.74-4.70 (2H, m),
3.72-3.64 (2H, m), 2.73-2.67 (2H, m), 2.49 (3H, s), 2.18 (3H, s), 1.25-1.24 (6H, m).

Example 16: cis-2,6-Dimethyl-4-{5-(2-methyl-4-pyridinyl}-4-[2-(trifluoromethyl)-3-
pyridinyl]-2-pyrimidinylimorpholine hydrochloride

HCI

Sodium carbonate (166 mg, 1.568 mmol) in water (2ml), bis(triphenylphosphine)
palladium(ll)chloride (11.01 mg, 0.016 mmol) and [2-(trifluoromethyl)-3-pyridinyl]Jboronic
acid (90 mg, 0.471 mmol) were added to a solution of cis-4-[4-chloro-5-(2-methyl-4-
pyridinyl)-2-pyrimidinyl]-2,6-dimethylmorpholine (100 mg, 0.314 mmol) in 1,2-
dimethoxyethane (DME) (3 ml). The reaction mixture was heated to 80 °C for 1 hour. After
cooling to room temperature the reaction mixture was partitioned between ethyl acetate
(20mls) and water (20mls). The organic layer was passed through a hydrophobic frit to
remove traces of water and then evaporated to dryness to give a yellow gum. The residue
was subject to MDAP purification in 1ml of 50:50 DMSO:MeOH. Clean fractions were
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combined and evaporated to dryness to give a yellow gum. The free base was generated
by partitioning between sodium bicarbonate and dichloromethane. The organic layer was
dried by passing through a hydrophobic frit and then the HCI salt was generated by
addition of 1M HCI in diethylether (97 ul). The solvent was evaporated and the residue
was co-evaporated with ether. The residue was triturated with ether and the resulting solid
was collected and dried at 40 °C under vacuum for 1 hour to give the title compound as a
yellow solid (30 mg, 19.5%). LC/MS [M+H]* = 430. TH NMR (400 MHz, d6-DMSO): 5 8.64
(1H, s), 8.60 (1H, d), 8.53 (1H, d), 8.32 (1H, t), 7.97 (1H, d), 7.67 (1H, m), 7.53-7.44 (1H,
m), 4.70 (2H, d), 3.68-3.55 (2H, m), 2.75-2.65 (2H, m), 2.58 (3H, s), 1.19 (6H, d).

Example 17: cis-4-[4-(6-Fluoro-4-methyl-3-pyridinyl)-5-(2-methyl-4-pyridinyl}-2-

pyrimidinyl]-2,6-dimethylmorpholine hydrochloride

HCI

Sodium carbonate (166 mg, 1.568 mmol) in water (2ml),
bis(triphenylphosphine)palladium(ll)chloride (11.01 mg, 0.016 mmol) and (6-fluoro-4-
methyl-3-pyridinyl)boronic acid (72.9 mg, 0.471 mmol) were added to a solution of cis-4-
[4-chloro-5-(2-methyl-4-pyridinyl)-2-pyrimidinyl]-2,6-dimethylmorpholine (100 mg, 0.314
mmol) in 1,2-dimethoxyethane (DME) (3 ml). The reaction mixture was heated to 80 °C for
1 hour. After cooling to room temperature the reaction mixture was partitioned between
ethyl acetate (20 mL) and water (20 mL). The organic layer was passed through a
hydrophobic frit to remove traces of water and then evaporated to dryness to give a brown
gum. The residue was subject to MDAP purification in 1 mL of 50:50 DMSO:MeOH.
Clean fractions were combined and evaporated to dryness to give a white solid. The free
base was generated by partitioning between sodium bicarbonate and dichloromethane.
The organic layer was dried by passing through a hydrophobic frit and then the HCI salt
was generated by addition of 1M HCI in diethylether (132 ul). The solvent was evaporated
and the residue was co-evaporated with ether. The residue was triturated with ether and
the resulting solid was collected and dried at 40 °C under vacuum for 1 hour to give the
title compound as a cream solid (9 mg, 6%). LC/MS [M+H]* = 394. TH NMR (400 MHz,
d6-DMSO): 6 8.74 (1H, s), 8.49 (1H, d), 7.96 (1H, s), 7.65 (1H, s), 7.20 (1H, d), 7.17 (1H,
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s), 4.67-4.50 (2H, m), 3.70-3.44 (2H, m, hidden under water peak), 2.73-2.63 (2H, m),
2.59 (3H, s), 2.20 (3H, s), 1.17 (6H, d).

