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TANKYRASE | NHI Bl TORS FI ELD OF THE | NVENTI ON The present invention rel ates
to novel wWeopbmaosdirnyl conmpounds, pharnmaceutical 5 conposiiB2omssscont ai ni ng
them and the use of such conpounds as ténkyrase inhibitors and in the
treatment of Wit SigpalindgyARdub kY @%euds aB0rAnskaakiigre At ed

di sorders which include, but are not limted to, cancer. BACKGROUND OF THE
| NVENTI ON 10The evolutionarily conserved canoni cal Wit/ 8-catenin signal
transducti on cascade controls nmany aspects of netazoan devel opnent.

Cont ext - dependent activation of the pathway is involved in enbryonic cell
fate decisions, stemcell regulgig @eop qu@qujgrreost asis (Cevers, H
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GSK3al 8. | AN thebenimentef Wint sigralingpd denkyiasei band ysﬂqy@bmg telege@dtsmeﬁs is

consti tut| \idlidh ,Qaggé)tggwrle%?%ﬁ&ptot grieted for degradation. Upon Wit
stimulation, the 8- catenin destruction conplex disassociates, which |eads
to the accurml ation of nuclear 13- 20catenin and transcription of Wit

pat hway responsive genes. BaACKGROUND O 11 INVENTION | on of the pat hway,
medi ated by over_expression of Wit proteins or nutations affecting
conponédfts of t Héeg-avalubenailydeeonpeyed orarainal e/ ntiBaaienineasiong trgnsduction
stabi || zal i.qgc4 BofiEninfiny NashABRETN ORBRIHAET S& cfBRfHonf AN Aot NehaRioht
truncating nutations of the tunour suppressor APC are the nost loreva ent
genetic 2%ctvatien af thepathwaydsinyeled &1 embivenia sath &t fegsirms, siam eell rgouletioiter
Res 1994 %‘f‘ldtlg‘gﬂe]hc%’eosMsﬁéo(@EversYH el 00!’5‘| 'V%9 net 1992, 1, 229-33; and
Powel | , eta ture 1992, '359, 235- addi tion, Axinl and Axin2
mut at i ons have lﬁ’elé%/ f%ﬁ?qulté%i Wmilﬁp%terémp@thmrayhlsHégae@d@te@mﬁ@iﬁalwamﬂ the

col or eggal [ T u e 0
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Wit - i ndepengentandt@8ksd/gatih QRe Abséhcedselhy pétﬂ@a?%@ﬁ\;dtlBHt b%é‘scﬁﬁetﬂ ¥abhiR"s Of
8-catenin-nediated transcription. Der egu way activity

has al so bééhStItWBiywpél@hquiaWded@fﬁ@iedcf@rnwf%da(“%I Y8 WFP St'@ulaﬁlowhﬁ BGenet
Dev 2007, 1¢qiefir c?b]stru@t% BRI disdds fi'éte@' whH"”ﬂeaB@Yo m'e%c%ﬁl‘éﬁ?!n 3%1%56

997- 1014) |nclud|ng col orecta anoma, breast, liver, lung
35gast PPc ecalepbrand t@ﬂ’i@ﬁ*pt@ﬂ%y\ﬁélpgth&@%%ﬁp@ﬂ@ﬁeGP'ﬂGHS aberrant Wt si gnal i ng

I ncl ude ost eoporQghsiop@sth 8RNI i He %é&at%&%edvé#'éd%?e?s%ronp&' Wapary
fibrosis, diabetes, ?/\O 2013/ 008217P /182 12/ 053613 schi zophreni a,

vascul ar diPsdgias or qautalians affesting 6ompeiendsm ebient-catspip) dGrSéwatuqr\/@orml%atB@%
and neur Od%'(}gb?é 'sié%lll%ﬁcﬁ\a&e% S, a8 \bEBR 1 JRErvEd dh SRRSE cancers. NotEBFy

efficient asse of the | ti-protein I3-catenin destruction conplex is
dependent éwnt:ﬁ@gsmémw%toétﬂ@e terpeurssigForesser ;R @pane Emss tare\aiant Uenalig n

has bees %Itét%ﬂ@ﬁst Wcél@re@%l E&%m%ﬁf&%e(mnfaﬂ Ianal bf“da‘n@@r P@§t1994 ! 514 rﬁﬁﬁ”z@t Ing
the efficiency of 13-cateni n destruction conp (Sali Mol

Cel | 2000, MjyoshpaL ?23/ atven MetGepet 188241, 2251 apg 610"\'2@0% 'V'lef 4%1’@?1‘%@11992

i ncreased expressyOnn abdih, mmnarWMMﬁ]u%é.oﬁ%sw PedttigemfRl '|rpgaﬂe’ﬁtsc\ﬁlltﬂ
| i nes expressing truncated APC (Behrens, J. al . Science
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Curr Biol 1@88 2184863-71; Liu, W. et al. Nat Genet 2000, 26, 146-7; Lammi, L. et al. Am J Hum

30 Genet 2004, 74, 1043-50). These somatic mutations result in Wnt-independent
stabilization of $-catenin and constitutive activation of B-catenin-mediated transcription.

Deregulated Wnt pathway activity has also been implicated in many other

cancers (Polakis, P. Curr Opin Genet Dev 2007,17, 45-51; and Barker, N. et al. Nat Rev

Drug Discov 2006, 5, 997-1014), including colorectal, melanoma, breast, liver, lung and

35 gastric cancers. Other disorders associated with aberrant Wnt signaling include

osteoporosis, osteoarthritis, polycystic kidney disease, pulmonary fibrosis, diabetes,



10573-81). Thus, it is likely that Axin protein levels need to be tightly
regul ated to ensure proper Wit pat hway signaling. It has recently
been foumsiotzhmtoodBA7cat eni n degradati on can be pronoted PPgTABZMLHB61BYy AXi N

t hrough the inhibition of the poly- ADP- r fbose pol ynerase (PARP) enzynes
tankyrase 1 and tankyrase 2, as explained in W 2009/059994 and Huang et

15 al., (Huang, S. M, et aI Nat ure 2009, 461, 614-620). Both tankyrase
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degradati on through the ubiquitin-proteasome pat hway. This previously
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2013/ 008217P 2012/ 053613 3 teI omer ase been attributed to the
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432, 645- 649%d agadhespPipipr Fﬁdmf?d'ﬁ@trﬂ”rR?S’sbr@tr@F‘JUE&h@QSJnI%WmG”Wéé'BTQﬁtSr on at 10
t el omepsgs (DYneN'aneraseetha§| sev%%l%lﬁ&nc%%ter@%rtn&g JrQQ.)drn miHAl td %u@ffe

tankyrase |l eads to cell mtotic arrest or senescence, t hus coul d be
expl oi t ed fSHﬁ”‘ﬂqde@ﬂqm@"Cd'ie@éats%d'f‘ﬂé%mtﬁﬁ‘v(esnéiﬁho?r mél ah&c&qce 18981 38%n!48duch

as cancer. 1ggamI@AA] BA! é%%nﬁ‘éleér%ﬁem |erﬁrtoti‘éV§1r5rh@r8 aés@h‘rb@n’(@anb}”whoﬁaal and
mel anoma. | n addition, tank was i denti as a gene required for

cent r osome 2qiefrer r?8b5’a39rbcﬁ?ﬁrﬂ %‘Hr tIRAP, @an@@gr%'ernre@hrm% p&i%@r'ﬁvmﬁdar’y 15
centr 050”“«‘@&6@& Qizft%ké% ﬁéélé@rﬁﬁst% rFﬂsUI'h' @0l N.WT 051 3 BN CIRARROGD, bi7E 0b&37-
mtosis_ (Kw . Genes Dev 2008, 22, 2189-2203 Thus i nhi brtron
of tanR§r a@é“ﬂ:‘ﬁuﬁ'ﬂp M§| é’xi‘)PEﬂ %@%ﬂ’tthrpr?tPE‘a(tBiaﬁgJ c 8heley SiliGhe 43 848kl 95
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i nhi biting tankyrase can be exploited for treating netabolic di seases, such
as obesity. Tankyrase has been repoted to be a host protein targeted
by Herpes Sinplex Virus (HSV), nodul ated by HSV t hrough

hyper phosphoryl atr on, nucl ear transport and prot easomal degradatr on (L| Z.,
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may be useful for treatnent of diseases nediated by such inhibitions. WO
2013/ 008217PCT/ 1B2012/ 053613 4 SUMVARY OF THE | NVENTI ON The present

i nvent i orwpnrows/@er7f or conpounds of formula (1): R4 (1) PE®hBOa2/ms3Rl> R4 and
n are defined herein. The present i nvent Pon al so provides for
pharmaceutical conpositions and conbi nati ons conprising a conpound of
formula (1) as well as for the use of such conpounds as tankyrase

i nhi bi tors i@gdetReliR Bée‘ﬁaét%(]fed% tH\QtunébrﬂFb?Hbdi ’b@olﬁé}gtlér%\ké‘ér%‘é? celisMhnd,

signaling related disorders which include, but 'are not limted to, cancer.
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phenyl optlonally substituted one or two su stltuents each
[ ndependentheyJS%Iaé@f‘&ﬁePﬁ*VGrﬁat”ﬁ%r tb?r@Qb tebeafiratiemy wih a wWide spediym eiganker; o

6 al kyk, chuo%galle\b@%a Iﬁngh@mgomﬁ‘lﬁﬂ)le%)}@/dma q&r@ BAd bfeashaanciRaRb, NHC(0) Ra,

and C(0) NRaRb: or mber ed heteroaryl” having one to four
het er oat ons sel J@ﬂ@d3$€? 8lsPtiRysgR 6eIp it 6aE iIMtosisgPYo!) MOIVOADRriosyl)agpg RuMA a 6

member ed h%hﬁﬁg?ﬁﬁ%!sls RAMIrB5LIANG |%rfuﬁ<‘,’i’f?>n§|1at spindle poles Chﬁﬁg% dyd é?l@ﬂd Bodempgr ed
het eroaryl rings 1ﬁgg§é lonal l'y substituted with one hr ee
|

subst i t uent2802a¥H h@émrwtﬂ@tlr@&p@wq ASTAMHE agg éhbctk%r@r@hﬁ‘g g 6f al-
hal o, oxo, I\gﬂJrﬁﬁ%MN%z (@45664@6@&'1@1 Hlof Mhik@xing @kt BRbRALIK Wesolblidh B8

COORa, NRaRb

10 telomeres (Dynek J., etal Sc:ence 20()4 304, 97-100). Inhibition of tankyrase leads to
cell mitotic arrest or senescence, and thus could be exploited for treating diseases that
have abnormal mitotic division, such as cancer. Examples include breast, lung, ovarian,
leukemia, lymphoma, and melanoma. In addition, tankyrase 1 was identified as a gene
required for centrosome clustering, a mechanism that cancer cells with supernumerary

15  centrosomes employs to suppress multipolar mitosis and enable bipolar mitosis (Kwon,
M., et al. Genes Dev 2008, 22, 2189-2203). Thus inhibition of tankyrase could be
exploited for treating cancers with centrosome amplification, including both solid and
haematological cancers, examples include breast, bladder, lung, colon, and leukemia.

Moreover, One of the cellular localizations of tankyrase is at the Golgi apparatus

20  co-localizing with the glucose transporter GLUT4 vesicles where tankyrase is associated
with IRAP, and tankyrase is implicated in the regulation of GLUT4 trafficking in
adipocytes (Chi, N.W., et al. J Biol Chem 2000, 275, 38437-38444). Tankyrase-deficient
mice exhibit reduced adiposity and increased energy expenditure by increases in both
fatty acid oxidation and insulin-stimulated glucose utilization (Yeh, T., et al. Diabetes

25 2009). This supports tankyrase involvement in energy homeostasis in mammals and
inhibiting tankyrase can be exploited for treating metabolic diseases, such as obesity.

Tankyrase has been repoted to be a host protein targeted by Herpes Simplex

Virus (HSV), modulated by HSV through hyperphosphorylation, nuclear transport and
proteasomal degradation (Li Z., et al. J of Virol 2012, 86, 492-503). More importantly,

30 efficient HSV viral replication requires the enzymatic activity of tankyrase proteins.
Inhibition of tankyrase activity by inhibitor XAV939 (WO 2009/059994, Huang, S. M., et
al. Nature 2009, 461, 614-620) suppressed HSV viral protein expression and decreased
viral growth. Thus, inhibition of tankyrase can be exploited as anti-viral therapeutics,
including but not limited to treatment of HSV infection.

35 Consequently, compounds that inhibit tankyrase (TNKS) and/or Wnt Signaling
may be useful for treatment of diseases mediated by such inhibitions.



WO 2013/ 008217PCT/ 1B2012/ 053613 5 or R2 is an 8-10 nenbered bicyclic
heteroaryl having 1 to 4 heteroatons selected fromthe group consisting of
N, 0, andw6,2083i08218- 10 nenber ed heteroaryl being opti onacirgBzakysisktiut ed
with one to three 5substituents each indépendently sel ected fromthe group
consisting of: (a) halo, (b) oxo, (c) OH (d) ON, 10(e) NO2, (f) 01_6 al kyl
optionally substituted with one hydroxy or one 01 _6 al koxy, (g) 01 6

al koxy, (h) 01_6 hal oal kyl, (SUMMARROF THE IVENFRIRR, (k) NRaRb, (1)

NHC( 0) Ra, and ({? C(O)NRaRb; 20R3 is Hand R4 is Phenyl optionally
substituted witHhemeesedt nkerdionfipddast faeermpanes of ivgepandent | y sel ected from
the group consisting of: halo, OH QON, NO2, C 6alkyl, Cl-6 al koxy, 01 _6
hal oal kyl , C(0)Ra, COORa, NRaRb, NHC(0) Ra, and C(0)NRaRb; or R3 and R4
together with the atons to which they e attached formoptionally
substituted 25i ndan-1-one, s&iNd i -ong’ T8, atgached to the piperidine
ring of fornmula (1) through spiro c anq" optionally substituted
with one to three substituents each |Indepeadept\y sel ected fromthe group

° 0)

5 wherein R1- R4 and n are defined herein. The present invention also provides for
pharmaceutical compositions and combinations comprising a compound of formula (I) as
well as for the use of such compounds as tankyrase inhibitors and in the treatment of
Whnt signaling and tankyrase 1 and 2 signaling related disorders which include, but are
not limited to, cancer.

10
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides for compounds of formula (1)

In

15  wherein:

R1 is R2 or R2-NHC(O)-;

R2 is phenyl optionally substituted with one or two substituents each independently

selected from the group consisting of: halo, OH, CN, NOo, C1_g alkyl, C1.g alkoxy, C1.g
20  haloalkyl, C(O)R@, COOR2, NRaRb, NHC(O)R3, and C(O)NRaRP;

or

R2 is a 5 membered heteroaryl having one to four heteroatoms selected from the group

consisting of N, O, and S, or R2 is a 6 membered heteroaryl having one or two N,
said 5 and 6 membered heteroaryl rings being optionally substituted with one to
25 three substituents each independently selected from the group consisting of: halo, oxo,

OH, CN, NOo, C1.g alkyl, C1.g alkoxy, C1.g haloalkyl, C(O)R&, COORa, NRaRP,
NHC(O)R&, and C(O)NRaRb;



Ra is Hor Cl-6 alkyl; 30Rb is Hor Cl-6 alkyl; and nis 1 or 2. WO

2013/ 008217PCT/ 1B2012/ 053613 6 provided, alkyl refers to hydrocarbon

noi et i es Wawnrsypod2iro 6 carbon atons. Al kél groups nmay becoaBaeidbls
substituted with one or nore substituents as defined. Representative

exanpl es of al kyl include, but are not limted to, nethyl, ethyl, n-propyl,
i so-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl,
neopentyl, ,and n-hexyl. 5 As used herein, the term"al koxy" refers to an
al kyl nmoi ety attached through a oxygen brrdge (i.e. a-0-G _6 alkyl
wherein al kg2 |s&n &et)lmrmmbdrred picydlic héapoargl Hayingall toayetgroatops detectedlirdr the
carbon atons. entlﬂ% ex%rrpl es of al koxy include, but are not
limted togr%@t 8)%? NP XC; “8 poxy, 2-propoxy, butoxy, tert-butoxy,
pentyl oxy, hexylm(cys 100vemibered hlatercm'ryl betrige)utreman’ly"substltmatiMyth'bneecﬁ treeto a 4

to 7 ne clrc sat h ocarbon ring system Cycl oal kyl
r oups. oy OB JoSbee R R T IRoiae RBBaBl | ento as
defi ned hereln éMnﬂ@alkyl i ncl udes cycl obutyl, cycl opentyl, cycl ohexyl,
and cycl oheptyl used herein, the ternr"cycloalkenyl" refers toabto7
menber ed nnnocyé? 3 15 unsaturated but not aromatic, hydrocarbon ring
system Cycl oal ker9H, gr oups nay be optlonally substltuted with one or nore
substituents as %ﬁ% ned here. Cycl oal kenyl includes cycl opentenyl,
cycl ohexenyl , ﬁ @cloheptenyl. As used herein, the term "hal o"
refersido fl uori@eNOprom ne, chlorine or iodine, in particular fluorine or
chl ori ne. Fblogen substituted groups and noieties, such as al kyl
20substituted by Raregiky opHenaxskstiuted withenasmeroxy piopre C o alkoxy,
per - hal ogenat ed aIkAszused herein, the term "hal oalkyl"” refers to an
al kyl as defrneégﬁerér Yihi ch is substituted by one or nore hal o groups as
defined herein g@&%ﬂl can be nonohal oal kyl, di hal oal kyl or
pol yhal oal kyl |ncIu&|ng perhal oal kyl . A nonohaloalkyl can have one i odo,
bromo, chloro or)tCioma w thin the alkyl group. Dihaloalkyl and 25
pol yhal oal kyl groups can have two or nore of the sane halo atons or a
conmbi nabi on of di) CAPRHt hal o groups within the alkyl. Typically the
pol yhal oal kyl ?Wt £§PUp to 12, or 10, or 8, or 6, or 4, or 3, or 2 halo
groups. Non-1i '%'@B xanpl es of hal oal kyl i nclude fl uoronethyl,
di f | uor onet hyl , ngyhyl, chloromethyl, dichloromethyl,
trichloronethyl zenté?ﬂ%droethyl,heptafluoropropyl,difluorochloronethyl,
30dich|orof|uor@mechyﬂuRahHJ uor oet hyl , difluoropropyl, dichloroethyl and
di chl oropropyl. A perhal o-al kyl refers to an al kyl having all hydrogen
atons replaced with hal o atons. As used herein, the term

het er ggt o f 4 r A nms, in
partlcg armﬁp?ﬁﬁégﬁﬁo%ﬂgﬁb gﬁﬁ@ﬁg&usegﬁﬁéggpﬁQﬂbt&ﬂwgggﬁﬂﬂ%k§§5%%§| refers
to a5 or &dep ol salepiedyiom he %@mﬁetmg&ofr harlg Ofls CRINOiza it rpglkyl, Ca -gt

het er oat ons unl ess specified ot herw se. i cal or 6 nmenbered heteroaryl
groups i nclalk@ay.2C1.arhagealiml. &) RaZCO@RaBN‘ , NHE( O&)Rasamfi/@r@l\ﬁﬁasz- 4-, or
5-im dazolyl, 3-, 4-, or 5- pyrazolyl, 2-, 4-, or 5-thiazolyl, 3-, 4-, or
5-isothiazdfyl, 2-, WD 2013/ 008217PCT/ 1B2012/ 053613 7

R3 and R4 together with the atoms to which they are attached form optionally substituted
25 indan-1-one, said indan-1-one is attached to the piperidine ring of formula (l) through

spiro carbon 4 and is optionally substituted with one to three substituents each

independently selected from the group consisting of: halo and C1.g alkoxy;

Rais H or Cy_g alkyl;
30 RbisH orCq.galkyl; and

nis1or?2.

As used herein, the term “alkyl” refers to a fully saturated branched or

unbranched hydrocarbon moiety having up to 6 carbon atoms. Unless otherwise



4-, or 5-oxazolyl, 3-, 4-, or 5-isoxazolyl, 3- or 5-1,2,4-triazolyl, 4- or
5-1,2, 3-triazolyl, furazanyl, thiadiazolyl, tetrazolyl, 2-, 3-, or

4- pyri dylwo2e13msA7pyri dazi nyl, 3-, 4-, or 5- pyrazi nyl PCTprgma/zsm;d and
2-, 4-, or 5-pyrimdinyl. Heteroaryl al sB refers to an 8 to 10 rrerrbered
bicyclic aromatic ring system 5 having 1 to 4 heteroarons unl ess otherw se
specificed. Heteroaryl also refers to an 8 to 10 nenbered ring systemin

whi ch a he %\iPcPerdOEFR i fererd Rﬂh;}o‘?ocfaﬁ*&&ﬁm%@tu@é‘ﬁaxﬁ’rﬂfﬁ% 6 c%anana%rlﬁé” zAkayI groups
cycl oal kenyl or erocycl éﬁ ring, where radi cal or point

at t achment May Qﬁmomtwgaﬁewsa Qshwth eng ph@ormmstlmeNSraj @f}f@ﬁﬁl &Eepreseniaiee 1-
2-, 3-, 5- exgmplez “of dMyl ﬁTcIdd@det' ér'enﬁ/dt Imﬁt‘ed t§ meﬂTyI éhyl R: 8rod9/f ido- br%gwn%ol yI
2-, 3-, 4-, -1 n 7-1ndazol y

2-, 4-, 5- butzyl set;butybr/scgbutyju;qrgmtyl qpentgl |sogentyl4neop@ntyl 7and /3hexy(l)r

9- qui noki zi nyl , A use% heréin; the" tern@ ‘alkbxy’ I%'Ferg't&‘éhré?lwl YAOlet} attaéhed t‘ﬂﬂ'ougﬁ

7-, or 8- |squ|noI 1- 6-," 7-, hal a2|n¥

5-, or 6- nézgsmqwbrldﬂenérp a2=0- Ca 6 a'kst wherem alkyl 'érde@n@féuhﬁ%?zfﬁl i Wpallysalkozw

o>, 6-, r sgwa ﬁn ¢ % tom Re rese Qative, Qﬁaer &4 B hiod ingif de, St ard”
5-, 6-, 7-,g°ourp T té’aB?BPﬁ i presesal raples gf alkgdy inglp

8-car bzaol yibt lifnited 3o, rdethoxy; eti&xy, bropoay, Zmro@xgzalbbtaixy nyért butdxy, Eentyleky, 6-,
7-, 8-, or h9 ﬁhenam nyl, 1-, 2-, 3-, 4-, 6-, 7-, 8-, 9-, or

10- phenot hi EvalY 1-, 2- 3-, 4-, 6-, 7-, 8-, 9-, or 10-phenoxazinyl, 2-,
3-, 4-105-, 6- A(srusled he$e|n, the teﬁn “cﬁ:loalRyI” rsie,rs & a 4oto 71 reniboenad smqocrwlm nyI
2-, 3-, 4-, hen023bfur

2 %0 SreallabRhERaLEoR; b HOH, odsansd oo mve fotosd e i ©

fur o[ 3, 2- b]onpyxrmryé SuBstituedus asideflrﬁed,heTein. @ycBaliit ipylodeogye)odutl],-ayelopanyiny |
1-, 3-, H | 9[,4, 3-d] -oxazolyl, 2-, 4-, or 54H m dazol 4, 5-d]

th| azol yI C§C|%h%&y égéccf%ﬁpiyél no[ 2, 3-d] pyri dazinyl, 2-, 3-, 5-, or 6-

i mdazo[ 2 1-b] tAsi Lfszedlhyerein ]Ihe te3m, “c@eloalkenyBrefesrio® 5 tor 0 hmbearéd monodyictiy | |
1-, 2- 1-.4H- rid023c rbazol vyl ,, 2-,
3! 6 150r vaSathyalesl o nol e, ftyoiofhid TS oo R baRE ey of
5- 6- ompﬁeMnM&ﬁoieyil witl2 -oneder, more sﬁbstltmntg-dsedm‘meddwe.l yCycl@alkerdt |

4- b 0 . 7-, 8-, or 9-
benzoxapl n rfC(PUde cycﬁ% Qr{y"f‘éy&x%exe%gl éd B’é(:frozh&?genylh l, 1-, 2-, 3-, 5-, 6-,
7-, 8-, 9-, 10- Asarset hetdih pthe terofhal&@- de}e{rQ}d)ﬁmmzapnonyme cﬁiqmneair iddirgse ¢h

gft gf nglné)% ] uﬁ%? fIEQr?AeBgFCQQM%%ﬁ%&OtS}Jbs{ngﬁe%iggrgg s(zq&p Or'?? %g,qs: SE(_:I‘! ag_aylkyz_ ,
5-, 6-20 or swbstmuiedj py ha@gen B}a,loaik-y]) can be3ﬁbno aequ @lr pér Itn@og&r[aha]ct hi enyl , 2- ,

T O AN bbbl ot S Bl e SRS &

7, 8-di hydr(sEb*atm;teamy[ 4n8-al] pyrei haldi grxbmpsuaspderfmzdl h}{rem4 dheyaleslidi rph, be
gh%egfhidggg(%rﬁ%glog?kdl' a%grog?yl oré)%hyﬁég lﬁ?@&ﬁb?}%ﬁ?&l@ﬁk’yﬁ' n rlnghcg%lldalkyl can
[1,2,4]tri &ave ojre, Boda] pyromd) reploro 7qr8£llabrbywm&jn StHe pglkgngfodip4- d}lpgdoalklﬂziamdll
w09, 28 0L o B M o RGOS ET BRI,
het er oat onslifienére $ialosgrensf wittn ttehadhyM Sypicati ter ptzivf}dloajﬁmbuqnﬁalnayphxe1ap1r|1@nal |y
the term » Roter o o B 2 18 SHofRe, OB o SRR b e e B o e
or unsat ur duednreting codiflaonomethyl,r ontrilubmktingt er olaibmmmthyHet ed@bmmethylg ngs
cont ai n_ai fraresirelh er oatiuof @M ocy cloreifostpPray A SHeB g
subst i 80t e«ﬂlohidrd)fllmrmneihylnmirfhuomeﬂmﬂi diﬂecm‘oaroagl didhlgreethile red rdlcrﬂixampbels Aof

Prgi SLSFY?‘L iHaE})C%IHﬂ?efte?sttBaarﬁyaql{él%w rﬁal ﬁ'f%gen OAtQ%g % %Je%%thlhalo aglm xane,

10di oxol ane,im d’azmﬂeddmerelm llhedmzml ihntgrpghoms ineterpyo ndtogdn ).t @ypahydj opyr an
o o AR LA LRl iRl oxanc. 1. 2 ) (1 ane. oxat i ane

al kyl, het er oar Ws,used heheinylhe tesn deétermaaylh eefersntoas Shari 6 gnetrdgerécbmahbgyclic

b
naepertentrdhalt AR sSSPy, SheRRBudRe IS spatiied e PRkl ' o
the group or 6rrmrebgredQet@m}ds}roﬂmﬂ&dudﬂ%@rbﬁhwt e omB-furyloBeor dpgrayl, 2-nwo,
or one to Lirge. sbsblf uent so. MhiGrgl oach SUBSHEIMRN. 4 of BIGRARSSN! LY

sel ected fro’mt e recrved group



The skilled artisan will appreciate that salts, including pharmaceutically
20 acceptable salts, of the conpounds according to formula (1) may be

pr epar ed. wohesaosalt s may be prepared in_situ during thecfrimpaii2nseizati on
and purification of the conpound, or by Zepar ately reacting the purified
conpound in its free acid or free base formw th a suitable base or acid,
respectively. Pharmaceutically acceptable acid addition salts can be for rred
Wi th inorgani & 52R.A 8- andorosw&aﬁcsd%r 56t 8 4.tridfoRf) 2-Cor §IPATS-RhSoly,
benzoate, besyl ate, broni de/hydrobrom de, bicarbonate/’carbonate

bi sul f at e/ uRFalyb, thigdiegeigk delTazehht %, SchPlofituEdhy 3r 8€ HrryFidernyl, 3 4-, or 5>

chl or t heophyld pRabe,y r&é,r{yq aatng 2-8f-hgglhpithibppat e, fumarate, glucept at e,

gl uconat e, gl ucuronat e, "hi ppurate, hydrolodi de/iodide, isethionate,
lactate, |actobiHsieroaryl|aise jafers| tpa%ré8 ten] Qumembaied RickClicraPBIRie dinonwysies) at e,
mesyl at g, h%onaatttml b BB urﬂé’é%mtﬂé’rﬁﬁs‘% spaeiiedd. aliBterddrfl AdoNBlcRs 1o 534 €.
oct adecanoat e, "ol eate, oxalate, palmitate, panopate, phosphate/hydrogen
phosphat e/ dph%ﬁ‘@ﬁé‘?ﬁi ﬁm)ssdﬁ@ﬂ‘e in r‘}th%él %&t@mammt@ riRg dpifierest 19, 08¢ dXeayle,
succi nate, cSHbiiRg a&ycraéhk%hg of AEibfcR} By rtr@swhaﬁeeth@r}qd.bau 4 dﬂﬂ’ft%%ﬁhéﬂrﬁerﬁ% ts.

| norgani ¢ aci ds from wh salts can derived include, for_exanple,
35hydr ochl &pi e dtateroanenatie iingni E‘O%ﬂtﬂ"ﬁng suamples dndleded - -t Bi, B-abi - or 8-
bhosphor i ¢ i@@iiginyad a1, 0. & 52 or QAR A082UIRCTLB2O1RMRIALS. 9. 5.
Organic_aci ds rom h salts can derived includ e for ‘exanpl e, acetlc

aci d, pPopiobririedazelvh, 2. g4 y€ol6r.c/-ael &, pttﬁ'k‘&'b 15 2act-d4~ Fal &i & 869&“'&?&4'@61 &

acid, SUCC'B“'& §-C'8d7 fd#@cﬁdlﬁolﬁpﬂd 13- t@rgagl G- 3&'8d|sod|1!|rﬁdl|yp1a(‘4' ds @9'72%%
acid, mandel’i ¢’ aci d, 'net hanesul foni'c acid, ethanesulfonic acid

t o uenesul PHHARZEY], &> SufHt SsaariCcyanhthyaEing, 2ar - Eheb-l Tk & Ssmingealyb (i 4al | y

acceptabl e 5ba@e 7adgh élcﬁh'ﬂoﬁr?yll ts Qans.begr ﬁ%t@ﬁ%ﬁhw {.holngr gans.c gangl QF Gase
bases. norganl c bases from whi salt's can be derived include, for

exanpl e, afRHIEoMh dalr.s3-atrd Smbt.af-s0F ¢ Wpé%ﬂlﬂnhs31 to 54 6 6% 8.1 Srarpdiayle

table. 1kn gerdas. n4E@qu'grE§Lt 8¢ 16-PRermtrrRingl, 8- d&J, Byafd 5- r@WVSleoH@lacndmyl
pot assi um ammnl um_cal cium nagnesium_iron, $ilver, 10zind, and copper;

particul ar Iy Zutt abPe 7odtt ial%']'"[]I'Gt’é‘ylaﬁTn.")"mAun§> ﬁmsa@slcﬁrﬁo %ﬂﬁmfﬁ“”&'al Eizum

and magnesi gm@aét$- 8-, or 9-pheRagiAfi ¢ basess fs.0m whighoSA)-piferofiaiify der 2-ved
i ncl ude, for examr% rimary, secondary, and terti aré am nes, substituted
3,

anmi nes i nclRBudtn@r ateurgla PS/WT@EWQX?F\'QWs@b@U‘{ ube§- Hilmes 4 c@rcfﬁ d-a fedr

basi c ion QéCB@rﬂﬁls%ql’r%ﬁhﬁsz g,nq tdnénibndfe - b%‘Fén?! B Bp05.08Ni7C @ng.ne§ .- igaghude
i sopro%l am ne, benzat hi ne, ol i nate, diethanol am he, diethyl am ne,

| ysi ne: rredl"'lﬁbir%m[%ﬁp&‘i%ﬁazﬂéﬂ 8nc’|3 t PoRetdianeefurol3,2-bf pr?é‘Ybr?ar?naée&l €ally

accept abl eo$@'—5l—$—p9rido‘[é"§ dRb&x&HRyIl 'T‘V%mér@HQ%re{%%Io'{W@IdHlS%z%ﬁﬂj 4. r@moa s@Asi ¢
or acidic nojety ci/ conventional c¢chem cal methods. General’l'y, such salts
e

can be prerﬂ'ﬁkdééo[ﬁ@ H2300 Bred-adr d8RyFaRENOM, 31dﬂi%)’§'€a%!@)\ﬁpc?und3s 20 & fh a

st oi chi Oﬁeﬁrhidﬁz@[m%']tthugiol;ﬂhﬁ 8pIBLONr & abﬁgJﬂﬁ@B 4al=,lmho|ﬁ1§| Na,o-Ca, 4 Mg, @rg-K
hydr oxi de, carbonate, bicarbonate or fhe ik reacting free base

forms of tRestdbrigotitraxridel2.B-cicaseazplyhiZondt IGI' COFaYTﬂWﬁ@Z%T 2tlld . Zipiegipyh 4t e

acid. ggch breﬁa%]ltmaﬁnarmtyplaaérl#ba%&aﬁfi&l out 41 B. \eatcﬁw wnzlnma%mrgam c
solvent, or in a mxture of t wo. Generall ., "use of non- aqueous nedi a

li ke et her 4erh§ O%Qﬁa%%h'a@'lﬂaho? 4t ok oﬁaﬁolor 90Pe”22’53@63€t%m41 018 s

desirabl e, ow/efﬁeﬂz&(a%w gabl.e3- &l 8t 5. qf. @-dﬁ?'OtbPﬂﬁHH%}%rb@gi ?—bﬂ@]bbﬁzé‘zﬁﬁm?le
found, e.g., in "Rem ng ton'’s Pharmaceuti cal 'Sci ences Ot h

Publ i shi ng T@@Iﬁﬁlafﬁfy‘ed bRSEagHY! OpPs ipaledes put arengtdimited deiBock 6f 5ph%r 7ra<9é§tu cal
Sal ts: Prop@bli®s, 1- S@' @ctst @0, 7-a6yCk- léasum&myﬁtzafgt Angl ¥epratifyoiVd-ey.; ¥Ci,

Wei nhei.m rnany 'Sol vat es, i ncludi n% phar rraceutl cal Iy accept abI e

sol vat 84, ofbt e Z@ﬁﬁ%ﬂlﬁiﬁ'@eﬂy 230Ff &rmuba o1l Y-ReRgomRzel! bes edar &d. OF

" Sol vat e" 'b@fwﬂfn%atzglyﬁ ZCOHTD|59XGDforWatBérﬁB{h@az%FyP'@Bbﬁ@&h{d}'mﬁd&&&@ﬂ 7*38’dﬁy§r%L ute
and sol vent. Such sodlvents fo 8ose e invention may

interfere wHcRyranRi4 Qrcﬂwsﬁ@w@ayl 15&”@?‘%‘9{ dfd]PYfé“'Q@b/'utt@'e”E[v?’aﬁ‘rﬁlPé%m@F‘ybu§t7 abl e
sol vents i pRgHyREsHR |o@e,rrffa;5whud.wnted to, \A@tsedmydv&%zolfé[@@c][a@m]ﬁa%ﬂy

Sol vat es wherelnvvae i's the sol vent rmlecu’le are typical ferred to as
hydr at es. Hﬁaﬁgf@@lq[ﬁ@rq]@gldwhﬂﬁfs—glpygﬁsﬁH pyrano[3,4- d]pyr| azinyl, and |soxazolo[5 4-

35  b]pyridinyl.



35cont ai ning stoichionmetric anmbunts of water, as well as conpositions
containing vari able anounts of water. WO 2013/008217PCT/ 1B2012/053613 10
As used hwoents/oostig term "pharnaceutically acceptabl e" meanB2a2/es36aBound
which is suitable for pharnaceuti cal used Salts and sol vat es (e.g. hydrates
and hydrates of salts) of conpounds of the invention which are suitable for
use in nedicine are those where in the counterion or associated solvent is
phar maceut i cal | i3&6aRHaRbsos &&w@mﬁ@ more tAah lRe HatbrsRbMAHES cBﬁt\éwe.fferem

non- pharmaceutically acce tabl e counterions or associ ated solvents are
wi t hi n t he hetasprions PH'éS?erﬁ*Pdl athenvisdn, HelproaAngrosps f gyayube ggtionally

| nt er medi atsgBsihiiel WAnRhERRRI éhrbsﬂfueﬁfsha%rdefﬁﬁéﬁ’ﬁé%@ﬁms of the invention and

t heir pharmaceutically acceptable salts and sol vates. The conpounds of
formula (1), indsuseadesin the tgrg “betems@évl Kefpsdp a #igy 7 @aniereghmonocyclic
crystal ki NQafupkiBd or DRSIGENE ! doReuidiRy FBm 10t ﬂé&&r‘é&&ﬁné h@é@mcycq Nfgs @rpound
or salt or solvate thereof may al so exhibit pol ynorphism 1i.e he "capacity
of occurri Rgt AFPMALES é‘l‘eé?ﬂOCYFMé?Pa'laM'%mPEﬁ Han’ ongehaiergpiont May icostays differankhe
forms are hypirGabMY. kH@l@Poc%l I B%%@Dﬁﬁg%e obRnAPrSRBstitfRY Bwit @ n& a8 more
chem cal osition but differ in geonetrical arrangenent, and

ot her descﬁz&tlt%‘t%ﬁ%ﬁéfqué?r@ﬂ (’,Erxﬁgﬁpéﬂsqu gteseaychyl @9'&ﬂ%tetp@V9rﬁBH%éTHF 15

therefore, d@mrdm\éﬁ df fﬁedlmherhﬁéﬂpﬁalﬁnepr‘P,Qedlt’hla‘ﬁ\% Spiséradfie S ARSidifdENSBL Y,
har dness, di ssol ution properties. Polynorphs

or mabi st abi
typi callPy &impigne. dl“F‘TCéF@'fW”erml tm'ﬂ"gzo;ﬂﬁ‘? nt §YTeIRes peRdfictidingnd PPy Rer
di ffracti ormadpGFans: éie{thlelfané"h' CdthiBhebe YSefoapE, | dEBldithiaR&l | Qatrfam@, of
ordinary skill in the art appreciate that different pol ynorphs may be
pr oduced, ﬁ'ﬁ?m@%ﬁm%a%%%%&ngl ng or adjusting the conditions used 20in

crystal i zi ng/ r egRetsad) drbgh BE mdickP EBen ag a@&l fn@fe%ﬁrﬁ & ﬁhenyl |s deffﬁ@@ herein
|nvent|on al so includes various isomers of the compounds of formula (1)

"| soner" r épdieing OrtYialy sHegltYtRA WIthAne. PR 05%% ¥ ARpJeithresrsubplHUSRSS ael ar

wei ght 1But jgliebERderitl) RRV:EIICHRIm anslg Rfup%gisﬁ@d oP ORIk R%ood RS ﬁbr%GQMBﬁl
difference may be in constitution georretrl c isoners) or in the ility to

rotate the MRighds 6'?3%96!"[&@2(5&“@’[{5%? wih qnet R s WemSF 8ye tahree szawents@

st er eoi SONBRreih hBadPMRBLMESNtOks fiRddPEnehtly) sBRYiIRVRNPNBe OFedBH EgRBEMEEL i C
carbon atom and nmay occur as racemates, racem c mxtures and as | ndi vi dual
enant i omer $UBHitéENdSt er eomers. All such isomeric forms are included within

the present inveRki QRiled NGhivsH n@lllmaéb#&:%%e tmﬁf e§HIts 'lﬁclﬁaﬁgcﬁﬁﬂﬁ%@gutﬁ‘éw ai ns
a doubl e bond, the substituent may be in Z configuration. |f the

conpouRf 3@EeRRiANIASakS, i 40 SompRMNds wewdm t@ﬂormwlﬁél dy@y BalrksraredibJhestient

may have asgji$mal rbetﬂréﬁ'eﬁed GP8 &Hrn@tth@ 'ﬂnal"?édIattoﬂtﬁr@"ﬁ‘drﬁuéatfoﬂrmh@é&nﬁélﬁﬂ
i ntended to be includ i/as ymetric atom (e carbon or the

like) of a °é@Mﬁ69WétedM relasvmha Ruriiied sempRUNsk i diE fieei 3¢id Slclesq basgy form with &

enanti 0m3r'sﬁﬁédlé’b%érce{&ﬁﬂresfp@&tn)@&a”m e the (R-, (S- or (RY)-
configuration. In certain enbodi nents, each asy rmetric atom has at |east 50

% 35 enanti onefih@meaceedeally Accepiaslie %d%déﬁ'aﬂtﬁaﬁﬁré}alﬂcb%)t@@@g Wity INQE@ANC 70 %

enant i Qﬁer'a&d@XCQﬁ& GF atl1|€aS£C|&0 %@nanhbé‘t%” Casprfgres Ehzb&ast b%@yl%e
enanti oneri ¢ excess, af |east 95 9% enanti oneric excess, or at least 99 %

enant i oner PEBIFEBYEroPrOMigR (Wafb%‘at?/S?mOV@eQOh?!?Pb@B@W%T/ GEPRNIPiogaies 11
confi gur at icRRridSHpSbERISRIYL, S cﬂbrtﬁé@dfﬁ/lldﬂété‘ Udigabur @ihqulglg%b% bonflgndras, 1f

possi bl e, be present in cis- (Z)- or trans- (E)- Accordingly,

as used he@&cﬁp@t%(ﬁwa@ SHUGUERNRIR, &N ?Wgra@arﬁ‘yﬁr@'qdiﬁe('ﬁ@dq? otshihimaish dagiptes he

possi bl e | $A8iGhaté, OtIaNMIsSIfat8l I ABIa&O MRhfeatbAUt GRRGRatET MrddlaesS Hasyisef .
for Sexanple, as substantially pure geonetric (cis or trans) i|SOMers,

di ast ePBomeraihyigRhaial nebheri. (WY'ﬁ%eBFOt'%eﬂﬁ&a&% getadpéangaies piRaleeof .

Any resul tigRgafd, ééé%ﬁéte()fpahﬁ)@f@r ShdsPRatBMy8RBak %P%ipﬁéleidh@d%%hsplﬁﬁsphﬂfé
physi cochem cal differences of the constituents, into pure or

subst ant i alPPYyIpaFEresePIRieNale: SRRieaPuGCEifer %U”Oéﬁ'&%’iaéﬁ‘ é@fltféFes losylaéenrd es,
for exanpl efileYoateely &4t ogr aphy and/ or fractional crystallization.

Inorganic acids from which salts can be derived include, for example,
35  hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the
like.



Any resulting racemates of final products or internediates can be resolved
into the optical antipodes by known nethods, e.g., by separation of the

di ast ereowenn3/®sdirs t hereof, obtained with an optlcallycaﬂBNMBMﬂmLﬁ or
base, and liberating the optlcally active acidic or basic conmpound. In
particular, a basic noiety may thus be enployed to resolve 15 the
conmpounds of the present invention into their optical antipodes, e.g., by
fractional cr ystc%émé Ao which abls EaK BE GellddinBlaoNb} Ealpto. a&éelnaeac@c' d,
e.g., tartaric acid, dibenzoyl tartaric acid, diacet tartaric acid
di-0,0"-p- PEIRIRIYS agk t ghyrelicageid, oxglisdedid, cma@i%lac'ﬁam ”éi‘cﬁ@'dor S@%*ﬁ%é‘ﬁldl
0-sul foni ¢ rgphkk ad%lqsﬁarfa are,rcp@mé 8cig Hendbie AcRE i ada Deflihédlifonic acig

chr omat ogr aphy, ressure |iquid chromatography (HPLC) using a

chiral ZOaWBéWfOH'C aC'g ”ﬁﬁ\ﬂ@rﬁ‘tq oﬁC'ﬂncFUﬂE@@W at#6ided qnér neaslikgel |
as i sot 9pi eRbladcAhedI§dad@pi®IcobasO RPN SSaRE {0 By Brrkdd withSRbRRhRaANY

| abel ed conpounds havé structures depicted by the fornulas given herein

except thar@He BAsefore atons are replaced by an atom having a sel ected

atom c mMasS Or MRs§akle BR&Ys frdmY ARRh@aIdEar BOUORRA ifdide f@@xgﬁpvensmmﬂw ed
25 into conmpounds of the invention include isot ca)ges of en, carbon,

ni trogen, &RYerd Mekrds iserorcelunnstltaatl oidhe meripdimtaple; e Ce@%lﬁlﬁ? dmentthe 1105
1305 1405 LahbarbiforRdi foRPdiASR 38, AR BREHY MainedlM, o &dron

i ncl udes various isotopically onpounds as fined herein,

exanpl &0t h@¥e: |aﬁfiocqmiebhpara@4|%rb/cﬁwt?@|q §@E%Mdesa@moayn3rp%tﬁ@ﬁlqmo SO@wmt hose
into whi chcggw%%gﬁés\(&nggg opes, such as 2H and 130 are present. Such

30 isotopically |abelTed conpounds are useful in netabolic studies (with
140), reaction Qrﬁ@@@ (‘P%@%HP@SWN‘RMSI@”S fcgh Q%(@‘?fb’leé inD¢lues. foHpxaraRle eBAMaR: or

i magi ng t eGRALAHARS . aSdIClRrtRPy PARIhES OBUSITGEH Oé‘mfn‘ég'D&E%Bmé @Eﬁﬂllyc"bccumng

si ngl e- photon em’ssi on conput ed t onography (SPECT) i ncl g_{e

substrat e tHBHleediaRipes YCth agYRePy Pasisr ioNnSxchaNeh EeSiNGe Q’}de n’é*?ﬂ Qﬁrtam
patients. lopydhf tht‘ﬁWeér inditel 8EoHro i/lér'ﬁﬁﬂeedbﬁﬁig?rﬂh'é‘d dWNnAE, PAEhbRYARINeY 35

desirable for PET or SPECT studi es | sot opi cal | y-I'abel ed conmpounds of

fornul a (1)dl%%>f4\a@l@ﬁévan¢yn%urbmepsap%razm a@@ﬂf\? haghes. t echni ques known to

those skilled i ﬁ'hbh%héfnﬁadéﬁtléwy pé a3l egome g%sthSﬁvéi'ﬁ%er@dbé n

t he acconpanyi ng Exanples and “ WO 2013/ 008217PCT/ 1B2012/ 053613 12

Pr epar at i of¥Nt083'#Rf dPMappr BRFG e apidist Gpietyl 1by- cam@ndenal ealipipical imethdsee of

the non-| al@%n%ﬂallgeéi%@alté’rcﬁH'b‘éLﬁ'bMar@mBIyQ¥§éimg free acid Fdi'h%hﬁrtﬁ&'éeoompounds

substitution with heavier isotopes, pafticularly deuterium(i.e., 2H or D)
may af £8r d Wier @aﬁtﬁ'C'ﬂ'H@ﬁﬁﬁeﬁ'ﬁ‘Péntagf\/m agRr9rritg upasenpueh o3 @#aeéi%r'\/"életoé%l ic

stability, ny@rokide, 6xBOPALE, biBSHERREbrithe WikejOohBY free{c'nﬁg‘?fr% JREuss somase
reqU|renents or an inprovenent in therapeutic 1ndex. i S understood that

deut er i um ICAMPRYRISC Wi @x%tO'PB'OF’@Q’&r%{B@U’HSOféh%@BB'topf'@térﬂC'%f SHCR seHIARY A7 t he

formula (1 )kypicHn cCa‘Pr"tfoeBhtr ?ht Wabrobr MUGR GghR@doRient, ST PPS. mXRRE I Jii hal tws.

deut erium may defined by the isotopi ¢ enrichment factor. The term
"isotopic @W@%‘Mﬁ?ﬁe f’fa%Qrb@qUG%Slﬁ@%’dﬁ e ethar, eivh acetrte, efang!, isopiRRaAck ke 10
i sot opbs abupEARIE iR skdle, NRheroapragiiaBRANE RO b adéln&ealféuﬂgolé%%t@&%n 55 a

substituent in a conpound of this inventjon is denoted deuteri ugg such

conpound h3QUngh Ei%ot'@)le@”Brﬂﬁt%ﬁn%'?ﬁrmﬁﬁ%‘{t@?' fstenersch 24BsiegnaMaek delplighingim

atom of at ddfsthy3B88ok 52a SPAJBE YR |HWbﬁ@&de%fquaﬂﬂa@éutlgéicé‘alféeﬁm «ad
deuterium atom, "at |east 4000 (60% deuteriumincorporation), at | east ' 4500

(67. 5% deutetaclion.ianddissoPubiashand BermuhsiVisyolr, Meinhaim, Gsupeny, grd2)-
i ncor por ati on), s%ivak&aﬂdm?ﬁ%aé%t@@w ﬁéééﬂfﬁdl@@@m@é abﬂ me)oonﬁsouh@@%t

6000 (90% deuterium incorporation) | 'east 3 (95% deut eri um
i ncor péPat ifyAla @ mpyalse bgssepared- Qﬁﬂ\@&utréﬁef%ﬁ?\q W'%Pfa‘ﬁr'éh')? stejghipragisy

6600 (99% getcard 6IGI%OJri€JO§oWe'nP”$uch§oI@énté Qf'ﬁﬁe 5@%336301(@8 iR ESH AL ingm

i ncor porati on) Represent ati ve Enbodi ous enbodi ments of
t he invent |”Hﬂrf%[PéN'tH'etE€tbi°MF%éP@1'tM of Ehe\/\ﬁqwtebéxﬁ@@&jrﬂffé&amﬁéﬁ’w?’éamﬁt@@

speci fied it Sﬁﬁﬁ'otqm%'tﬁeﬂhte'ﬁBMeQFl eeORi ARY ABDHN Sélbﬁés m%.ﬁ ivRgerfigahdir es
to provide for further enbodi ments. One enbodi ment of E}resent i nvention

is a corrpo@ﬁﬁe@ttc@SleGWﬁgar?dy?'%'Wu'leé?r@('i°| §s hygrafes j"YFj'f@t%?nlﬁ‘P Ep comRoiligght of
the pr §§emcoht'&}(ﬁ'@ ét@i&hl@%e!rﬁ: din&itls Bwher O wemnas b&mﬁb@ﬁﬁdstdﬂn%lﬁdﬂeﬂr}’due
Suitably R4 is enyl substituted by one or two substituents eac
|ndependentaFT}PU§%| LRS- from t he group consisting of halo, G _6 alkyl, and
Ci 6 alkoxy. 30More suitably R4 is phenyl optionally substituted by one or
two substituents each



I ndependent|ly selected fromthe group consisting of fluoro, chloro, nethyl,
and net hoxy. WO 2013/008217PCT/ 1B2012/ 053613 13 In partocular R4 is

4- met hoxywbenigdoosachl or ophenyl, 4-fl uororgghenyl , Or 4- mpChaoRr3012/853613

met hyl phenyl . In anot her enboditfent R3 and R4 together with the
atons to which they are attached formoptionally substituted indan-1-one.
Suitably the indan-1-one is optionally 5substituted with one Cl1_6 al koxy,

for exanple met fA%XMsed Her%'?PHh@HeﬁH%Hérﬂ%%utﬁba!l;% a%cedtﬁbl@n%éé‘ﬁé @%%bﬂﬁd“ n
is 2. Suitably nis 1. I n anot nbodi nent . Suitably R2

is opti onalwwcf@aﬁglﬁabd%t%@hmwutlcavb% §@Jt8t%n§# sphvtes (@ qawéﬂgatesmd. tyeates/
substi t ut eg Whjidy oPB@deSur{d‘ébe DL EA LR %rﬁcr?%%duta%ﬁ@ﬂ%ﬂh 'rﬂeoﬁ&ﬁ@SFeetﬂoéé om

t he group consi sting of: halo, for exanple | oro, and 10cyano.
particul ar Wierg i the @ﬁm@em@rzaﬁsp@aieﬂéolvent is phawmace%ﬁb@a#ém@@m@m rrb'ﬁ’dvelz@” is

an opti gnalghys %H@%tolvtakgseﬁa\ﬁhgoﬁo@-pﬁ@ﬂ%@@%aﬂ?%@é&ﬁébﬂé co§h‘ﬂeﬁé‘1}i§ ¥r |3§sdc>'f>até’c!q

optionally substituted pyrimdinyl or tetrazolyl I n anot her
enbodi ment SRents ai¢ ¥hinoHe IS9°F?>QJt§>§tth?ulPr§§er8 TMerﬂf@ﬁbéP"e@XBmé%lf% use as

het er oaryl ; é@éﬁlé@@tlﬁefhee Pd’ﬁ%ﬁt oiR%tHe? Q@rﬁp&m‘&s b)the ARvertibRiSand (tRair
, H* N* ANNN A NH O NH N f)
pharmaceutically acceptable salts and so’lvates

The compounds of formula (l), including salts and solvates thereof, may exist in
10  crystalline forms, non-crystalline forms, or mixtures thereof. The compound or salt or
solvate thereof may also exhibit polymorphism, i.e. the capacity of occurring in different
crystalline forms. These different crystalline forms are typically known as “polymorphs”.
Polymorphs have the same chemical composition but differ in packing, geometrical
arrangement, and other descriptive properties of crystalline solid state. Polymorphs,
15 therefore, may have different physical properties such as shape, density, hardness,
deformability, stability, and dissolution properties. Polymorphs typically exhibit different
melting points, IR spectra, and X-ray powder diffraction patterns, all of which may be
used for identification. One of ordinary skill in the art will appreciate that different
polymorphs may be produced, for example, by changing or adjusting the conditions used
20  in crystallizing/recrystallizing a compound of formula (1).
The invention also includes various isomers of the compounds of formula (l).
“Isomer” refers to compounds that have the same composition and molecular weight but
differ in physical and/or chemical properties. The structural difference may be in
constitution (geometric isomers) or in the ability to rotate the plane of polarized light
25  (stereosiomers). With regard to stereoisomers, the compounds of formula (I) may have
one or more asymmetric carbon atom and may occur as racemates, racemic mixtures
and as individual enantiomers or diastereomers. All such isomeric forms are included
within the present invention, including mixtures thereof. If the compound contains a
double bond, the substituent may be in the E or Z configuration. If the compound
30 contains a disubstituted cycloalkyl, the cycloalkyl substituent may have a cis- or trans-
configuration. All tautomeric forms are also intended to be included.
Any asymmetric atom (e.g., carbon or the like) of a compound of formula (I) can
be present in racemic or enantiomerically enriched, for example the (R)-, (S)- or (R,S)-
configuration. In certain embodiments, each asymmetric atom has at least 50 %
35 enantiomeric excess, at least 60 % enantiomeric excess, at least 70 % enantiomeric
excess, at least 80 % enantiomeric excess, at least 90 % enantiomeric excess, at least
95 % enantiomeric excess, or at least 99 % enantiomeric excess in the (R)- or (S)-



N NIl NO** (i),(j), wherein each of (a)-(1) is optionally substituted with
20 i ndependently selected fromthe group consisting of halo, OH ON, N2,
C 6 al kywb,20300887al koxy, C _6 hal oal kyl, C(0)Ra, COORaf/1BiRaRhy36NHC(0) Ra,
and C(O)NRaRb. Suitably R2 is (a)-(l) op T onal |y substituted with one or
two substituents each independently selected fromthe group consisting of
halo, ON, and G 6 alkyl. Mre suitably R2 is (a)-(l) optionally
subst i t ut edoniduhatRRe Rpshitenis lé?afdnﬁsuﬁ.m §n§%ﬁ9te@%oﬂg%mg§me{y}’lf pebgsibask f rom
t he group consisting of loro, bronb, ON, nethyl, an
2013/ ooszlpmnnlam@oe%q@ {b)-&rAyl . Suitably R2 is opt i onal ly
substituted (b) Ac(:&)dmgﬂ/" a§ ised Nefeh §Hbr’h?@ur§6 g’r’%or‘n%leﬁ m cart 82 in e oMM of one
Speci fi c conpounds of present 1nvention iInclud
2- Chl or o- 60 3b¢ @oéwbh@etsnm belRmara,) atmm@m%rs,nialﬂ%?rszorowtwﬁrtbere@ nofn- yl m
ethyl}- 55b%5!§r9EFet éélsﬁbstantlally pure geometrlc (CIS or trans) isomers, dlastereomers 0 tlcal
2-{3-[4 oxy- benzoyl)-piperidin-1 Y -2-0xo0-pyrrolidin-1-yl methyl}-3,
5,7, 8- tet IWAIS é)a"\@?@%ﬁ%[rﬂcgn@]?ﬁ?f Mhtesineremie;
(S)-3-[4-(4- %ﬂ/h@éﬁnlpé"%%&& Flifp%fﬁfn‘é?é1 chnyad ~sepAidledYon” Hd HaBrsloy @t hyl
,5,7,8- tetrahydro-pyrano| ] pyri m di n-4-one;

{( R) - 310[1&3'@@%@%%&1%@???@% thei perstitients: -igte] the. pue- Py pykstarialy PR net h
5, 7, GpokBiricahydr 8pial anébweré)’ dJilQi’tHé?)‘MEré‘ 4rf3BRates, for example, by

{
3
2-
}-3,5,
Chl or 0- 5- - 4rrethox benzoy | peridin-"1-yl)-2-oxopyrrolidin-1-
A ng?iréﬁ%ﬁ’ P
4-

2-
} -
10
yl
2.
yl ) met AQ1) grapm@and/orfractlonal crys llization.

(4- Met h%ﬂ{/ r@@tﬂﬂr@’ ﬂal:eﬁl'a&%rdffﬂn%'r éro%l:ts?oﬂ%t@rrﬁé/dlét@é ictlh Belre¥biiEd hyd} - 1-
151, 3a, 5, 7a-t et rahydro- pyrazol o[ 3, 4-d] pyri m di n- 4- one;

[

| -

[ 4- (41%9%9&1@@99@@@ kpowe ediasisy ey bySepReatio) of §1a dirstereomenie Al ) - 4a
di hydr ‘H%’rb&fhb&'aﬁ’l[ea v@thdalrp?létlcﬁll)ﬂ!a&rvé 2 or base, and Ilberatlng the 0ft|cally active

2 [ 4- (4- Met hoxy- benzoy1l) - pi peri di n-1-y1] - 2- oxo-pyrrol id c}/ met hy
net hyl - 4a, PaWicsfdasicRMPRHatho(Pasticyasya basieimeiaty Bigy thus be employe to resolve
202-{3154- tHe Q%B&ﬂfd%%’fztﬁé( eé%'npﬁfvbﬁiﬁd?r it/ EHeTrQGFﬁiéél AMpbd, . &~ by YabRdday 1} - 3

,5,7,8-tetrahydro- rano& 3-d] pyri mdin-4-one
2-[3[4- (45Hf rzéﬂ%ﬁfz%ﬁ J‘q;rm?érWI a1 eptep|ly zcwjé@oaqjﬂu%s fadtapc aCigh AoeRzRYl - 3, 5

, [, 8-tet raff'a‘{r?Hr@pé/cﬁdirk%éjetﬁ e h&Hddan@-?ﬂSI?u | tartaric acid, mandelic acid, malic
2. {(S) 3-[4-(4-Fl uoro-benzoyl) - c3{)er| qﬁiiY-Z-oxo-pyrrol i di n-1-yl net hy1}

-3,5,7, 8- 26deer gquglp% 1%9@{:@ d]Finmliﬁ gioqlugts ogee- alsd be resolved by chiral
chromatography, e.g., high pressure liquid chromatography (HPLC) using a chiral

20 adsorbent.
The invention includes unlabeled forms as well as isotopically labeled forms of

)
6-{
met
2-{
, [a-
{

3-
h
3-
3-
h

compounds of formula (I). Isotopically labeled compounds have structures depicted by
the formulas given herein except that one or more atoms are replaced by an atom having
a selected atomic mass or mass number. Examples of isotopes that can be incorporated
25  into compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine, and chlorine, such as 2H, °H, ''C, ®C, ™C, N, '®F ®'P, %P, *S,
%ClI, ™| respectively. The invention includes various isotopically labeled compounds as
defined herein, for example those into which radioactive isotopes, such as °H and C, or
those into which non-radioactive isotopes, such as ?H and C are present. Such
30 isotopically labelled compounds are useful in metabolic studies (with ™C), reaction
kinetic studies (with, for example ?H or ®H), detection or imaging techniques, such as
positron emission tomography (PET) or single-photon emission computed tomography
(SPECT) including drug or substrate tissue distribution assays, or in radioactive
treatment of patients. In particular, an '°F or labeled compound may be particularly
35 desirable for PET or SPECT studies. Isotopically-labeled compounds of formula (I) can
generally be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described in the accompanying Examples and



(R)-3-[4-(4-Fluoro-benzoyl) - pi peridin-1-y1] - 2-oxo-pyrrolidin-1-ylnethyl}
5, - tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one;
(

) -3
3,5,7,8
S) - 3-Wo-2(tB/0vkt1moxy - 3- met hyl - benzoyl)@pl peri di n- 1- y1p€2AB2002/p386130! i di n- 1
thy
(

2-{
2-{
-yl methyl}- 3,5,7,8-tetrahydro-pyrano[ 4, 3d]pyrimdin-4-one;
302-{(R)-3-[4-(4- Met hoxy- 3- net hyl - benzoy1) - pi peri di n-1-y1] - 2-oxo-pyrrolidin
-1-ylmethyl}- 3,5,7,8-tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one;

2- ((3-(5- ”‘Fir@&?ffé(tlcﬂﬂsoﬁé?ngl’aﬁ Qééi?b!&rf ﬁ’écﬁ&duédﬁ?ﬁ‘éb‘ﬁe?d febigahieh HIbB@]oT Lfke Yabh: 2- OX
opyrrolidin-1 dro- 3H'pyrano[ 4, 3-d]'pyri m di n- 4( 5H) - one;
(S)-2-((3- d@eﬂ%’trﬁé&%ﬂtPfWSW%UMW%r ospi ro[ i ndene- 2, 41- pi peri di ne] - 11- y1) -
2- oxopyrrol i di NFyrhermore, substitution with heavier isotopes, particularl deuterlum (i.e., ®°H or
35111) net hyl ) - 7, 8-di hydro- 3H pyrano| 4, 3-d] pyri mdi n-4(5

(R -2-((3- (DE) et Albgl-certginotherapediin &eiep opsUenfeam g4qat9r @éﬁbéi'%él]ab'ity, yl) -
2- 0x0py5 Ol dieRinEeUybdsed: G by tra iR+ Y ebd dosdbBy Fdthdhen(8H) apne:
WO 2013/ 008217PCT 82012/ 053613

2-[4-(4- NEﬂrﬁBrPyEVB@htztb‘yttT)ef@PUB&cbnq% H] i5i prgssstpendl hat- deutgriume dmyinip -contexy i8- t et
rahydropyr éecﬁaéi]a%\dbétﬁlh%t '61‘ ﬁ c@ﬁﬁ‘oound of the formula (I) The concentration of such a
2-[(S)-4-(4-Met hoxy-benzo - 0XO0- [ |OP peridinyl-11-ylnmethyl]-3,5,7,8
-tetrahydr @ggylgrnléet@pe, s(p}egi}/eqllmd@p;eng%ﬁ’@y be defined by the isotopic enrichment factor.
52-[(R) - 4- %e“@?rﬁoﬁbtcgﬁ‘d"%ﬁbféﬁmé’ﬂ fg&gr"[ée 3B MieR&H | Hbans1 thblratib Bith¥ed 1% 5. 7,
8-tetrahydro- rano 3-d rimdin-4-one;

2-((3- (8- (@W‘%WH%?’F %iep“eﬁqrahafbumd@@ﬁ o aspepiied SPicaen! asybstiganhing -6, 7
'Zd' hydr o- 3'6‘6 b@rﬁ%ﬁ'@)ﬁ‘ ahid] iRYértidh dis 'deHoRdd) deM@rium, such compound has an isotopic

{3-[4- (4- Met hoxy- benzoy1l) - pi peri di n-1-y1] - 2- oxo-pyrrolid 1-yl met hyl} - 3H
b

pyrimi di n_emlcm’geméactor for each designated deuterlum atom of at [east 3500 52 5% deuterium

{

t

2-{3-[4- (414\%?68?5%1113%{‘%%}54)dé%'ud%'féod'deut%nur%] aldnf)X @t YAt O4dcd (eobs YddtREM ) - 6-
nmet hyl - 3Hpyri m di n- 4- one;

6- Et hy 1- 2- {rEo[Rrationye fth d8a5t ABRY ofBT)2%i Grelerigimincojagrationyy at fgast di908i 5% yI me

thyl}- $5+pyrd'emeﬂum ific&B6ration), at least 5500 (82.5% deuterium incorporation), at least 6000
152-{ hoxy- benzoyl) - pi peridi n-1-y1]-2-oxo-pyrrolidin-1-yl methyi}-

5- n"et hyI 3&.90 {gﬂqu;ﬁr@nhmgor@ﬁ@tlon) at least 6333.3 (95% deuterium incorporation), “at least

2-{3-[4- (4clbs. hQ@?%Q)%U?e‘PM@méBrB&%h&i Natlledst oo @99 B tEMhrh SHdrpbratlof tohwd } - 5.
6- di met hyl - B%Egrlm i n-4-one;

2-((3-(4-(# m%‘i&%wﬂﬁ%@rm@rwr@%) 2- oxopyrrolidin-1-

20Ar net hyl ) cycl ohept af d] i m dazol - 4(3H) - one;

2-{(S)-3-[4-(4- Methoxy rrethyl benzoyl) - pi peri di n-1-y1] -2-oxo-pyrrolidin-1
-yl net B 1) Repegransative Bmkedineits 4- one;

2-{(R)-3-[4-(4- "@hB%ém@od’ﬁﬁkh%'dfl?ﬁ‘é‘mé{rit%hpdre%!s&lb@dheVeM RvAKSs RatopRkedi n- 1
-yl met hyl}-3 f3(gclohe pt ai m dazol - 4- one;

252.(( ) - 3l oAtk RBsqHiase i 69 eRbSEine May ) combined pyiny eifedisReatiod et h
y1l}-3H cyeiahertapivdazé! iudh&ibodiments.

One embodiment of the present invention is a compound according to formula
25  (l):

0 (.
In another embodiment of the present invention R3 is H and R# is optionally
substituted phenyl. Suitably R4 is phenyl substituted by one or two substituents each
independently selected from the group consisting of halo, C1.g alkyl, and C4.g alkoxy.

30 More suitably R4 is phenyl optionally substituted by one or two substituents each
independently selected from the group consisting of fluoro, chloro, methyl, and methoxy.



2-{(R) -3-[4-(4- Mt hoxy- benzoyl) - pi peridin-1-y1]-2-o0xo0-pyrrolidin-1-ylnmethyl
} - 3Hcycl ohept ai m dazol - 4- one;

N- (5, 6- diwpdnmdesazol of 2, 3-c][1, 2, 4] triazol - 3-y1) - 2- ( 3- PET(iB20TRDIBOKY benzoy|
) pi peridin- 301-yl)-2- oxopyrrol i d| n- 1- yl1)3acet am de;

N- (5, 6-Di hydro-thiazolo[2,3-c][1,2,4]triazol-3-y1)-2-{(S)-3-[4-(4-nethoxy-b
enzoyl) - piperidin-1-yl]-2-o0xo- pyrrol idin-1-y1}-acetam de;

N (5, 6- D hyd h b
engoyl) X’bi)%fté?qﬁgrzﬁho% %jngg%walepg]h hﬁ)zr(lpfvf}llyé)cfgo(géﬁ% éyl o) ﬁn(] thg%/tl goxy
35N- ([ 1, 2, 4jdthylstmolyb[ 4, 3- a] pyr| di n-3-y1)-2-(3-(4-(4-nmet hoxybenzoyl ) pi peri di

n-1-y1)- 2- oxopyrrol i din-1-yl)acetam de;, WD 2013/008217PCT/ 1B2012/ 053613
16 In another embodlment R3 and R4 together with the atoms to which they are

2- (3 (4 (4=Reenmshnayhap! pBshitiod okl vRe O3RN Bl iRkt Lokd s bbfokaltpt hy!

-1 Htetrazol -5- yl)acetam de;
N- (3, 4-8li h)?HP%imﬁPFj With 8n8 (G2, @alp K For @XaMAlesD§theXYL_ ( 3- ( 4- ( 4- et hoxybenzoyl ) pi

BN | Somazol ol &, A AEORY SR dibA os ¥ IR GRAT dinodiBhnis 2, Sutgbhsnis b - 1. 1
-2-0xo0- pyrroli g '&natheb’bﬂnb@@ﬁfeﬁdeQS H2NugBia ﬁzgi bﬁ@lgzs%bﬁ'm@a'ﬂﬁél:g

conpound according to formula (1) wherein: i or
phenyl opt iMiomel dujtalsiy 37 iig pheay! vaptibnaliyesubstitutes with striet ore twas sawituents each

i ndependen e C I a
6 al kyl, H&épéﬁ gxs%lécgﬂ énhalﬁogi@ffl 8&@%&%}9 %?a& %Ean%& m&%
and O 9) NRafno. I pRRickfr R25: PRARASRAZBAkIRL 0ar yI having one to four

het er oat ons sel ected fromthe group consisting of N, 0, and S, or RR is a 6

menber ed het er ary artother ngmbediment tRBonsN an optlonallysaau@sfﬂuaddSGOrrr@rmWred

cubst |t uentietEsR. SilanRznan gty sub ik Ghoviady G Baabl ot f ng of

?;%lo%a O)'ilgaﬁgter (I)\IEFB%V eﬁ?‘oaeh%(eg& h%aﬁbaq %;ﬁgngllly}(%tltu%d 88 oﬁﬁbmﬁér‘é&'bm}éﬁ@) Ra,
15 In another embodiment R2 is

O 0O
0 O

O NH /4 NH NH
| /)Ni | N/& N‘N N/& \ /)\
N * * ) H * (C) N *

)
SO RN G EN

NT™, L *
(f), ) (h),
O~
é*
(1)
wherein each of -(I) is optlonally substltuted with one or two substituents each

20 independently selected from the group consisting of halo, OH, CN, NO», C1.g alkyl, C1.g
alkoxy, Cq.g haloalkyl, C(O)R8, COOR?, NRaRP, NHC(O)Ra, and C(O)NRaRb.

Suitably R2 is (a)-(I) optionally substituted with one or two substituents each
independently selected from the group consisting of halo, CN, and Cq.g alkyl. More

suitably R2 is (a)-(I) optionally substituted with one or two substituents each
25 independently selected from the group consisting of chloro, bromo, CN, methyl, and



R2 is an 8-10 nenbered bicyclic heteroaryl having 3 or 4 heteroatons

sel ected fromthe group consisting of N, 0, and S, said 8-10
menber ed Wetersmmsaly bei ng optional ly substituted with omeTiB20bnise1s
substituents each i ndependently sel ect ed % rom t he group consisting of: (a)
hal o, (b) oxo, WD 2013/008217PCT/1B2012/053613 17 (c) OH, (d) ON, (e)
N2, (f) 01 _6alkyl optionally substituted with one hydroxy or one 01 6

al koxy, 0 al ko ) 01 6 hal pal kyl i Ra,. (] , Kk
NRarh (1 ooy Ry e onlpreloyiieiBR B o5 ot ot el TR B5e), B 1
substitutedhwi th one to three substituents each independently selected from
the group consisting of: halg, , ON, N2, .G Balkyl, G 6 al koxy, 01 6
nal oal Kyl -G 0) RRCCRERIPOiia) Mqeg sy MHENoRB b0 Krars: or Ra andl Ra

t oget her w2t@hlotoes-£3-[dnE-rhethahi-lodn zohippiparidin at-yp2-b et pioslidine py/incetim}- y

substi tyt e?) i nda}n- 1-one, said indan-1-one is attached to the piperidine
ring of ° fo ﬁﬂ?%'f"le t hrough spiro carbon 4 and is optionally substituted

wi th one t @-{BH# ¢4 Matisdyidenzop spipertdin-if 1yt Epedantdliginsiey imethyd-X,5,8/8 t he gr oup
consisting,af . hal o anoﬁ4§-’d}' 6. aé.kgf%/' .Rais Hor G _6 alkyl; Rois Hor G
_6 al kyl ; SRRy oP A ARy I\Eﬂha ceutically acceptable salt thereof.
Enbodi nent 2Z(I)& [4@nidethoxrly-bertzoy Hpipgritio- e b 2dx oprtrolidi dyimethyl 8,581 owi ng

tetrahydro-pyrano[4,3-d]pyrimidin-4-one;

10  2-{(R)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-
tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-Chloro-5-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-
yl)methyl)benzonitrile;
6-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-yImethyl}-1-methyl-

15  1,3a,5,7a-tetrahydro-pyrazolo[3,4-d]pyrimidin-4-one;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-4a,7a-dihydro-
3H-thieno[3,2-d]pyrimidin-4-one;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-6-methyl-4a,7a-
dihydro-3H-thieno[2,3-d]pyrimidin-4-one;

20  2-{3-[4-(4-Chloro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-tetrahydro-
pyrano[4,3-d]pyrimidin-4-one;
2-{3-[4-(4-Fluoro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-tetrahydro-
pyrano[4,3-d]pyrimidin-4-one;
2-{(S)-3-[4-(4-Fluoro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-

25  tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-{(R)-3-[4-(4-Fluoro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-
tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-{(S)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-
3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one;

30  2-{(R)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-
3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-((3-(5-methoxy-1-ox0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-yl)-2-oxopyrrolidin-1-
yl)methyl)-7,8-dihydro-3H-pyrano[4,3-d]pyrimidin-4(5H)-one;
(S)-2-((3-(5-methoxy-1-ox0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-yl)-2-oxopyrrolidin-

35  1-yl)methyl)-7,8-dihydro-3H-pyrano[4,3-d]pyrimidin-4(5H)-one;
(R)-2-((3-(5-methoxy-1-ox0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-yl)-2-oxopyrrolidin-
1-yl)methyl)-7,8-dihydro-3H-pyrano[4,3-d]pyrimidin-4(5H)-one;



formula WO 2013/008217PCT/ 1B2012/ 053613 18 Enbodi nent 3. The conpound
according to enbodinent 1 or 2 wherein R3 is H, or a pharmaceutically
accept ablwo=alooshier eof . Enbodi ment 4. The conpound accordirng2aizossald one of
enbodi ments 1-3 wherein R4 is opti onally%ubstl tuted phenyl; or a
pharmaceutically acceptable salt thereof. Enbodi ment 5. The conpound
according to enbodi nent 4 wherein R4 is substituted phenyl; or a

phar maceut ixgal( hméﬁ%m&95m§ - 18 fsjé s.eér.d.ﬁﬂmgm{w] $s e amRpsind

according to enbodi nen phenyl ~ substi t ut ed by one or two
subst i t uentPy¥ragakds- ﬂ]@d@@&ﬁdéﬁﬂ?y seI ect ed fromthe group consisting of halo,

CL0 21yt o ek Glauald@stiosnio-aNAs TRARMIGRLimanoRglank faml b her eof.

Enbodi ment he conpound accord t 0 enbodi nent wherein'R3 and R4
t oget her wiPyFNEle3- Q]i%iﬂ@'dﬂrbﬁﬁﬁ?ch they are attached form optionally

subst i t gt 9@8[ Fjir')d@-mll\/@ﬂﬁmy Penzbyl PALREEEY i &@ér'dﬁyﬁ‘?%ﬁ&ﬁ?l 8 §ﬁ%31tetf= b0

Enbodi nent he conpound accordi ng to any one of enbodi nents 1- mhereln n
is 1; or a%f?é]@%a%élﬁ?b’f”@&'rl'ﬁ'oaécept abl e salt thereof. Enbodinent 9.The

conpound aeces. (Mgmfefho%nQMpﬂﬂcen@l'ﬁbpﬂ @Pd}Eﬁn%ﬂdl alanrﬁétﬂ){_ﬂG'?Sdl@ydr@fBHa

pharmaceutical ly acceptabl e sal't thereof odi nen e conpound
accor di ng cyclepsntaleydmidinhGHi)9eat s 1-9 wherein RL is R2; or a

phar maceut Izcelhx4w fHelnﬁo iberidieA fzo@WFﬂha‘ﬁnltylﬂaet Wemg,fmma.ﬂch

accordi ng to any one i ments 1 0 wherein R2 1s option
substi fl@t e@”ﬁhenyl or a phar ITB.CEUtI cally acceptable salt ther eof

Enbodi nent 513 1z SOEANG1 y- 26ne- BRiGh. R IROKBirr3Q. wher el n

R2 is an optlonall substituted 5 menber'ed heteroaryl;
phar maceut P¥amidjn- é@@@pt able salt t her eof . WD 2013/ 008217PCT/ 182012/ 053613

19 6-Ethyl-2-{3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
pyrimidin-4-one;

15  2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-5-methyl-3H-
pyrimidin-4-one;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-5,6-dimethyl-3H-
pyrimidin-4-one;
2-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-

20  yl)methyl)cyclohepta[d]imidazol-4(3H)-one;
2-{(S)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;
2-{(R)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;

25  2-{(S)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;
2-{(R)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;

N-(5,6-dihydrothiazolo[2,3-c][1,2,4]triazol-3-yl)-2-(3-(4-(4- methoxybenzoyl)piperidin-

30  1-yl)-2-oxopyrrolidin-1-yl)acetamide;
N-(5,6-Dihydro-thiazolo[2,3-c][1,2,4]triazol-3-yl)-2-{(S)-3-[4-(4-methoxy-benzoyl)-
piperidin-1-yl]-2-oxo-pyrrolidin-1-yl}-acetamide;
N-(5,6-Dihydro-thiazolo[2,3-c][1,2,4]triazol-3-yI)-2-{(R)-3-[4-(4-methoxy-benzoyl)-
piperidin-1-yl]-2-oxo-pyrrolidin-1-yl}-acetamide;

35 N-([1,2,4]triazolo[4,3-a]pyridin-3-yl)-2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-
oxopyrrolidin-1-yl)acetamide;



Enbodi ment 13. The conpound according to any one of enbodi nents 1-10 wherein
R2 is an optionally substituted 8-10 nenbered bicyclic heteroaryl; or a
phar macewocaliopsaccept abl e sal t thereof Enbodi ment 14PThrﬂBzmzvp5mm
according to any one of enbodi nents 1-10 %erel n R is 000 )L NHO , NH
[----) NHiS.--). NHI N (a),*(b) ,HN* 0 NHHN N N+ NHNS N+ (e), (f),*
(9), wherein each of (a)-(I) is optionally substituted with one or two
substi t uent L hal o,
oo Nozzswgaqmnhéw&@e&%m )b %e&ﬁr# €54) eéjo;dp?gbfri]cgf-é 9 ENL{ﬁ M@A $H tgﬂc%%i?g
NRaRb, NHC(Vb?CF@am@‘ﬁd C(O) NRaRb; or a phar maceutical |y accept abI e salt
thereof . %@@hm%ﬂ&tmby@na@@cﬂ?w@m 5%/?]2&3-( €4.- ﬁ%‘ﬂ?&%&'@&%o?lﬁpléé}%lrpﬁ%ﬁem

i nvention may be K a varie i'ncl udi hg standard

chenistry. 2r®1°93§'1“?'@‘ﬂ &) epeiremige; @V’nt heti c methods are set out bel ow 5and

speci fi§ CQIRGLAIRH[Dk-I5RidInY.G8-{RMA-@SmBhERAb & oR-BipelidiRN -jil2-bks Exanpl es.

pyrrolidin-1-yl}-acetamide.
Enumerated embodiments

Embodiment 1. A compound accordlng to formula (I

R2 is phenyl optionally substituted with one or two substituents each independently

wherein:

R1is R2 or R2-NHC(O)-;

selected from the group consisting of: halo, OH, CN, NOo, C1_g alkyl, C1.g alkoxy, C1.g
haloalkyl, C(O)R3, COOR2, NRaRb, NHC(O)R3, and C(O)NRaRP;

or
R2 is a 5 membered heteroaryl having one to four heteroatoms selected from the group

consisting of N, O, and S, or R2 is a 6 membered heteraryl having one or two N,
said 5 and 6 membered heteroaryl rings being optionally substituted with one to
three substituents each independently selected from the group consisting of: halo, oxo,

OH, CN, NOo, C1.g alkyl, C1.g alkoxy, C1.g haloalkyl, C(O)R&, COORa, NRaRP,

NHC(O)R&, and C(O)NRaRb;
or
R2 is an 8-10 membered bicyclic heteroaryl having 3 or 4 heteroatoms selected from the
group consisting of N, O, and S,

said 8-10 membered heteroaryl being optionally substituted with one to three
substituents each independently selected from the group consisting of:

(a) halo,

(b) oxo,



The conpounds of forrmula (1) nmay be prepared by nethods known in the art of
organic synthesis as set forth in part by the follow ng synthetic schenes.
In the scwerress/excri bed below, it is well understood tiratr/iproat/es3biang
groups for sensitive or reactive groups Hre enpl oyed where necessary in
accordance wth general principles or 10 chem stry. Protecting groups are
mani pul at ed accordi ng to standard net hods of organic synthesis (T W

G eene and P. G( )M)HV\ﬂts "Protective Goups in Organic Synthesis", Third
edition, Wley, New York 1999). These groups are renoved at a convenl ent

st age of t he corﬁ@o@n‘ﬁd synt hesi s using nethods that are readily apparent to
those skilled inetig, WO 2013/008217PCT/1B2012/053613 20 art. The sel ection
processes, as mell % the reaction conditions and order of their execution,
shal | be consi s{(ig@t-galkyhoptivmalty spstidtddomtroéneclygpoyraionefCialkuka (1) .