Example 18: cis-2-[2-(2.6-Dimethyl-4-morpholinyl)-5-(2-methyl-4-pyridiny)-4-pyrimidinyl]-

4-fluorobenzonitrile hydrochloride

HCI

Sodium carbonate (166 mg, 1.568 mmol) in water (2 mL), bis(triphenylphosphine)
palladium(ll) chloride (11.01 mg, 0.016 mmol) and 2-cyano-5-fluorophenylboronic acid
pinacol ester (155 mg, 0.627 mmol) were added to a solution of cis-4-[4-chloro-5-(2-
methyl-4-pyridinyl)-2-pyrimidinyl]-2,6-dimethylmorpholine (100 mg, 0.314 mmol) in 1,2-
dimethoxyethane (3 mL). The reaction mixture was heated to 100 °C for 2 hour.

The reaction mixture diluted with water (5 mL) and extracted with DCM (5 mL x 2). The
organic extracts were combined, dried (MgSQy,), filtered and the solvent was removed.
The resulting residues were then purified by MDAP and fractions containing desired
product were combined and evaporated to give a solid. The solid was then dissolved in
methanol (2 mL) and 4M HCI in dioxane (1 mL) was added. The solvent was removed to
give the title compound (50 mg). LC/MS [M+H]* = 404. TH NMR (400 MHz, d6-DMSO): 5
8.82 (1H, s), 8.56 (1H, d), 8.10-8.05 (1H, m), 7.77-7.79 (1H, m), 7.56-7.62 (1H, m), 7.45-
7.39 (2H, m), 4.70-4.66 (1H, m), 3.63-3.57 (2H, m), 2.76-2.68 (2H, m), 2.64 (3H, s), 1.18
(6H, d).

Example 19: cis-2-[2-(2,6-dimethyl-4-morpholiny)-5-(2-methyl-4-pyridiny)-4-pyrimidinyl]-

6-(trifluoromethylbenzonitrile hydrochloride

HCI

Sodium carbonate (166 mg, 1.568 mmol) in water (2 mL), bis(triphenylphosphine)
palladium(ll) chloride (11.01 mg, 0.016 mmol) and 2-(5,5-dimethyl-1,3,2-dioxaborinan-2-
yl)-6-(trifluoromethyl)benzonitrile (178 mg, 0.627 mmol) were added to a solution of cis-4-
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[4-chloro-5-(2-methyl-4-pyridinyl)-2-pyrimidinyl]-2,6-dimethylmorpholine (100 mg, 0.314
mmol) in 1,2-dimethoxyethane (3 mL). The reaction mixture was heated to 100 °C for 2
hours. The reaction mixture diluted with water (5 mL) and extracted with DCM (5 mL x 2).
The organic extracts were combined, dried (MgSOy,), filtered and the solvent was
removed. The resulting residues were then purified by MDAP and fractions containing
desired product were combined and evaporated to dryness. The solid was dissolved in
methanol (2 mL) and 4M HCI in dioxane (1 mL) was added. The solvent was removed to
give the title compound (75mg). LC/MS [M+H]* = 454.

Biological Assay

The PAM activity of the compounds of the invention at the a7 nAChR may be determined
using the following cell-based calcium flux assay which uses a Fluorimetric Image Plate
Reader (FLIPR) (see Schroeder et al.; J. Biomolecular Screening, 1(2), p75-80, 1996).

GHA4C1 cell line stably transfected with human o7 nAChR was suspended in a 384 well
plate and incubated at 30 OC for 48 h in a 5% carbon dioxide atmosphere. The growth
media was removed and the cells washed three times with a solution of Hanks’ balanced
salt solution (HBSS), 20 mM HEPES and 2.5 mM probenecid leaving 20 pl washing
solution in each well. A loading solution (20 pl) containing HBSS, probenecid, 1-4 pM
Fluo4 AM (a calcium indicator dye) and pluronic acid was added and the plate incubated
for 45 min at 37 ©C under an atmosphere free from carbon dioxide. The cells were
washed three times leaving 30 pl in each well. The plate containing the cells and calcium
indicator dye were then transferred to the FLIPR. The assay was initiated by collecting
baseline datapoints at 10 second intervals followed by addition of the test compound in
buffer solution (0.33% DMSO) and diluted to a final concentration of 10 uM and serial
dilution of the wells, 1:2 or 1:3, gave a low concentration of <1nM. Following a further 5-
10 mins 10 pl of 50 uM nicotine was added and data collected for 2 to 3 mins. Nicotine
produced a rapid, transient and reproducible calcium flux which could be potentiated with
the positive allosteric modulator test compounds.

The compounds of Examples 1 to 19 described above and/or salts thereof, for example
HCI salts, were screened using the assay described above and gave gave a pECs, of
equal to or greater than 5.0 (ie an ECs, of 10° M or less) with a maximum potentiation of
the response area to approximately 1200% relative to nicotine control as shown in table 1
below:
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In addition, the following compounds commercially availble from Asinex of Moscow,
Russia or Specs of Delft, the Netherlands were screened using the assay described
above and gave a pECsg of equal to or greater than 5.0 with a maximum potentiation of
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the response area to approximately 1200% relative to nicotine control as shown in table 2

below:
Table 2
a7 new
MOLSTRUCTURE sm>PXC50 | SUPPLIER SUPPLIER_ID
MEAN
b ASINEX AOP 14465526
e ASINEX ADM 14220368
* ASINEX AOP 14465544
* ASINEX ATL 14631887
i ASINEX AOP 13274016
* ASINEX ADM 14220366
* ASINEX ATL 14631888
i ASINEX ADM 14220371
- e ASINEX ADM 14465558
Ne]
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A value of * in table 1 or table 2 above indicates pECs, of equal to or greater than 5.0, a

value of ** indicates a pECs, of equal to or greater than 5.5 and a value of *** indicates a
pPECs, of equal to or greater than 6.0 with a maximum potentiation of the response area to
approximately 1200% relative to nicotine control.

The following compounds/salts were screened using the assay described above and gave
a pECs of less than 5.0 with a maximum potentiation of the response area to
approximately 1200% relative to nicotine control:

The following compound was screened using the assay described above and gave a
pPECs, of approximately 5.6 with a maximum potentiation of the response area to
approximately 1200% relative to nicotine control. However, when a further batch of the
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0\ H3 ASINEX ADM 13270126 A value of * in table 1 or table 2 above

I ndi cates pEC50 of equal to or greater than 5.0, a value of ** indicates a
pEC50 of woual2/assv4er greater than 5.5 and a val ue of **PCirmge@atessoa pEC50
of equal to or greater than 6.0 with a maxi num potentiation of the response

conpound  uteL Rl ha 1R B B8 e ebTlaug ARodiPesda At e,
pPEC50 of dgaesgatchapEBsdfesshhan Srwitmenmpxritnent patent@ionbf theeespesponsa tarea to

?P'_O,rOﬁ%bﬁﬁg?@m%aﬁg'_(i%(ﬁ?b?/f%'ia“@e ttogqiégtiﬁ%}gé&?olzcom rol: ( e --.. "N

N\\

H,C )l\/
SY\N N
Y

CH,

0
N//
CH,

In vivo assays with utility for the evaluation of activity of nicotinic a7 receptor positive
modulators include, but are not limited to: cognition assays in both naive and
pharmacologically-impaired animals including delayed matching and non-matching to
position, passive avoidance, novel object recognition, Morris water maze (or variants
thereof), radial arm maze, five choice serial reaction time task, and cued / contextual fear
conditioning; sensory gating assays in both naive and pharmacologically-impaired
animals including pre-pulse inhibition of the startle reflex and auditory gating; and assays
of drug- (e.g. amphetamine, morphine, phencyclidine) induced locomotor activity.
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NN OY] H3C'....... N10 CH3 and CH, The follow ng conpound was screened
using the assay described above and gave a pEC50 of approximately 5.6 with
a maxi murwpabeisseki on of the response area to approxi nRCEEP202068%0T el at i ve
to nicotine control. However, when a further batch of the follow ng
conpoundcﬁgﬁM he HCl salt) was screened using the assay descri bed above and
gave gave—a—pECSO of less than 5.0 with a maxi num potentiation of the
response area to apprOX|nater 1200% rel ative to nicotine control: I n