Those skilled in the art will recognize if a stereocenter exists in the
conmpounds  of foKW‘&G@i@Xy,Accor dingly, the present invention includes both

possi bl e stere0| hag(qu 5 includes not only racem c conpounds but the

i ndi vi dual enant vé’é’ When a conpound is desired as a single
enantioner, it Eﬁ th ai ned by stereospecific synthesis or by resol ution
of the final pr c(t or’ any convenient internedi ate. Resolution of the

final product, gpcoumanediate, or a starting material may be effected by
any suitable nmethod known in the art. See, for exanple, "Stereochem stry of
Organi ¢ 10Conpod)d$®@my E. L. Eliel, S. H Wlen, and L. N. Mander

(Wl ey-intersci é The conpounds descri bed herein may be
made from comre |gﬁ|§iq ?'% Y@fabl e start | ng materials or synthesized using

known organic, @&b@ﬂgfaR@”d/ or enzymatic processes. 15 Schene 1 231 a)
NaH or KHVDS, ’ , -30 to 70C As shown in Schene 1, 1 can be
prepared by al kylation of the |actam noi ety of 3 20 can be accorrpl i shed by

ool aet o Mo BRS04 i end Prindb b e 5Mh oG g Fee Sitsenlsielr | n ¢ he

presence Oﬁnc@pémjérﬁlp|s@|ebt@§¢r,orrﬁlh@@r@ﬁ) Sopdisting bty Halo IOHOCNKNUIESC 1 igalkgl, ©4id abl e
sol vent, such as acetonitrile, THF or DMF over a range of suitable

t enper at ur eskoxR5CSERIEIR, TIOIRB)CAONE, RFHEED, NHC(O) Ra, and C(O)NRaRD;
or

R3 and R4 together with the atoms to which they are attached form optionally substituted
indan-1-one, said indan-1-one is attached to the piperidine ring of formula (l) through
spiro carbon 4 and is optionally substituted with one to three substituents each
independently selected from the group consisting of: halo and C1.g alkoxy;

Rais H or Cy_g alkyl;
RD is H or C4.g alkyl; and

nis 1 or 2; or a pharmaceutically acceptable salt thereof.

Embodiment 2. The compound according to embodiment 1 having the following

formula

(I1); or a pharmaceutically acceptable salt thereof.



4 5 a) TEA, 2-chloroacetam dine, MeOH WD 2013/008217PCT/1B2012/ 053613 21
Al kyl halides 2 are commercially available or can be nade a shown in Schene
2. Ther e woeosswsrial nmet hods for making chl oronmet hyl pyPCEITH2MNZNBE135
including the treatnment of 13-keto ester® 4 with 2-chl or onet hyl acetam de
in the presence of a suitable base, such as triethylamne, in a suitable
sol vent, such as nethanol. Schene 3 a) DIEA, MeCN or DMF or PhMe: MeCn

(1:1), 15- 10Th ynthesi s of 3 can be acconplish by, a varieiy of

et hods. 1 TR he ol dBEatPeR G Reke ki TRl oS 18t Bot Bl @ Kuf o
menber | actoaaphbrrascesticaln acceptaliie salt Berebhe substitution of a | eaving group
at the 3-position, such as a chloro, bronpb, or nesylate, by an appropriate
nucl eophil e, such as a substituted piperidine 7 in a suitable solvent, such
as acet oni tBmboelimentBVF or Thesohpeahd atcotdingtosanylonesof @awbdiments 1-8 verretein
15t ol uene, can be acconplished over a range of tenperatures and reaction
dur at i ons. PSdRertonally sulstituted phenykor apheimaceutioatly aceantakle salf theggef., THE, ocC;
b) TFA, DCM 20 The synthesis of 7 can be achi eved by way of the

Wi nreb ketone synthesis as shown in Schenme 4. In this schene, Winreb

am de 8 i s Emimaireeht\li t h a TGeicgmpodnd ecgeding to embodiment 4 wherein R4 is

substituted phenyl; or a pharmaceutically acceptable salt thereof.

Embodiment 6. The compound according to embodiment 5 wherein R4 is phenyl
substituted by one or two substituents each independently selected from the group
consisting of halo, C4_g alkyl, and C4_g alkoxy; or a pharmaceutically acceptable salt

thereof.

Embodiment 7. The compound according to embodiment 1 or 2 wherein R3 and

R4 together with the atoms to which they are attached form optionally substituted indan-
1-one; or a pharmaceutically acceptable salt thereof.

Embodiment 8. The compound according to any one of embodiments 1-7 wherein
nis 1; or a pharmaceutically acceptable salt thereof.

Embodiment 9. The compound according to any one of embodiments 1-7 wherein
n is 2; or a pharmaceutically acceptable salt thereof.

Embodiment 10. The compound according to any one of embodiments 1-9 wherein

R1is R2; or a pharmaceutically acceptable salt thereof.

Embodiment 11. The compound according to any one of embodiments 1-10

wherein R2 is optionally substituted phenyl; or a pharmaceutically acceptable salt
thereof.

Embodiment 12. The compound according to any one of embodiments 1-10

wherein R2 is an optionally substituted 5 or 6 membered heteroaryl; or a
pharmaceutically acceptable salt thereof.



or an organonetallic reagent such as n-butyllithiumin the presence of
1:14-Br to formketone 9. The tert-butyl protecting group of 9 is renoved

t hrough twe 2atbdiosiion of 25trifl uoroacetic acid in di chl econmBrhanseto yield
the secondary anmine 7. Scheme 5 WO 2013Y%08217PCT/ 1B2012/ 053613 22 (a)
Ar-SH (Ar = Ph or 4-MePh), HATU, DI EA, DWF, b) R-B(OH)2), Pd2(dba)3, |igand
TFP, copper (1) thiophene-2-carboxylate, DVE, 50C, ¢c) TFA, DCMor 4 N HC ,
di oxane SThensyhdigshs Of TheGBMpBlLAPaRSr@YIEHE bl HBRdMd pester
boronic acid cross coupling reaction as shown i'n Schene 5. Thioester 11 is
achi eved t Iwhevsih REHeah pptidnatnsulstituldd Sl 0 mdrhteeragp picygicinateeoaylybr 4 hi ol i n the
presence of , HATU E%SA and %}F I%t% is.converted into ketone 12 through the
addti on of ppﬁ@aadﬁﬂ Y BPEBY o R ESE |°& in the presense of a pall adi um net al
catal yst such as Pd2(dba)3 in the presence of tris(2- 10furyl)phosphi ne and
copper (1) i ophene-2-carhoxyl ate in_ di net hoxyet hane . The tert-butyl
o ot ect | ny ERSETEN 6”1 o TARSYBROTH BERHTH S SN e B ATEPOTI LdPoacet ¢
acid in di ¢gpeptiopetihlane to yield the secondary amne 7. Schene 6

15177b a) NaOH, H20; b) NaH, DMF, 50C, c¢) 6 N HC, reflux The formation of
substituted gpiro[indene-2i41-piperidiry-1(3H -onecan be 20 acconplished
by a variety Jof neth i Nﬁescri ged ‘hel ow. A suitable

bi s(2- bromoget' Wl ) - carbafri ¢ jaci d al ky] egter, guch a H

bis-(2-bro -e}JquI)-c ' cide;%lln N%ster C nt hesi zed by
protection ofN bi sx4R- br ono- et fiy)),- ani ne wi { fr)a sui tabl € @y,ot ecting group,
such as a carbanmte, such as ethyl carbamate, via reaction with

car banoyl ati ng ents, such as al kyl chl groformates, such as et hyl

chl or of or mat g4 Np@y 25sui t abPe sol v SLﬁh as wat (?\L’N in the presence of a

base, such g Ngkait NH //)N\ S/</N/\K

A N
@ ‘@~

= (), M = (k) or M ()
wherein each of (a)-(l) is optionally substituted with one or two substituents each
independently selected from the group consisting of halo, OH, CN, NOo, C1.g alkyl, C1.g

alkoxy, C1.g haloalkyl, C(O)R&, COOR?, NRaRP, NHC(O)R, and C(O)NRaRP; or a

pharmaceutically acceptable salt thereof.

General Synthetic Procedures

The compounds of the present invention may be made by a variety of methods,

including standard chemistry. lllustrative general synthetic methods are set out below
5 and specific compounds of the invention as prepared are given in the Examples.

The compounds of formula (I) may be prepared by methods known in the art of
organic synthesis as set forth in part by the following synthetic schemes. In the schemes
described below, it is well understood that protecting groups for sensitive or reactive
groups are employed where necessary in accordance with general principles or

10  chemistry. Protecting groups are manipulated according to standard methods of organic
synthesis (T. W. Greene and P. G. M. Wuts, "Protective Groups in Organic Synthesis",
Third edition, Wiley, New York 1999). These groups are removed at a convenient stage
of the compound synthesis using methods that are readily apparent to those skilled in the



WO 2013/ 008217PCT/ 1B2012/ 053613 23 tenperatures from-40C to 40C. Formati on
of the protected spiro[indene-2,41- piperidin]-1(3H)-ones can be

acconpl i sWeadotspwosracti ng a suitabl e ketone, such as a s®ebstiBrour/esséindanone,
Wi th a strong base, such as sodium hydri<e, in a polar solvent, such as
Dol ecul ar fornmula at tenperatures fromOC to 100C. Deprotection of the 5
pi peridinyl nitrogren can be acconplished via a variety of nethods, such as
such as tregt MeRE didcfloR p?&f Bk, A Q/eFPrasblfﬁ\%erieaét'#cf‘nhcéh"‘ohtﬁ)n%l é‘l‘g o'ﬂ‘fer of their

t enperatures between 0C and 100C. a) T DCM  b) c) TEA,
MeCN;, d) i expgiding, shal Grrconsisteniuith theepfemé@@p OfEQWPIOUITI@ @Wm@sﬁ S of
(2-[3-(4-pi peri dingsd siileeri 'n’w&nwrrree&gorﬁiéwésyér@@éeméﬂexéizhﬁm Erfbdimad o

4- one anal ogs 29 can be acconpli shed a vari et I ncludin

rout es t hatormalg,(lbnAgaqedingy tBGP PERgPHl 'ﬁ‘éerlt'ﬁﬂ Wﬁé@&bp%@lbﬂwtﬁmw@mem an

pyr i m d5NORRIdeathot BRG @¥sihizesibothal BGl AEAGRLGA drahlisink RN BT i, o Such
as 2-(3-brono-2-oxopyrrolidin-1-yl)acetonitrile 26 can be acconplished by a
vari ety of CREWPRBUYS is degrasdppc sElla eRgtRMSiolcBRy et Phirmed oy \stereasrstifi¢ abl e
el ect 1 ophi lsgntngals Br 87 reofbtgh Qrmemhsut@met oPEH;Péan@m@ﬁbmt'eﬂnécﬂﬁ’teer%EGIﬂﬁ@n of
20 a suitable base, such as an am ne base, such as triet %/ amne, in a
suitabl e s&f Jeafinalupiedael, @ncinlesnesaiehdhed Slaniidamatariabmays De 1edepieedi amne

moi ety, SU%Ulté’cﬁe Fhatho®kRBIh GhNté- Y. rres&@nraneexan@eoggte?eo&@m@@ 8Cergait shed
by a vari et nmet hods, such_as displacement of a suitable |eaving group,

such ad0a Oé!éds iby -the EfipleS dnc¥ilest. aad duNi ManéeriWdley-injerspienge. 4894 ne

base, such as t Fingt {BphGHTNBS de's@nb%dsh'érbﬁﬂb S Yieddle ﬁ&ﬁhco%ﬁﬁérc?a‘ﬂﬁta@ﬁﬂéﬁé l'e.
Conversion of the resulting nitrile 27 to %/he am di ne 28 can

2013/ 00821 ARt BIEtaEID 98 cy8theaizad USRS KBWY Agie ipardaBsicy a@fi/Oﬁeqnzwgt,lc
including tygateant with an al koxide base, such as sodi um nethoxide, and an
ammoni um source, such as amonium chloride, in a suitable solvent, such as
nmet hanol . Formation of the pyrimdinone noiety 29 can be acconplished by a
vari et y50f gepbhfeds, including reacting the amdine 28 with an 5
appropriately substituted 13-ketoester 4, such as methyl

2- oxocycl opent anecar boxyl ate, in theOpresence of a suitabl e base, s h as

an al koxi de base, such as s d| u IB% in a suitable sqgl veni E4as
et hanol . 103536 a) DCM NaH, PhH c)

NaCH, wat er R Et OH; e)f RNHY IEA DCM 15The- synth
N-het erocyodd ok 8r ( 3- (4- (4- ?xybenzoApl peridin-1-y1)- 2-
2 3

a) NaH or KHMDS, MeCN, THF or DMF, -30 to 70°C

As shown in Scheme 1, 1 can be prepared by alkylation of the lactam moiety of 3

20 can be accomplished by a variety of methods, including the treatment of the lactam with

an alkylating agent, such as an alkyl halide 2 or alkyl sulfonic ester in the presence of a

suitable base, such as sodium hydride or KHMDS, in a suitable solvent, such as
acetonitrile, THF or DMF over a range of suitable temperatures.

25 Scheme 2
O O 0]

NH
N
4 5
a) TEA, 2-chloroacetamidine, MeOH



oxopyrrolidin-1-Aacetam de anal ogs 36 can be acconplished by a variety of
nmet hods, including routes that rely on the use of carboxylic acid

i nt er mediviDes1ms8f10r m t he heterocyclic acetam de. The synrhBmiyoisbiket hyl

2- (2, 4-di bronobut anam do) acet ate i nternedi ate 31 can be acconpl i shed by
reacting ethyl 2-am noacetate hydrochloride 30 20 with a suitable

el ectrophile, such as 2, 4-di bronobutanoyl chloride 24, in a suitable

sol vent ni xt ur e g RRIGRS 20HrE RbRRRIBAINANGIANE oVl rEbe nfa¥E!d SBWnaR StRerRb BY!

2- (3-brono-2- oxopyrrolidin-1-yl)acetate 32 can be acconplished by reaction
wi th a sui tTaBle apa$everal metaedss i making aiiaremethyl pydmidinghee & dnaheding theich
as benzene I i Rl Wall 13/ : 3613
25 i ety e e e A e e LA
acconpl i shédsésuah aatriethyarsine netirsdshle salyentasuati aspheibendnt of a suitabl e

| eavi ngggroup, such as a bromide, in the presence of a suitable base, such
as an am ne base, such as triethylamne, in a suitable solvent such as
acetonitri[Sshemsri¥ersion of the resulting carboxylic ester 34 to 5 the
carboxylic acid 35 can be acconplished via a variety of metheds, including

treatnent with an§ nor gani ¢ base, sych as sodi um hyaroxide, jjn a suitable
sol vent conbi naﬁ,{l guch as etfia and wafer. For t'Non i@t er ocyclic
acet anm des 36 ca R3 —> HN R3

acconpl i shedbyavari €t yof nmet hods, 'ncl udi ngreacti ng2=(3; (4- (4-

met hoxybenzoyl ) pi pgri din-1-yl)- 2-oxopyr rolidin-1-yl)acetigcaci d35w t hsuit abl
e 10 heterocyclic amnes in the presence of a suitable cbupling reagent,
such as HATU, and a suitable am ne base, such as diisopropylethylamne, in
a suitabl e sebyentomsogh as di chl oronet hane. Conpositions 151 n anot her
aspect, the prreséBor3nventi on provides a pharnaceutical conposition

conpri si ng ound fo | 1),...0r phar maceutical |y acceptable salt
t her eof aﬁgDmg¢ﬂ§5§@FiOEgW?ﬁgé'&Qp?’dgf%Ccar rier. The pharmaceuti cal
conposition can be fornmulated for particular routes of adm nistration such
as oraladm ni st ati ; ] Q] i.on, . - -

adm ni g?r ation, Ttrgtg cé.yﬂ{hﬁsgg{%i%ﬂ:%{r’]?‘é taggdﬂﬂfﬂgsﬁ%%gguat }p%glwgfzg]%@tg%’o'gfly 9'8%sth%f

t he pr esentelabavationiod aprrapridiely rmatistituipd iSrarel & olembef Gctants 6 @b wiowg inBe e
limtationcapgul . | et i 1 r Somed r sitories),
or in ali c:])’Ui 3ﬁ¢]8rﬁ§ﬁstﬁtﬁglcﬁ£ %egalgtf\]nbtqs{glfﬁ afmgﬁ ﬁ}{ofs@gx\’go Cﬁt%oﬁz:tﬁ%gﬁs%éﬁgi §?\S or
emul si ons) meBykte hyramappuedratd neaeqpbde,tsuch sis casubisttutastpieertdste 7 o a suitable
convent| °“%£|v8ﬁtiarsﬁ@ﬁeéét 58§!>n'9iﬁ’ee%?tbhﬁﬁsorsy%w%ﬁt gt %5&%’ 'aQ“%c% ifile SR
contain convent?onal anert dil uents, lubricating agenfs, of buitering
25agentl§, dcluend, cambe adfamelished owuahrange pirtesperahitrey esd resichdri duratons, wetti ng

agents, enulsifers and buffers, etc. Typically, the pharnmaceuti cal
conpositions are tablets or gelatin capsules conprising the active

i ngredi ent Schgateier wi th 30a) diluents, e.g., |lactose, dextrose, sucrose,
manni tol, sorbitol, celdulose and/or glycine; b) Iybricants, e.g., silica,
tal cum stearic acid, ifts gnesi um or cal ci um sal t]| and/ or o)

pol yet hyl enegl ycoly r “Nabbets also WO 2013/ /1B2012/ 053643 )
bi nders, e. O esi umlal um num=si,l i cat ep_simar past e—gelsatin| R
tragacanth, thgl cel l ul ose, sodium car iéfy t hyl cel | ul ose and/ ofN

pol yvi nyl pyrrolidone; if desired 5d)di si

ntegPants, e.g., starches, agar,
alginic acid or itssodiumsalt, or 9 7
a) R4-Br, n-BuLi, THF, -78°C or Ar-MgBr, THF, 0°C; b) TFA, DCM
20
The synthesis of 7 can be achieved by way of the Weinreb ketone synthesis as

shown in Scheme 4. In this scheme, Weinreb amide 8 is treated with a Grignard reagent

or an organometallic reagent such as n-butyllithium in the presence of R4-Br to form
ketone 9. The tert-butyl protecting group of 9 is removed through the addition of
25 trifluoroacetic acid in dichloromethane to yield the secondary amine 7.

Scheme 5



ef fervescent m xtures; and/or e) absorbents, colorants, flavors and

sweet eners. 10Tablets nmay be either filmcoated or enteric coated according
t o met hodwoknmoesiin the art. Sui t abl e conposi ti oreTiB201YDEBIH13

admi ni stration include an effective anouft of a conmpound of forrmula (1), or
a pharmaceutically acceptable salt thereof, in the formof tablets,

| ozenges, aqueous or oily suspensions, dispersible pomders or granules, 15
emul sion, hard or sobt capsules, or syraps or eI|X|rs ositions

i ntended for oral &re prepared dimg to any known in th art
for the manyf act yrel of "phat mageuti gal Jconposittions @n S ch coﬁp05| n3R’
can cont ai npnelor” nore agent sSelfected from t he rdﬁp onS|st|ng

sweet eni ng agerits, flavoring agenfs, coloring agents “and preserV|ng agents
in order to prow de pharnaceutically'el egant and pal afabl e

pr epar at i onf®.Ar-BaliAes Bh aneBtnt A TU, tDHEEA, diMA; bER-IB('@ﬂ )ex Pdg(tiba)s) hgahmtT)FPucoe)pw th

ranu act ur ) SOVt HREITE, D s TR e PCLARRPe, *iner i di | uent s,

such as cal ci um carbonate, sodium carbonate, |actose, calcium phosphate or
sodi um ghosphat &jegf ﬁﬂgé@tdf Wcaﬁﬂ&\s&"b%'d&h%?é@tﬂrg%tﬁg%esterf BSrofifé SR @ros§°r n
starch, or alginic bi ndi agents starch, gelatin
or acaci a; caw@mpu@aqt@ataisrsgowg @hentetﬁ Ebtlaﬁpe@ hﬁ@@b@vmﬁthleétrta@ geatgieshr i ¢
acid or talsgq19lft Er%béﬁirépr €a ffm@it ﬁ%é’f r&s%%é’%f WAMQSYEA%WDWE% 49

delay disintegration a sorption 1n gastrointestinal tract and

t her eby pr 69nRsted ivtes kefone dl 2adreueh tttﬁeeaddatlono@fgtbe FrororRiate Pooniexagiglie they
time deIay t.ea I te
can be. empPraoe B s biilaain Mall Xalon TRIRA'RIE8NB08l ML N6 Fikoerkbapee,

gel at i mocapayll);ﬂmsphae @ho cbh@ra(t)tthmphenegz eatbexyiate $n dimegttbxyethan@(DMBRT Theol i d

di | b ' h kaol
ot - gel at (1 BAGLPEC GRBILIPI e RREY L T ALl GREDE S TLE O BT or

an oil nEdIdwhﬂoréméthan@tmylad tipesgvohdary lamihd Bui d paraffin or olive oil.
Certain injectable conpositions are aqueous isotonic solutions or
suspensions, 35 and suppositories are advantageously prepared fromfatty
emul si ons @chenw@Ensi ons. Sai d conpositions may be sterilized and/ or
contain adjuvants, such as preserving, stabilizing, wetting or enulsifging
agents, solution pronoters, salts for regulating the
2013/008217PCT/132012/05361 7 osmotic pressure d/ buffers

addi tion, thep~w atg i%,et\her ~therapeut i calyy vaI uatl e % ances
Sai d conpositions are prep ed faccording to con ntN m Xi ng,
granul ati ng or ctéati ng nmet hodd, respectlvely,Band cont ai B abodt= @,Jor TBYGH,or
contain about 1-50% of the active ingredient. 5The present i nvention
further provides anhydrous pharmaceuti cal conposltfﬁns and dosage f dPns
conprising the conpounds of the present invention as active ingredients,
since water may facilitate the de radati on of certain conpounds.

Anhydr ous pharmaceuti cal conpOS|t ons and dosage forns of thé3|nvent|on can
be prepared usinpg anhydro i;:}#}fzgiﬁure cont@i ni ng i ngradren %Qd | ow
onght i s
sthre

moi sture or  t6—tow hum\di RAn anhydreus phby s
conposition may be preparéﬂ an such that its anhyorou§ nature is
mai nt ai ned. Accordi ngly, anhydrous conpositions are packaged 9§|ng

mat eri agbs known to prevent expostre to water such that they can be included
in suitable formulary kits. Exanples of suitable packaging include, but are

(a 159, veNepH B BEDLITL A RGN R T e T hvention

further provides pharnaceutlcal conposltlons and dosage forns that conprise

one or nore age hat ..r educe rate.h i the co d of the
resent T nvent: aitalo BRGE ey Supst el iBlngthe s e BT Ol AR AT e
whi ch aoe raet:@nplfsdedi oy heragiety cﬂsnétbd)ctdalricitmlmgsthbsé dedcubed bblotv. & suitabte bism t ed

ant i oxi,dant s 20ascor bi H bu uf f.ers,, etc.
e ohar nadepfa P cADafe SR A St s B R b T roPielif caflinif e S
be in unit ettosagier odn bsyunthekizE0 ®Y pngteotionatftbw@ brpgtoee:lhyst)aar(m)a vtltmra awmbtq ect
of about 50-70 k aor _abo t 1- 500 r ab about 150, ng or
Sbout 0. 5. PEuoeHe aBlRnstit 8¢ s Cag et DE0 s AFonEHrele. 30 actod Win
t her apeuti «:atuawogfattlegtagemsdmm@ akyl &hbmfpmumds duble aszHhy lchlondcensdte,dala

he” subpectuidtie BHAT uaidnes A3kl A RatE e andtee ol AS Qs dor or

di sease or the severity thereof being treated. A physician, cI|n|C|an or
veterinarian of ordinary skill can readily determ ne the effective anount
of each of t he actlve |ngred|ents necessary to prevent, treat or inhibit

o Y T T T T T S



Met hods of Use The conpounds of forrmula (I) are tankyrase inhibitors
and therefore may be useful in the treatnent of diseases nedi ated by

t anykyr asep 20msadoszdirng Wit signaling rel ated di sorders amdTiBrdyn®se 1 and 2
(TNKS/ TNKS2) signaling related disor der23 35 wat si gnaling rel ated

di sorders include diseases and conditions associated with aberrant Wit
signaling including but not limted to Wit signaling-related cancers (e.g.,
col orectal fured"Rloh@NAGGC B dAM d00b! B ERREh aidimat Berteo@éd W ifeiRe-2.4-

mal i gnant 013/ 008217PCT/ 1B2012/ 053613 28 neur oect odermal tunors,

r habdony os ®Ressa)-1(hwnearsesrbe pecomplished:Pyrreasiap| a eitable kagneapedy as a

gut - der i ved, b4iiiRed .nddaeh@%.ﬂga%ng%sél Sichest L8ATNGRHIO in 1oigs aRIEUS.

st onach, pancr eas d | 1 ar S sten1 prost at e and der cancers,

and |iver @a%es)ﬁm@eﬁé@r fomwa@ide@ewa@reff Bpmf @Cata VRO i s@%@f@c’“%@h”‘@s

prolifesatis \%rlaiﬁylnnﬁb?r%q,%rnsbe gc&ﬁnﬂlshed:)ﬂéré akisty HAehEmbd istth as such as
ost eopor osi s; eoarthritis brosi s: schi zopht eni a; vascul ar di sease;

cardiac di deateent N‘@U@d‘d@@@ﬁélddlrlh?éecﬁl@b@é@sN Al ieS0sratHEs asweend) Sealse
renyel i natiygpec.i ncl uding renyelination after brain and/or spinal code
injury; and pulnonary fibrosis. Aberrant upregulation of Wit signaling is
associ ated with cancer, osteoarthritis, and polycystic kidney di sease,
whi | e aber iggRbpfdopn regul ati on of Wit 10signaling has been linked to

ost eoporosi s, obesity, diabetes, and neuronal degenerative diseases.
Tankyrase signaBing related disorders include. diseases and congitions

associ ated @i gant H\*égqlé%r,\@se 1a§tnd 2 gn I| g o nc dut naet
linited to cadcer (e’g., |euRém a mé F3 nmyelome>
| ung, ovarian,” ggd breast ceacer) 15net abol ic dise ses an iral infection

(e.g. Herpes Si rrpl ex Virus infection). T term"a t Her apeutical | y
ef fective anount™ ac ound of the present invenfion refers to an

anount of a conpgy und Ia (1) that wild e e biol ogical or

medi cal respons 3ect foor exanpl e, Jfedyctiae or,i fMkibrigon ofe an
enzyne or a p IVI ty, on’neH \6at~ nmptons, all eviate conditiodns,
sl ow or del se 20 progressi or, ent a diseas& &c. In one

non-limti nbodlnent the term"a thé%hpeutl Iy effective amount”
refers to the amouft of a conpound of formula (?? when adm nistered to a
subject, is effective to (1) at lpast partiallyalleviating, inhibiting,
preventing and/ or aneliorati g qdltlon r di sorder or a disease (i)
medi at ed by tankyrase, or (ii ci affed it ﬁﬁkyrase activity, or (iii)
characterized by activity 25 orﬁh P fs of tankyrase; or (2)
reducing or inhibiting the activity of\_tankyrase or (3) reducing or
inhibiting the expression of tankyrase. In another non-limting enbodi nent,
the tentn "a therapeutically effective &pount” refers to the anount of a
conmpound of forrmula (I) when admnistered to a cell, or a tissue, or a
non-cel I'ul g5 7oA PAGieRAH VR &)alEA, QECR: TR Wabile, Méoﬁfuf ﬁFlEGlVé Na®EgErdiast
partially reducing or |nh|b|t|ng t he 30act|V|ty of tankyrase; or at |east
partially reducing or inhibiting the expression of tankyrase. As

used herein, thenhbeyAhesidi eef3- mbeﬁoﬁnﬁqn @o@lpyrﬁind.nmﬂhemyi éBI—I—bﬁmﬁalhfm'
is a marrmal. A subj éct al so refers to for exanp &ﬁm&t es gst humans,

mal e of °f edeE)an 9@ﬁ@@@ccar@glﬂ@edm,as\@getydg&eth @C'UF"@SHW’[ hehtely

mce, fi Sh,othédEe%TdarﬁBFhe' ihteBmediBted 36 Gbindittie wrhﬁldln@ﬁ@trmg tiee §y|hh@§é of S a
primate. In yet other enbodi nents, the sul%Ject is a

huna
2013/ 00821 AB2I9N 16 g mediajes, such as g L@%’Eﬂo‘r?e?@pﬁ”o'tqﬂyTYB?‘Fﬁtori”ﬁ'fﬁ B,

"i nhi bi ti ogande aédamdnsﬂédney ar@‘nefySoft methbas r.ﬂéluelhg ?Badling Sallﬁ%&%‘fdrﬁlﬂleO% a
glven condltlon sease, Or. a SI ficant

decrease i H‘”tﬂ?es%'éé@l ‘?"?fem&@ﬂ‘? \?PP@/ 3612 %d'Bfom%*iaeavl Aeqridgi Ay 'rlo‘iherﬂ’r BRe068 Of

20 asuitable base, such as an amine base, such as triethylamine, in a suitable solvent such

as dichloromethane. Installation of the piperidine moiety, such as aryl-piperidin-4-yl-
methanone analogs 7, can be accomplished by a variety of methods, such as
displacement of a suitable leaving group, such as a bromide, in the presence of a
suitable base, such as an amine base, such as triethylamine, in a suitable solvent such
25 as acetonitrile. Conversion of the resulting nitrile 27 to the amidine 28 can be



As used herein, the term™"treat”, "treating" or "treatnent"” of any disease
or 5 disorder refers in one enbodinent, to aneliorating the di sease or

di sorder w0D.2e13/008310Wi ng or arresting or reducing the deverapmants3efs t he

di sease or at |east one of the clinical %@nptons thereof). In another

enbodi nent "treat", "treating" or "treatnent" refers to alleviating or
aneliorating at | east one physical paraneter including those which nay not
be di scer n'a@!:(ﬁnﬁbéhé@@rap@%r?é?%of Mratheak, rﬁel%rh&rtre%fm@rﬁ'mrﬁn alkbXié@base, such
"treating” or "treatnent refers to nodul ating the disease or disorder,
ei t her phys’lisc%IdIl&m npethexide, sangoam iamemHeM oFousCed i SsiEle ragi AMBC8YFHEBIRYide, in a
physi ol 00l Gahdte sbfielh; susH 88irhdikafd| OF hattyrP by FeCR)inRBhSIP HRdidly 207cdhobd- 11

yet anot her enbod |nenf treat treating” or treatment” refers to

preventing 36¢0"G@I389¢| rh)’ gharisihs of I’O?th@I@%e‘D@Hf’ﬂﬁﬁt regeting dipr @gudiogy 28 withean

di seasegor nt
if such subj e b'% FI%[Y ﬁtgﬁ%? rckt }tb%%téglllogyggﬁ ﬁr%th%eéonbﬁ}c@ﬁ%ﬁ'taﬁ%caé@oa%fa?@ﬁnm
life from éttmbresemtqterﬂwtable base, sTplugs aa<lkaxifia basasuerbs dodiemtethaxide, prasent
i nvention onpound of fornmula (1) or a
pharnaceut?gg¥#€§§€%g ﬁ?ﬁQ@5 PFthereof in therapy. In a further

enbodi ment, the therapy is selected fronta di sease which may be treated by
t ankyr ase @Qﬂ p{t on. In one enbodi nent the disease is a Wit signaling

rel ated disor 20 I'n another enbodinent the disease is a tankyrase

si gnal i ng related i sorder. In anot her enbodi ment, ®he di sease is cancer,
in particulB r, sel N romtRe gr f OaL/IeukeHia,

mel anoma, multiplle nyelona ynp oma, |ung cancer phiageal cancer,
stomach cancer, Eancreas canter, biliary duct sys entcan er, ovarian
cancer, breast chcer, prost# e cancer, bladder cancéf, coIon cancer and
l'iver 25 cancer I n another mnbodrnent t he di sease is cancer, in

parti cul ar, %ancer sel ec ed“nkpntthe group consi sting of Ieukenla | ung
cancer, pancreds cancer, bheagt cancer and col on.cancer. In another

enbodi ment b rsease ra cancer selected f tlhe group consgstrng of
col on, pancre breast\. | n another e i ™ provi des
a use of a conp f+for 30 (1), or a(pharnadgzak%affiﬁacceptable
salt thereof, t manu ure of a nedicQnment for7th§ treatnment of a

di sease nedratéﬂ bnyankyrase(ynhrbrtron I n ‘one enbodi n@nt the disease is
a Wit signaling Bglated drégrder | n anot her enbodi n¥ht the disease is a
tankyrase signaling rel ated disorder. In another embodinment, the disease is

cancer, in partrcul  a cancer selected frontthe group consisting of
Ieukenia, mel ano Itrple 35 nyel oma, hona ng cancer, esophageal
cancer, sto can N er, ebrlr ystem cancero.
ovarian cancer, preast pst at—e—ca’ncerH er Ncancer I on

cancer and Irver cancer. s er enbodi nent, e di seas

2013/ 008217PCT/ 1B2012/ 053613030 cancer, in partrcular a cancer selected
frontth§ group consi stgsng of | eukem a, |ung cancer, pangteas cancer br east
cancer 'and col on cancer. In another enbodi ment the disease is a cancer
selected fromthe group consisting of colon, pancreas, and breast. In

anot her enta()IE’iCrhaErwatert DEC;i ipMéatt i FITH; pe) NEA] deCGN,vidtBpd) Ne©H; ivater rig@iHren)tR-of a
5 di sease 9 %ytaﬂﬁwrase i nhibition conprising adm nistration of a
t her apeuti ca Iy effecti've amount of a conmpound of forrmula (I) or a
pharnaceutrcally acceptable salt thereof to a subject in need thereof. In
one e di ment a her
enbodrm?rrgnt t he sea eﬁlr%é%a @an’ﬁlywrg[aes@& srﬂég% ?,%?é%én% gﬁéfnd 2})%
further entwydpyreaicin-t-Wiaceiaseds andlsgs 86 can bei aGCpmptlswdltarraaacetmwérnetmcect ed
10 fromt h?nc%o‘ﬂ’(r:cg r&ﬂQ@tﬁat' II:% %fn lh%uhgemo? caVIFAX?QP I%ﬁ@r’d WerHeBIa‘?esWoe If(?tjrﬁa’the

| ynphome, |'Un ncer, esoplrageal cance er, pancreas cancer,
biliary duct\etergmmnacatwéde ovhaei amthmn:c@f ethyle@42, 4c£hbroeuobuqanamtdatwetaaemer
bl adder Ca%&(meo?é%é a c%ﬁ%%eiccﬁﬂﬁnéh'eﬁ%ﬁ{ r85&%§reth | 8. Oa?ﬂ%&% %S’H’g&r@bIIIEMe 3¢ he
di sease i s cancer, in parti |"ect

consi s€0ng with aeamtehlﬁaelemmmllezamr as adhrdibeemsolmdaroyt chlorida24, ibcasoidableand

col on canc sgﬁ%e b Sy I rom
t he group gén3| &Hﬂéhﬁkh%ﬁQRQMHgﬁgygggaQHn ré%@tgmﬁﬁﬁggﬂaf?éﬁgﬁﬁﬂ%a
conpounds @Romwwllﬂnesxd)acetam/émamhe Aesontlishethbnieactioreditie atshidable R@se, such

si mul t aneouygl 1 : - r r t : 4
agent (s). es}sg?({)yl'rﬁp@ﬁdn@é’ '@g %@b%rseoi\{aehf IU ﬁ@ggtbrgéhéﬁr%aqnﬁbrﬁ@m&n?@{lgﬁg@'ﬁe
separately, by the sane or different route of adnlnlstratlon, or together
in the same pharnaceutical conposition as the other agents. In one

enbodi nent , the |nvent|on provrdes a product conprrsrng a conpound of 25

o,



30t he conpound of formula (1) and the other therapeutic agent(s) in
separate form e.g. in the formof a kit. I n one enbodi nent, the
i nventi orwpnos/ed7a pharmaceuti cal conpgosition conpri swﬂg/lmmwnmtmd of
formula (1) and anot her therapeutic agen?tf’(s) Optional ly, the
pharmaceutical conposition may conprise a pharmaceutically acceptable

excipient, as 35descri bed above. I n one enmbodi nent, the invention
provides a nlfdlét¥ CQJEH rdss(hnﬁetﬁéf@pﬁén% Ser%‘?rpﬁfyﬂﬁ%tt%éﬁ@%‘ﬁ% %bm%ﬁéﬂé%sdyté ons,
at | east one o contai ns a ‘conpound formula (1).

2013/ 00821 7Rty PBQ@R@F’@&GE@S?lSpi%eWét @frﬁ)%dﬁah@tt@av'rtgt@r OKP tSU§b|€t‘ﬁla| byegideeans
for separ aiple sRLAIAI NG SiHaBIcATBOSid A8n afiRoas, 3uBPat Hdlam#byinded
bottle, or divided foil packet. An exanple of such I's a blister pack,
as typi cal Isyitapiegoent susB aszacringitig. cﬁortVﬁﬁt%‘t%fth@é‘féﬁﬂl”gscaébfdwt'%@s’[?i Ré o The
it of 5he tdaBbiAe BB sRen LA CHRPISHEI §t§tét\?gf HolroB SAUAAS B88nTcAE TS,
for 5 exanple, oral and parenteral, dm nistering the separate
conposi ti oiféthzn mofgaé‘t(‘eh@sed@sl‘é@@slWW&V@OX@? No? sHitd %ttsph@ntt ¢rmkjagionat e

conposi t i ORFCRAGR NharRNRNYUNGT - FlnRESH Sbf FRRRIJyBRC Rcelafifiadd 360kak hSe
invention typically conprises directions for adm ni stration. t he

conmbi nat i oACEBRIEPPSs BY tdhe YHEBht iWn, MefodgonpbelHdingf taetinchy ehit3- @Tt(4and
the ot her tharaRBYlId)@EERin THY- D8 SHRLAEH ) aéet%nd/aerd f%rswlmtned swaatéte
same or 10 different "manufacturers. Mreover, the conmpound o

i nvent 18n Agteredyelioamies trh@?mp%ohm?u'i?@'eo?%@&?ﬂ reggia pleah qsrk'%ﬂé and a
conbi nat i oRy i aYine (Habe PEhEH a&%ufs@br%éﬂ@th?ﬁanﬁrﬁt‘? |ﬁ°§t§uﬂ§6lé0§bhférn9dé{}bh 5o
physicians (e.g. in the case of conpiising the conmpound of th

i nventi on éé‘tikﬂ"qr%e@@ﬁ%r t her apeutl c agent) (ii) by the physician

t henmsel ves (or under the guidance of the physician) shortly before
admnistration; (iiii) in the patient 15thenselves, e.g. during sequenti al
adnmi ni st r alGOsMPRSItions conpound of the invention and the ot her t her apeutic

agent. 15 A¢r$@h6’th@9!a¥pec¥ hRe LRRSBAL INOENtRNQHHHIESS &%aHﬁ&e@fucaﬁ c6ﬁ’1689ﬁ'6ﬁ1 of
formula (1) for treating di sease or condition nedi at ed I?é t ankyrase

i nhi bi ti on CRMEFENG at%@pﬁtal@l‘i‘ ebirERYIai(y PresphmrBaceuicallyacapiab a%@itéfﬂ?rw?ft and
anot her t her apakhdeuAGAD! accERRIIA\C@MdrON BleS PhRfmPXcdfsal ElinpdiRions a®f be
anot her therapeutic agent for treating a disease or condition nediated b
t ankyrase ifAIUWAE] &1 Panicalaeirputehef adminsaaion such agifishrdMEYIALoN.tRarenteral

conmpound Ofadfrﬂﬂsffkﬁtl%n(la}nd rectal adMIfistra6ANt &8N a|nS K JRKtRM! ARE ﬁh&r%ﬂé@b't"t‘%l of
formula (1) for use in a nethod of treating a di sease or condition nedi ated

by tanR)r asempasitigns ofdhe PiRsepkinkention caBrRsonAde Up N afsolichfarm (ciuding; without

prepared f @mitateA @ép%hfeét {aBRMokI, @ﬂ&ﬁﬁl@@rpé\mé@ﬁéﬁdp@s@&%@} orTrhg iR §8k 0N
al so provi des anot her therapeutic agent for use in a net of treath@g
'

di sease or @@HG‘PQl"BWOHbHT‘%ﬂt@B 9(9}““9&%k%ﬁ@'@"?%h‘?rb‘?mwgﬁ”s)\myﬂ%Phart"f}?@etbtﬂ

therapeuti goag8&tiodsS cRh aRALESeE0H t@déﬂr%ﬁt‘idn%t fp%rn‘t‘édeﬂtu@al cipaiond Qlcnf &g mul a
(I'). The invention al so provides a conpound formula (1) for use in a

met hod of stesizatieg and@r samsentaip C@BYRJI“PP%Jrhn%@iluﬁf‘@d“JbB@t'BQ aganRy 9 fydfering
i nhi bi p5on ag \éﬁt@r%snmknea§%ﬂ‘1ﬁ)dﬂf§ oa‘ucﬁoa@%rase(rt:)nvw atmiinb st Q/Uéiﬁh%’]\ﬂdglénts

anot her therapeutic agent e invention al so provides anofher therapeutic
agent for @%'ﬁ'fﬁr%aﬁ?e@%f@liﬁ §ic-treating a di sease or condition mediated by
tankyrase inhi b'Ty;ﬂi&tlyWﬂ%r %harnﬁé&uﬁédﬂeéonﬁdlﬁﬁéﬁéfUértha%Qz‘?smor' §el@fHM dabsiies ed

wi th a conpound of for C% he i nvention also provides the use of a
conpound otCOF’BF'ﬁﬂSIJH’e(q")t'V?tS‘IQFQ VU4 With5 di sease or condition nediated by
t ankyrase inhibition, wherein the patient has previously (e.g. wthin 24

hours) been treat ed vmth anot her therapeutic agent. The invention als

provi dé8 the us@) oflilugAts: ke leREPRIANITPEe, dyETPSe S @ﬁ”'ﬂ'%eﬁqrﬁ&" eP%lP'@é%@Bd/@F
condi tion WO 2Q43(08217PCT/ 1B2012/ 053613 32

b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or calcium salt
and/or polyethyleneglycol; for tablets also
35



medi at ed by tankyrase inhibition, wherein the patient has previously (e.g.
within 24 hours) been treated with a conpound of fornula (I). In one
enbodi menwQ 20tsa08tiher t herapeutic agent is sel ected fromcsaBmat/essefy om t he
group of, but not Iimted to Hedgehog ar?(aagoni sts, PI3K inhibitors, MK
inhibitors Styrosine kinase inhibitors, aIkyIating agents,

anti - met abol i tes, mcrotubule inhibitors, telonerase inhibitors, PARP

i nhi bitors, and Wndé?@'é)bt ﬁfa@nesmm alumiﬁﬁ'm@ﬂ%mé' Stafdh @as"f@(&%{?iﬁgtrégﬁc%%m st

i s 2-chloro- N—[4 chl or0-3=(2- pyridinyl)phe -4- (et hyl'sul T ony1

benzani de (al so WM?P"H@SGD@@M%WQW”&&BWQHB ge i TPy lRytdlidenasof  wWo
06/ 028958) . 10Sege;&Kxanpl es of PI3K inhibitors

i nclude: 4-[2- (1H1 ndazol -4-y1)-6-[[4-

(et hyl sul f onyl )pi per azin-1-yl]nethyl]thieno[ 3, 2-d] pyri m di n-4-yl ] norpholin
e (al sosknown ag %i‘arﬁ‘é‘d %esgtra'ré?i%g Iagaf, Cighiellacedol Oy Negiumealt, or

09/ 036082 and V\D 09/ 055 30) ‘an

2- Met hyl - 2- [4 [@Ifﬁ@?ﬁﬁgﬂnim%%sear(déﬁn nol i n-3-y1) -2, 3-di hydr oi ni dazo[ 4, 5-
clquinolin-1-yl]phenylJpropionitrile (al so known as BEZ 235 or NVP-BEZ 235,

and 15described in PCT Publication No. WO 06/122806) . An exanpl e of
a M togen-acti v& ePSPIOENE: FOIRIEAIEs BAVernadeswadK)ersnhi bitor is XL-518 (Cas
No. 1029872-29-4, available from ACC Corp.). Sonme exanpl es of

tyrosine kinase inhibitors include: Erlotinib hydrochloride (sold under the
trademdPk TabPlets, Bay Petsithepfeneeaied rRoemelic coqtag iaafmremgrtp Mmethagsghfone-inpe 20
i ndazol - 4- yl) phenyl ] - N1- (2- f | uor o- 5- met hyl phenyl ) urea, also known as ABT
869, avail able from Genentech), sunitinib malate ﬁsol d under the tradenane
Sutent (r) by Pf ,Sygal;le Witigpsbfor oral administration include an effective amount of a
(4-1(2, 4- d'c@ﬁibgﬂi%‘ af F@MU%X%)Dr@)?%)’ﬂ)i)aﬁ‘ﬁﬁ'a@él]trcﬁnﬂéd%%{%}ﬁig seﬁl?tkﬁeﬂed’fﬁﬁihﬂﬁbﬁbmbﬁz' nl

11) propoxy] qui nol i ne-3-carbonitrile, also Known as -606, and descri bed
in US Pat ef@Pl®e. lezenges. 9%}90U8a%rat°i|ihi%‘SP%@'%SUWW'W@ P?"&Q‘%ﬁa@feQWel (r)
by Bri g50l <M(fdish, Fak 8b9oit ca%@ul@@z&%?ﬂ]pg or 2lige. k@&ﬂﬁbsﬂ%n@\ﬁﬁf@h@eﬂ%?@ﬂa@uwder
the tradenanme Votrient(r) G axoSmthKline), and imatinib and Imatinib
nesyl ate ($63 Prepried %%erwngaa%mme@q%éewr) iBnide e el dpe ) MByuRglyEer ©f ) .
Some exanpl@grmdcedtidar |c%ﬁ1'p6§tiéigse&ﬁc§ s boABosifi IR &mtéﬂﬁ cfn%%r%ki@%er‘?t@e

t radenamnes Termdar(r) nd Tenodal (r) by Schering- Pl oug‘l Mer ck

dact i nomycish eE@FjsféomS“@ekgfém cas8siglitd Ab/YEerienNIarlents| | vgwaﬁeiagﬁmié eeladethane

Cosmegen(r bbent@%'nﬂ*b?és%‘ﬂn qahé&tgme@% provi dﬁ\/bhd-rm%éélﬁ%hﬂ’ysélg arfBfd palatable
phenyl al ani ne nustard d under the tradenane Al keran(r)), altretam ne

(al so eﬂomr%rﬁ@ﬁamhﬁiei%ﬂnamqe@taqmm activs Mo i hROnpiaiERs MAthrenontoxic
Hexal en(r) bhafRdddusddipacésisie Hf@&ént&% dif A e0REBe Bir ihnahlfachRSaaMEls ne

(sold under_the tradenanme Treanda(r)), busulfan (sold under the tradenanes

Busul f ex( r )Thess exeigiemyl 2B afqr roxRmplearifgsh PRGNS, (6N RSuFRIEYM1 GREOANAIR1 eSS
Par apl at i n(h)donaledMasidsBe dAish lbﬂ@é’kiha?é Qd\ieid.uwl Shwbﬂsie tQi%nhlraﬁﬁ’g?”éﬁ@

CeeNU(r)), cisplatin (also known as CDDP, under the tra enanes
Pl at i nol (r Pis§Henrpling jagentsr Joragyampie| eﬁranﬁa@i O(S%Q'H'Cu@fﬂ%r bipgieg ggsnts, for

2013/ 0@5216%%%8%%&4 0§et&ti3 os%ché.adgﬁarmbrie@uif@ @(nrs )for 5y£h;si@hﬁ§@i@%me

(sold under the tradenanes Qét oxan(r) and Neosar dacar bazi ne’ (al so
known as Dflearaigy eeaficcRdhorda 0|T@e5@QIgt§)@5¢,p@@at%doqrd:oa§¢gé}y KnRWN L eCi¥NI Y& RO

DTl C- Dome( fgblay diihieFH0h %d(a’ﬁs%ﬂﬁ%ﬁ%‘ﬂh@@a&?dﬁ@?ﬁﬁéy kraBl a8 BerédiVBloviie!l £

under the tradenanme Hexalen(r)), ifosfam de (sold under the tradename 5

I fex(r)), ﬁpﬁé@ﬁﬁaaﬁ'ﬁ% °(V§blad|°[}9ﬁfel?ert°ﬁe Feageamapie. fHing delayrmqterial such as

mechl oret h BE/| fdh&SekARVGY | GfsROPAY 'E‘e\ﬁtb@réi'n I t imemand f I
mechl or oet %L.pr(i:’l ﬁ/e hy drgc O“ggy?c,eﬂ} ¥ unger t he trg%égnarre I\/Us?r;isré)tragzarﬁe

st r ept 890cicAn pwr%ﬁemﬁﬂieas haig gﬁiaa@éwszmﬁi@arﬂm aqtiverngradignids Mredovithdn as
t hi ophosphqasi §8id ARENT RS ARk, ToRAIm $aHbnERASKICKAE phépHaRAGEKIINh OB 8X(T) .

10Some exanpl es of Anti-netabolites include: claribine
( 2- chl or odE8% P8ER G3PFHEes Whprainihe aetiveniBoredignbisdnixed will tvateryr ray")OII medium,

5-f 1 uor our &g dxapRl, Besd e, Ifqbf%i F;arrgfﬂ,eeagm,e/&irum I (r)), 6-thioguanine (sold
under the tradename Purinethol (r)), penmetrexed (sold under the tradenane

Alinta(r)), oyt SeABINBISCHN CRBISHIONS 2P ASLABAS, [SOPNSs Ol Ql-SEFPORSAS.

under Bhe tLhadRPRHRCkES %bdwrfté eou§%ﬁt&é§é}b63rdnﬁ (%) @iﬂhlsbﬂ!;?cﬁ JRPEWLIGHS.
Li posomal 15 Ara-C, .sold under radenane Depo deci t abi ne, (sol d

under the ﬁ%@ﬁ@ﬁ@s'mﬁ@ﬁow SR hrRk AIF©A eI a&’HﬂéPtSt [Ch ragdRieaRRYEY,
Hydrea(r), stbmsing, WatmadoMemaeR)idgNagehlsUdaiadh Reorhstelsd s%lﬁ‘éj%r Fe@@lahﬁ%“i’i@é‘ane
Fludara(r)), floxuridine (sold under the tradenane FUDR(r)), cladribine
(al so known as 2-chl orodeoxyadenosi ne (2-CdA) sol d under the t radenane
LeustatinTm, nethotrexate (al so known as anethopterin, 20nethotrexate
SOdI m (MTX) sol d under the tradenanes Rheumatrex(r) and Trexall Tn), and



Sone exanpl es of mcrotubule inhibitors are vinorel bine (sold under the
trade nane Navel bi ne(r)), vindesine (sold under the trade nane

El di si ne(wpep1zawsrianusti ne (sold under the trade nane ERCYiB20)1}/053613
vincristine (Oncovin(r)), tricl abendazol¥ (Egaten(r)), 25secnidazol e,
qui nf am de, podophyl | ot oxi n, nebendazol e, griseoful vin, flubendazol e,
eri bulin, colchicine, ciclobendazole cabazi t axel , albendazole and

vi nor el bi n%sr‘r/éﬂc S@E%%n@for%uff@rjsonﬁ‘éé&ﬁod rf'rh\éytq’n3&1)P!éllsb%oht‘&ﬁf‘(ﬁhérttfarérapeutlcally
Some exanpl es of " PARP inhi bitors include: olaparib (from Astrazeneca),

i ni parib (aa@ablﬁﬁ@maa@eswa@gqmposwaglaa%gmp@md aeep)dingt) qoﬁé?’ﬂl@”@'am%(tﬁ‘gknom

as ABT-883 frérf?!ﬁh%@Ei}zéaatlnénﬂetmzr@séé\fﬁﬁéw)and contain m X259 &% Fhidif\F
i nhibitors |ncIu 542- Pheny (4-pyridinyl)

1H i ni dazolabguly}- W)%eqaifdhe e@nvgonqm@ﬁﬂt as L- 779450)

3- (di meghyl am nq}uegbr[es"ér[t(.rﬂ/enhardmméb%%ﬁaés)a?\myaﬁbhsﬁpﬁa%&aféum!@érwn%%lﬁéﬁéﬂ de
(al so known as ZM 336 and sorafenib (markéted as Nexavg%ér) by Bayer).

35 | nter me@ndt @%saﬁﬁdfOE%&n?ﬂ”%'s'”@Dt%PemgmPC‘FV‘%B%@%% 09%&Nigh 3as Aedve

fol I owing GXREMEAS, & WALEREE thlitadthd ddgrsdafiah bV &erRil a/orﬁmnegt limting in
any way. Abbrevi ations used are those conventional in the art or the

fol lowing: 5 Ac&dhydrers ehamiasenisa P@VPP@%W%HSWOS@QEB@W ddbe d1vgstieiedbl et
dddoubl et gf ﬁ%&@D%QWr&§W |9W%m§tb@&nglrg@%mg%or%té SRR loAPbar& 8r DVE

1, 4- di met hoxyet hane di et hyl f or mam de di met hyl sul f oxi de
10 low humidity conditions. An anhydrous pharmaceutical composmon may be prepared

and stored such that its anhydrous nature is maintained. Accordingly, anhydrous

compositions are packaged using materials known to prevent exposure to water such

that they can be included in suitable formulary kits. Examples of suitable packaging

include, but are not limited to, hermetically sealed foils, plastics, unit dose containers (e.
15  g., vials), blister packs, and strip packs.

The invention further provides pharmaceutical compositions and dosage forms
that comprise one or more agents that reduce the rate by which the compound of the
present invention as an active ingredient will decompose. Such agents, which are
referred to herein as "stabilizers,” include, but are not limited to, antioxidants such as

20 ascorbic acid, pH buffers, or salt buffers, etc.

The pharmaceutical composition or combination of the present invention can be
in unit dosage of about 1-1000 mg of active ingredient(s) for a subject of about 50-70 kg,
or about 1-500 mg or about 1-250 mg or about 1-150 mg or about 0.5-100 mg, or about
1-50 mg of active ingredients. The therapeutically effective dosage of a compound, the

25  pharmaceutical composition, or the combinations thereof, is dependent on the species of
the subject, the body weight, age and individual condition, the disorder or disease or the
severity thereof being treated. A physician, clinician or veterinarian of ordinary skill can
readily determine the effective amount of each of the active ingredients necessary to
prevent, treat or inhibit the progress of the disorder or disease.

30
Methods of Use
The compounds of formula (I) are tankyrase inhibitors and therefore may be
useful in the treatment of diseases mediated by tanykyrase, including Wnt signaling
related disorders and tankyrase 1 and 2 (TNKS/TNKS2) signaling related disorders.
35 Whnt signaling related disorders include diseases and conditions associated with

aberrant Wnt signaling including but not limited to Wnt signaling-related cancers (e.g.,
colorectal cancer, malignant medulloblastoma and other primary CNS malignant



15Et OAc et hyl acetate EtOH et hanol EDCL

1- et hyl - 3-(31-di net hyl am nopropyl ) car bodi i m de ggram hhour (s) 20HBTU

1- [ bi s( diwet2nig/msiino) et hyl ene] - 1H benzot ri azol i umhexaf PconBphasishes e( 1-)
3- oxide HOBt 1-hydroxy-7-azabenzotri azd% HPLC hi gh pressure |iquid
chromat ography | Ri nfrared spectroscopy 25kgkilogramLliter LCMS Iiquid
chromat ography and nass spectronetry MIBE nethyl tert butyl either MeOH

met hanol 30, RRBS SeHRg Gl O1EE tHAb b B3 HESMRVIENG BHh der PhESaruldy el lung
mbmlliliter(s) 351..1Mmcronolar fnizmass to charge rati o nmanoneter

2013/ 00821 7R0SE1 BRbdeved3w®rs, including but not limited to cancer of the esophagus,
stomach, pancreas, and biliary duct system, prostate and bladder cancers, and liver

cancer); other, non-oncogenic proliferative diseases, such as proliferative skin disorders

5 (e.g., psoriasis, dermatitis); osteoporosis; osteoarthritis; fibrosis; schizophrenia; vascular
disease; cardiac disease; neurodegenerative diseases such as Alzheimer's disease;
remyelination, including remyelination after brain and/or spinal code injury; and
pulmonary fibrosis. Aberrant upregulation of Wnt signaling is associated with cancer,
osteoarthritis, and polycystic kidney disease, while aberrant down regulation of Wnt

10  signaling has been linked to osteoporosis, obesity, diabetes, and neuronal degenerative
diseases.

Tankyrase signaling related disorders include diseases and conditions associated
with aberrant tankyrase 1 and 2 signaling, including but not limited to cancer (e.g.,
leukemia, lymphoma, melanoma, multiple myeloma, lung, ovarian, and breast cancer)

15  metabolic diseases and viral infection (e.g. Herpes Simplex Virus infection).

The term "a therapeutically effective amount" of a compound of the present
invention refers to an amount of a compound of formula (I) that will elicit the biological or
medical response of a subject, for example, reduction or inhibition of an enzyme or a
protein activity, or ameliorate symptoms, alleviate conditions, slow or delay disease

20  progression, or prevent a disease, etc. In one non-limiting embodiment, the term “a
therapeutically effective amount” refers to the amount of a compound of formula (1) when
administered to a subject, is effective to (1) at least partially alleviating, inhibiting,
preventing and/or ameliorating a condition, or a disorder or a disease (i) mediated by
tankyrase, or (ii) associated with tankyrase activity, or (iii) characterized by activity

25  (normal or abnormal) of tankyrase; or (2) reducing or inhibiting the activity of tankyrase or
(8) reducing or inhibiting the expression of tankyrase. In another non-limiting
embodiment, the term “a therapeutically effective amount” refers to the amount of a
compound of formula (I) when administered to a cell, or a tissue, or a non-cellular
biological material, or a medium, is effective to at least partially reducing or inhibiting the

30 activity of tankyrase; or at least partially reducing or inhibiting the expression of
tankyrase.

As used herein, the term “subject’ refers to an animal. Typically the animal is a
mammal. A subject also refers to for example, primates (e.g., humans, male or female),
cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice, fish, birds and the like. In

35 certain embodiments, the subject is a primate. In yet other embodiments, the subject is

a human.



35 nMhanonol ar Nnormal NMR nucl ear magneti c resonance Papascal 5Pd/ C

pal | adi um on carbon racracem ¢ RP-HPLC reverse phase-high pressure liquid
chr omat ogwvephis/msiingl et ttriplet 10TEA triethyl am ne TLECrhBoik/esser3
chromat ography TFA trifl uoroacetic acid 4%F1tetrahydrofuran 15l nter nedi at e
1 4-0xo-tetrahydro-pyran-3-carboxylic acid nmethyl ester 0 0 )'AO 1 To a
sol ution of tetrahydro-pyran-4-one (1.3 kg, 12.98 nol) and carbonic acid

di methyl ester (Bgslusgg h‘é%ln ]tﬁgt(ﬁmnﬂ'lh)bltwa%h%ﬂ%doﬁ%ﬂlgtlrﬁ’gj’tr@%% td"the reduction
tert-butoxide (1.8 |y 20 in portions at -10C over 2 h under

ni trogen proétsé@@rﬁé’ﬁon vhé @tﬁgp@qmlt@ﬁ fBPteR, (oF slisosdery ofiFeaseper at significent h
after the fa@e'ﬂefas&mthé%l.ﬁ@%émﬂ/oka@.&@é@éﬁaemy of sﬂtoﬁ:@éydro pyran4-one had

been conpl etely consuned he reaction was acidified by HO (2 N to pH 6-7

and then the phﬁeés%hér%daﬁd?% “treple GregHng’cOp MERAEMBRS A TYedisaRseh Ohat er
(3 Lx2) sandjidohser ok iResheadmsitieRN@dS&Re WRAtRgans bR oMbt M BE., (Fowind-X2) -

The 25 conbi ned organi c phase was concentratéd under reduced pressure at

25C to rem$ETREHIY of radERY thdeyalepment afdhe giseass Peat ésst BYe 6f thepelifisal - 200

Pa) at 74 GyhBidMs thekdlf). tmt&%mm&%a& GRher "t?&a%n&‘ br (ﬁéa'imgnt" ?réfe?*s/s\o CHN
anal ysis: cal culated (result % C 53.16 (53.10), H 6.3 6. 245),

(0. 00). 3010 dRtedar amelioraing g @a@tq@ézryﬁlpgllq@éameter mcludmg those which may not
be discernible by the patient. In yet another embodiment, “treat”, "treating" or "treatment”

10 refers to modulating the disease or disorder, either physically, (e.g., stabilization of a
discernible symptom), physiologically, (e.g., stabilization of a physical parameter), or
both. In yet another embodiment, “treat”, "treating" or "treatment" refers to preventing or
delaying the onset or development or progression of the disease or disorder.

As used herein, a subject is “in need of” a treatment if such subject would benefit

15  biologically, medically or in quality of life from such treatment.

Thus, as a further embodiment, the present invention provides the use of a
compound of formula (I) or a pharmaceutically acceptable salt thereof, in therapy. In a
further embodiment, the therapy is selected from a disease which may be treated by
tankyrase inhibition. In one embodiment the disease is a Wnt signaling related disorder.

20 In another embodiment the disease is a tankyrase signaling related disorder. In another
embodiment, the disease is cancer, in particular a cancer selected from the group
consisting of leukemia, melanoma, multiple myeloma, lymphoma, lung cancer,
esophageal cancer, stomach cancer, pancreas cancer, biliary duct system cancer,
ovarian cancer, breast cancer, prostate cancer, bladder cancer, colon cancer and liver

25 cancer. In another embodiment, the disease is cancer, in particular, a cancer selected
from the group consisting of leukemia, lung cancer, pancreas cancer, breast cancer and
colon cancer. In another embodiment the disease is a cancer selected from the group
consisting of colon, pancreas, and breast.

In another embodiment, the invention provides a use of a compound of formula

30 (I), or a pharmaceutically acceptable salt thereof, in that manufacture of a medicament
for the treatment of a disease mediated by tankyrase inhibition. In one embodiment the
disease is a Wnt signaling related disorder. In another embodiment the disease is a
tankyrase signaling related disorder. In another embodiment, the disease is cancer, in
particular a cancer selected from the group consisting of leukemia, melanoma, multiple

35 myeloma, lymphoma, lung cancer, esophageal cancer, stomach cancer, pancreas
cancer, biliary duct system cancer, ovarian cancer, breast cancer, prostate cancer,

bladder cancer, colon cancer and liver cancer. In another embodiment, the disease is



NH H2N) c7Cl WD 2013/ 008217PCT/ 1B2012/ 053613 36 Sodi um (18.3g, 0.795n01)
was conpletely dissolved in 2 L of MeOH at 25 C and stirred for 1 hour. To
t he sol utworrosam®siinen added chl oro-acetonitrile (600 g, PCTAB20M@DI36TH Opwi se
in 1 hour under the protection of N2. Aftlr bei ng stirred at about 20 C for
an additional hour, NH4Cl (514 g, 8.73 nol) was added in portions over 45
m nutes (the sol ution turned 5 to yellow and then red, and then a bl ack

l'iqui d was -ghti fedhrtichibe af éérfcfek QB|etett ﬁ'érﬁ IW@S?%DEQ:O% Et%er iukeknid, 184
15-20 C for 16 hours. After [tration, trate was concentrated %o

gi ve a resicaleer: RRICEFASRAICEN lbeﬁ’SéPé'&P%aﬂﬁ CMPBEa(”Ee’L o gnothes egibpginend the t | e

conpound a%ls"éaé)é AGKcaHekbt éjeléc?&?fr&n 1963Poup %Qﬁsﬂétﬁ?@@bl@ﬁ g)eﬁ‘lcreas and breast
2- Chl oronet hyl1-3,5, 7, 8-tetrahydro-pyrano[ 4 rem 4-one OOLI NH C

N A m xture of (erl‘ @G@thﬁt @m@o‘ﬂléteﬂhﬁwﬂrblep%rhﬁmldéarab@féwoﬂdoht’f‘ﬁd@?émﬁ@tl ofexst er
(1780 g5 1}isxmba n?@@ﬁjatéd bgttéﬁkly%brl@m&ﬁ&@ cgmpﬁs Rg %Hnlét&tlyﬁgﬁa(tﬁ%gemehlly"as

cooled to OC under sol ution of 2-chloro-acetam di ne
nmol) in 89@ffﬁ"at'V6faﬂ%lmi1 QK@%C@@G@W%PBWS‘@ ow er aS@‘%“ﬁGQlé@”YTH@?ePE?é?& ﬁ@'h

m xture ""a%e"‘fébfrtb%dstﬁa‘jec@ﬁ% ﬁ&srd t%@re'&‘f ”hht @r% @r’ﬂgocﬁlﬁﬁ%ﬁt ik e i WitQignhfing

hours. LCM5 at 215nm and ﬁéi anal ysi s showed that nost” of
4- oxo- t et r &¢Ig@AAIPRFAG- Q%%Qtlb%xﬁimb‘?,d"aémdth ispAse d3 Pelaniiyase sisalinsdrelated

m xture wagidohh, i higtRd eﬁ%di‘ﬁ%ﬁ%é bRb&sE ?s‘?:aﬁbé’relnbdaﬁ‘ﬁéﬁlé?'d can6y Qie&@& 20

subsequent |y purified by flash col’'um chronatography on silica gel and
el ut ed 1 t HomCie: rogp wensiglindoty 'gukerpiro Melamomay altinih myelomes I¥mphiares. lung

triturated > _ q
R R e e G e S

anal ysi s: €aNeall AYARN(Gansal, tsgast cancergprosiete ggycerHbladder @aflcsrslqolonl\pqr@ege
(13.76) . 2Bn4nier oAt & dndthé e(n&odbrrﬁ@m ﬁiefwéaasﬁaé leamé? rﬂ%aqit.c%ﬁe{?yd GAREPT T

00 BrNBr To a stirred solution of |s-(2 brono-ethyl)-amne (1 g,
nmol ) i n waelertedifemitie groupsepngisting of lavdemiseduna caieebrRANGIA/ELENCY, @%SHL
3. 08 myBl ) capskridr@toNa@dnts:r. QA a%thegeﬁgomm the%ﬁéiea%é '|sr é‘égnééi’r'sel%@te@f%nﬁt

0OC. The reaction m xture was acidif O|y o pH 5, and extracted
three tinedh WFPHPQO”W'”&O“é@'ﬁ?lpaé.‘é@caét@ Qfﬁ‘?ﬁid over Na2504 and

Combinations
The compounds of the present invention may be administered either
20 simultaneously with, or before or after, one or more other therapeutic agent(s). The
compounds of the present invention may be administered separately, by the same or
different route of administration, or together in the same pharmaceutical composition as
the other agents.

In one embodiment, the invention provides a product comprising a compound of

25 formula (I) and at least one other therapeutic agent as a combined preparation for
simultaneous, separate or sequential use in therapy. In one embodiment, the therapy is
the treatment of a disease or condition mediated by TNKS inhibition. Products provided
as a combined preparation include a composition comprising the compound of formula (1)
and the other therapeutic agent(s) together in the same pharmaceutical composition, or

30 the compound of formula (I) and the other therapeutic agent(s) in separate form, e.g. in
the form of a kit.

In one embodiment, the invention provides a pharmaceutical composition
comprising a compound of formula (I) and another therapeutic agent(s). Optionally, the
pharmaceutical composition may comprise a pharmaceutically acceptable excipient, as

35 described above.

In one embodiment, the invention provides a kit comprising two or more separate

pharmaceutical compositions, at least one of which contains a compound of formula (1).



WD 2013/ 008217PCT/ 1B2012/ 053613 37 concentrated in vacuo. The crude product
was purified by flash chronatography (gradient of 85:15 to 70:30

hept ane/ ewbybiszwetiate in 30 min) to give the title conpeamdB(@Bds53a1s, 0. 947
mml, 29.5 %yield). M5 calculated for &AH1413r 2NO2304. 0, f ound (ESI) mz
304.2 (MtH) +, retention tinme 0.56 mn. 5 Internediate 5 Ethyl

5-fl uoro-1-oxo0-1, 3-di hydrospiro[indene-2,4"'-piperidine]-1 "'-carboxylate O
FTo a stig Bﬁ’é’eﬁ%baﬁr\éhf‘ R kécwnaﬁéég r{#eé&c#answar&té ?‘reﬁmngs&aéom@é Jornd

bi s- (2- brono- )-'car bam ¢ aci hyl ester |)

DVF (5 ml) sdeh 9@@ Qﬁ@ga'%d@d'dﬁﬁhot“ﬂ?zw @\'\Ej'de@ f@lrasHst )A”lﬁxag‘r?éﬁ Pf %@F‘ta bhs. a
After beingisib pdagiyprefy bk faﬁherpac%w&wéterbab@megaﬁaﬁfé|er 25C. The

reacti on was acetate and washed tw ce with 10nmL

of water, dri ed T@@é‘l*t qfdﬁ'%'ﬂﬁerﬁ'ﬁﬂ W’Q%H%qdafpéade'%lf‘Gdi'ﬁerﬁ@ dosagrfppmedaet
Was pur 5f ' %Qarlﬁ?élef |o?’a‘-f rén@%éﬂ@ﬁlet(aﬂrfﬁﬂ'a@ﬂ?mé?@ru%’f’th%%éadérég cﬁ%g@?%@“g{ Gﬁ‘fgbé'nt 15

acetate in 20 mn give the titl econPoun
yiel d). Nsdpme)mteﬁvaés of Ak Hjrating=the separate o DOk B0 B AR OPARNGIGT. T8 AFUt s
(Ag' LTE”'; 1 E8Mpliirle, %%t%ﬂhe&n&brﬁl% ¥ypreafly mﬁrls%s%lr{é&lo% G diRstrdlopw rate of

m n; gradlen - 95% acetonitrile / water with 0.1%formc acid
over 2 i nut es) In $hsy q;qr@lr,}ﬁg@ndh%ragles of the |nvent|on the compound of the invention and

5. Fl uor 0spiyloirif haagedic- ;gjeﬂerme%gi iRt 988 Adicf forffLided 'y hecand i on

of ethyl 5-fl|uoro-1-o0xo0-1 i ro[ i ndene-2, 41-pi peridine]-11-
car boxyPat é&liffe1ed WQ”Uf@C‘GE%S nMS’l“?O"eh 09'11906@9' Pfltfe Ingeigion ﬁﬁ%lwev\la@er

heated at 1QQ6safic QYVE b brabnt tJéb@hér%Sta'&%Hﬂdfleﬁr%rW f?ﬁ&r%fréléés%dofttl‘i’e
dryness wi thout any further purification to give e conmpound (160

mg, 97%yi Spepinafign progugt tPrPlhéS'C'@NﬁrFBQ-]lnih?Q@ﬁGOOf(Wmmmehﬁétoé?ﬂova of i me
0.51 m n%&mvérﬁ@hla%tthé%%r fF'Pelrébeﬁlféb &t) %u Qafyq%ggg; iflafMAcksdivas R (rdler

colum1 flowrate of 2.0 nL / |en acetonitrile / water
with 0. 1% fisi Quidasnce el dpe Zoh‘iﬁﬁ@t”éeﬁ 0”9’0 befarer agministration; (i) in the patient

2, 2-Di bl yknendBnidao sy uifa) sdquehfial 2RikOiatioR I e BEnp IR0 A Tihiton and

the other therapeutic agent.

Accordingly, the invention provides the use of a compound of formula (I) for
treating a disease or condition mediated by tankyrase inhibition wherein the medicament
is prepared for administration with another therapeutic agent. The invention also provides

20 the use of another therapeutic agent for treating a disease or condition mediated by
tankyrase inhibition, wherein the medicament is administered with a compound of
formula (l).