Vi VO assays Wit it I tivit ic a7
Feceptor Thosi A Gutiabbiol b (543 4ahe b liBH ritdnlt o8l FBIRI ¢ on
assays in both nave and pharnaco gically-inpaired animals including

del ayed mat chi ng and non-nat ch 0 p05|t|on passi ve avoi dance, novel

obj ect recognition, Mrris matkg;v{ or variants thereof), radial arm
maze, five choice serial react askﬂ4and cued / contextual fear
condi tioning; sensory gating assays | both jnaves and

phar macol ogi cal | y-i npaired animals inc udl gYyfe-pul se inhibition of the
startle reflex and auditory gating; and assays of drug- (e.g. anphetani ne,
nmor phi ne, phencyclidine) induced | oconbtor activity. CLAIM

(la)
wherein:

e X, Y and Z are each independently selected from CH and N;

e A'is selected from a isobutyl and a 5 or 6-membered aryl or heteroaryl, wherein
said 5 or 6-membered aryl or heteroaryl is selected from a carbon-linked phenyl,
pyridinyl, pyrimidinyl, furyl, pyrrolyl, thienyl or isoxazolyl, each optionally
substituted with one or two substituents independently selected from halo, cyano,
methyl, trifluoromethyl, methoxy and trifluoromethoxy; and

e one of R® and R* is hydrogen and the other is methyl.
2. A compound according to claim 1 wherein Y is CH.

3. The compound according to claim 1 or claim 2, or a pharmaceutically acceptable
salt thereof, wherein A'is selected from isobutyl, phenyl, carbon-linked pyridinyl or
carbon-linked furyl, said phenyl, pyridinyl or furyl each optionally substituted with one or
two substituents independently selected from halo, cyano, methyl, trifluoromethyl,
methoxy and trifluoromethoxy.

4. The compound according to any one of claims 1 to 3, or a pharmaceutically
acceptable salt thereof, wherein the compound is other than:

Z N
)NI\\ = CH,
H,C. N N
o
CH N
5. A compound of formula (la) which is:

cis-4-[4-(6-Fluoro-4-methyl-3-pyridinyl)-5-(2-methyl-4-pyridinyl)-2-pyrimidinyl]-2,6-
dimethylmorpholine, or a pharmaceutically acceptable salt thereof.
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1. A compound of the fornmula (la), or a pharmaceutically acceptable salt
thereof: wherein: X Y and Z are each independently selected from CH and
N, Al isweebeised2f rom a i sobutyl and a 5 or 6- menber e®Carmpk010/068807

het eroaryl, wherein said 5 or 6-nenbered aryl or heteroaryl is selected
froma carbon-1linked phenyl, pyridinyl, pyrimdinyl, furyl, pyrrolyl,

t hi enyl or isoxazolyl, each optionally substituted with one or two
substituént s iAcpenodnf foymskal (Batr ecafttleredfal o, cyano, net hyl,
trifluoromethyl, nethoxy and trifl uor.omet hoxy; and one of R3 and R4 is
hydrogen and the other is nmethyl. 2} A conpound according to claiml
wherein Y is CH 3. The conpound geccerding to claim1 or claim2, or a
pharmaceutically acceptabl e salt ther f,wherein Al is selected from
ridi

i sobutyl, phenyl, carbon-1linked P n )% carbon-1inked furyl, said
phenyl, pyridinyl or furyl each optional ubstituted with one or two
substituents independently sel ected from hal d' cyano, nethyl,

trifluoronmethyl, methoxy and trifluoronethoxy. 4. The conpound according

to any one of clains 1 to 3, or a phar g&(iguti cally acceptable salt thereof,

wherein the conpound is other than: 5. A compound of fornula (|a)
whi ch i s:for use in treating diseases and conditions mediated by modulation of the a7 nicotinic

cis-4-[ 4‘a€§tgFéH69ﬁ<9f&‘er%ﬁhﬂlyﬁ_lCh’ﬁ)P\Y/ﬁér@inr:‘yl) -5-(2-net hyl - 4-pyridinyl)-2-pyrimd

inyl]-2,6 I met hyl nor phol i ne, or a pharmaceutically acceptable salt

t hereof. 75° X,Y andZ are each independently selected from CH and N;