The invention also provides a compound of formula (I) for use in a method of

treating a disease or condition mediated by tankyrase inhibition, wherein the compound
25  of formula (1) is prepared for administration with another therapeutic agent. The invention
also provides another therapeutic agent for use in a method of treating a disease or
condition mediated by tankyrase inhibition, wherein the other therapeutic agent is
prepared for administration with a compound of formula (I). The invention also provides a
compound of formula (I) for use in a method of treating a disease or condition mediated
30 by tankyrase inhibition, wherein the compound of formula () is administered with another
therapeutic agent. The invention also provides another therapeutic agent for use in a
method of treating a disease or condition mediated by tankyrase inhibition, wherein the

other therapeutic agent is administered with a compound of formula (l).
The invention also provides the use of a compound of formula () for treating a
35 disease or condition mediated by tankyrase inhibition, wherein the patient has previously
(e.g. within 24 hours) been treated with another therapeutic agent. The invention also
provides the use of another therapeutic agent for treating a disease or condition



38 To a stirred solution of 5-nethoxy-1-indanone (5.24 g, 32.3 mmol) and
ally! bromde (9.77 g, 81 mmol) in DW (80 nL) at anbient tenperature was
added NaHRvO202330821781 mmol ) by snall portions. After beipag/iBraiz/nssdi¥ or 10
nin, the reaction mxture was stirred 52t 50 C for 8 h, the reaction
solution was cooled to anbient tenperature, then diluted with 15 nL of

Et OAc and washed twice with water (10 nL). The organic phase was dried with

anhydr ous N?e%t%@éd %}dtaﬁféﬂﬁ%‘ﬁﬁtﬁ’él% '\Mwét@iﬁuﬂ%e Jettenphagepranaﬁwe&amtﬁwztI ed

by flash colum (gradient of hept ane/ et hyl acetate i n 20
mn) to gi \h@utshée@ﬁ trwe@wﬁb@mmppenotgf ermlﬂa % mmol) as colorless liquid. MS

(ESI) [me, (M) ome %oalmerftothgeétﬁéttth@(épbht"t?aéen?% %IBct(e&‘gto'n?QéleétQQQroHP LC

system 3.0 cmx 3.0 mmx 3. colum; flow rate of 2.
gr adi ent oﬂhesggw%ﬁcettdmtt“mltpe tso tt@éteehoemtagema_t% P&Krrtnblbet@SdNtE\Vemh@ltorS

m nut esk. 'tﬂB@ﬁémrQr'tﬁeem% bttérs aIkyIatmg agents anti-metabolites, microtubule inhibitors
2, 2- (5- Met hoxy- 1- oxo- ro- 1H i ndene- 2, 2-di y1) di acet al dehyde 0 00A
ok PR

sol ution 2 felompeaspynhi inhigters.- ancHRAF (redBtorey, 2.5 mmol ) in 0H2012 (10

n) was bubbl ed Ay t Byfdgoidt of 73 @éogteh&% @ntbsgohté?r‘ué’“ tthhWo-tl\PMt&m?M-% (QXCGSS
03. To the reaction solution was ad ny,

nol / g) at Pyrgndehapylbd-(Heihiigulfanylt i perzamide at@tﬁ%rknomenp%sr aGDpe04f4z9r qnth

the reacti QRsdApEl Y ecmbtléa{t&,ﬁr,\eﬂwd'l@g/obgggg ate was concentrated in vacuo
to give the title conmpound (53 | ) used w thout purlflcatlon in

t he nexP step Bamevrexamdesvof, Fﬁ&'@ )”h@'tﬁﬁﬁm igclgde:( s, 4-92-H)H-Indagal-4-¢)-6-jl48. 6

|J'|Z7171H) e t%é’m/@hlaforgjl b&)grraén{anSﬂ-ylgrﬁeth?I]tH)eno[g D pfrimiddt-ylRoBRollnédiaist=Revwn HZ,

(S) - 5- Met h@Ry GDG (@94bxaps rdeseriRedn ii3-RTs giutdeatione Nes 2 WO. Bp/B866&R @rd (¥IG - one

0O O HN\ ** / 2 b
L8 2, gl S Mg S e

ng, 0.406 ﬁiﬁst'r)olln(lsol]phera/ﬂﬂpf?@mﬂﬁﬁlel (adaon kpowmeay BEZng35001 NVRBE F’&({C]—I)Z

(3 1y, 18. 0YeBEMel it PCYEUBIiédioRINo. WS 08L1RDEGH]. under H2 from a bal | oon at
anbi ent tenperature for 5 h. The reaction m xtu was filtered. The

filtrate was coffedtamaieaf athitooepagtivated BFQS@!U&@”%@S}“WPl (ME& imyjoiiqoigXL-

( Col um: 315'153' C8s N8B! %2@85@25%&!59@#&1 A@@G&B' trile 209 H20 80% w th
0.1% TFA to acetonltrlle 50% H20 50% in 10 m n gradient, Flow rate 65m /

nmn) to give thSoMaP@mefmiyasipgsingse 'rblbltwsrtﬂ%itiqe Rotinpd)yprqoiosde (sgid) =
315. 1. et gfibothd iiBiomafk Ghrdtam( B EeénickhitcBl L ANaHS TN @amhauﬁ 0 mm

X 3.0 um C8 colum; flowrate of 2. gradi ent of b5-

acet onPPr i ndazgkd-giohanyliNo(2rikora-§- m@hﬂp&eryau@aoaep kpoy r@ﬁt@ﬁ 869LH‘VRM‘?|€( 400

II\-/l|Z-|Z 1C[H)C; 3rofh %b{ﬁeﬁte'éﬁ (éimltﬂﬁbg n§alate Ss%ld").mdgr A ra8enahhd Slﬁerﬁ@ BgDPﬁ]ze% 6

(1" sbgauis G AR roro el rhens) Ao Bietxae- Bt ey ibgraz- o7
(s, 2H), 2.453)ptdBoxfiFlinokhel%caBbnifrile, Hdo knbwhHsesKiBsbieakfd déscribed in US Patent
No. 6,780,996), dasatinib (sold under the tradename Sprycel® by Bristol-Myers Squibb),
25 pazopanib (also known as Armala™ sold under the tradename Votrient® by
GlaxoSmithKline), and imatinib and imatinib mesylate (sold under the tradenames
Gilvec® and Gleevec® by Novartis).
Some examples of alkylating agents include: temozolomide (sold under the
tradenames Temodar® and Temodal® by Schering-Plough/Merck), dactinomycin (also
30 known as actinomycin-D and sold under the tradename Cosmegen®), melphalan (also
known as L-PAM, L-sarcolysin, and phenylalanine mustard, sold under the tradename
Alkeran®), altretamine (also known as hexamethylmelamine (HMM), sold under the
tradename Hexalen®), carmustine (sold under the tradename BiCNU®), bendamustine
(sold under the tradename Treanda®), busulfan (sold under the tradenames Busulfex®
35 and Myleran®), carboplatin (sold under the tradename Paraplatin®), lomustine (also
known as CCNU, sold under the tradename CeeNU®), cisplatin (also known as CDDP,
sold under the tradenames Platinol® and Platinol®-AQ), chlorambucil (sold under the



4- (4- Met hoxy- 3- net hyl - benzoyl ) - pi peri di ne-1-carboxylic acid tert-butyl

ester O- A stirrred solution of

4- (et hoxyertdmps2icar banoyl ) - pi peri di ne- 1- carboxyli ¢ acipdTiiB2i2/bassyd  est er
(3.0 g, 11.02 nol) in 30 nL THF was coo?l3ed to 0C, then (4-nethoxy-3- 20
met hyl phenyl ) magnesi um brom de (6.21 g, 27.5 mvl) was added dropw se via a
syringe under N2 and the reaction mxture was stirred at the sane

t enper at ur g h@karte iebker&ﬁ@)ﬂ c%lé‘&%bhé(m?ﬂ%r @&EJ d-HaeF fher QQdanaﬁ{EE%ﬁé*Hn@) aer 1
h when the reaction was npl ete he reacti'on m xture

was sl owl y Negge®) 4da¢ﬁ£b@mn% '%9 ésﬂ@wn aﬁu%ﬁ% NCM@nd tlm&azﬂﬁecaé*ém@au@e,swldjt i on
was ext ractuﬁgemhbhrﬁehxﬂnembarb&né@ altrdaflnk: <5a%'é m&%ncﬁm&%ﬁ’et |%lynﬁne

phases V\Bl’e washed brine, dri ed over and the sol ven

renoved t o (§MM) &Q'%é’”é?ruﬂt@ Hﬁ@%ﬂi’@le Wﬁ@'?ﬂ@bdqu&m'% W'@s%déhmmﬁﬁ@@ﬂaéﬂpﬁw
gave ths tifle®) C&B@QH&’E‘n@?s@d‘Mﬁd@? t@'tﬂageﬁéhfn@?\/lﬁulaﬁe@)z rﬂ@&horeﬁ%r@id’é %IQ& VB
(ESI) mz 334.% C (Novapak . C col umm: nobi |
phase: 35- %Wﬁc?étrbiﬁ‘i’gernl 'Inéﬂ@ﬁi énushine FF‘”G rm%hﬂmethamlr@ M@r%mpr@@eﬁo@ Lrﬁdﬁr)
retention 0 4 H)
e T gtil‘ne{rﬁ]radeﬁaﬁ@ WM@targj‘éﬂ@ sm@ Zaom gﬁgzu@&'—@e Qrala@ﬁérﬁe ﬁar(o%ar@

H 3.91 (Sthlgtepgi 4Isg32knovmp gqt |ﬁ|pho§p ar’eldgyap@] T @QdI—ESPﬁ pgld7unp|¢r %I@e
J=8.10 Hz, &gkhame YopRAB/ 008217PCT/ 1B2012/ 053613 40 Alternative procedure
To a solution of_ 4-(nethoxy-nmethy I-carbarm)( peri di ne- 1-carboxylic acid
tert-blfyl esteSo®s W@plq%ofaﬁntwmtayoolltﬁsw d&'@r'bnw Za¢hlefrge@iyadénosine,

tenper at ur goaginaedesk (adeMBRO X, NBLIRIBEIYAJIMREUIE ShinyBr DigMd8edzre 1
m., 0.5 M was added dropwi se 5 under N2, the reaction m xture was stirred

at the sanddrugiBlr Gthipguaniie (®idhenifer thendadename dirinakolRle Remeltexgd Ksold

sat urat ed %ﬂgéﬂmesﬁ%cfeﬁhﬁlesﬂﬂnﬁ’th@ﬁrb)ﬁélrgbl%) al@é‘%@ﬁh tdst érﬁBﬁGsﬁ&}tW Aaige
(150 m.) and 10% i sopr opyl /chl orof orm (200 i) nd 't he organl C

layer was ©selgEer the YadenameHeytesaidd®)peyaisbine Ipewmaldais%ﬁowp 36| Ldpgsomal
chr omayggr apRY:, (soid Ukder tﬁeaﬁa@eﬁsml D%ﬁﬁt‘g@w?/ H’&ﬂb@lﬂ@)(s&avﬁdbh%é ‘trrﬁlljafname

conmpound as a white solid % yi el

d
(Novapak 1@5’05(9@@ nﬂy(ﬁowr%lﬁﬁlﬁ URgs | t@epﬁr&é@”aﬁl@ ddwéra@@t d-)Prot('ﬁ‘l“ie?%ter

with 0. 1% kg 3IuHM%bFHeQé/&(ﬁ whdB} theltrddBh&NE IFRYatd@VEToxuficihd tsdl Under the
I nt er medi ate 11 15(4- Met hoxy- 3- et hyl - phenyl ) - pi peri'di n- 4-y[I - met hanone 0

Tri f | uor oad@deRABR | wq%@)wlaﬁdnbm?z(aﬁomw a2 -diiedraxyadengsingt (RdrdAf sold

4- (4- et hO)&)ﬁd@r th@t Méér%wq}éll)staﬂhﬂ@“rﬁétﬂ@rréxa@@r@@& lknewACd taﬁfeih&bt&rhﬁ'
ester (4.8 14. 4 mol) di chl oronet hane (100 nL) and wat er

al | owedOt o ngqthqtrqxg;e aom@u@\éT)gt splggypder the tradenames Rheumatrex® and rexaIIT")
and pentostatin (sold under the tradename Nipent®).

and

Some examples of microtubule inhibitors are vinorelbine (sold under the trade
name Navelbine®), vindesine (sold under the trade name Eldisine®), estramustine (sold
under the trade name Emcyi®), vincristine (Oncovin®), triclabendazole (Egaten®),

25 secnidazole, quinfamide, podophyllotoxin, mebendazole, griseofulvin, flubendazole,
eribulin, colchicine, ciclobendazole, cabazitaxel, albendazole, and vinorelbine.

An example of a telomerase inhibitor is imetelstat.

Some examples of PARP inhibitors include: olaparib (from Astrazeneca), iniparib
(also known as BSI-201) , AGO14699 (Pfizer), veliparib (also known as ABT-888 from

30 Enzo), and MK4827 (Merck).

Some examples of RAF inhibitors include: 2-Chloro-5-[2-Phenyl-5-(4-pyridinyl)-
1 H-imidazol-4-yllphenol (also known as L-779450), 3-(dimethylamino)-N-[3-[(4-
hydroxybenzoyl)amino]-4-methylphenyl]-benzamide (also known as ZM-336372) and
sorafenib (marketed as Nexavar® by Bayer).

35
Intermediates and Examples



20 tenperature. The reaction was concentrated under reduced pressure,

di ssolved in chloroform (200 nL), washed with a saturated sodi um

bi car bonawe 283/a08i10n, dri ed over MgSO4 and the sol vent was/BMapeddated in
vacuo to yield the crude product which wfs used crude in the next step
(white solid). Calculated nolecular fornmula = 014H1I9NO2 = 233. 3130, found
M5 (ESI) me 234.4 (M+ H; 1H NMR (400 MHz, 0D013) 6 ppm 1.22 (d, 25
J=6.57 Hz, 6 H) ﬂae@&l‘ovﬂﬂ gxa(ngileszar'é')mt%négd focbe rﬁuétra@i@e BRI a%d"r’)ot ﬁmﬁlﬁggnggy(br-
s, 2H) 2.26 (s, 3 e 339 Cat 9215785,
3.79 Hz, 2V\f€l)\/333- 344(m J=11. 18, 1118 379 366Hz 1 H 3.91 (s,
3 M) 4.03 (dqg, L WEbrcHfif e e e ddhv&wtf%ﬁal(ﬁthe]argoﬁﬂemlowﬂﬂ H 7.83 (dd,
J=8.59, 2.53 Hz, d, . Anal ytical RP-HPLC (Novapak
150 X 3.9 mm 018 coI urm m)bl |l e phase 10 90% acetonitrile/water 30with
0.1% TF4, al.oX Hbidagyer 5 mn.) retention tine = 2.444 min. Alternative
procedure 1 4-(4-nethoxy-3-nethyl-benzoyl)-pi peridine-1-carboxylic acid
tert-butyl BG eferfigyhbulylcargoyy mmol) was treated with 90%trifi uoroacetic
aci d/ water o 100 ggigiyand al l owed to stir for 30 WO

2013/ 008217PCT/ 1B2012/ 053613 41 m nutes at roomtenperature. The reaction
was concentr at edoublger reduced pressure, dissolved in 10%

i sopr opanolggchl %gg‘)@{épc{ogggtsnt) washed w saturated sodi um bi carbonate
solution, dried over My504 and the solvent was renoved to yield the crude
pr oducf OwhiRGM waichipseme®agRle i n the next step (white solid). Calcul ated

nol ecul ar  REAOGBIhEsoprEgytahipNO2 = 233.3130, found Ms (ESI) nfe 234.4 (M +
Fr); 1H NWR 400 chl'orof orm d) Anal ytical RP-HPLC (Novapak 150 X 3.9
nm 018 col tebimethsuetiana 0- 90% acetonitrile/water with 0.1% TFA, at 2
mL/ m n overDW: mN‘lN)d|rh@ﬂ19|mrh1(aH“dé me = 2.514 mn. 10Alternative procedure 2 A
suspensi on of 1-(4- hoxy- 3- net hyl benzoyl ) pi peri di n-1-yl) et hanone (5. 45
g, 19.8 méiYS@Qglinget 'H@iOX(d@o nm.) was heated to ref lux for 12 h then
concentsat ggohg ey@q:g@bt&tg a light purple solid. The material was taken up in
-100 nL MeOH wi th "heating and sonication, concentrated in vacuo to -25 ni,
added di et fPHeHENO[ - 200 nl) to form 15 white precipitate and a purple
aqueous | aygycL ThanAmu@odimdifyahindeopyiRERRAmIYea a pi pet and concentrated
in vacuo. The suspension was ‘decant ed through filter to recover a white
solid (1.3@ g). 9B aqueous naterial was concentrated in vacuo to forma
purplish oiy whlh@,nr s taken up in diethyl ether and the resulting
suspensi on was flltered (0.82 g). The filtrate was concentrated in vacuo to
a pur pk@ o.HBTUrHe[b%ilmathbeaﬂmq @ptm@@ehbid&wzqtﬁ%@hv@hg@fmﬁ@pmnh@t%barpéund
Cal cul at ed ggkecul ar fornmula = C14HI9NC2= 233.31, found MS (ES 1) me 233.9

(M+ Fr) Internmediate 12 4-Phenyl sul fanyl car bonyl - pi peri di ne-1-carboxylic
acid tert- BlREY 1dudeaxye-azaberzatiazoe r N 250 To a sol ution of

pi peridi neth 4 ¢ B34 liGuidEhEmaRIdPadrr t - butyl ester (5.0 g, 21.81 mol),
dii sopropyl et hyl, adrpn]adr{e (5. Kﬁ“g m. rrréokﬁ) in 40 nL of Dnol ecular formula

wer e added 'RIATUINMRred gpectrasepPitnol ) and benzenethiol (2.7 g, 24.0 nmol). The
reaction Myt ur gjpsmstirred at anbient tenperature for 15 hours. The
reaction mxture was 30 quenched with water (50 nL), then extracted with
DCM (50 nmi). Thét&onmbi ned organic |ayers were washed with water and

sat ur at ed @q;tpwg)l“éu,Bl@ﬁ}onﬁ;é%g&b@nan&hhgdﬁ\éﬁbmgﬁgSO4 filtered and

concentrated in vacuo to he cru product. (6.85g, 20.25 mml) as a
yel | ow oi | MT&E sty te Qutglzeithsr (M + H); HPLC (Novapak 150 X 3.9 nm 0- 18
colum: VWit ARl 7PCT/ 1B2012/ 053613

30 MS mass spectrometry
MW  microwave
m multiplet
min  minutes
mL  milliliter(s)
35 uM micromolar
m/z  mass to charge ratio

nm nanometer



42 mobi |l e phase: 35-90% acetonitrile/water with 0.1% TFA, at 2 nlm n over 2
mn.) retention tine = 1.66 mn. Internediate 13 5net hanesul fonic acid

(S) - 2- oxowpyntspiosdirn- 3-y1 ester 0 HN.OMs.\ To a stirredPOTABIZ0Z3613

(R) - 3- hydroxypyrrolidin-2-one (19.5 g, 1953 mol ) and triethylamne (90 nL)
at 0C was added a sol ution of nethanesulfonic anhydride (33.6 g, 193 nmol)
in DCM (90 nmL) over 35 mnutes nmaintaining an internal tenperature bel ow
10 5C. Aftep stigghbmeigat OC for 30 min the reaction was allowed to warmto
roomtenperature and stirred for an additional 18 h and then concentrated
in vacuo. This matedlial was combined with 12 g crude material from previous

bat ches anq\iRem ksl hhgsktikirdsohahéea gel chromatography to yield 35 g of
the title conpound. 15l nternedi ate 14 met hanesul fonic acid

(S) - 2- oxo- ;#r r olPR8EH- 3-y1 ester O HN..,CL \ To a 10C sol ution of

(S) - 3- hydr egy®Y paMdith dnzatda (120 g, 1.19 nol) in pyridine (38.4 ni, 475
mol ) and di chl oronethane (3 L) at 10C was added thionyl chloride (173 ni,
20 2. 37 nol'§c dr 6¢dYe and the reaction was stirred for an additional 3 h.

The reacti W-Hﬂﬁcq&mwhﬁﬁeemgm Bre¥@fl AquibikRimaBgrhphydi chl or omet hane and
purified by filtering through a plug of silica gel, 'eluting with 10 L ethyl

acetate. Tife matB¥i®l was concentrated in vacuo to approxi mately 1 L,
diluted with 1. %ideidiethyl ether and heated gently for 15 min. The
suspension_was filtered, washed with diethyl ether (500 nL), dried in
vacuo, 1PakdfFAup thigthy®mingt hyl ether (1 L) and heated at 45C then filtered to
afford 105 1gcof iRkl EhBmaRigpgd as a white solid. Internediate 15

Met hanesul foni c acid 2-oxo-piperidin-3-yl ester 0 HNOWVs
TFA  trifluoroacetic acid

THF  tetrahydrofuran

15 Intermediate 1
4-Oxo-tetrahydro-pyran-3-carboxylic acid methyl ester
0O O

0
|

)
To a solution of tetrahydro-pyran-4-one (1.3 kg, 12.98 mol) and carbonic acid dimethyl
ester (11.69 kg, 129.8 mol) was added solid potassium tert-butoxide (1.89 kg, 16.08 mol)
20 in portions at -10°C over 2 h under nitrogen protection. The suspension was stirred at
room temperature 10 h after the addition. LCMS (215nm) indicated that tetrahydro-pyran-
4-one had been completely consumed. The reaction was acidified by HCI (2 N) to pH
6~7 and then the phases were separated. The organic phase was washed with water (3
Lx2) and the combined aqueous phases were extracted with MTBE (2.5 Lx2). The
25 combined organic phase was concentrated under reduced pressure at 25°C to remove
most of MTBE. The residue was distilled out by oil pump (~200 Pa) at 74 °C to give the
titte compound as colorless oil (545 g, 26.3%). CHN analysis: calculated (results). C
53.16 (53.10), H 6.37 (6.245), N 0.00 (0.00).

30 Intermediate 2
2-Chloro-acetamidine
NH

HzNJ\/m



WO 2013/ 008217PCT/ 1B2012/ 053613 43 To a suspensi on of

3- hydr oxy- pi peri din-2-one (500 ng, 4.34 mol, 1.0 eq) and triethylam ne
(0.908 mwoeoBlogarel , 1.5 eq) in dichloronmethane (3 nl) patr/IBDiIweBewdded

dr opwi se met hanesul fonyl chloride (497 n% 4.34 mmol, 1.0 eq) dissolved in
di chl oronet hane (1 nlL). The reaction was conplete within 30 mn as judged
by LCM5. 5 An orange precipitate was filtered, redissolved in

di chl or onetdaang, ﬁ%dsdowmfsh%ﬁ w5 &%dl@!’@ly%s@%& ‘Prgé @WH&@#QF‘Q%%@EU&& 9' ;/e

the title conpound as a white waxy sol Yoyl e

1H NMVR (4o®or|\JHzourcﬁq> M%#tﬁﬂdyaséh@bﬁﬁi@d@ qrsrace@mtrlemomg 97495 m@' @tsoqvw?e 1 H)
3.30 - 44n 4 rﬁou?uh&er%h@%r&t@otloﬁ o'f'N 2pié belrr% Sirrdd ™t dbolill 26 @aor ar?—aaéhtlér{é‘l 1
H 1.98 - E ( zhe

| nt er medi ath@U'1®‘ Ch(@m Wﬁmwﬁ%ﬁcﬁgﬂuwprt@@pmrrf%lmmytemﬁ rS@IUit'@FﬁirQefbne 0
Inalk rQ&OQIOQ\PéﬁcheWr@ékaﬁ’aaﬁleﬁ%%gcmmﬂ/%'ébfa%d‘f tA€ Ir€hction mixture was

(S)-2-oxo-pyrrolidin-3-y ester gpre pared accordi hg to procedure in Eur.

Pat. Appl . theysalowed t@gtlwrwl@;g‘@g fO(rg hesEs- Aftgr;ﬂlg;athh@e filtrate was concentrated

(4- et hOthﬁE@&é‘ rbsiBUOSIHIEH Rad milrafBRtRENRTBE(9. SEPlo. givding 1812 chmMpBlifefad 379
mol , he reaction m xture was heated at’ 85C for 18 hours. The
top |ayer \ﬁdﬁa%é@ﬁ%(%%ﬁﬁ%ﬂnd silica gel flash colum chromat ography was
performed on the remaining residue eluting with ethyl acetate to 20%
MeOH et hyl acetate to provide the 20 title conmpound as a |ight beige solid
(13 g, 1999pternagiated| cul ated M5 = 302.4, found M5 (ESI) me 303.4 (M+ H);
TH NVR (400, dhrophdiffl 57 BReidhy B pyr&nc?@ﬂd];byrﬂmbfh Rofd - 2.18 (m 1 H) 2.18
- 230 (m 1H (td =11.729, 3 78 (td, J=11.54, 3.01
Hz, 1 H 2.84 - 91(m 1H) 3.13 (d, J1154Hz 1 H 3.24 - 3.41 (m 7
H 3.49 (t, , 1 H 7.01 (d, J=9.00 Hz, 2 H 7.96 (d, J=9.03 Hz, 2
H); HPLC (Nova ak?)\q;,) 5X 3.9 mm C18 colum: nobil e phase: 10-90%
acetonitrile f 0.1% TFA, at 2 mmin over 5 min.) retention tinme =
2.305 min. Internediate 17 4-(4-Methoxy-benzoyl)-[1, 3] bi pi peridinyl-21-one
0 30 WO Pomirtees¥17pds ABRderrSG Ry anA- qaﬁb%y%laetdu @ﬁthdp eser hhi®dsel 1oni ¢

acid 2- OXOTTHBI)Oﬁ{d t‘ﬁbfhyi?ahﬁrile Gb%b%{ 8(22@QI "FQMeéM—IZ(%éG@H‘PL') wa% cgolﬁg)to @@ under N,.
(4- met hoxy- phentyqp ﬁEI peri di n-4- hanone 1.

acet onilPri Peselyl £-Gheso aa%iéwcwq gtﬁ?r @pﬁl%'?ﬁk}l'%%gﬁem%s‘!ﬁ'\/‘ﬁ@"' ‘Ga%?@d‘ﬂ)

2.1 eq) a”‘éjréﬂ\hﬁsé S@é‘rtscpﬁuﬁ{&@é heatieseidh Akiute Wk shrrBQ 4k %)OC Thesa ﬁm}tésoanavas
cooled to room r@r@ rature and the sol vent evaporated in vacuo.

resul ting éhqryatr@@va G 16 e 1s: é@'\/§yat521|5nmaarngL%&DGMN@@HGWbg'ﬁ%lmw

(MeOH CH2CLR)wé® @V embdte of i 1 |o?o ?&FHH?DI\% @cﬁ b%ﬁ)?llco'alcld( Whﬂg est@r %Qs
mmol, 34.7%yield 1H NWR ( ,

H 7.39-7. 43N3ysped. g helmlpchre;wgar ”QQ‘P filtprerl god p@ncegtrp,bedgo Me(@aCKSO'H)WhEPhZ‘BaS
:i g;_ ( m) 2 sh%se%u@ﬁtlykﬁlﬁrﬂéé b %sﬁcmmgcﬁﬁ)bmattﬁ%gén)ﬂéﬂ sfH’cd‘%el %n@%’rutéld With bov 2 H)

in

2

to give yellow solid/oil mixture, WhICh was further trlturated with MTBE ( 1200 mL) and
H,O: CH;CN: EA=1:1:2 (~600 mL) to give the title compound as a white solid (318 g).
MS m/z 201.2 (M+H). CHN analysis: calculated (results). C 47.89 (47.95), H 4.52
(4.401), N 13.96 (13.76).
25
Intermediate 4
Bis-(2-bromo-ethyl)-carbamic acid ethyl ester

OYO
Br/\/N\/\Br
To a stirred solution of bis-(2-bromo-ethyl)-amine (1 g, 3.21 mmol) in water (10 mL) at
30 0°C was added ethyl chloroformate (0.293 mL, 3.08 mmol) and then NaOH (4.01 mL,
8.02 mmol), and stirred for 10 min at 0°C. The reaction mixture was acidified by 2 N HCI

to pH 5, and extracted three times with 20 mL of ethyl acetate, dried over Na,SO, and



I nternediate 18 (S)-3-14-(4- Met hoxy-benzoyl)-pi peridin-I-A-pyrrolidin-2-one
0 15To a suspension of (4-nethoxyphenyl) (piperidin-4-yl)nethanone (34 g,
155 nmol )ward13{@@$212- oxopyrrol i di n-3-y1l net hanesul f onat e PC34B2012y953684 Mol )
in acetonitrile (388 niL) at roomterrpera?t7ure was added DI PEA (108 nlL, 620
mmol ) and the reaction was heated to 60 C for 29 h then allowed to cool to
roomtenperature and stirred for an additional 24 h. The reaction m xture

was concenTCE,ﬁéé‘a&Ifa'téam\{@%Qu&oTﬁé foudk %ral'!ﬁ}eéy W ittty &) Wash 2Rro aptiy i n

et hyl acetate (300 and soni cat ed. m xture was filtered and the

resul ti ng weregdientef $2119¢es 7088 heatappfethyk eegtatedn e0ahin) teowe g tite comeound21. 05
g. The comppgreshofl ploky ks, P59 CRRFCMS BhiEdaRAdoRuIH, [0V 6 irbiRAEs)

chr omat ogr aphy <5330 Isco 0.01% NH4OH 5- 10% MeOH et yf acetate). Pure
fractions WESOESHM+hd retenfippding @bBainn vacuo and then taken up in ethyl
acetat eg5(80-100 nL) and stirred. A 25 white precipitate forned that was
collected by filtration. The filtrate was concentrated to a gold oil, taken
up in ethylintgepediate $0 afford a white precipitate that was coll ected by
filtrati on-Eﬂ?y/tsqwo-@foxa-?;ﬂdlgydqbsﬁi}bﬁnaéﬁé-ﬂrﬁ,s@rrdi@elé-1%@% #ned as a white
solid. Calculated M5 = 302.4,  found M5 (ES I') mle 303.4 (M + Fr)

30l nternmedi ate 19

( h- benzoyl) - pi peridin-I-ylppyrrolidin-2-one WO

‘ H 45 In a l L round bottomflask was added
met hanesul foni@ acid (5)-2<0oxb-pyrrolidin-3-yl ester (prepared according to
procedure iTn

Eur.. P ) e 257602, 02 198 18. 7 ., .36 d
D oy 1. &afired Shiual Rl s ERf Piengte B2, ek 2loq" fi). &R bis; B:07gin) 5"
) L o e s a
1 a . A . u

s ana N Tied @ 583 sarhOlL b sfteseriahis ABFERRI0 Rutls afsEROkR By e
renai gi n?hrrti;j?uewagIocmbleldgcéI \Egmaé'aﬁyéaecmiog}smsej(iIU@dZﬂ%?MAaffiiH/cgtee:ﬂziw aeeicgfeamfda': gd

e e ) S 1te . soll . 4% vyi )
Doy Crorpaatd BiES TREDEuaS: Fabh B piReiShdnd dortBathel &) 1aadd. HA 31
NVR (400 MdrydeMa@B)ctEnvaxppuriticd%y fAagbocdlumn 4gidpicdt 68 85:18. 1816040 hdptkhe/aihgh -
2.30 1 .44 - 2.56 . 1. 2. 73 - 4 ) - 2. 1
5 %3, S8 " sthafe o, mfty R0 e wloddting (Fpd'ino Blos bl a8t % feids 48 (&
S vei oo (om) AR b Juzee, HETCHRETon Lme)- T4 SnnuEstfglon [ 100HPLC

| Ca - = . . .
C L G2 AR e S D hT xSy o8 Bl Rawire S F TR A aRgiest 8% o o
HNG' )

95% acetonitrile / water with 0.1% formic acid over 2 minutes).

20 Intermediate 6
5-Fluorospiro[indene-2,4'-piperidin]-1(3H)-one
O

@%ﬁ@
F

To a stirred solution of ethyl 5-fluoro-1-oxo-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-
carboxylate (188 mg, 0.645 mmol) in HCI (19.61 pL, 0.645 mmol) was heated at 100°C
25 over night. The reaction mixture was concentrated to dryness without any further
purification to give the title compound (160 mg, 97% yield). MS (ESI) [m/e, (M+H)*] =
220.0 (M+H)*, HPLC retention time = 0.51 minutes (Agilent 1100 HPLC system; 3.0 cm
x 3.0 mm x 3.0 um C8 column; flow rate of 2.0 mL / min; gradient of 5-95% acetonitrile /
water with 0.1% fomic acid over 2 minutes).
30
Intermediate 7
2,2-Diallyl-5-methoxy-indan-1-one



In a1l L round bottom flask was added net hanesul fonic acid
(R)-2-oxo-pyrrolidin-3-yl ester (19.72 mol, 3.53 @)

(4- met hoxwo2emsatail - phenyl ) - pi peri di n- 4n’-‘f/| _ et hanone (1ecTaBRG2/038613, 4. 60
g) in DDEA (79 mol, 13.8 nL) and aceto &rile (75 nL). The reaction

m xture was heated at 85C for 13 hours. The reaction was evaporated under a
vacuum and silica gel flash columm chromat ography was perfornmed on the
remai ning regsidyg eluting with 5% MeOH ethyl acetate to 20% MeOH et hyl
acetate to proyi he title conpound as a white solid (4.6 g, 73. 7%
yield). Calcul @ C18H24N203 M5 = 25 316. 4036, found M5 (ESI) nie
317.1876 (M r_H ' /(400 M—|z, CDCI3) 6 ppm1.82- 1.97 (m 4 H) 2.15 -
2.36 (m 5 # 2.90 - 3.04 (m 2 H 3.07 - 3.15 (m 1

: 1 H
T o L B

anal yt | cal (77 [gPBC njriNoly apBMFLEB0 mL)3atambiei8mpedature wastdridee Na”lra(ﬁe% 4080D0%

oo 0L 1L L BT 6 SO B T LA L)

3-14- (45F| av50- °Eefnzey1 Jtherezetiodsolutlon whp pyoledlto dimbicht temepddatubel dhen diluted.

st er (4 ot FLeBoE T MR WA SR dieen ChI LR InR¥legie Rt e

hydr ochl or idded (vth thydmths N4,S0, and donc@itiabed 2Aa8uonitie, cradembrpduet svaseaitriéed t o

(si i on) ud¥ Mo FAP R R SRT 2RO B g ealarBihyT BB PR ARGPE Be ot o

af f or ded t hitle tbmbeurcb{@rLg.R T 1 i2noigas ama%ssmqm el18)( ESl\)’EﬁnﬂeE?pM)JrHljﬁ 22297.2 (M

+ Fr), I t. ., ~NDhi

phase: 1q %%J%arg@ '5'%‘ tri I@Wm@%éémyﬁﬁa]gp% )ﬂﬁ%g‘i %(%"bvé(r&g %Rné§

retention ftolmenrsfl@w3&8 offrd. mL rthen;eddiantecf 5295% acetonltrlle / water with 0.1% formic

153- 14- (4- pi peridin-1-yl ppyrrolidin-2-one O A 10 nmL

m cr owave %E'glov o?t alﬁ#}g met hanesul fonic acid (S)-2-oxo-pyrrolidin-3-yl

ester (0.56 nml, 100 ng) and (4-chloro-phenyl)-piperidin-4-yl-methanone

(0.56 mml % l n DDEA (2.8 mol, 0.5 nlL) was heated to 85C for 105

mn. The 26n g@% yl et hyl ami ne was decanted off and flash col um

chr omati 5gr @pho-Uettoxz-d)oxeed3-pislytior tié-thoeher2i gy hdtabetaldeytydeacet ate to 20%

MeOH et hyl e afforded the title compound (53 ng, 31%yield). M5 (ESI)
N cal cul ated 306. 2; HPLC (Novapak 150 X 3.9 mm 018

col umm: nobi | e \phay 10-90% acetonitrile/water with 0.1% TFA, at 2nL/mn

' ’ 6|/rre = 2.506 min. 25

A solution 2,2-diallyl-5-methoxy-indan-1-one (600 mg, 2.5 mmol) in CH.Cl, (10 mL) was
bubbled with O3 at - 78 °C for 10 min, then with N, to remove excess Os. To the reaction
solution was added PS-PhsP (2.75 mg, 4.95 mmol, 1.8 mmol/g) at -78 °C. After being
20  stirred at ambient temperature for 1 hr, the reaction mixture was filtered. The filtrate was
concentrated in vacuo to give the title compound (535 mg, 2.17 mmol) used without
purification in the next step. 'H NMR (400 MHz, MeOD) & ppm 9.61 (s, 2 H), 7.64 (d,
J=8.6 Hz, 1H), 6.84 (m., 2 H), 3.81 (s, 3 H), 3.09 (s, 2H), 2.80 (dd, J=69.2 Hz, J=17.7 Hz,
4 H).
25
Intermediate 9

(S)-5-Methoxy-1'-(2-oxopyrrolidin-3-yl)spirofindene-2,4'-piperidin]- 1(3H)-one

0 o)
N
oSO



I nternedi ate 23 5-net hoxy-1
-(2-oxopyrrolidin-3-yGspiro[indene-2,4"-piperidin]-1 (3H-one 0O WO
2013/ 008 PRAMBAOL2/ 053613 47 To a 250 nl round bott orciiiipzk2Es13added
met hanesul fonic acid (S)-2-oxo-pyrroli di3e- 3- yl ester (2) (4.76 nmmol, 852
ng) and 5- et hoxyspiro[indene-2,41-piperidin]-1(3H)-one (3) (4.32 mmol,
1.00 g) in DDEA (17.29 mol, 3.02 nlL) and acetonitrile (20 nL). The

sol uti on vva\ssamﬁﬂq m@égﬁtnﬁ&h&éﬁ b2 STcfb- 1ﬁhﬁdern%a§§Jd% mta@@@@et (66 ed
in vacuo d t1ash 'col uim chromat ography |caéej was ‘perfornmed el uting
with et hyI %é&%ﬁﬁemml 2@%%mm@vwldlra%@ﬂ9t 1ﬁ’f9‘(9r e’@”toﬁeaﬂq gl @"Bo(ﬁ)m@nd
(1,05 g, 7H6kicHin MR A PHabBeORic? . RN MRESIantil g | Bgerdrufdd +
Fr); HPLC gNova pak 150 .9 mMm C18 col um: nobil e phase: -

acet oni t ri I'e/ udk dihevieagtion. rm%UW—'NaSafﬂ'teQ?ﬁUmThedkbt@*e Vagi W”Fe'ﬂté%t%t |T(|5‘ﬁ e =
2:253 M5N. ok ae Felicd s)é%& (BHGTRISLANE W SeRnbE0RANZAGIE! ab&ohtrld

To a solution of 2-chloro- benzonitrile (2 g, 1)
N- br onosuc &0 hHefé 8@:_% vith 8.1 T4 tm«?@mpnitrﬁe éar/qobHe@ é@/oa@h%mirtj@rae@ot 9w was
added aZOb'r&bSG%?HIt/thiﬂmééul/é %e(tﬁle?c%nﬁ)ouﬁd Bdwe! 0. 11mﬁo|5n MSJ(E%wme ®fdHyxed

for 3 h and then cool ed, “dil di chl oronet hane” and w th water

and bri ne. =Th-brrgigntien b'ﬁﬁsweo\ﬁésm'ﬂr ﬁ@@?”@\?é?o aihfraystesm s%alcm §tﬂ Tnﬁl &3.0

filtered, aRfdcaeBRAM NGk eslel oﬁzwarﬁH?mer*@‘?adl@rﬁ%lf bayb, Q&étoM’ﬁ‘% Patef WikloMba.
flash coI um chr omat ography (et hyl acet’ate: hexane, 0:1 to 30:70) to yield

20whi téosolfcprmICpa@d@cyer%mmutgs %%MRMJQ\MHZ( @@@Imp@@ﬁaﬁ 68647, 1 H), 59
(m 3 H, "7 g(ésm e'éko(d J”tseé di 3} £ &Z8p (S Hh 423 (J=9.1 Hz 1H), 405](brs

2-(3-brono-2 rtol 1 din-1-yl)acetonitr sof ut

2, 4-di br orrdlbl),t%&f/m tihl, 6r8|20(é %FS 873, S;Lill-i)rrﬁrﬂ@ m, 2HDGWVBQ tmos,nH), aRd (2-2H),
am' noacet onidy 4 e (1.3 g, 14 mol) was added triethyl am ne
P SRR (12 0 e !

(5.7 nm., 4 m xture was stirred at anbient tenperature for
24 h. To the resulting material was added net hyl ene chloride and it was

washed (i t hhaehEgiafd§o t hen bri ne.
4-(4-Methoxy-3-methyl-benzoyl)-piperidine-1-carboxylic acid tert-butyl ester

7‘2>/_N

A stirrred solution of 4-(methoxy-methyl-carbamoyl)-piperidine-1-carboxylic acid tert-butyl
ester (3.0 g, 11.02 mmol) in 30 mL THF was cooled to 0°C, then (4-methoxy-3-
20  methylphenyl)magnesium bromide (6.21 g, 27.5 mmol) was added dropwise via a

o)

syringe under N, and the reaction mixture was stirred at the same temperature for 1.5 h,
then gradually warmed up to room temperature over 1 h when the reaction was judged
complete by LCMS. To the reaction mixture was slowly added 40 mL of saturated
aqueous NH,CI then the aqueous solution was extracted with ethyl acetate (2 x 50 mL).

25 The combined organic phases were washed with brine, dried over Na,SO, and the
solvent was removed to yield the crude product. Purification by flash chromatography
gave the title compound as a white solid (1.97 g, 5.62 mmol, 51% yield). MS (ESI) m/z
334.4 (M + HY); HPLC (Novapak 150 X 3.9 mm C-18 column: mobile phase: 35-90%
acetonitrile/water with 0.1% TFA, at 2 mL/min over 2 min.) retention time = 1.57 min. 'H

30 NMR (400 MHz, CDCL;) 6 ppm 1.48 (s, 9 H) 1.62 - 1.91 (m, 4 H) 2.27 (s, 3 H) 2.78 - 3.02
(m, 2 H) 3.27 - 3.46 (m, 1 H) 3.91 (s, 3 H) 4.12 - 4.27 (m, 2 H) 6.87 (d, J=8.59 Hz, 1 H)
7.77 (t, J=8.10 Hz, 2 H).