e A'isisobutyl or a 5 or 6-membered aryl or heteroaryl selected from a carbon-
linked phenyl, pyridinyl, pyrimidinyl, furyl, pyrrolyl, thienyl or isoxazolyl, each
optionally substituted with one or two substituents independently selected from
halo, cyano, methyl, trifluoromethyl, methoxy and trifluoromethoxy, and A®is a 5 or
6-membered heteroaryl selected from a carbon-linked pyridinyl, pyrimidinyl, furyl,
pyrrolyl, thienyl or isoxazolyl, each optionally substituted with one or two
substituents independently selected from halo, cyano, methyl, trifluoromethyl,
methoxy and trifluoromethoxy;

e Qs selected from a bond, -CH,-, -CH,CH,-, -O-, -S- and —-N(R?)-, wherein R?® is

O
O

\ /.

3

e R'and R? are each individually selected from hydrogen and methyl, with the
proviso that when Q is —O-, then R" and R® are both methyl.
or a pharmaceutically acceptable salt thereof.

7. A compound according to claim 6 wherein Y is CH.

8. A compound according to claim 6 or 7 wherein the diseases and conditions
mediated by modulation of the a7 nicotinic acetyl choline receptor (nAChR) are pain, a
psychotic disorder, cognitive impairment or Alzheimer’s disease

9. The compound according to any one of claims 6 to 8, or a pharmaceutically
acceptable salt thereof, wherein A? is pyridinyl optionally substituted with one methyl
group.
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WO 2012/ 055942PCT/ EP2011/ 068807 6. A conmpound of formula (lI) or a salt
thereof: RRh QR N( Y II Z (I') for use in treating di seases and

condi ti onsOormetyss®d by nodul ati on of the a7 nicotini c aeemEP2ehobssne
receptor (nAChR), wherein: X, Y and Z are each independently selected from
CHand N, A is isobutyl or a 5 or 6-nenbered aryl or heteroaryl selected
froma carbon-|inked phenyl, pyridinyl, pyrimdinyl, furyl, pyrrolyl,

t hi enyl do. i sd@hazompbyneacdordipg toomrad drye f elagh s 6w 8gone pHarmaeeudicaltywo

CriT vor aReraione SREMARRY thap Bt Sbne o 8% Bs 200 5 Ater e
het er oar ' afdeF&aredomerr@ & carzbam saikmed tngmll-ﬂamwmetkgyamdmﬂnsnylo,r Gfiaryl ,

pyrrolyl, Y. 2 each optionally substituted with one or
t wo SUbStOI taugﬁ%.sénpﬁ%eéﬁéﬁaeﬁﬁ%tmlseI ected from hal o, cyano, nethyl,

trifluoromethyl, methoxy and trifluoronethoxy; Qis selected froma bond,
-Ch2-, - q'T'.ZOHZF-he cb%‘pbuﬁdsécc%%né M(Mo-n'e MEEEL B B0 & a pharmaceutically

acceptable salt thereof, wherein the compound is other than:
= N
Z N
X \ x \ X
— =
< :N_<\ Van W) :
N N CH,

12. A compound which is:

4-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-
4-(2-Methyl-3-furanyl)
4-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-
4-(2-Methyl-3-furanyl)
cis-2,6-Dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinylJmorpholine;
trans-2,6-Dimethyl-4-[4-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-
pyrimidinylJmorpholine;

5-(4-pyridinyl)pyrimidine ;
-2-(3-methyl-1-piperidinyl)-5-(3-pyridinyl)pyrimidine;

5-(2-methyl-4-pyridinyl)pyrimidine;
-5-(2-methyl-4-pyridinyl)-2-(1-piperidinyl)pyrimidine;