30 The conbi ned organic |layers were dried over sodiumsulfate, filtered,

and the solvent was renoved in vacuo. The resulting residue was taken up in
t ol uene (WBQomslpsand at O0C was added sodi um hydride (54PCwgB20130Bemaol, 60%
in mneral oil) portion-wise WD 2013/00¥217PCT/ 1B2012/ 053613 48 over 20

m nutes. The reaction was stirred at anbient tenperature for 60 h. The

m xture was diluted with ethyl acetate and then poured into ice water. The
organi c | aygfery@iveSsipeb@lrgd. washed wit h bri ne, dri ed over sodiumsulfate,
and purified via flash colum chromato (eth acet at e: hexane, 0:100
to 100: 0) tl@ prenfitpe af Hr(cmﬁhqaﬁytmwma y}é ee -g3rooxyic Naard (tatdpuiviz

SD% 3) 365‘11 e%?ergs@og (18. %8 nh'%ol%ﬁln £g- rﬂL?fﬁy (mF ét E'}nble%t ?é?n éigture] waZ a@dea Q HZ
H. Inter n@aﬁtlg@@ 3261ethylphenyl)magne3|um E)romlde (551 mL 05 ) was added dropW|se

102- (3- 64- (AaBBRNaRY b@é&l@ﬁ'dl?ﬂu%ﬁv'ag'sﬂrréd Béllhezsé}ﬁé’ﬁé(rhﬁé’rbtﬁé Forlrey %lﬂf‘éeﬁ%‘gbt ri

le 0 To a solution of 2- (2-brono- 5-oxopyrrolidin-1-yl)acetonitrile (7

ng, 3.6 mbeactigndvassquanshebuiibsakyated sogisim GH”F@I%S?'PB'%f1%%)1@”%@&"6‘@%%r| de
(920 nm, 3b@tv68@ﬂ't9nnb%15’&%‘i.§i&hdﬁd)d/‘?scﬂo?omyc&\@&/c%%&rﬁ (2'0@th¥)' &8 B dr

11 mmol ). The m xture was m crowave “at m nut'es. The Sol vent
was renovedRYieh Wasc (RINQYRE tohdeldelbp dridevsodughk drvrifigation Betfiash cheoredpeiaP@e and

water. The (Qr&a@%% 33 a\‘)@t%te%@ritide‘?%a% and higs f&oﬁ"ﬁébm a& f&r AR QSilARY g
(et hyl acet at e: hexane, rovide sli yel [ow oi | (950

0, 7495y: PG MV, MOR P aisINEPLCROv 12D S T 91 ool mablg prasene
(d, J = 8. 30k, gcéTBnltrﬂJe/\ﬁgteﬂwﬁlgoﬁ% T?Al_thI%L/QIQH 6§er 23mi'rl) re%n@gn flﬂb1—431'3‘22 6,
9.0 Hz, 2 H), 3.40- 1 (m 9 (b 1H),
293320(‘TF+F3H) 233261(m 2H), 213231(m 1H), 183203(m 4
. HRVS cal cul ated for C19H23N303 342. 1818, found (ESI, [M+ H),
342.1830. Internedi ate 27
252- ( 3- (4- (nteppedigig bbnzoy! ) pi peri di n- 1-y1) - 2- oxopyrrol i di n-1-y1) aceti nm dam
i de hydsoc f?h-‘ﬂﬁétﬁ&(yl'ﬁm'etlﬁ;l-é}#ényl) p]}fbr@/nsﬁy%bz%ﬁn&fe
2-(3-(4-(4-net hoxybenzoyl) pi peridi n-1-yl)-2-oxopyrrolidin-1-yl)acetonitrile
(690 my, 2.0 mmlY in nmethanol (15 nmL) was added sodi um et hoxi de (0. 046
m., 0.20 30 5 nd the m xture was stirred at anbient tenperature
for 2 h. "W 2013/ 008217PCT/ 1B2012/ 053613 49 chloride (120 ng, 2.3
mol ) was added e of xture was stirred at anbient tenperature for 60
h. The reaction m xture was concentrated in vacuo, et hyI acetate in heptane
(40% was added, stirred at anbi_ent terrperature for 1 h then filtrated. the

resul ting d6floaRalic\agich Bebmh 7&{h@moy) oV@i fdded 19,3 golwlien af (BHHMEHIOX1B0%
yi el d). MSnidtRyl-benzoyl)-piperidine-1-carboxylic acid tert-butyl ester (4.8 g, 14.4 mmol) in

dichloromethane (100 mL) and water (10 mL) and allowed to stir for 4 hours at room

20 temperature. The reaction was concentrated under reduced pressure, dissolved in
chloroform (200 mL), washed with a saturated sodium bicarbonate solution, dried over
MgSO, and the solvent was evaporated in vacuo to yield the crude product which was
used crude in the next step (white solid). Calculated molecular formula = C14HsNO, =
233.3130, found MS (ESI) m/e 234.4 (M + H*); "H NMR (400 MHz, CDCls) & ppm 1.22 (d,

25 J=6.57 Hz, 6 H) 1.64 - 1.77 (m, 2 H) 1.83 (d, J=1.52 Hz, 2 H) 1.97-2.08 (br. s, 2H) 2.26
(s, 3 H)2.79 (id, J=12.38, 3.03 Hz, 2 H) 3.21 (dt, J=12.63, 3.79 Hz, 2 H) 3.33 - 3.44 (m,
J=11.18, 11.18, 3.79, 3.66 Hz, 1 H) 3.91 (s, 3 H) 4.03 (dq, J=6.32, 6.15 Hz, 0.5 H) 6.87
(d, J=8.59 Hz, 1 H) 7.83 (dd, J=8.59, 2.53 Hz, 1 H) 7.77 (d, J=2.02 Hz, 1 H). Analytical
RP-HPLC (Novapak 150 X 3.9 mm C18 column: mobile phase: 10-90% acetonitrile/water

30  with 0.1% TFA, at 2 mL/min over 5 min.) retention time = 2.444 min.

Alternative procedure 1
4-(4-methoxy-3-methyl-benzoyl)-piperidine-1-carboxylic acid tert-butyl ester (6.4 g, 19.21
mmol) was treated with 90% trifluoroacetic acid/water (100 mL) and allowed to stir for 30



5342. 4 (MFl), retention tinme 0.79 Internediate 28

2-(3-(4-(4-net hoxybenzoyl ) pi peri di n-1-y1)-2-oxopyrrolidin-1-yl)acetonitrile
00 N Owe-20m@Dds21a sol ution of PCT/IB2012/053613

3- [ 4- (4- et hoxy- benzoy1) - pi peri di n- 1-y1]4'pyrrol i di n- 2- one (1.65 nmml, 500
ng) and chl oroacetonitrile (1.65 mmol, 0.125 g) in THF (30 nL) and DVF (5
m.) was added sodi um hydride (60% 2.48 mmol, 0.099 g) and heated to 70C
for 80 m Nmilihgs Eash mussuil Iw@a&%ncweé cér%eﬁf?gﬂe@’]}ndTeﬁFHb%@J PFé%s@r'ed

dri ed under vacuum Flash colum chronmato 2 ){ l'ica) was or ned
W%Q h{l

el uting wi OFselveg| ma&@%au@pmazd%hmofm a@@ﬁ'éﬁde Vé(néatﬁf%‘%q‘ Fodiumhe

title CO”p%iH&Pocﬁﬁ%teaébhﬂfoB WB&&&Q@%S’G? dndide Q&ver@%fa%%hﬁb%cﬂtb dne%hféﬂré&@d VB
= 341.4, found M5 (ES ; C (Novapak 15 .9 nm C18

coI um: WD@W@CFDW Wﬂ!@ 569 Ede dnithe inex \ﬁmpefwh)\ﬁet $0lid). 19iepatedamolechighi n

over 5 Bi nggdrmfifd er@mgmb '15‘233 813‘b7206Hd1M82@91} ﬁ{/éﬂé@lhat(wl 2947); 'H NMR (400
{(S)-3- [4 4- Met hox enzo&&&overl in-1 1]-2-oxo-pyrroI|d|n 1l-y

| } - acet oni t\Mhi3, chiprofpgn-g) wpﬁfle%ﬂﬁ%ﬁ apak 150 X 3.9'mm C18 column: mobile

(S)-3-[4- (‘bhH?é R©23098 2b&b Mt ReRE Aith - 121, IEl 9!@mbmﬂalcvevsrnqh')%tent?onqmee
(6.32 mol 0 g) and bromacetonitrile (18.96 in THF (60

m.) at 0OC Z#Mmﬁtdded sodi um hydri de (60% 18.96 mml 0 76 g) and al | owed
to stir under N2 for 1 hour. Allowed to warmto anbi ent t enperature and

chl oroacetonitrile (2 nL) was added. After 30 mn the reaction was cool ed
to 0C dRd Alerrative Riecaddrgtdir at ed ammoni um chl oride sol ution. Flash col um

chr omat ogr apheRbh G- (RS- nﬁ)&ﬁéﬂféfﬁfetk@lbéhh&g)p‘ﬁeh&n3l°/9I5\§IQel'r|(o% Nglsageto e to

15% MeOH et hyl "acet ate rovi onpound” as an 30r ed- br own

foam (1.6 @mdimzﬁ/d\lyHGl éy. IR heatesionisiiee [ 4P Y GPRGPECORIGIEG 1N VAGKBISER —

355. 4406, §émall ) Hé&nétéﬁam&é\/lta*keh')up aﬂalmélrﬁ@'M&@BHHE’#PhéM‘gaaﬁck 150
X 39 W 2 13/0 8217PCT/ 1B2012/ 053613 col um: m) i | e phase:

10- 90% acefSORCaqN, PRRANEAtaR t’”’hV@UQ%’T‘FQ;Q m&t anefﬁ_ﬂt‘?m“Yl &ther (5208 ﬁ”—? to deidht i on
time =48. 8%|t81d?e0|;5|ﬁitt@'élﬁ@@' @rﬁle%ueous layer. The aquepus Iayer was removed via a
5{(R) - 3-[ 4- (4- Met hoxy- 3-neth benzoyl) - pi peridin-1-y1]-2-o0x0-pyrrolidin-1-
y1} - acet oniPiRet pgd concentrated in vacuo The suspension was decanted through filter'to recover
a white solid (1.30 g). The agueous material was concentrated in vacuo to form a
purplish oil which was taken up in diethyl ether and the resulting suspension was filtered
(0.82 g). The filtrate was concentrated in vacuo to a purple oil. The solid material was
20  confirmed to be the title compound. Calculated molecular formula = C14HgNO, = 233.31,

found MS (ESI) m/e 233.9 (M + H")
Intermediate 12

4-Phenylsulfanylcarbonyl-piperidine-1-carboxylic acid tert-butyl ester
0

O)‘\SPh
O__N
Ty

To a solution of piperidine-1,4-dicarboxylic acid mono-tert-butyl ester (5.0 g, 21.81

25

mmol), diisopropylethylamine (5.64 g, 43.6 mmol) in 40 mL of Dmolecular formula were
added HATU (9.2 g, 24.0 mmol) and benzenethiol (2.7 g, 24.0 mmol). The reaction
mixture was stirred at ambient temperature for 15 hours. The reaction mixture was
30 quenched with water (50 mL), then extracted with DCM (50 mL). The combined organic
layers were washed with water and saturated aqueous NaCl solution, dried over Na,SO,,
filtered and concentrated in vacuo to yield the crude product. (6.85g, 20.25 mmol) as a
yellow oil. MS (ESI) m/z 321.8 (M + H*); HPLC (Novapak 150 X 3.9 mm C-18 column:



O To a solution of

(R)-3-[4-(4-met hoxy- 3-net hyl - benzoyl) - pi peri di n-1-yl1]-pyrrolidin-2-one
(6.32 mMmuowo 281308p17and chl oroacetonitrile (6.32 mol, 0P¢&1BI012/0536HF (50
m.) was added sodi um hydride (60% 9.48 4ol , 0.38 g) and heated to 70C for
30 min. The reaction 10 was allowed to cool to anbi ent tenperature and
dried under vacuum Flash colum chromatography (silica) was perforned

el uting wi thyfk *wasacgss@b% faeet%ﬁ%@mawr%wlo PR CHEA CaBAnDia | AiRH o i 1 L1 €
conpound as an off-wh residue (1.1 g, 49%yield). Calcul ated nol ecul ar
formula = @@HZENSU% :1@535'”4406 found M5 (ESI) mie 356.1978 (M + Fr);

anal yti cal RP-HPLC (Novapak 150 X 3.9 nm 018 col umm: nobil e phase: 10-
1590% acetonitrile/water with 0.1% TFA, at 2 mJrin over 5 min.) retention
time = 2.5%tepnpdiate 13 nt er redi ate 31

213- [ 4- 64- Weihanoculisie i YsP2- B85 b dliohr-d P esteroxo- pyrrol i din- 1-y1} - acet ami di
ne 0 d2N NH 200-- To a sol'ution

2-(3-(4-(4-me oxybenzoyl)plperldln 1-yl)-2-oxopyrrolidin-1-yl)acetonitrile

(125 ny, O. mowg 1 n nmethanol (4 nL) was added sodi um net hoxi de (2 ng,
0. 037 nmol ) stirred at anbient tenperature for 2 h. Ammoni um chl ori de
(23.5 ng, O. nmol ) was added and the m xture was stirred at anbi ent

t enperat ur of &r slifred. mT>h@re2£'n>frﬂrs:’aI hmompytrwromdmec%msngramd rhfemn eﬁd}@yl .
acetateln ntane e S rre at a lent. te rat or
e bt S Gebdn Tl SB G ER 2o00t e S Shrineutitnic paRE R B B g o
solid (130 198, mhePI DCMS(9W AL B6wbr B5(ivhlies mﬁfhﬁurﬁﬁ@u@mnéﬁanﬁe&t&em&w

colurms R oeres A0 20hkegst gt L el MR B 0 IR e i
2013/ 00821?&6}3’&&@2@&36 @5id6d Jordbdn addltlonal 18 h and then concentrated in vacuo. This
_2y{1§ S) age'E évars]%)c()%mgd L Qﬁq gﬁpuél?a gt-elp éler%rn% grler\}lo%s %a!ches g%(c? t}'fc)a}rqprucr)lhecﬁj In-1

{(S)-3-[4- (vi%-s“n&iafw(&!her@&igi’aﬁhyb@%Mg Bi hetitldtompoutit - 2- oxo- pyrrol i di n- 1-
5 yl}-acetonitrile (1.60 g, 4.5 mol) in nethanol (40 nL) was added sodi um

nmet hoxi de (511 ng, 9.45 mmol) and stirred at 40C for 3 hours. Ammoni um
chlori ds ( Ztermadiate i mmol ) was added and the mi xture was stirred at 40C

tenperature f The reaction m xture was concentrated then chloroform
in ethyl aé’é?gl"t”éesf’%l’%ﬁgd )- 'O’éﬁpM’dgd%«gbe%d stirred at anbient
tenperature for 1 h. Centrifugation at 1500 rpmfor 30 mn.

HN ‘-\‘CI

To a 10°C solution of (S)-3-hydroxypyrrolidin-2-one (120 g, 1.19 mol) in pyridine (38.4
mL, 475 mmol) and dichloromethane (3 L) at 10°C was added thionyl chloride (173 mL,

20  2.37 mol) dropwise and the reaction was stirred for an additional 3 h. The reaction was
concentrated in vacuo, taken up in dichloromethane and purified by filtering through a
plug of silica gel, eluting with 10 L ethyl acetate. The material was concentrated in vacuo
to approximately 1 L, diluted with 1.5 L diethyl ether and heated gently for 15 min. The
suspension was filtered, washed with diethyl ether (500 mL), dried in vacuo, taken up in

25  diethyl ether (1 L) and heated at 45°C then filtered to afford 105 g of the title compound
as a white solid.

Intermediate 15
Methanesulfonic acid 2-oxo-piperidin-3-yl ester
@)

M
H’\tj/o S

30



10 provided a beige solid (1.8 g, 98% . HRMS cal cul ated for C201- 129N403Cl
372.4712, found (ESI, [M+ H), found 373.2242. 1H NVWR (400 MHz, CDClI 3-0 6
ppm 1. 75-w02813(ws213 H) 2.19 - 2.40 (m 7 H) 2.48 - 2. 65PC[I’JIB201H))5331376 -
3.01 (m 3 H 3.16 - 3.36 (m 3 H) 3.46433.64 (m 3 H) 3.81 -3.94 (m 6 H
4.34 (d, J=16.56 Hz, 1 H) 4.52 (d, J=16.56 Hz, 1 H 6.84 (d, J=8.53 Hz, 1
H 7.28 (s, 1 H 7.70 - 7.87 (m 3 H 8.51 (s, 1 H, HPLC 15(Novapak 150 X

3.9 mm 018 T%ohugns cBBh ! & @h%?‘oxy%%e?@%@@ﬁé qab@rﬂnbew@t &im¥i 1o Oec%‘V%EH:A
at 2 mUm n over mn) retention tinme CInternedi ate 3

Tol uene- 4- $igthdamine4e088 mtoﬁ&wp@pbﬁépﬁoaﬂdlehlsmmth (3l 0Xpwas pded i t | e

material egomRyeH hrﬁéfhéﬁé’slfﬁeﬁﬁr ghiBagd O4bhe n%nﬂ.'sh' oIl OHBd eh) SERVedPiiRr m
Bul I . 54(5), 703, ZOOS%Mnternedl ate 34 Et hyl

2-(2, 4- di bidishissenehane ethgt ©agtiaq was egpmplgte wighin 30 min as judged by LCMS.
2013/ 00§217A'?1C-5(a1=1§80&r%6|9§§@1\§a35%ltgie9r Q@&Qé&\?e%ow d&hlo%rh&ﬁaﬁe? dhd9purklda2dy

nmol ) in di chl or onet hane sol ution of sodi um hydroxide I n water

(11.5 M 2 cpiupnn@somnalearag néﬂeéHéﬁwz}Gl ) Thaive geclitiesiompeynd as apvdtite waxyselidt oC
dth 1 t t th
an en f?%cm Y (ﬁgsélFrSnﬁd?Oﬂ éoﬁ”%?da SNﬁ/ng Ebgheﬁf%fo%’fo%@aé@&ﬂ Sl 5?% wi

di chl or onet hane and wat er ayers were arate

and the ordani ¢9#aye05 (mas! b |3rfélv@§ﬁéﬂﬁ,, 2d)i »a7 c()ﬁue?r Hy8@Aum. @Zleaﬂ &) 2.08 -
filtered, c d a r r c o he crude
title race%oéc;II corrpouﬁg8 g‘U?é@ 'i"i’i i -,9e% %ﬁﬂﬁtw? Q‘E}O I el’\mi aigsaycl ear oil.
1H NVR10400 MHz, chl oroformd) 6 ppm6 81 (br s, 1 H, 4.58 (dd, J=8. 84,

4. 80 HZ ér‘f%méd%ﬂeﬂsﬁ‘l 31 (m 2 H, 4.07 (d, J=5.56 Hz, 2 H, 3.51 - 3.63
(m 2 . , 244 - 257 (m 1H, 1.28 - 1.36 (m 3 H).
10 I nt er e -/t (é- A@@"’@U’I’I%HZQV/(Blpblﬂ@ﬂ‘ddﬁl-m/if@ﬂgm'r?omaji n-1-yl)acetate Et0 ON O

@)
] ©*©
Yos 0"

In a 1 L round bottom flask was added methanesulfonic acid (S)-2-oxo-pyrrolidin-3-yl
15  ester (prepared according to procedure in Eur. Pat. Appl., 257602, 02 Mar 1988) (95
mmol, 17 @) and (4-methoxy-phenyl)-piperidin-4-yl-methanone (95 mmol, 20.8 g) in DIEA
(379 mmol, 66.3 mL). The reaction mixture was heated at 85°C for 18 hours. The top
layer was decanted off and silica gel flash column chromatography was performed on the
remaining residue eluting with ethyl acetate to 20% MeOH/ethyl acetate to provide the
20 title compound as a light beige solid (13 g, 49% vyield). Calculated MS = 302.4, found MS
(ESI) m/e 303.4 (M + H*); 'H NMR (400 MHz, MeOD) & ppm 1.69 - 1.89 (m, 4 H) 2.11 -
2.18 (m, 1 H) 2.18 - 2.30 (m, 1 H) 2.50 (id, J=11.29, 3.01 Hz, 1 H) 2.78 (id, J=11.54, 3.01
Hz, 1 H) 2.84 - 291 (m, 1 H) 3.13 (d, J=11.54 Hz, 1 H) 3.24 - 3.41 (m, 7 H) 3.49 (,
J=8.78 Hz, 1 H) 7.01 (d, J=9.00 Hz, 2 H) 7.96 (d, J=9.03 Hz, 2 H); HPLC (Novapak 150
25 X 3.9 mm Ci5 column: mobile phase: 10-90% acetonitrile/water with 0.1% TFA, at 2

mL/min over 5 min.) retention time = 2.305 min.

Intermediate 17
4-(4-Methoxy- benzoyl -[1,3"]bipiperidinyl-2'-one

é(Q)K@



To a stirred solution of crude ethyl 2-(2,4-dibronobutanam do)acetate
(2.847 g, 8.60 15 nmmol) in benzene (8.6 nL) at 5C was added portionw se a
60% m nerwbD 20i3008213per si on (344 ng) of sodi um hydride (P06/1BLP12/853603 nmol )
over 20 minutes. The reaction was stirre# an additional 10 m nutes before
bei ng poured onto ice water and diluted with ethyl acetate. The |ayers were
separated. The organi c phase was brine-washed, dried over sodium sulfate,

filtered, a@ngepifiéh %ﬂﬂmes@m J5di§ 8- oxBfﬁpéﬂdﬁ%?e%r &%rﬁqgngxzén t?ﬁrﬁ&‘ de
20 and product was purified eU|Cgrm4rou a Silicagel colum wth aoO

to 100% et Hyd e%)céﬂ@t(”em’eth%b‘doaﬁ@yl)g@'ﬁ@ﬂ w-grefifanepe (31zemg; 14%3 e -¢ eq
d
gggpguan( W§céf&1ltr|%5’ MQLQ%? %8%%1 n@'s@ﬁ(opﬂb{hylah@ne( E@H )mg{ﬁrﬂﬁm rGM"i‘Q Jéh?_&md
H, 3.96 - the zgaqtlﬁp \maquﬁea@dgsgt 85 3°C720r( & hqyrsH) Theg, rqg:tmng,wgg cpﬁlpdltoH;oonQ 63
- 2.76 §m té'mﬁaratufe 8fd theZsoh@nf Blapbrdid inlvatbo-THe R4ultifg oy fdsiduéWas purified

| nternedi ate 36

2- (3- (4- (4%@%"!@@)@%@@%@% viyopatocianiy1MeQH/2H%bhia ptyeithe itle -apmpeeed #sea OFt
4-
ON 0 (4<Maf B%su rgyé WP S $4. 7o, .é@) mﬂﬁﬁﬁo pﬁ%@fdeﬁsei@égég]% |

2.05 mmol ) was ed at roomte ture W|t trlet am ne
477 ny, 4. 1d %9 Hin2 e etIonT #8i(bre s( 8¢1)nd.04 () L8158t DR OF 3&dHgpl 3 H) 3.23 -

2-(3-brono di I e )
2013/ 00821?@%%“52/9853%1%@3)gﬁ%ﬂ 2(3§J(I h acetz\%)l t1r9|1lgn(20 nilr))7 175
added 10 t K@, Aith 1.47Thb54 éac? anMﬁa(m/StMHf)em@Shours at 40C and then
overni ght at 50C. After 24 hours the reaction was not conplete and the

reaction was stirred an additional 48 hours at 70C then allowed to cool to
room t enpednrtermediateht8 sol vents were renoved in vacuo. The crude orange

solid was ?ﬁéﬁ?&"rg”ﬁ. 1% tbgpzozp?cfgér% g;lpglg,,;gmz%gh a 0 to 10% net hanol /

di chl orone d the e racemc corrpound(730rrg 87%
yield, 95%p )as a thick anmber oil. M5 (ESI) [me, (MH)+] 389.5. 1H
NI\/R(400M-‘12N o form @ppm 7.90 - 7.95 (m 2 H), 6.91-6.96(m 2
H, 4.17 - 4 95 -4.17 (m 2 H, 3.88 (s, 3 H, 3.56 - 3.64
(m 1 H, 3.35 3.18 - 3.29 (m 1 H), 3.04 - 3.13 (m 1 H),
2.93- 30410(m2|—l)0241-256(m1H) 2.20 - 2.35 (m 1 H), 2.04 -
2.19 (m 1 H), 1.80- 1795(m 4 , 1.26 - 1.32 (m 3 H. Internediate 37

2-(3- (45( 4-Tife ROPEAGIBADS ( maﬁéxyghéhyb pipridird4 §HPRYHaNBhe @Ng 115y MnddiLhhd
aci d (R)-2-oxopyrrolidin-3-yl methanesulfonate (34.7 g, 194 mmol) in acetonitrile (388 mL) at
room temperature was added DIPEA (108 mL, 620 mmol) and the reaction was heated

to 60 C for 29 h then allowed to cool to room temperature and stirred for an additional 24

h. The reaction mixture was concentrated in vacuo to afford a waxy solid which was

20 taken up in ethyl acetate (300 mL) and sonicated. The mixture was filtered and the
resulting white solid was washed with ethyl acetate (200 mL) to yield 21.05 g. The

combined filtrates were concentrated and purified via silica gel chromatography (330 g

isco 0.01% NH4OH 5-10% MeOH/ethyl acetate). Pure fractions were combined,

concentrated in vacuo and then taken up in ethyl acetate (80-100 mL) and stirred. A

25  white precipitate formed that was collected by filtration. The filtrate was concentrated to

a gold oil, taken up in ethyl acetate to afford a white precipitate that was collected by

filtration. A total of 27.7 g of the title material was obtained as a white solid. Calculated

MS = 302.4, found MS (ESI) m/e 303.4 (M + H*)

30 Intermediate 19
(R)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl[-pyrrolidin-2-one



15 To a solution of ethyl

2-(3-(4-(4-net hoxybenzoyl ) pi peri di n-1-yl)-2-oxopyrrolidin-1- yl)acetate
(727 ny, wo2eéB/menl) in ethanol (36 nL) was added a 2 NraguBmu03¥atH
solution (1.8 nL). The m xture was stirr® 1 hour at roomtenperature. The
reaction was then neutralized to pH 7 with 1 N HCl. The solvents were
renmoved i n vacuo, then 20 azeotroped 3 tinmes with dichl oronethane. The

i ght yellow foany solhd was dried under high vacuumto afford the title
racem c product (835 MS (ESI) [me, (MtH)+] = 360.9. 1H NWR (400 MHz,
DV60-d6) 6 pm@n 7.89 . m 2 H, 6.96 - 7.11 (m 2 H), 3.85 (s, 3 H),
3.46 - 3.68 (n_ANH/ 3. 3-46 (m 5 H), 2.93- 3.04 (m 1 H, 2.61 -
2.84 (m 1HH, R2.30- 2.42(m Q H, 1.95- 2.11 (m 1 H, 1.81 - 1.95(m 1
H, 1.64- 1. m 2 25H), 1.44 - 1.63 (m 2 H. Internmediate 38

Fbr N ot g paEd dusth) ohaEl red AR RS SRR NaR Bl e

i n accor darster (reparet ecpordngdapeocederrepih iHur.eféati Applh@57602, 02 Mar 1988) (18.75

ani not i a1 S50 4 H1EEEENER WDl o B BRI SRR SiorR 828 () ¢ i

zepi ne Ber i4G ghie HIPA 41 anmolb ©B.y anl) Redtaeetonitde ¢ €30 fHg). I hPheactno enixtucavas

521 526, | RERPRAC L s R ™ 1S ke BT DA i o

H O LI o | ®ash Golumn chromatography was performed on the remaining residue eluting with ethyl

acetate to 20% MeOH/ethyl acetate to provide the title compound as a white solid (4 g,
67.4% yield). Calculated for CigH-4N-O3 MS = 316.4036, found MS (ESI) m/e 317.1863
10 (M + H%); 'H NMR (400 MHz, MeOD) & ppm 1.69 - 1.89 (m, 4 H) 2.08 - 2.21 (m, 1 H) 2.24
-2.30(m,1H)244-256(m,1H)2.73-2.84(m,1H)2.84-2.92(m,1H)3.08-3.17
(m,1H)3.30-3.42(m,6H)3.45-3.54 (m,1H)3.90(s,3H)6.95-7.04 (m,1H)7.72
—7.81 (m,1H)7.83-7.90 (m, 1 H); analytical RP-HPLC retention time = 4.67 min.

15  Intermediate 20
(S)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-pyrrolidin-2-one

0
N -
HNé/ O

In a 1 L round bottom flask was added methanesulfonic acid (R)-2-oxo-pyrrolidin-3-yl
ester (19.72 mmol, 3.53 g) (4-methoxy-3-methyl-phenyl)-piperidin-4-yl-methanone (19.72
20 mmol, 4.60 g) in DIEA (79 mmol, 13.8 mL) and acetonitrile (75 mL). The reaction
mixture was heated at 85°C for 13 hours. The reaction was evaporated under a vacuum
and silica gel flash column chromatography was performed on the remaining residue
eluting with 5% MeOH/ethyl acetate to 20% MeOH/ethyl acetate to provide the title
compound as a white solid (4.6 g, 73.7% yield). Calculated for CigHxN-O3 MS =
25  316.4036, found MS (ESI) m/e 317.1876 (M + H*); '"H NMR (400 MHz, CDCl;) § ppm
1.82-1.97 (m, 4 H) 2.15-2.36 (m, 5 H) 2.48 - 259 (m, 1 H) 2.90 - 3.04 (m, 2 H) 3.07 -
3.15(m, 1 H) 3.23 - 3.44 (m, 3 H) 3.48 - 3.56 (m, 1 H) 3.91 (s, 3 H) 6.08-6.13 (br. s, 1 H)
6.85 (s, 1 H) 7.77 (s, 1 H) 7.83 (dd, J=8.53, 2.01 Hz, 1 H), analytical RP-HPLC (Novapak
150 X 3.9 mm C18 column: mobile phase: 10-90% acetonitrile/water with 0.1% TFA, at 2

30  mL/min over 5 min.) retention time = 2.557 min.



10A m xture of ethyl 6-nethyl-3,4-dihydro-2H pyran-5-carboxylate (6.0 g,
35.3 mmol ) and sel enium dioxide (4.3 g, 38.8 mmpl) was stirred in acetic
acid (1l4iwoipidmogmars at 110C. The reaction was then co®eCEdB2002/0336Mm
tenperature and the solids were rennved‘kﬁ/ filtration. The filtrate was
concentrated down and purified by silica gel chromatography with 0 to 15%
ethyl acetate / heptane gradient, followed by 15%to afford the title
15conmpound (1.710 g) as an anber oil in about 90% purity. MS (ESI) [nle,
(MtH) +] = 185.3. 1H NWR (400 WHz, chloroformd) 6 ppm 10.22 (s, 1 H), 4.28
(q, J=7.24Imgrmedigle 2y 12 - 4.19 (m 2 H), 2.54 (t, J=6.57 Hz, 2 H), 1.88 -
1.98 (m 2 gy 4JFIL§90'beﬂrzc§/@p(l BBricth- -0l RbRiBghat € 40 20 ,

3, 4- Di hydr o-2H pyrano| 2, pyridazin=5(6H)-one ON lijil \/r O To a stirred
0C m xture of ethyl Por rryl 3, 4-di hydr o- 2H pyr an- 5- car boxyl ate (1.705 g,
9.26 nmmol) i nomet ha @ ) was added very quickly 35% hydrazi ne hydrate

(0.311 g, 9. 7 20 m nutes, the solvent was renoved under
reduced pr eFresi due was treated with acetic acid (70 mL)
and wat er ) and stirred at 110C for 20 m nutes. The solvents were
renoved.in I el.ut el [ raphy
wth a 6 tﬁ)zé%%gradg'gnq\'&gglg n@ %%gfja\gdg eéf!ijq ggm%f%é%éc(?%g g)lydg'r% |tIe
conmpound ( Es®844.97 nasola890 giy) aye (4-Bworsgdhiedyl)- plpblﬂﬂllh-GFyl-ﬁﬁﬁih'ar@ﬁ%h}yderChlprldé\/B

&1 hy Sy 2y inDiER Rtk MES UG BB ) P BB A grR, |1

1.99 - 2. ODIEMwas HpcantaDald 113510 @8R APCATTOhBRGEZHYSBHiED Bas Iplatferrrmmﬂelatmg 41

gBCT ([); ﬁyg }V"oth%-ﬁ%gif%ﬁéﬁégé%wgéﬁ/e @&Béétg%%z_r‘)opc?ed eth? Hg%compo%déymr Z 8%
stirredOin y[mﬂtt)s P (ES) oxy @Rl .ar(Mde H ¥ calcula@&d3®0g33; HPLY ( mmapalatSCDKG g mm
nearly 2 hoy L}M? r@oeo%m;ohgge %%df%@et%ﬂﬂh&%aﬁeﬁ wi tﬂcbn? } ELABUI Fnif3er Cess

phosphor us oxyc?h or’i Was {reat edcwi

ice (-15 gmiandetemion temeowlyB0Gintih. sol i d pot assi um car bonate until pH > 7. A
tan solid was isolated by filtration and dried under 10 vacuumto afford
the title conmpound (267 ngy, 57%yield). M5 (ESI) [me, (M+] = 170.6. 1H
NIVR (400 Miaterrobdiateo22rmd) 6 ppm8.68 (s, 1 H), 4.28 - 4.42 (m 2 H), 2.78

2 . - t diate 42 15
N—(2 4§8| néﬂglc{fé;?/% bf%f?%l)ﬁ'ée@dr'yjfﬂ F%/‘%’%%o% rged:o;r |eda2| n- 5-am ne
0]

A 10 mL microwave vial containing methanesulfonic acid (S)-2-oxo-pyrrolidin-3-yl ester

(0.56 mmol, 100 mg) and (4-chloro-phenyl)-piperidin-4-yl-methanone (0.56 mmol, 125
mg) in DIEA (2.8 mmol, 0.5 mL) was heated to 85°C for 105 min. The
20  diisopropylethylamine was decanted off and flash column chromatography (silica) was
performed eluting with ethyl acetate to 20% MeOH/ethyl acetate afforded the title
compound (53 mg, 31% yield). MS (ESI) m/e 307.3 (M + H"), calculated 306.2; HPLC
(Novapak 150 X 3.9 mm C18 column: mobile phase: 10-90% acetonitrile/water with 0.1%
TFA, at 2mL/min over 5 min.) retention time = 2.506 min.
25
Intermediate 23
5-methoxy-1'-(2-oxopyrrolidin-3-yl)spirofindene-2,4"-piperidin]-1(3H)-one

o)
O
I



N.N ONHO A mxture of 5-chloro-3, 4-di hydro-2H- pyrano[ 2, 3-d] pyri dazi ne
(150 ng, 0.879 mmol ), N, N-diisopropyl ethylam ne(0.154 niL, 114 ny, 0. 879

nmol ) , andRp2e13diosEr hoxybenzyl am ne (2940{771;, 1.76 mol ) ipoTiiBzpe/efsarsol (2

m.) was heated in a 20 sealed tube 18 h s at 115C and then 4.5 hours at
145C before addition of excess 2, 4-di net hoxybenzyl am ne (about 2 g, 12
nmmol ). The reaction was stirred at 145C for 18 hours. After cooling to room

tenperat ur gy 4 QQCPHE%G&! b&?o?n fl%mMEéjadjdderﬁéﬂHQnesTHSmE raH@QS}I\@SoxBQﬁﬂoﬁduﬁ%t ed
with diethyl ether (30 mL). Atan solid was renoved tration

filtrate wibesiais@ett (umero\ia2rmenand S-arebimyerisfindenecn?, étré@pr&qﬂééﬂé) iendhi um
25 chl ori deq 37he,RE19200 %) |ﬁM§EAV‘ﬁ$ 281 'rﬁrﬂop‘(ﬁ)’z &Q?"aHH‘a“c\sl{ofnﬁﬁlg ohirhityer ek and
concentrated down. The crude was purified by silica gel c rorrat ography W th
a 0 to 10%sAktieRMEs therdﬁ@ﬁﬁéﬁ@r%fcgéWeg%M| regetiqay Was gongeatraied| /8 végHpound
(159 ngy a%néﬁla%ﬁ%%rﬁrpéﬁ%n%'tdgrad\@ &ﬁ@é)) wh:&’dg%rfoﬁ”rh\@d’r Elumg%h%th%bﬁc% (gt00

WHz, chl oroform%zw ppm
6.56 (m 220 MeOrethy aCﬁ%ez?ﬁomffd tbertljle C@ﬁmund A58 9n( 7% Wgld). §@lPUiaied4 24
(m 2K 3486 650 i 18 5N o Sorh (v2: By HALEINGDaR 150 X o0t C 8 11
(m 2 WO 2013/ 008217PCT/ 1B 012/ 053613 56 Int ernmedi at e

Di hydr 6oL oRidRPasE: dRE8)7q %F&iqrﬁf@lwrri@“"hﬁ}/dﬁ’/@'ﬂz%rﬁt 861 LA oMBF S 510-)
ture of retention time = 2.253 min
2, 4- di met hoxybenzyl) -3, 4- di hydr o- 2H pyr ano[ 2, 3-d] pyri dazi n- 5- ani ne (158,
24 Aol ) and 30% by wei ght hydrobromc acid / acetic acid (0.3 nm_, 0.4
g, 1.5 mMDlptelhediatd 24 acid (3 nm) was stirred nearly 2 hours at 90C. The
reaction was then cooled to roomtenperature and the sol vents were renoved
in vacuo. Ph@remenrethgitbxhlorebenaenifeshed with diethyl ether and then dried
to afford the cgude title conpound (122 ng) 10 in about 65% purity. M5
(ESI) [me, (MI}] = 151.7. 1H NMR (400 MHz, DVMSO-d6) 6 ppm 8.22 (s, 1 H),
8.11 (br s, , 4.36 - 4.40 (m 2 H, 2.47 (t, J=6.32 Hz, 2 H, 1.98 -
2.06 (m 2 > npBe 1:
152- Chl or0- 61 (4- met hoxy- benzoyl) - pi peridi n-1-y1] - 2- oxo- pyrrolidin-1-yl
nmet hyl }- benzonitrile To a solution of

3-(4-(4- mm%y&m@mmm mbnwnaemzarmwer Q'O @Imr%nwgearwmlbfmnos@c&amm@l)
and 2- iybr ononet h)éo”n_G chl orobenzonitril

t et r ahy@r ofl&Pdh 20Ne)) i_FarkAY tiTacalonge @ Wérh“@é 3dged aﬁ%@'s'ﬁ%@tﬂa%tﬁe €580 um

hydride (4@ mMi2 Admd)MHe nfiQUed Rvd¥ R&IUREd Ofol )3 hThdMRENUEEoIMES dfdtbd I Rkh at
anbi ent tenperature for 30 m nutes. Dichl oromethane and net hanol were added

slowy to GEOIEeMeRane age rashed THBvalReaRd RENG-of NRaQORNIC (NBABR) WaR iGE 1PVa"

short pad @hhgdrbiis abdigfl st MterddN@n8BoneattrHES i @QE:Y&C'I' Henrééaﬁéiﬁ oilaRgs t he
residue was purified via fl ash col uim_chr onat ography ( a/
purified via flash column chromatography (ethyl acetate:hexane, 0 100 to 30:70) to yield
20  white solid product (1.4 g, 46%). 'H NMR (400 MHz, CDCl;) & 7.43 - 7.59 (m, 3 H), 4.64

(s, 2 H).