1-[4-(2-Methyl-3-furanyl)-5-(2-pyridinyl)-2-pyrimidinyllhexahydro-1 H-azepine;
4-(2-Methyl-3-furanyl)-2-(3-methyl-1-piperidinyl)-5-(2-pyridinyl)pyrimidine;
cis-2,6-Dimethyl-4-[4-(2-methylpropyl)-5-(2-methyl-4-pyridinyl)-2-pyrimidinyljmorpholine;
cis-2,6-Dimethyl-4-[6-(2-methyl-3-furanyl)-5-(2-methyl-4-pyridinyl)-2-pyrazinyllmorpholine;
6-(cis-2,6-dimethyl-4-morpholinyl)-2'-methyl-4-(2-methyl-3-furanyl)-3,4'-bipyridine;
6-(cis-2,6-dimethyl-4-morpholinyl)-2'-methyl-2-(2-methyl-3-furanyl)-3,4'-bipyridine;
cis-2,6-Dimethyl-4-[3-(2-methyl-3-furanyl)-4-(2-methyl-4-pyridinyl)phenyl]morpholine;
cis-2,6-Dimethyl-4-[4-(2-methylphenyl)-5-(2-methyl-4-pyridinyl)-2-pyrimidinylJmorpholine;
cis-2,6-dimethyl-4-[4-(2-methyl-3-furanyl)-5-(3-methyl-4-pyridinyl)-2-
pyrimidinylJmorpholine;
cis-2,6-Dimethyl-4-{5-(2-methyl-4-pyridinyl)-4-[2-(trifluoromethyl)-3-pyridinyl]-2-
pyrimidinyl}morpholine;
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00, 8. Rl and R2 are each individually selected from hydrogen and
nmethyl, with the proviso that when Qis -0-, then RL and R2 are both
met hyl . owoaopiasaceuti cally acceptable salt thereof. PTI/ER2@a0pss0Nd
according to claim6 wherein Yis CH 8. A conpound according to claim®6

o coti ni Coel VBT REMEREKEAP, R IR A SHER L SRENRILE & corder

cogni t i veimetpgmorg@liner Al zhei ner's di sease 9. The conpound according to

R et T e A

The conpdluosbbaczomitdieng to any one of clains 6 to 9, or a pharmaceutically

acceptabl e salf, t inn&i tbher: Qis.selec from.a bond,

- CH2CH2- Cgsn%?é- gé Qﬁeﬁl‘&&f 'ﬁ%ﬁh%ygﬁi&gﬁétﬂy% b%loﬁn I)-@??ﬁ?'&ﬂxl%s sel ected from
H and net(tijilorametiipBberszortriier Qis - 0- and RL and R2 are both nethyl. 11.
The conmpound I ims 6 to 10 or a pharmaceutically
accept abI&%ﬁ%gééew@gwgcﬁ%@%@@%%%tﬁiergéﬁpound is other than: 12. A
conmpound whi ch is:

4- (2- Met gl - 3o LAl o8 deftn PR oha RE BRI B8 )or 2-dridrR¥ddudedly! ) Py i m dine
4 ( 2- Met lagte@alflesahiheyed?-foBuseedshy medlicpmpet.i di nyl) - 5- ( 3- pyri di nyl ) pyri m di ne

21-(2- Met hyl - 3-furanyl) - 2- (3- net hyl - 1- pi peri di nyl) - 5-(2-met hyl -4-pyridinyl)p
yrim di nd4. A compound as defined in any one of claims 1 to 12 or a pharmaceutically

4- (2- Met - 3= fur - 5-( 2- -4- | di - 2= 1=ni | Ji Yoyrim di ne
- (2 Vet DS A M e e s R R Y
pyri m di mypiimoeniloolAizheimer’s disease.

trans-2, 6-Di net hyl-4-[4-(2-nmethyl-3-furanyl)-5-(2-nethyl-4-pyridinyl)-2-
pyri m di nyl ynor phol i ne;

1-[ 4- ( 2- NBt hy Usg-df arcampbnd ag defnediicd any be 8 ggimisri tdi 12ydr phereahgchuticdlid- azepi n

e; . . _
4~ ( 2- vet RFPEPIERIE P aRIPRYeoh I de Ry Rct e S pdPRD Y Y 2 Mg a! AR MR i mi di ne
: psychotic disorder, cognitive impairment or Alzheimer’s disease.
cis-2,6-Dinmethyl-4-[4-(2-nmethyl propyl)-5-(2-nmethyl-4-pyridinyl)-2-pyrimdin
yl ] mor phol i ne;

ci s- 2, 6- Dbnet Mng-conjpbui@one phgrina8efticaingdoepble2sattahéregbf ascprdingdiortjeim-12- pyr az
i nyl ] nor i ne: . . : . . . .