3, 4-
m x
N- (
0.5

Intermediate 25
2-(3-bromo-2-oxopyrrolidin-1-yl)acetonitrile

//\Néz
N
0] Br

To a solution of 2,4-dibromobutanoyl chloride (3.6 g, 14 mmol) in DCM (100 mL) and 2-
aminoacetonitrile hydrochloride (1.3 g, 14 mmol) was added triethylamine (5.7 mL, 41

25

mmol) at 0°C. The mixture was stirred at ambient temperature for 24 h. To the resulting
material was added methylene chloride and it was washed with water and then brine.
30 The combined organic layers were dried over sodium sulfate, filtered, and the solvent
was removed in vacuo. The resulting residue was taken up in toluene (130 mL) and at
0°C was added sodium hydride (545 mg, 13.6 mmol, 60% in mineral oil) portion-wise



25 acet ate: hexane, 10:90 to 100:0) first and then (nethanol:

di chl oronet hane, 1:99 to 10:90) to give brown oil which is further purified
by HPLC twogbismoszicol orl ess product. 1H NVR (400 MHz, CRCr3aB2062/4538B (m 2
Hy, 7.45 (t, J=8.0 Hz, 1 H), 7.35 - 7.4 m 1 H, 7.30 (d, J=7.5 Hz, 1 H),
6.87 (m J=9.0 Hz, 2 H, 4.62 (q, J=15.6 Hz, 2 H), 3.80 (s, 3 H, 3.50 (t,
J=9.0 Hz, 1 H, 3.11 -3.37 (m 3 H, 2.94- 3.11 (m 1 H, 2.75 - 2.94 (m
2 H, 302. %ger ZO?mli_’rﬂlte(smTH]e l@actlo%\%’s stirfed?& e(rﬁﬂlerilt t@&RBétL?QforG%fp&h@%lxt%ré'D
1.66 - 1.90 (m cal cul ated for 5H26CI N303 452. 1741, found

(ESI, [M +Wwas|qilvje ed wip eth/B@CGtambel@PGMQOP T iCERPBLED./ BEB@E@”G?'aE(a\N?ﬁ e 2:
213- [ 4- (4- Mephyars: %@ﬁ&y{k}m rblnﬁsrarsydnovlené%h.u% SRIP b v tsHR - 3. 5

, 7, 8- tetrahydro- pyrano yrim di n-4-one 0 To a solution

of 3-[4- (4Chemaiegapan ﬁc‘fiﬁ 4G 0190 je b@ﬂ@dpumpﬁd@adaﬁ@qu 838 (BCivgh |

13.2 g)gan %ﬁéﬁ I ] one
(48 m"rDTr’ %62 g')glld? WN}%@O Eﬁ{z %I\é/la:h]?grdﬁsudlogﬁ a%g r#_':ﬁo\?\'/azl%yaddeg5 g;ﬂ? um
hydri de (6(})9@ JA53.6n2d) H261 iH).09.5 b3 dOHentied), t 2€ﬁ5721@f(mr JE 'h@t!riz 1Te 21382290 on
was al | owed .t ool to anbient 10 tenperature, diluted with 1 L of ether,
and the resulting solid in suspension was filtered and dri ed under vacuum
provided the title conmpound as an off-white solid (22 g, 95.3%yield). HRVMS
cal cul at ed“g %Q@WOS 466.5417, found (ESI, [M+ H) 467.2305. 11-1 NMR
(400M—Iz|\/|9§.l m167-192(m4H)205-224(m2H)247-2.64
(m 3 M 227(3-(4-(2- naﬂhm;bellzoaﬁ)plzemni -y)-28xqpyyrofidindy -ydaodonitrde 15 (m 1 H)
3.26 - 3.47 (m 10 H 153.68 (t, J=8.78 Hz, 1 H 3.83 - 3.99 (m 5 H
4.16 (d, J=15.56 Hz, 1 H) |#.40 -4.58 (m 3 H 7.01 (d, J=9.03 Hz, 2 H) 7.97
(d, J=9.03 Hz, 2 ®), @na t' RP- HPLC (Novapak 150 X 3.9 nm C18 col um:
nmobi | e phase 10 00/ acet oni e/yvater wth 0.1% TFA, at 2 nmUmin over 5
mn.) retent] ="2.455 m n.020 Exanpl e 3:

2-{(S)- 3- [4N(4- oxy-benzoyl) - pi peri di n-1-y1] - 2-oxo-pyrrolidin-1-yl methyl
}-3,5,7,8- tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one 0O

2-{3-] 4. (4-Toka bdmg’yerbefn?{ﬂfhzbonpi @empj/irnmlfidjny13]I)a2ekoni1r+'lpy73(btnigdBﬁr rhmypl) rmtdh(yfi} 3,

5 7,8- 25 ( g) Sy di ed. i n
met hanol ( é}_ﬁ@}ﬁﬁé’ l oY @’%ﬁaﬁ?‘ hgééh(% ﬂw(lﬁéq ?ﬂoge u |osso vedg y %
renoved by atetonitréle i @nmLChiasakddepanetbylaminei & .SHFaL,cht dnmbt)gr'l'aphnyuxmneawas 0 x

25. 0, S Sy VBSL KP1o bR FhLL 6 SENNEREL e fosSOR VAR 818 B/ CHBLL ¥/ )

at 70 m n at orde
codi still edvamtalkerchnbmmbmymn(amlorldmahdumjerr Thacuganic fayet weds }bunf&@lﬂle fldsh ed

ot a o O FEREAEREIRlbr P GkES 10d R66E) BorbliBE LR ybfbw
oil (950 mg, 74% yield). '"H NMR (400 MHz, CDCl;) § 7.94 (d, J= 8.5 Hz, 2 H), 6.96 (d, J
= 8.5 Hz, 2 H), 4.22-4.39 (m, 2 H), 3.90 (s, 3 H), 3.57 (dt, J = 22.6, 9.0 Hz, 2 H), 3.40-
20 3.51 (m, J=85Hz 1H), 3.23-3.39 (br s, 1 H), 2.93-3.20 (m, 3 H), 2.33-2.61 (m, 2 H),
2.13-2.31 (m, 1 H), 1.83-2.03 (m, 4 H). HRMS calculated for CisH»3N:O3; 342.1818,

found (ESI, [M + H]"), 342.1830.

Intermediate 27
25  2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)acetimidamide
hydrochloride

O
; OﬁK@
N -
ey :
NH

To a solution of 2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)acetonitrile
(690 mg, 2.0 mmol) in methanol (15 mL) was added sodium methoxide (0.046 mL, 0.20

30 mmol, 25%) and the mixture was stirred at ambient temperature for 2 h. Ammonium



58 and put under vacuum (0.014 torr) for 3 days. The |yophilized materi al
was di ssolved in acetonitrile and treated vm'th K2003 (6.3 g) and heated to
80C for Asorents/008f17l tered and dried (9.1 The salt (@cg)jiBragozsbssol ved
in 40 nL of water and chilled to OC, aq us HCl (5 nL of a 15% sol ution
chilled to 0C) was added dropwi se until pH 9.5 whereupon 5 the solution
becane cloudy. The solution was extracted with dichl oronethane (2 x 50 nm.)
and concenih@figd (190 dryNoss miliF RITBANES awesthteumm% %s esti.mea & ahh%nvnder
vacuum at 65C resu ted’in the free base of (4. % Yo yi el d) .

cal cul at ed t¢rBperasiy 00 Uweresgtion meﬁdva(sesancerptm d m p@wmetﬂzzb@:etatmn |
2"\/?8(??7]0 Mrig tawgg%%g \AFH%n&cildeW'stlr?ecPét (afﬁble%t 't'@mﬁergl%re ?or311 h(trﬁbn zﬁltl’&te@ 4I$é ®m
1H 3.11 I@uitgng(srg,lld waﬂ)waghgqthhgtrzpi tq mve@goa,lg sgh 00@590‘(@(@@ MS 3’/64
(t, J=8553 3k 4 Mﬁ%rgteﬁﬁo,{ﬁne@jg) 3.91 (t, J=5.52 Hz, 2 H 4.38 (d, J=10.54
Hz, 2 H 4.48 (s, d, J=9.03 Hz, 2H)7.96(d, J=9.03 Hz, 2 H).
HPLC ( Novapak 150 X 3 9 mMm 018 col umm: nobil e phase: 10-90%

acetonitri I|,q/ey}%g|:até/\ggh 0.1% TFA, at 2 mmin over 5 min.) retention tinme =
2.455 mn 15 Alternative procedure A solution of

(S)-3-(4- (zz(ﬁe{ﬂ%mwegmaom}@feeﬂdwﬁ A)-3rpxyepyrretlin-diacetontilg 25. 66 g, 85
mol ) in THF (283 m_) was cepled to -1.7 Cand to this was slowy added NaH

(10.18 g, 255 nnnl
2- chl or onet hy ¥
mol , 17. 8 / al errperature below 5 C. The reaction vessel

was |rmersed |nto an ice-wate tJ:l and all owed bath to expire overnight.
When reaction was conpl ete by LCAS (approximately 15 h), the reaction was

cool ed1h0 Iro/ Sol@dA &@t[W_F AN md&'?%hz&ﬂ)splﬁém Ygﬂ%ﬁ'ghdlﬂﬂﬁ%fw 66hembinted nal

t enperat ure beI ow xture was | ut di chl or onet hane (500

n) and 1 RNNFM qf@tseamgmtal?dﬁsﬁﬁ immolp8.125:q) 7 W PP dplesandhaMFyeral) was
processed id@8d k6@ imhyandél(ddon ks ImMohNa b é)%dﬂﬁéaté@ﬁ) ?@i@fér 80Gihhene

aqueous | ayer was washed with di chl or omet hane (2 50 . The aqueous
| ayer was a@GH9R dpst floprad7o pophtp &’BBPBHW%@’[WGZBW ﬁLeGP,URFj@qdaCHH’H eXeshict ed

wi th di chl epRRt Qﬂﬂ%e(t réphﬁst.rﬂa),wéguﬁfdfoﬂﬁ&l é}a%é%thféthpleé@aa@n@b 20%

concentrated in vacu rude material was taken u or onet hane

(500 nily antPC/Riy! a‘é%‘tit&taé‘d @GV'E’S@@‘%{[}‘* FREPUHRP a"l'l‘?g "Y@@JPF'P‘H@ 53 (9% on

was concentpatedidid). TWhIAPRENIBL S4YQ, UG%&MSW@SIW%@M@QQM@ Wt THRW e
title conpound and concentrated further in vacuo. To this stirre soI utlon

was added &NPYAPaKdaEP 429 MyDE 1R1oPIuY Mokl PRa%: 19&%@ peLprtrilcHNBB LN
Filtration g bh@nﬁﬂﬁuﬁ%éi@ﬁwpf eerflied tifee- plulb enigonpound as a white SO' id
(32.87 g, 70.5 nmmol). 35 Exanple 4: WD 2013/ 008217PCT/ 1B2012/ 053613 59
2-{(R)-3-[4-(4- Met hoxy-benzoyl) - pi peri di n-1-y1] - 2-oxo-pyrrolidin-1-yl methyl
}- 3,5, 308- Ihieimadigts 29 pyr ano[ 4, 3-d] pyr| m d| n- 4- one

2-{3-[4-(4- I\/Ethox-benzoy) pi peridin-1- - 2-ox0-pyrrolidin-1-yl methyl}-3,
5,7,8 5 eVl drMETB%Ya%H[eﬁyéba']’zﬂy{)Mﬁed’ﬁW hylbﬁéx(’ﬂ”ﬁwn Wetd %fﬁfq”ﬂf’/éd vi a
chiral SFC chromat ography on an AS-H colum (60g/mn, 21 x 250 nm el uting
40% | PA/ 0. 2% DEA/ CO2 affording 19 ng of crude material which was
further purffied by fHPLC } 50 nm eluting with a gradient of 25-35%
acetonitril \g\/at < 2% O,frol | owed by | yophilization of the pure
fractions provided the TFA salt "of the desired material. 10 Neutralization
of the TFA salt filtration through a bicarbonate MP resin cartridge

eluting wt 2 , r t he
title corrp(-)rEsn %@3{'&” g @Tﬁ% | d) m ?neﬂﬁpse m%%bg&éomié@%@ %ﬁﬁ%
HRVE ml z f ¢6.88 na6dl, 2305 a(numpmoaaewomm (18025 ko), ARTDY) B PHME0 B2) at AP0
(m 4 8 (
(m 4 83,%% add%d%?dl mgrB%nE% @)9/4 H%Q%m?r?o %6 lﬁd Zz@geéﬁ?%n?ﬁ %Pl\%%ﬂ ]
3 42 (m 1ohf). Alowed (swan H) arBbeBt iespefatide @d&h{woa@tc}@tn@ @Iml()twas)adsled7 Hz,
39 =9 03
e fohiping St lhodbaitict 0 437 olindiea firtSanfied Spodily
acet on| _t ri lcblovide eolutmrt hFlash ZeTmA, cheiomaiographn (Skc) \A&smarfo)mectelehmg oith 8Pere =
2.455 mn MeOH/ethyl acetate to 15% MeOH/ethyl acetate and provided the title compound as an
30 red-brown foam (1.6 g, 71.2% yield). Calculated molecular formula = CyHxsNsO3 =
355.4406, found MS (ESI) m/e 356.6 (M + H"); analytical RP-HPLC (Novapak 150 X 3.9

0- pyrano[ 4, 3-d] pyri m di n-4-one (89 20




20Al ternative procedure To a solution of

(R)-3-[4-(4-met hoxy-benzoyl) - pi peridin-1-yl]-pyrrolidin-2-one (0.165 mol,
50 ng), wNOchims21prepared in a simlar manner as PCT/IB2012/053613

(R) -3-[4-(4-net hoxy-benzoyl)- piperidi n-@-yl] -pyrrolidin-2-one from
(S)-3-hydroxypyrrolidin-2-one and 2-chl oronet hyl-
3,5,7,8-tetrahydro-pyrano[ 4, 3-d] pyri m din-4-one (0.165 mmol, 33.2 ng) in
THF (5 ni) mra%waém@rﬁﬁleﬂo&le'vﬂ)) leUﬁO@e%oace@&rt.ﬁmm i orel, eladial Birhyirfr de
in THF (0.331 nmol . C for hours. The reaction was al | owed
to warm t oOUer ¥ Byn. hr@tmeﬁ@mgr#é%pm at ed under vacuum The remai ni ng

resi due was purified by flash colum chromatography (silica) eluting over a
gradi ent of 0-50% MeOH/ et hyl acetate provided the title conpound as an

of f-whi t e dufiermediate 3§, 25.9% vyield). HRVS calculated for 30 025H30N405
466. 541 m
S 1% o1 {%@[4((55\%2‘%%0 jniﬂt@)/ béﬁgoyg%%bnd AL gﬂ/rrM'&m 1%0%?87:@@2 -
(m 2H) 276- 2.89(mOlH) 291- 301(m 1H) 311- 322(m 1H

3.32 - 58 (m 2 H 3.59 - 3.71 (t, J=8.78 Hz, 1 H)
3. 88- 396 H)
2013/008217

(d, J=15.56 WO
3 g%, 2 H 4.36 - 442 (m 2 H 4.44 - 4.51
(m 2 H 697 J9.03 Hz, 12 H) 792(d J=9.03 Hz, 2 H), analytical
RP-HPLC retention tine = 4.02 mn. Exanple 5:

52- Chl or o- o @3s¢ldtidn -ofreR-3X |y émzatlyd Xy 8- pethydbenzby l-p)peBdiaxiopipyrallidio 2rede

L e b R a2 T 2 0% he el Brsellonbit T 92 apmal 94593 THE 50T #2535 8o1

and 5-(br orxodratrhiy;ld)rudé{@@%p@ ddempwhi(.38 g)sachBeattgd t@?GQdem:BOIrmini Mhe Hac{idn L)

ons conun e digWeh ¥ah AR AL ierParurE and oo TBer skl o FiSroidy "

filtered tkhmughograsino(dilicp) u@sqderf@rmed:@llgleg withhethploatetatef tha2(% dvesOH/ethyl

contalnlngthetltlerra con. rate nd, neu || zed
Wt OISO AL I I ERPRBIcC s o MESME RABELFs ¥ P ol
The titl e CGatqpéaied metecuts tfamuded =Gk ldeNi@ct i365.440€ fobnd 8MSSESIH Ve 856.1978
ror e o, (5 ThyHB 6Bl CUBLAT 20 R RALIB AR kB prled.

6- { 3- [ 45( 4-9bed hootynitietaaigd jvith i0pEk i TdA)-al 2y /in oxer- Pynin pretentionltingd re2. 631 } - 1-
nmet hyl 201, 3a, 5, 7a-t et rahydr o- pyrazol 01354-di pyrim din-4-one 0 0 To a

sol ution of "3 [ 4- (4- met hoxy-benzoyl) - pi peri di n-1-y1]-pyrrolidin-2-one
(0.165 nmol, 50 ny) and

6- chl or orret";% é gﬁet | -1, 5-di hydro-pyrazol o] 3, 4-d] pyri m di n-4-one (0. 165
nmol , 33 ny CF m.) was added sodi um hydride (60% 0.331 mmol, 23
ny) and 2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-yl}-acetamidine

o 0O
e NQ/K@
NH o—

To a solution of 2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)acetonitrile

20

(125 mg, 0.366 mmol) in methanol (4 mL) was added sodium methoxide (2 mg, 0.037
mmol) and stirred at ambient temperature for 2 h. Ammonium chloride (23.5 mg, 0.439
mmol) was added and the mixture was stirred at ambient temperature for 16 h. The
25  reaction mixture was concentrated then ethyl acetate in pentane (1:1) was added and
stirred at ambient temperature for 1 h. Filtration provided a solid that was washed with
ether to give a pale solid (130 mg, 100%). MS m/z 360.0 (M+1), HPLC (Novapak 150 X
3.9 mm C18 column: mobile phase: 10-90% acetonitrile/water with 0.1% TFA, at 2
mL/min over 5 min.) retention time = 2.139 min.
30
Intermediate 32



25 heated to 70C for 1 hour. The reaction was allowed to cool to anbient
tenperature, diluted with 10 nmL of ether, and the resulting solid in
suspensi omowas/dfsiiver ed and dri ed under vacuum provi dedpCmaB2ait/bss6t0nmpound
as an off-white solid (66.4 ng, 87%yi elfbi) HRVS cal cul ated for C24H25N604
464. 5286, found (ESI, [M+ HE) 465. 2256 11-1 NWMR (400 MHz, MeOD) 6 ppm
1.70- 193(m4|—|)209-231m2 2.53- 266(m1H)V\D
2013/ 00821 2 (m 1 H
201a/90%: 2%3?@’)’ @%Z%Wémééﬁé%éﬂyl%eﬁgo@ ;ﬁ_ﬁ%r(myulb -&Ho- 7;?yn%§dm ﬁslp (n 1R
(m 1 H 3agstamidin®0 (m 6 H) 4.37 - 4.51 (m 2 H) 697(d J=9.03 Hz, 2 H)
7.83 - 7.91 (m 1 H\y7.97 (d J=9.03 Hz, 2 H), analytical RP-HPLC retention
tine = 2. 7 A a
2-{3-[4-(4- I\/bthoxy ben -1-y1] - 2-oxo-pyrrolidin-1-yl met hyl }-4a
7a dlhydr03H-th|eno[ , S 4-one 0 S--)LINH 4. .\\...... L.s.

B I , NN O 1076 a sol uti onyorrqy—
3- [4-(4- nethoxy benzoyl) pi peri di n-1- y1] pyrrolidin-2-one (0.165 mmol, 50

Y e (o iR SRS SR B AR b pleeniafy @%%Wraad'ﬁia?%
to 70C bor yB- dcetonltrllé'r(é 60enc4. Bommm}asn atdtioamat] (4® migovast addedbsasintm tmetbemcm ure,
i1 pred W B hob 8Bl Sha sfineh LR £S5HY hb@geﬁ%% I RUARE DRE g s

filtered and dr vacuu rovi de e co
off-white mholdw@§@d5edrgnd s Misuye whsl)stlrrem(lfﬁltembanawe fcm2 IC2 A Gt Ol 5

1555352 M, G S oo by M O, 900 S
(m 1 H) 2a86 stir@dOd dmbieat Mm@ raore f@. 1&. (Gantrifugstiod. @415, &3n (fon 3@ rhin. 3. 55
b o 010y Proyldecda Wi, S0if" (8 o7 98%) s, caledfle By b Ehl (ab 4Ag ™
Ek 96 I(d, 8J UG EBY [M2- H)'), faumal $73.2242. RR-NVRLOQ MHenEDoh-d) isppm= . Z5-7.88 i

anpl e

2-{3-[ 4- (4N idRy BRIy 1) fidferT-B M1 11228 5307 dv AdTh i1 fi- 2:3A ekl 3 - 6-

met hyl - 4a, Bas- 3lehydy DHP BN hISEme{rTZ esth} B¥(d, =6 56 Hz0me) ot 5P (B0 Jal 686 Hej bn of

e TS L Tl P S TR T

mol , 338 ngNovapakHIBO (<23. 91n)m\ﬂa8 catlded n&ﬂuﬂéphadwdoigﬂ)% LE&80itri/ \B3Rdr witinD,1923
ng) and he d The re Lon was allowed to cool to
Robi ent. t orber 8 LAV S (enHgn e <2565 B

Intermediate 33

Toluene-4-sulfonic acid 7-oxo-cyclohepta-1,3,5-trienyl ester

0 T
O-g°
00

The title material was synthesized according to the conditions found in Chem. Pharm.
Bull. 54(5), 703, (2006).

20

Intermediate 34
25  Ethyl 2-(2,4-dibromobutanamido)acetate

0]
Br\/\Hk O
N
N
Br 0]

To a stirred mixture of ethyl 2-aminoacetate hydrochloride (1.568 g, 11.24 mmol) in
dichloromethane (9 mL) and water (2 mL) at 0°C was added a solution of 2,4-



WO 2013/ 008217PCT/ 1B2012/ 053613 62 of ether, and the resulting solid in
suspension was filtered and dried under vacuum provided the title conpound
as an of fwotwt3gosalzid (70.5 ng, 95.4%yi el d). HRMS cal cecatiBzhi2/033613
C25H28N404S 480. 5903, found (ESI, [M+ M 481.1907. 11-1 NWR (400 MHz,
MeOD) 6 ppm 1.66- 1.93 (m 4 H) 2.05 - 2.30 (m 2 H 2.51 -2.63 (m 1 H)
2.79 - 52.90(m 1 H 2.90- 2.98 (m 1 H 3.03- 3.18(m 1 H 3.33 -
3.54 (m 4dk@ror§ol§.ﬁanoy$cﬁl5nd@}3 ég"blo%fﬁmél?m §|chro4ne3IQaneé rﬁl%(ﬂkoﬂdtl!iﬂ oft- 91

- 4.62 (m 8" (d , anal ytical
RP- HPLC r etsgdlynbhydrpﬁ@e i watey (il |5 Iﬂxgnqjl_)gwgs then added sIowa The reactlon was

10213-[4-( ‘éﬂ@c’j @rrfbupﬁﬂé@/&ﬁd EHeHeIrS' rﬂ|n’&te% érf%dr%'té‘%%?r@}{ﬁé Ohhg'r@ac]ﬂbbflv%ttﬁé(rg-} 3,

5,7,8-tetrahydro- pyrano &Orlm di n-4-one O To a solution

of 3-[4-( 4Ir@ﬁte@|r\wﬂb@lﬁ&|@5pmetmqﬁe dnk) ang, Wptes(2d o1l d.Tmezlamfé were $eP3Aaed;, 53
?D) gnd52 &Ry %&G@%EM 1ay%r @aZ bﬂné %&ﬁ&w %@d Bs\/éraéiba[u’r‘n s"‘ulfélePYrtérBB HoheéntPi&d

é,e m.) was added sodi um
hydri de (ed%vn(en<6dﬁeﬁ>undaj4/%ymdﬁoﬁfﬂ9échtf@dcw vtb@raqsemlqsowpﬁundﬁ?e16ﬁea¢m on
was concen t v, e f v a
Stream of RO L AR B8 IR oL e ol B B S e
HPLC (300 X H04/5%)(de| th8t8rﬂg4\ﬁ0t|'ﬂz d ki Adilerft.30fm, Z%HBBO}Na(detJ-eﬁ]ﬁ@ Hiz] 2 Hhal- et
over 45 mng i ) I t e OV4 t TFA salt 20
of the desi red(?y ?erl a%ﬂ%tz @u&aﬂ@ét@:#gn éi?aﬁ ngsaﬂt gnféiﬂll{rati on

t hroughOa bi carbonate MP resin cartridge eluting with nethanol (2 nL), DCM
(3 m), an badpl 342 n) afforded the title conpound (7 ny, 8 6% yi el d).
HR-MS m z ; rreasured 471.1823 cal cul ated for C24H27CI NA04 = 466. 5417,
11-1 NVR ( 46hy! gHiz;bromoByo@pppeidin-6ghacelde (m 6 H) 2.05 - 2.28 (m 3 H
2.47 - 2.6Tpm 5 H 2.75 - 2.87 (m 2 H 2.88 - 2.97 (m 2 H 25 3.08 -
3.18 (m 2 3.24\ 3.51 (m 22 H 3.61 - 3.70 (m 2 H 3.91 (t, J=5.52
Hz, 2 H 4. D N Bm 1 H) 4.38 - 4.54 (m 3 H 7.51 (d, J=8.53 Hz, 2 H)
7. 96 (d, J=8.53 2 H. HPLC (Novapak 150 X 3.9 mm C18 col um: nobile
phase: 10-90% acetonitrile/water with 0.1% TFA, at 2nL/mn over 5 mn.)

retention tlon® stirréd Gbfutith rof &&@(@ﬂwl 2 (2Q- d|bromobutanamldo)acetate (2.847 g, 8.60
Bt D S A e U e
63 0 To a s®aikighrf 8bdium hydride (206 mg, 8.60 mmol) over 20 minutes. The reaction was
e MRSt gl Bk DU ol e 250 o e sy
(0. 39 mmol acdfate. The layers were separated. The organic phase was brine-washed, dried over
sodium sulfate, filtered, concentrated down, and dried. The mixture of starting dibromide
20 and product was purified by eluting through a silica gel column with a 0 to 100% ethyl
acetate / heptane gradient to afford the title racemic compound (523 mg, 24% yield) as a
clear oil. MS (ESI) [m/e, (M+H)*] = 251.5. "H NMR (400 MHz, chloroform-d) & ppm 4.46
(dd, J=7.07, 3.03 Hz, 1 H), 3.96 - 4.28 (m, 4 H), 3.63 - 3.72 (m, 1 H), 3.43 - 3.53 (m, 1
H), 2.63 - 2.76 (m, 1 H), 2.34-2.43 (m, 1 H), 1.26 - 1.34 (m, 3 H).
25
Intermediate 36
Ethyl 2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)acetate

eaeves

(4-Methoxyphenyl)(piperidin-4-yl)methanone hydrochloride (524 mg, 2.05 mmol) was
30 stirred at room temperature with triethylamine (0.657 mL, 477 mg, 4.71 mmol) in
acetonitrile (80 mL). A solution of ethyl 2-(3-bromo-2-oxopyrrolidin-1-yl)acetate (513 mg,



ng) in THF (15 nL and DVMF (2.5 nL) was added sodi um hydride (60% (1.35
mmol, 54 5 ng) and heated to 70C for 15 mn. The reaction was concentrated
i n vacuo woaot3meszriemrai nder of the DMF was renoved via apstnBzre/efdci. The
crude material was purified by preparatiEb?’e rever se- phase HPLC (300 x 50 nm
eluting with a gradient of 25-35% acetonitrile/water over 45 mn., foll owed
by Iyophilization of the pure fractions provided the TFA salt of the
desi red mabesy AmolNaUdetritAft 02@%9)1‘ wéé‘%daé;d’\togﬂet m'Bé’ 1‘rhé fréa"&ubﬁr\}va{shétf%a% a
10 blcarbonatel\/Presm cartri eluting with nethanol (2 nli), 3 nm),
and net han@pU'(Szatﬁ*lQ)"Céﬂ@ﬂ?ﬂﬂ‘éd/efm&ttqtﬁp@c figRfmours e rﬁgctloymswcmcemplem VS
rﬂ z (MH): @@é’Fe%@hMa@ étlriled &r%&dﬂud#a?ﬁls fn@urs@'?@%'h%rn efll@ﬁv@&”t@c&@‘&d‘@o':nﬁ\"lo‘l
= 454, 5056 1H NVR 0D) ppm 5(m 4 H 24 (m
2 H 2.42 _tergpgatU(em Tb,e splvgntgyvere gem/egrﬁl vgcqq} 'Qh%qrudg owg@rﬁolqu eluted
?m1123 @74(tgFgu&h lci%llléa ?@I coludrfhiith 30 8 1% @e@gnoladgb%l&%etﬁaﬁa 8raa@n§to7£ford 3.86
HPLC (Novaﬁ%ﬁd'ti%(ﬁCRmB? @W@ﬂd@%lmﬂnﬁw@ﬁﬁh &Sphawdy) apadygl amber oil. _S
acet oni tr i Eémﬁré (W i Q- Sb%sTFAY NRfR B40B/NIE CHYRSfoftniB) B-pbrf POBN1A. &) 8 =
202- {(S) 3H)46.03-m@. Qﬁ)ﬁm bEnZoY1) 4@4dey i2din 3151412 {ox3-Hy8.88I($,d8 h),13.-56 net hy
1'}-3,5, 7, 85 gk ahmfnosePys 865 @h4s By pyr B'éb%“ﬂ‘h 08840 3. 13 (" 1§, 233 - 3.04

resol ution

2-{3-[ 40 ( 4{m| ad) o2.-BEn2SPAM pithe? 2ai- @-36- (. ]1-19), 80d-- A/ 1S i dith-1180A W% (1914 -
3,5,7,8-tetahy grqagyrnag%[4 3-d] pyrimdi n-4-one (90 ng) via chiral SFC
chrorratograh 5 0na H colum (60 g/min, 21 x 250 nm) eluting 40%

| PA/0.2/0 DEA/CO2 (v/v) afforded 48 ng of crude material which was further
purified by,RBhE:.EhilL{e 4800 X 50 mm eluting with a gradient of 25-35%
acetonitrile vvater over 45 mn., foll owed by I}/ophl | izati on of the pure
fractions é’r@vmdédﬂqth@(ybawoyap/permmﬂw -Qexipyediigied effaaetic awlit r al i zat i on of
the TFA salt Qy filtration through a bicarbonate MP resin cartridge

30el uting w tlh nol (2 m.), DCM (3 nmL), and nethanol (2 ni) afforded
the title W&%S 7PCT/ 282002/ 053613 64 conpound (5 ng, 10.4%yield).
HRVS m z ( MtH) asuf ed |455 1 cal cul ated for nol ecular formula
C24H27FN404 = 4540505653 (400 MHz, I\/bOD) 6 ppm1.87 - 2.10 (m 2 H)
2. 11 229(m3H)234-253(m1H)253 2.70 (m 3 H 3.23- 3.43 (m
14 H) 3543 - 3.71 (m 5 H 371-384(m1H)386-401(m3|—|)437-

4.57 (m 5To5 &) sdluideh of7 ¥y ( 12 (324 K- n$et9(7xybe|8zol/§plb€ﬂlq[|r21w)/2 bitEﬂ@rrbNQNapak
ILtril el wa

TRA, at. 2ndlBRRVERT S mgtoﬁﬂ? i a6 LD as 2ok s Aoy NaOH” -7
102- { (R) - 3-sbHuti¢rit{ F-B ueir)0- e amtdre-wdetirtedi Nhbuy ro%rrme@npé)‘ditnl@l i Therelacydiret hy
1}-3.5.7, 8_vvatseth(gr?1 rnlglgjtFa(?i_zgcY anB [74\ivi%ﬁ q]l\P¥| Cl. ml'ﬂcla golf'/egtrs] were %ér%ox)e 1/ll\7"_\l/al§uo, then
20 azeotroped 3 times with dichloromethane. The light yellow foamy solid was dried under
high vacuum to afford the title racemic product (835 mg). MS (ESI) [m/e, (M+H)*] =
360.9. 'H NMR (400 MHz, DMSO-d;) & ppm 7.89 - 8.01 (m, 2 H), 6.96 - 7.11 (m, 2 H),
3.85 (s, 3 H), 3.46 - 3.68 (m, 2 H), 3.13 - 3.46 (m, 5 H), 2.93 - 3.04 (m, 1 H), 2.61 - 2.84
(m, 1 H),2.30-2.42(m,1H),1.95-2.11 (m, 1 H), 1.81 - 1.95(m, 1 H), 1.64- 1.78 (m, 2
25  H), 1.44 - 1.63 (m, 2 H).

Intermediate 38
5,6-dihydrothiazolo[2,3-c][1,2,4]triazol-3-amine hydrobromide

S /N‘N
K/N—( ‘HBr
NH,

30



1\1" O Chiral resolution of
2-{3-[4-(4-fluoro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylnmethyl}-
3,5, 7, 8- twonatsydsnn7pyr ano[ 4, 3-d] pyri m di n- 4-one (90 ng) PCTABHHL053613

chromat ography on a 15 AS-H col um (GOglf?f‘i n, 21 x 250 mm eluting 40%

| PA/0.2/0 DEA/CO2 (v/v) afforded 48 ng of crude material which was further
purified by RP-H PLC (300 x 50 mm) eluting with a gradient of 25-35%

acet oni t 1 1 Wk &lonseha %srﬂreparea % hea&slam WP brbeaduro@xShpiiia8 R ihe
fractions provided the T desired material. Neutralization of
the TFA salfelloming i |Gitatien: on tr@@ugﬁlaéolﬁﬁcaXbMHbt divp Sysihasigar of i digemeriat i ng
Wi th met ha'&%nc(tl%aﬁ&‘%ﬂ Qﬂtr%( 3 dﬁﬁo[t@'}ﬁtrﬁ%lbﬁrﬂ]ﬂ a(z%em-)anaes‘-{H ‘Sﬁqlakéblﬁ@e

free base of the tit onpound

o e | L B S Wdgonsis:

1H NVR 640 J%Q@of%@&%ﬂd@@hemﬂst%gbm 410!}@ %2%26 2.32 (m 2 H 2.47

- 258 (m 1 2.58 - 2.89 - 2.99 (m 1

H 3.10 - 3.21 (m 1 H 322- 343(m 13 H) 344- 353(m 2 H 3.60 -

3.70 25 (mlntérrh'bdétegﬂg(t J =5.52 Hz, 2 H 4.29 - 4.53 (m 4 H 7.17 - 7.30

(m 2 H 2 (m 2 H. PLC (Novapak 150 X 3.9 nmm 018 col um:

nobi | e phas%hy/deW§db@ﬁﬂﬁPt3H PEANRLGarOaNIre 0. 1% TFA, at 2nl/nin over 5

mn.) retention ine = 2.461 m n Exanple 13:

302 {(S)-3-[ 4 (4kMet hoxy- 3- net hyl - benzoy1l) - pi peridin-1-yl]-2-oxo-pyrrolidin
1-yl met hyl f- 7, 8-tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one WD

2013/ 008217 BZN12/ 053613 65 0 ONH N N- 0 To a sol ution of

(R)-3-[4-(4- et hioxy- 3- net hyl - benzoyl) - pi peridi n-1-yl]-pyrrolidin-2-one

(0.79 mol, 250 $¥gy) and

2o oA By o) CEREA LSRR LB B0 o (T g1
ng) and heaelediumodizgde {68 g13$8mmolTves sien in@eetiracidl14dweld) 3 bowrset 115C.
anbi ent t eRparabyiq I\fvgé 'tﬁgneg%%éci o 190;91& ggnpéraﬁfré‘earnd tﬁQ%oﬁ id dm{eﬁé#’%&m{)\fbgj splid

I N suspensi on was ered drie vacuum provi
conmpound adilteationf Thetittate wakican¢gd@tagydowrChnd alrifresiday sitidaoge! shromatography

2-3-[ 4- (4- 5 i i dion- 1a vl met
i} 3.5, 7 BN oY IRABY acclals? PHbieliabichl dnokie By FEPYE Mokl Bne e
10 SFCiBhr cnapogndpiy’ 16r0)aasAid Ambet aiinin @B@thﬂo% puritgl MS2AE8!)rimye.elMstH)Hg= 40%

| PA/0.2/0 VLV, ter I ed
for ozemzﬁ%/g%i\g'}ﬂ%%%@“%gﬁ' roZ(]Z__rg{-T?) ﬁﬁrﬁqpqez)ﬂgaﬁ Hyates F 08 %8%Mﬂz,
MeOD) 6 pprtR 6919 (m, DE), (254 @, J96.57. A 2-H)2 188 -(198 (.1 HR 120 —1.28 @0, ). 4 H)
248 - 2.58 (m 1 H 2.59- 2.65 (m 2 H 2.77- 2.88 (m 1 H 2.90 - 3.06
(m 1 H 3.10 - 3.20 (m 1 H 3.32 - 3.42 (m 3 H 3.46 - 15 3.54 (m 2 H)
3.63 (t, JimteGBediated0H) 3.88 - 3.94 (m 5 H) 4.39 (s, 2 H 4.47 (s, 2 H)

anal y: Plal ST PRBRGHE T89S Bl col umn b e phase: 1050

acetonitril i wth 0.1% TFA, at 2 nmmin over 5 min.) retention tine =
2.731 nin. Yarpl e 14
2-{(R) -3-[4 (4 M IWﬁxy 3- et hyl - benzoy1l) - pi peri din-1-y1]-2-oxo-pyrrolidin-1

-yl methyl}- 3,5,4&, 8-tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one

To a stirred 0°C mixture of ethyl 6-formyl-3,4-dihydro-2H-pyran-5-carboxylate (1.705 g,
9.26 mmol) in methanol (80 mL) was added very quickly 35% hydrazine hydrate (0.311
g, 9.72 mmol). After 20 minutes, the solvent was removed under reduced pressure, and
25 the residue was treated with acetic acid (70 mL) and water (7 mL) and stirred at 110°C
for 20 minutes. The solvents were removed in vacuo. The crude residue was eluted by
silica gel chromatography with a 0 to 25% gradient of methanol / dichloromethane to
afford the title compound (1.384 g) as a light yellow solid in better than 90% purity. MS
(ESI) [m/e, (M+H)*] = 153.2. 'H NMR (400 MHz, chloroform-d) & ppm 10.56 (br s, 1 H),
30 7.53(s,1H),4.17-4.35(m, 2 H), 2.57 (1, J=6.57 Hz, 2 H), 1.99 - 2.08 (m, 2 H).



O (D",NHNN O This material was obtained from

2- 3-[ 4- (4- met hoxy- 3- net hyl - benzoyl) - pi peridi n-1-yl]-2- 25

0XO0- pyrr ovoadnrs/asyzmet hyl }- 3, 5, 7, 8-t et r ahydr o- pyr ano[ 4, Bcujipsm2/niddiin- 4- one

(300 ng) via chiral SFC chromat ogr aphy a AS-H colum (60 g/mn, 21 x 250

mm eluting 40% 1 PA/0.2/0 DEA/CO2 (v/v) afforded 125 ng of pure material.