6. Lol o 2 R ARS8 D g R BRI RIS R BRTT Y S By 1) -3, 4 - b
pyridine; _ _ _
Syg C1 5 2497 01 FRb R hipbuAPPA Bharbtbifoan Bl cEblabfe daf IERBY AccTrdirtd BWah 3 4 - P!
ci s-2, 6- rti'athsplaotlet[dmg(tﬁcm HplwBereiunrtha pain-igné @opathicydaind- pyri di nyl ) phenyl ] m
or phol i ne;

cis-2,6-Di nethyl-4-[4-(2-methyl phenyl)-5-(2-nethyl-4-pyridinyl)-2-pyrimdin
yl ] mor phdBi ne;A method of treating pain, a psychotic disorder, cognitive impairment or |

ol 52, O RARIY diadaleifa MBAK botiphibthg Brhlristernty dFPEfbetivtam¥indr 8y 1) -

pyri m di nyl']|'mof pholi ne;

ci s- 2, 6- Pompotyd eidsldit- { @-alamhe; lor 4prmatientiddlly 4cfepidile sall theremiet hyl ) - 3- pyri d
i nyl]-2- pyrimdinyllnorpholine;

Ci s-4-[4-(6-Fluoro-4-nmethyl-3-pyridinyl)-5-(2-nethyl-4-pyridinyl)-2-pyrimd
i nyl] -2, 689. di fethiplodwof ybatingreshizophrenia in a human comprising administering an

el 72 | 2liBae DR SRR DA ool BELNY brabblitlly ddcepiaBlg ' m o nY
ci s-2-[ 2-saR fi®renfret hy 1- 4- rror phol i nyl)-5-(2-nethyl -4-pyridi nyl)-4-pyrimndiny
11-6- (trifluoronethyl)benzonitrile,

20. A method of treating neuropathic pain in a human comprising administering an
effective amount of a compound of claim 1 or claim 6, or a pharmaceutically acceptable

salt thereof.
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or a pharmaceutically acceptable salt thereof. 13. A conpound as defi ned
in any one of clainms 1 to 5, or a pharmaceutically acceptable salt thereof,
for use asoaordsmanent. 14. A conpound as defined in aoy/FEr@ 1068807 ai ns 1
to 12 or a pharmaceutically acceptable salt thereof, for use in the
treatnment of pain, a psychotic disorder, cognitive inpairnment or

Al zhei nmer's di sease. 15. Use of a conpound as defined in any one of clains
1to 12 @&.a ﬁhﬂﬁmmaeuﬂbaHKMyxBMOepbmbh9n§alt thereof, in the manufacture

o o oS ol b SEATEIS o) RS BB oo

accept ablaecaélile shlethecdot.zmcor ding to claim 14 or the use according to claim
14, wherein t 0 The conpound or a
pharnaceutlcaﬂﬁyﬂgégggi Zﬁﬁ%é%ﬁ%%h@%mgﬁgg%é%néﬁaéﬁ?m”éghﬁrn 14 or the use
according to claim 15, wherein the pain is neuropathic pain. 18. A nethod
of treatijng p der n JoJrent or Al zhei nmer's
di sease |2?1 a ﬁ*h%ﬁ)hgrrﬁ)g%ﬁngél c8m§é§f?c§n tC’Iear"l(T\ﬁgZq %t'héf? nq%)r V& anount of a
conpound of clcaanndidlbmnaitrwrapeﬁmcagera pharmaceutically acceptabl e salt
thereof. 19. A nethod of treating schizophrenia in a human conpri sing

adm ni stering an effective anmount of a conpound of claim1 or claim6, or a
pharmaceutically acceptable salt thereof. 20. A nethod of treating
neuropat hic pain in a human conprising adm nistering an effective anmount of
a conpound of claiml or claim6, or a pharmaceutically acceptable salt

t hereof. WD 2012/ 055942PCT/ EP2011/ 068807 21. A pharnaceuti cal conposition
conpri si ng: a) a conmpound as defined in any one of clains 1 to 5 or
a pharmaceutically acceptable salt thereof; and b) one or nore
pharmaceutical ly acceptable carriers or excipients. 22. The pharmaceuti cal
conposition of claim2l1, further conprising: c) an additional therapeutic
agent .
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