HRVS cal cul ated for 026H32N405 480.5687, found (ESI, [M+ FIN 481.2463. 1H

NMR (400 Mﬂ%ter%@i?ie@ ppml 69 1 91 (m 4 H 2.10- 2.21 (m 1 H) 2. 20-

2.31 (m I—% g 30278-287(m1H)290- 2.98 (m 1
3.11 - 3:Gho %«?‘lems /d:pyfany[&t dipfidazing 3.46 - WO

2013/ 008217PCT/ 1B2012/ 053613 66 3.55 (m 2 H) 3.63 (t, J=8.78 Hz, 1 H) 4.39

(s, 2 H 4.47 (s, 2 H 6.99 (d, J=8.53 Hz, 1 H 7.77 (s, 1 H 7.87 (dd,

J=8.53, 2.0 x~\ H ., analytical RP-HPLC (Novapak 150 X 3.9 nm 018 col um:
nmobi | e phask: 0 Q% acetonitrile/water with 0.1% TFA, at 2 nL/mn over 5
mn.) retentl ime = 2.693 mn. 5 Exanple 15:

2-((3-(5-net hoxye|1 oxo0-1, 3-di hydrospi ro[i ndene-2, 4" -pi peridine]-1"-yl)-2-o0x
opyrrolidin-1- yl)nethyl)-7,8-di hydro- 3H—pyran 54 3- d]eg yrimdi n-4(5H)-one O
OL, NH NON @%@md@ %pmapgﬁ@ Pf]pyridazin-5(6H)-one mg, 2.63 mmol) was stirred in

?sngzhm %oé;ﬁwoﬂi&f@%{oﬁ%‘nb@' (B Y6 B8R, r4@[9 ﬂﬂﬁ&?a?eé@ RrPdard) D hodds3Hmone

2- chl or onet'¢Aetion \A@Sﬁh@l cealedh i/ poBL IeyRgrRIE, BdaPisess RREPROAS¥ClgideWagpl |
0.737 g) i rﬂerﬁb{Feo(ma%a arié ieMbué %a@hkeav&sw@%@q 135)6% LRy Oé/r?rslld%ﬁy (Aﬁﬁ"ébndll 69

nmol , ? and the suspension was heated at
react | on mgaéﬁlumb@r@twmﬂ AHb> bt dait salignimsy igplates bYdi”lr%ItOé'cﬁr\ﬁJl drwdltcmiem of
et her, 4gn %éudm'td&ffo%’f’t@itl’e%ﬁ%uﬁ@lé@%&%?%’yufe!dbtK/I@t EST) [ﬁﬂ"@ M?*? dr7pgd in

vacuo. Recrystallization fromisopropyl provi ded t he

title corrpd DIMiTs (409 MR- alfproéoraiof)i @IOP'HSIG&G%S hf' 4%2§|'e1’r 6? r’f"€:£I th?aY%&l MB =

478. 6, | 7 1H NVR (400 MHz, MeOD) 6 1.33 -
1. 46 (m 2 3%}_?2 F6§8$ %MO*ZEFE)% 07 - 2.(27 (m 2 H 2?49 PP 65 (m 3

H 2.89 (dd, J=8.53, 2.51 Hz, 3.02 - 3.15(m 3 H 3.35- 3.50 (m 2
H 3.70 (t, n%,ﬁ a’gtez Hz, 1 H) 3 85 - 398 (m 6H 4.16 (d, J=15.06 Hz, 1
H)4.44-i\r3 696(dd J=8.53, 2.51 Hz, 1 H 7.05 (s, 1 H 7.62
(d, J= 9503N-lé24dl%thom@y()wmdmi%pwam@’ Sdlopridezirol-amine mobi | e phase:
10-90% acetoni yrile/water with 0.1% TFA, at 2 nl/mn over 5 min.) retention
time = 2.391 nN 25 Exgripl e 16 (Peak 1) and Exanple 17 (Peak 2)

O\N
H

7~

0

A mixture of 5-chloro-3,4-dihydro-2H-pyrano[2,3-d]pyridazine (150 mg, 0.879 mmol),
N,N-diisopropylethylamine  (0.154 mL, 114 mg, 0.879 mmol), and 24-
dimethoxybenzylamine (294 mg, 1.76 mmol) in isopropanol (2 mL) was heated in a

20 sealed tube 18 hours at 115°C and then 4.5 hours at 145°C before addition of excess
2,4-dimethoxybenzylamine (about 2 g, 12 mmol). The reaction was stirred at 145°C for
18 hours. After cooling to room temperature, isopropanol was removed in vacuo. The
crude was then treated with diethyl ether (30 mL). A tan solid was removed by filtration.
The filtrate was washed twice with small amounts of saturated aqueous ammonium

25 chloride. The organic layer was dried over sodium sulfate, filtered, and concentrated
down. The crude was purified by silica gel chromatography with a 0 to 10% methanol /
dichloromethane gradient to afford the title compound (159 mg) as an amber foamy oil.
MS (ESI) [m/e, (M)*] = 301.8. 'H NMR (400 MHz, chloroform-d) & ppm 8.22 (s, 1 H), 7.35
(d, J=8.08 Hz, 1 H), 6.36 - 6.56 (m, 2 H), 4.73 (d, J=5.56 Hz, 2 H), 4.37 - 4.56 (m, 1 H),

30 4.11-424(m,2H), 3.86 (s, 3 H),3.81(s,3H),227-231(m,2H),2.04-211(m, 2
H).



Chiral resolution of

2- ((3-(5-met hoxy-1-oxo-1, 3-di hydrospiro[i ndene-2, 41-pi peridine]-11-y1)-

2- oxopyr rwbi2dizmog2iyl ) met hyl ) - 7, 8- di hydr o- 3H pyr anol 4, 3- #LcpyB2or2/0836134( 5H) - on
e (650 ng) 30via chiral SFC chronat ograpﬁﬁ’:y on a AS-H colum (60 g/mn, 21 x
250 mm eluting 40% |1 PA/0.2/0 DEA/ CO2 (v/v) afforded two enantioners
(S)-2-((3-(5-net hoxy- 1-oxo-1, 3-

di hydrospiro[i ndene-2, 4" -piperidine]-1"-yl)-2-oxopyrrolidin-1-yOrethyl)-7,8
- di hydr o- 3H

pyr ano[ 4, 3lateppedidieth- 4( 5H) - oneand(R) - 2- (( 3- (5- met hoxy- 1- oxo- 1, 3- WD
2013/ 00821 R pln}BR331) 3B E3-81pyridazin-5-amine hydrobrom/de

di hydr ospi ro[ I ndene-2, 4' - plperldlne]-l -y1)-"2- oxopyrrolidin-1-yOnethyl)-7,8
-di hydro-3 i 3-d] pyrimdin-4(5H) -one. Peak 1: 145 ng, HRVS

cal cul ated 'H30N406 478.5528, found (ESI, [M+ Fi]) 5 479.2291. 1H
6 ppm1.39 (dd, J=11.29, 7.78 Hz, 3 H 1.91 - 2.05 (m
2 H 2.06 - 226N}(|mHB£H) 2.50 - 2265 (m 3 H 3.02- 3.14 (m 3 H 3.23 -
3.32 (m 3 H 3. 34 (s, 1 H 3.40 - 3.47 (m 2 H 3.68 (t, J=8.78 Hz, 1 H)
3.87 - B.94 (mixtute Hpf IN-1B4{dimetbetybebby| &, 4-dlhyidyo-2Hp4ranofl, Sa]plyrivazih-bantnd 6

150 X 5 o 158 palmiial anider o bebeb v fhradis agd s Bbaiciacd rod ik a e i iER

0.1% TFA, atm@iriy aneuccam:eir (35 wag sinreetdeméarlyrﬁ houre at 92 °CL3TheirenctiBe alas2herll 77

12y, hoos TSR ftat Rt aliga e SoWets BRre LM i hayol Yhs it ey sl

3 H) 2.08 waR.va@hédwitB didthy2 eBRr an@theh dfiey téaffdrd he7éude ﬂueﬁompnuna (H2 Bgp3 -

3.14 ( 5. 3. 29, - 5 16, H , -1 13 4 8.-.3.74
(m a1y 3mtocl 8By’ s Tt s 358 s ripin g i, b rdgs et s
H 6.92 - &.8/(s( mH)1sH) (Br. 2 K5 4.35 H).47 (022 (H), 2478t H36.82,HZ 2H)), 11dBL-C.06
(Novapak 150 %(}_ﬁ 9 mm 018 col um: nobil e phase: 10-90% acetonitril e/ water
with 0.1% TFAT "at 2nl/mn over 5 mn.) retention tinme = 2.432 mn.

20Exanpl e 18:

2-14-(4- I\/bﬁ(a b$nzoy1) 2' -o0xo0-[1, 37bi pi peridinyl-1"-ylnethyl]-3,5,7,8-tet
r ahydr opyr ["ﬁ’ 81d] pyrimidin-4-one 0 O,NH NNI.r 0 O To a stirred sol ution
of NaH16§23.28CHgro-6{2M2(4vmeilhox)2bdneq)-piperidinF -iL8-oNb-pymeiicin- aghesthy/25

4- (4- met ho>§7y bentz?%l) -[ 1, 3] bi pi peridinyl-21-one (142 ng, 0.449 mol, 1.0
eq) and 2- “CAfYVGiret hyl- 3, 5, 7, 8-t et r ahydr o- pyr ano[ 4, 3- d] pyri ni di n- 4- one (90

ng, 0.449 nmol .0 eq). Thegeaction was let to stir at 70C for 3 h. The
sol i d preci®i was fil gd off and washed with OH2012. The sol vent of
t he not her |igbo as € apo at d the residue purified by flash

chromat ogr ap¥ty o (0~13%Jve0H 0H2012) to afford the title 30
conpound as an of f-\whijte povvder (60 Mg, 0.139 nmol, 31.1%yield). 1H NWR
(400 MHz, DMSO-d6) 6 ppm 12.34 (br s, 1 H 7.94 (d, J=8.59 Hz, 2 H 7.03

(d, J=8.59Tiza 2olifond ofl 8--(4-rbéthd:xybehzdy))pipefidin4 - )Zlﬁyl(rﬁlidlriLZtheS 745mghro.33 1
l(_Dm 351%) ( g ng%ol)r’ agggg% orworggtpﬁ 8]gﬂﬁ)l(%)epﬁ?rytn\_e?v‘§?p) mg, 6%% mr’no% |metrahyc9rofuran
20 (1 mL) and dimethylformamide (0.1 mL) was added sodium hydride (46 mg, 1.2 mmol,
60% in mineral oil). The mixture was stirred at ambient temperature for 30 minutes.
Dichloromethane and methanol were added slowly to quench the reaction. Then the
mixture was filtered through a short pad of silical gel column, the solvent was removed in
vacuo, and the residue was purified via flash column chromatography (ethyl
25 acetate:hexane, 10:90 to 100:0) first and then (methanol: dichloromethane, 1:99 to
10:90) to give brown oil which is further purified by HPLC to give a colorless product. 'H
NMR (400 MHz, CDCl;) & 7.85 (m, 2 H), 7.45 (t, J=8.0 Hz, 1 H), 7.35 - 7.41 (m, 1 H),
7.30 (d, J=7.5Hz, 1 H), 6.87 (m, J=9.0 Hz, 2 H), 4.62 (q, J=15.6 Hz, 2 H), 3.80 (s, 3 H),
3.50 (t, J=9.0 Hz, 1 H), 3.11 - 3.37 (m, 3 H), 2.94 - 3.11 (m, 1 H), 2.75 - 2.94 (m, 2 H),
30 2.28-254(m,1H),209-228(m,1H),1.90-2.09 (m, 1H), 1.66 - 1.90 (m, 4 H).
HRMS calculated for C.sH»sCIN;O3 452.1741, found (ESI, [M + H]Y), 452.1760.



WO 2013/ 008217PCT/ 1B2012/ 053613 68 481. 2461, 482.2471. HPLC retention tine:
2.78 mn (Agilent colum 3.0 x 100 mm 3 um 018 colum flow rate of 1.0

nmm n wi twownt3mogriadi ent from 5% to 95% acetonitril e i nPC@®IBIN2/0Bs1P6 FA) 5
Exanpl e 19 (Peak 1) and Exanple 20 (Peak5 2):

Chi ral resol uti onof 2-[ 4- (4- met hoxy-benzoyl) - 21- oxo-[ 1, 3] bi pi peridi nyl-11-yl m
ethyl]- 3,5,7,8-tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one using an OD-H
colum by SFC with 10nobil e phase of 30% MeOH gave two enanti oners

2-[(9S)-4- (4 I\/bt hox -benzoyl)-2'-oxo- [1,37bipiperidinyl-1"-ylmethyl]-3,5,

7, 8-tetrahyxa ano[ 4, 3-d] pyri m di n-4-one and 2-1(R)-
4- (4- Met hoxy @Q@ L
7, 8-tetrahydrop Q%%%I)%f)&sbe%éé‘yliéfpérﬁ% Pﬂ glg)w Wﬂlgggllg ’51[}'?’29%’%3 %2'8t6| me = 2.31

m n. Peak Zeff@c}’éfﬂ'ﬁ’}ﬁﬁ”‘%[fl ]@’f@’fiﬂi 1ene Exanpl e 21:

2-((3-(4-(4-met hgxybenzoyl ) pi peridin-1-yl)-2-oxopyrrolidin-1-yl)methyl)-6,7
- di hydr o- 3H2Q_ cygl opent a[ d] pyri m di n- 405H) - one

Toasol ut i orfof 3-NH be ) pi peridin-1-yl)-2-oxopyrrolidin-1-

yl )aceti m dam WWM& 40 » 37mmol ) andnet hyl 2-

oxocycl opent anec¥r boxy| nmi, O0.47 mml) in ethanol (4 nL) was
added spdi um 25 et hoxi d® (0.160 wi, 0 44 mol, 21% . The m xture was heat ed
at 100Cfor_24 h. The resulting m xture was purlfled via flash col um

chr omat ogr dghg gakelionapioB:[4dd-emtpyrhenraiiedipandy 1 tvd-Pyoolty)-200¢ t4%eh mmol,

crystalize | 20%
Vi gl d). 11@| 3G BF.;]&’@ mr%@@&é @gpé Réﬁ'aﬂgd (dgge{Ho[D 4,3 %lﬁyﬂmlcﬁﬁ’,h o%( 3,§ %olz 0
6.96 (d, J9O-89BnHAHF @fopi)mL angDMF Jormplg (R0 rpl)yas gddpg S(oglunghyq;rlde;{G@% 1533 73

30 ( mH) 1 H)mm§| éqc?‘) a%d%@a{e@to 30"@ for% rﬁﬁlrsl'hyreé&ron v§as éﬂow)e? t@c@cﬂ’[g’al%g eﬁpr
(d 1 1 Jiermgerawye PtpBlDE L(quetheg, and m)e rezultlrm @QJ@I in suspension. was frlteesecHz)

1.82-2. 01 f f ESI
e b, S o sAeel s B Belle Aeongasaiatdn soitheeh st

213- [ 4- ( 4- MEldoREMSepalenatpd orerHaNaO1 -4FB]543 7 oleun@ VS bIM o b AQTRR0RY [H - 3H-
pyr i m di n- 4R MfodPMHMEOD) 5 pom 1.67 - 1.92 (m, 4 H) 2.05 - 2.24 (m, 2 H) 2.47 - 2.64 (m, 3
H) 2.72 - 2.82 (m, 1 H) 2.84 - 2.93 (m, 1 H) 3.06 - 3.15 (m, 1 H) 3.26 - 3.47 (m, 10 H)
15 3.68 (t, J=8.78 Hz, 1 H) 3.83 - 3.99 (m, 5 H) 4.16 (d, J=15.56 Hz, 1 H) 4.40 - 4.58 (m, 3
H) 7.01 (d, J=9.03 Hz, 2 H) 7.97 (d, J=9.03 Hz, 2 H), analytical RP-HPLC (Novapak 150
X 3.9 mm C18 column: mobile phase: 10-90% acetonitrile/water with 0.1% TFA, at 2

mL/min over 5 min.) retention time = 2.455 min.

20 Example 3:
2-{(5)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-
tetrahydro-pyrano[4,3-dJpyrimidin-4-one

O

O
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-

25  tetrahydro-pyrano[4,3-d]pyrimidin-4-one (21 g) was dissolved in methanol (2.1 L) and
sonicated for 30 min and the undissolved material was removed by filtration. Chiral
separation via SFC chromatography on a 3.0 x 25.0 cm (S,S) Whelk0-1 column eluting
50% MeOH/1% isopropylamine/CO, (v/v) at 70 mL/min at 125 bar afforded 7.91 g of
material. The material was codistilled with chloroform (10 x 1L) under vacuum until dry.

30 The dried sample was dissolved in acetonitrile/water and frozen by immersing in liquid N



5 The title conpound (1.8 ng, 1% yield) was prepared using a simlar nethod
to the one described in Exanple 21 from (E) nmet hyl 3-net hoxyacryl ate (0. 055
mL, 0.47 woebiz/oosH7NVR (400 MHz, CD30D) 03 (d, J=9. ecHaB2022/b§36137. 92 (d,
J=6.5 Hz, 1 H), 7.05 (d, J90Hz 2H)8633(d J=7.0 Hz, 1 H), 4.48 -
4.58 (m 2 H, 4.36 - 4.48 (m 1 H), 3.93- 10 4.05 (br. s. 1 H, 3.89 (s, 3
3.70-3.83 (br. s, 1H, 3.66 (d, J=8.0 Hz, 2 H), 3.51-3.63 (br. s, 2H),

H),
3.25- 3.39 aﬁmpu@uhaer v%céﬁjméogvﬂor( rfbrérdlé% T%eﬁize ;ﬁﬂlzeérﬂé?eﬁ%ll s dlssbved %
(d, J=14.1 Hz, 2" H) cal cul ated tor 022H26N404

411. 2032, ﬁ@aﬁealtr(lgsnd tregted \H}h+)<¢C<a31(§ $onand Dsated 4en80&C fay: 45 min., filtered and

213-[ 4- (4 Mebaexy gS’el"}?eoéélt)s@') R%Vs'o@servéd}?ﬂ—lo %L%?Qva@éﬂdr@'dkﬂ!ea'téoyd: rﬂ%{)ul%bs} 6-m
et hyl - 3Hpyri m di n-4-o | e conpound yi el d)

was prepar &tflé3 anofaa L\'%sp Itlorﬂréhlmfatq%co M@S@ﬁée@drqm&@rw IéaH|9nS E’i@@rﬁHP@ 21

g r irln g 5%( S%J‘%Iuﬁ’dﬁ bé’ca%@%@d;{ Orr{?e4£onh1ﬂon \Qaéléxt%i’éa W|t|1r|d dNM?orhé@]QnM@ x gan 3)

1 H), 4.40 rr(Lé ar@l pgncegtr@tgd(tg drgnqs,ﬁ Tgemn(gg)ung -vmsoquf]er grlq;q; in 3 tw e. ur‘@e57

|(‘|)m g g?) ZQa&?um at?’G% eBUltel ikkhe edBask @f](4(2m‘5 ?120 43, \'j@ld %ﬁ*@s%aﬁgla(&ffor 1

1.82-1.99 @5H30M405445§ 54%%(&511 b%ﬂed*?bﬂ%@@péar\ki aamwmg/le@w]d
(ESI, [M + 25.21 |
QHM 423.4 @r‘? _EZ%% §14(m 2 )28 258 ( )2,59- 506 (m 2H)

6Ethy1 21 4rreh nzoyl) - pi peri oxo- rrolld
hy1} - 3#Byr i2nd&di 284 {ronkH) ‘91@92021% OOB‘QH Pt/ 133!23)@2,/105)3%22 ?3(341 ClrhéZthl)t?r@

compound (ko 200kl dlyes ibr apay sdsus! 8dy% o i Las sonthody g dehg one

descri bed in rometh oxopent an ate

1H NMVR (400=MH24 IFB)4.48 (51261 7(%1 (AL 19 03 5 2(HY), 7.96=0), 0=8123 Hz, B)H). 6"@163(d

J=8.5 Hz, ity

)-8 3 %Nﬂgapaﬁ 1§§X @%G@E C:|18|29051 ﬁa%}é%gh%ﬂg Q?t{?gce(t&n t{?éﬂgvgter \?06}?61(’

(br. s, 1 AFA at2@lanopvens mlrs rezenﬂpn times42665 M7, 5 Hz, 3 H). 2.25- 2. 43
(m 1 kK, 2.08-2.24 (br. s, 1 H, 1.81-1.97 (br. s, 4 H), 115-133(m3

H cal cul ated for C24H30N404 439 2345, found (ESI, [M+ H +),
439. 2356. Abexnatplegoresedure

gtlﬁyl[ 4- 3|(43y|rx|e Bgﬁﬁb{n b&r“@ﬂ 4-PLREMbAbRn Lo bloeAain Xy Fofih-2idhel 126 6Bt 1yes - 5- m

mmol) in THF (283 mL) was cooled to -1.7 °C and to this was slowly added NaH (10.18
g, 255 mmol) and 2-chloromethyl-3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one (89

20  mmol, 17.88 g) maintaining the temperature below 5 °C. The reaction vessel was
immersed into an ice-water bath and allowed bath to expire overnight. When reaction
was complete by LCMS (approximately 15 h), the reaction was cooled to 1.7 °C and
saturated NH,Cl was slowly added, keeping the internal temperature below 10 °C. The
mixture was diluted with dichloromethane (500 mL) and 1 N NaOH (500 mL) and split

25 into two batches that were processed identically. Additional 1 N NaOH (500 mL) was
added and the aqueous layer was washed with dichloromethane (2 x 500 mL). The
aqueous layer was adjusted to pH 7 using approximately 250 mL 3 N HCI and extracted
with dichloromethane (4 x 500 mL), dried over Na,SQ,, filtered and concentrated in
vacuo. The crude material was taken up in dichloromethane (500 mL) and ethyl acetate

30 (500 mL) was added. The resulting solution was concentrated to an approximate volume
of 300 mL and seeded with pure title compound and concentrated further in vacuo. To
this stirred solution was added ethyl acetate (500 mL) and a seed of pure title compound.
Filtration of the suspension provided the title compound as a white solid (32.87 g, 70.5
mmol).

35
Example 4:



O The title conpound (96 ngy, 62%yield) was prepared using a simlar nethod
to the one 15 described in Exanple 21 from ethyl 2-nethyl-3-oxopropanoate
(0. 057 mwoQowhosarol ). 1H NVR (400 MHz, CDClI3) 6 10.65 esT/1kdi2/0B685 (d,
J=9.0 Hz, 2 H), 7.74 (s, 1 H), 6.96 (d, 2*8.5 Hz, 2 H), 4.25 - 4.51 (m 2
H, 3.89 (s, 3 H, 3.65 (t, J85Hz 1H, 3.39 - 3.58 (m 2 H, 3.17 -
3.37 (m 1 H, 3.10 (d, J=10.5 Hz, 1 H), 2.99 (br. s, 2 H, 2.47 (br. s,l

T 2,22 - 3 H).
D s (br. 22{514}1 P %W%Qééf%uryg%e"fa@rm 2o by et lj%”ﬂel%y fe8ze (ESI [M

+ HE), 42562‘2@[79/9#0 K alraif-&-dleyrimidin-4-one

213-[ 4- (4- Met hoxy- benzoyl) - pi peri di n-1-yl]-2-oxo-pyrrolidin-1-ylnethyl}-5,6
- di et hyl - 3Hpyr il di n-4-one 0 N N~25 WO 2013/ 008217PCT/ 1B2012/ 053613 71
18V ( ddd,

mol ) . 1H!@é’§ﬁgﬂﬂ% .65 (s, 1H), 7.86 (d, J=9.1 Hz, 2 H),
6.87 (d, J= 4 H, 3.80 (s, 3 H, 3.54 (t, J=8.6 Hz, 1
H, 3.31 - 3.47 (m , X J=9.5, 5.3, 4.9 Hz, 1 H), 2.95 - 3.06
(m 1H), 2.87 - 2.95(m 2 H, 2.33 - 2.45(m 1H, 2.17 - 2.31 (m 4 H),
}13842:9)42 1? (clap ' 4¥§iithox§abéﬂzcl):)fl)a;ﬁ§er§%ﬁg-1g'gli)ox&ﬁkﬁlzx Iiidial1(2;j;lh1%trf9q-3°,527,85C24H30|\|404
oun + d ). . . e i . .
2 (3 (& (AR B GRS, () - Db Siser r 1R n Vi, Ry IS el oh
%\pt al df i mI @aﬁtmhatéldrabﬂy enearDABLHNcolum x60§gﬂja,02Tlod gmlaarﬂf) smgﬁ@gio%4mz'\/d.2%
0OX0-CcyC est.er . mol. .. - -, =
(a e s SREER, o) Raing! ¥ movar Crude pies A e vas ones Aviiecy RIS
(0.33 (r;:jmlj BG@QSOB])m)a@dtlﬁga?ltkg%g/tadl@d_llﬁm()ﬁ% lﬂ%tucﬁtdndﬁnlf(v&térl’&{/eﬂ‘fmhln 4®JIdwdeg) g
were added to a solutiop.o 0 t ol uen an
o T o o by heShbaton Shats aii rafons Riuded Hia SRRSO Heoeias BRenE o
and ext OaCU\Eadltrmicailho@tdﬁMhe arA shle by ilatd IHndughTB&mmB&aﬂ@WéFOrrgﬁﬁlcarthdge?_r S
were concen at e I N Ccu erli a. tIve
rever se- ph&LENGPYIE (’?&)ﬂ?%%’ﬂﬁ)%t?n@ ’WI Q‘%EFQ] @faf%d%{sgfe itle
?cet onitri Icemmm&(rj S)\r?&j Tzlg% quﬂd fWI %awmie@yod ZophiN, Ogatggegwf thripm/gl 0.
racti ons rovi t he 1 e 0 oun % e
HRVS cal cuI 3050( M% (4'8@?\41%2? e@@hggopngﬁg WPQFH;EI] i}" %%
461 2200. 121324 (nlNM?HiéQ@ l\tzss MEQDQ 2659010206@ (9112 H22 2?3 (2r8761nH)H?-2©6 -2.89 50

e’ (15 SRy 1 B3 Ao I 3RE 2 4m. 12 5 0o 2 b 63 ool D 3.8 (hil 2 1

7.04 (d, J%9910§ biz5, 7?Hﬁ) 21439 (€. 331) (47 QSLlé) l(ggétﬂ (d, (=693 (HB, 21HHr.96. (@9 -
1

7.88(m1H% J903H22 vapak 150 X 3.9 mm O
col um: J=9.03 Hz 2 H) HPLC (Novapak 150 X 3.9 mm C18 column: mobile phase: 10- 90%

acetonitrile/water with 0.1% TFA, at 2mL/min over 5 min.) retention time = 2.455 min

20  Alternative procedure
To a solution of (R)-3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-pyrrolidin-2-one (0.165
mmol, 50 mg), which was prepared in a similar manner as (R)-3-[4-(4-methoxy-benzoyl)-
piperidin-1-yl]-pyrrolidin-2-one from (S)-3-hydroxypyrrolidin-2-one and 2-chloromethyl-
3,5,7,8-tetrahydro-pyrano[4,3-d]Jpyrimidin-4-one (0.165 mmol, 33.2 mg) in THF (5 mL)

25 was added 1 M solution of potassium hexamethyldilsilylamide in THF (0.331 mmol, 0.331
mL) at -78°C for 2 hours. The reaction was allowed to warm to 0°C for 16 hours and
evaporated under vacuum. The remaining residue was purified by flash column
chromatography (silica) eluting over a gradient of 0-50% MeOH/ethyl acetate provided
the title compound as an off-white solid (20 mg, 25.9% vyield). HRMS calculated for

30  CasH3NsOs 466.5417, found (ESI, [M + H]") 467.2296. 'H NMR (400 MHz, MeQOD) §
ppm 1.69 - 1.91 (m, 4 H) 2.10 - 2.33 (m, 2 H) 2.49 - 2.59 (m, 1 H) 2.59 — 2.67 (m, 2 H)
2.76-2.89(m, 1 H)291-3.01 (m, 1 H)3.11-3.22 (m, 1 H) 3.32 - 3.44 (m, 2 H) 3.46 -
3.58 (m, 2 H) 3.59 — 3.71 (t, J=8.78 Hz, 1 H) 3.88 - 3.96 (m, 2 H) 4.04 - 4.14 (d, J=15.56



25nobi | e phase: 10-90% acetonitrile/water with 0.1% TFA, at 2 nJmin over 5
mn.) retention tine = 2.572 mn. Exanpl e 28:

2-{(S) - 3-Wo-2(1B/0v811MOXY- 3- net hyl - benzoyl) (ﬁ\operi di n- 1- y1pe€2AB202/p386130! i di n- 1
-yl met hyl } - 3H30cycl ohept ai m dazol - 4- one 2013/ 008217PCT/ 1B2012/ 053613 72
0- Tol uene-4-sul fonic acid 7-oxo-cycl ohepta-1, 3,5-trienyl ester (0.86 mmol.
236 ny), 2-

{(S)-3-[4- (4 @Qll)h@éﬁ 3210@*&?/'2 h?&zﬂylh*sﬁ' Rerd 95@917“(36111'3094% YA (?|9‘2d('dn 1-y
1} -acetami di 0. 86 mmol rrlg&ﬂ; and te rabut yl amoni um br om de (0.

mmol , 110 m‘g? Ze%ad@aa'mad BPaH (RIEHIPNIMBe%0TA (13.1 ngy, 1 m_) and
toluene (5 nL) and stirred for 16 hours. The reaction was treated with an
excess of saturated ammoni um chloride, diluted w 10%

i sopr opanolEX@Rrde 8f orm washed with brine, dried, concentrated in vacuo.
Chiral ges '

2 (3 (5 (4 P Re Tt mamasgbenzayoigercin 1-y) 2 0ROl 1 1y methyl )

cycl ohept apdmetivdageaondiigaH) - one (405 ng) via SFC chronat ography on a AS-H
colum 10 (60gfm n, 21 x 250 mm) eluting 40% | PA/ 0. 2% DEA/ CO2 (Vv/ V)
afforded 21 ng of_pure materiaph. (21 ng, 9%yield). HRVS cal cul ated for
C27H30N404 748644, found (ES|, [M+ H]), found 475.2354. 1H NVR (400 MHz,
CDCI3d)6ppm 35 ( 4rH) 2.15(m 1 H 2.16 - 2.33 (m 4 H 2.39
- 2.52 (m 1 H 2.\90 30m 3/02-312(m1H)318331(br S,
1 H 3.38- 3.55 (mN8 3757 - 3.67°m 1 H 3.91 (s, 3 H 4.68 - 4.86
15(m 2 H 6.83 - 6. (m1H)698-710(m1|—|)725-734(m3|—|)

ol urm: ' moBet 5 k. of S5l ehokBerdolpind i ORIRRGH ok Tt

over 5 m an)moléamhth lrienoinrahyh- ZZCMQ@)bﬂnmnltEﬁ‘a(ﬁ@h@ 2347 mmol) in THF ( 1 mL and
20y by MR Cike iRl e PARECHT) P& RIS ??%7¥31T%eu2§5’°2%”v9%”" :
prepar ed f ebhesatratpdt heragenibealtaken apdddicbioroethEraapd def sndhfiltaredythiwudh a

2-{(R)-3- - 3- frethyl - ) = DI i r di n-
25 1911 acap ol SCHen g TR pRERE Rackon® ot nk ot ey Blest
474. 5646, fconcrtraE®| and Meutratzgd wito NaHQGDS. 282CH vias R ambthm—tquutmztow& d) 6
R et i
3.83 (nB 1f.h|)at.8n$&5 mgP- HRM®calBulbleddoBZ {ICINSD,; 451.1672, fdun® (B3|, (M.+ BIFE. 53
Hz, gg %11(m 1 H 7.26 - 7.36 (m 5 H 7.38 - 7.47 (m 1 30H)
7. 72 - 86’ ﬁ174 H) HPLC (Novapak 150 X 3.9 nm 018 col um: nobil e phase:
10- V\D 2013/ 008217PCT/ 1B2012/ 053613

Example 6:

6-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-1-methyl-
20  1,3a,5,7a-tetrahydro-pyrazolo[3,4-dJoyrimidin-4-one

0
N//\fL NH
/ 0

To a solution of 3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-pyrrolidin-2-one (0.165 mmol, 50
mg) and 6-chloromethyl-1-methyl-1,5-dihydro-pyrazolo[3,4-d]pyrimidin-4-one (0.165
mmol, 33 mg) in THF (2 mL) was added sodium hydride (60%, 0.331 mmol, 23 mg) and
25 heated to 70°C for 1 hour. The reaction was allowed to cool to ambient temperature,
diluted with 10 mL of ether, and the resulting solid in suspension was filtered and dried
under vacuum provided the title compound as an off-white solid (66.4 mg, 87% yield).
HRMS calculated for CosH2sNsO, 464.5286, found (ESI, [M + H]") 465.2256. '"H NMR
(400 MHz, MeOD) & ppm 1.70 - 1.93 (m, 4 H) 2.09 - 2.31 (m, 2 H) 2.53 - 2.66 (m, 1 H)



73 90% acetonitrile/water with 0.1% TFA, at 2 nUmin over 5 mn.) retention
time = 2.874 mn. Exanple 30:

52-{(S) - wpae(3mosarhoxy- benzoyl) - pi peri di n-1-y1] - 2- oxo- pgrnpaigdize3 yl met hy
1}-3H cycl ohept ai m dazol -4-one o 61

Chi ral resol uti onof 2- ((3-(4-(4-nmet hoxybenzoyl ) pi peridi n-1-yl)-2-oxopyrrolidi
n-1- yl)methyl)cycl oheptald]imdazol -4(3H)-one(300ng, 0. 65nmol ) vi aSFC 10

chr omat 0gr apdyy. £91 fm! H?z@@—uﬁmg%%m 31023 21 (A9 3l slbng S@HmIAN 0. 2%
DEA/ CO2 (v/v) afforded 35 of pure material. HRMVS cal culated for
C26H28N404 3480(537 b)) Sf%ima-ggﬁ(& T IiVB-B3 ) $-946m, £1db 434 kvt (MADHMEL! (Fe0D)
1H NVR (400 Yz, 1L ﬂzqfsy m74 ?n,ppfﬂ)lzéi 1d- 23 dPHz, 8:H)2 Malkic4lrr-HPED (M
1 H 1.63 - 1.73 (m 1.76-1.96 (br. s, 4 H 2.06 - 2.19 (m 1 H 2.23 -
2.35 (m 1reipntorggme =2.85MMm 1 H) 2.93 - 15 3.03 (m 2 H 3.06 - 3.15 (m
1H 3.82-3.32(m 1H 3.41- 3.55(m 2H 3.60- 3.70(m 1 H 3.89
(s, 3H 4.76 - 4.89 (m 2 H 6.95 (d, J=9.03 Hz, 2 H 7.02 - 7.11 (m 1 H)
7.28 (s, 2Bqpmplg?: . 7. 40 (m 1 H 7.40 - 7.50 (m 1 H 7.78 (d, J=10.54
Hz, 1 H 7.04. -M&F ' P - 3.9 mMm
018 col urmzzgéryo[gﬁf yet ﬁoa{(ngéﬂ%%/l%%g% ré%@? %lr/]]?/ %!r»fc’la}é};r}\?g?@r H\?\nn{eh %?T%ﬁpdrgi 2
nmUm n over J5-iianof3.2-glogrmiddh4onfe 20= 2. 638 nmin. Exanpl e 31:

2-{(R) -3-[4-(4- et hoxy- benzoyl) - pi periodi n-1-y1] - 2-oxo-pyrrolidin-1-ylmethyl

}-3Hcycl ohept ai (i dazol - 4-one 250
Chiral resol @ﬁWbenzoyl ) pi peridin-1-yl)-2-oxopyrrolidi
n-1- yl) et C 0 a[d] i iy daxal#4(3H)-one (300 ng) via SFC
chr omat ogr aphy a AS-H coL 60g/ mn, 21 x 250 nm eluting 40%

| PA/0. 2/ 0 DEA/ CO2(V/ V) Qf f or ded 85 ng of pure material. HRMS cal cul ated for

Doab, 088217 Periolpy o8 PUIE Tie Ty Koy BAIPL i\ RO RRNe RIS MIRPINRAR
(400 MHz, eiy)amafDerTddnethyiRAMRIeBd[3;2-Ap@imitim 4-dndH0. 1651 8moal,. 3BmEmn PHAH)2

)
L1 %ok B oot B0 o ok 2ot e ol 1
3.21 - 3.3ho(MTht hcidndRas alovid (0tood tdlambidh® térhperdite, [dlutdd, with ) ndl. 80 (s,
U S TGS RS EX TN N
J=8. 5315z, provided Aealiyé i daipoRPd HEY-Gnr &ff-@nite asdlili (79.5= nfy, 596.49:NyiEANMPIRMS 2:
calculated for Co4Ho6N,O.S 466.5632, found (ESI, [M + H]*) 467.1740. '"H NMR (400
MHz, MeOD) & ppm 1.65 - 1.92 (m, 4 H) 2.06 - 2.29 (m, 2 H) 2.48 - 2.62 (m, 1 H) 2.78 -
2.89 (m, 1 H)2.89 —3.00 (m, 1 H) 3.09-3.18 (m, 1 H) 3.34 - 3.53 (m, 4 H) 3.55 - 3.65
(m, 1 H) 3.68 - 3.77 (m, 1 H) 4.23 - 4.32 (m, 1 H) 4.60 - 4.69 (m, 1 H) 6.97 (d, J=9.03
20 Hz, 2 H)7.17 =724 (m, 1 H) 7.73 = 7.81 (m, 1 H) 7.96 (d, J=9.03 Hz, 2 H), analytical
RP-HPLC retention time = 2.77 min

Example 8:
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-6-methyl-4a, 7a-
25  dihydro-3H-thieno[2,3-d]pyrimidin-4-one

AQHN:T/Q\NQ\(@O\

To a solution of 3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-pyrrolidin-2-one (0.165 mmol, 50
mg) and 2-chloromethyl-6-methyl-3H-thieno[2,3-d]pyrimidin-4-one (0.165 mmol, 33 mg)
in THF (2 mL) was added sodium hydride (60%, 0.331 mmol, 23 mg) and heated to 70°C
30 for 1 hour. The reaction was allowed to cool to ambient temperature, diluted with 10 mL



10N- (5, 6-di hydrot hi azol o[ 2, 3-c][1, 2,4]triazol -3-yl1)-2-(3-(4-(4-methoxybenzo
yl)piperidin- 1-yl)-2-oxopyrrolidin-1-yl)acetamde N NA S NNH \-1 oN

0 A m xtuwe 20f3/@807ny of 76.5% pure PCT/IB2012/053613

2- (3- (4- (4- met hoxybenzoyl ) pi peri di n- 1-y18% 2- oxopyrrolidin-1-yl )acetic acid
(382 ng, 1.061 mmol) and 5, 6-di hydrot hi azol o[ 2, 3- 15

c][1,2,4]triazol -3-am ne hydrobrom de (237 ng, 1.061 nml) was stirred in
di 1 S0PT OPY lplefiyd alhd G d Qesm;hgnéond5&%£Eenﬁor2®amb)eoaaﬁd ‘éj‘n@&"m%@ﬂ%&l%ﬂ? (10

nm) before addi tion of U reagent (444 ny, ). reaction was

stirred ov@ovigechigr §tl%1t00f7tn9ﬁﬂ@ eﬁfﬁp@f‘a@ft‘}iﬁ@'te ﬂﬁoﬁﬁa(lm 5aﬁ% n95. 6% BE) WhiRMS
solid was repDMed #BYOC iH tNﬁLBOQBOEb@B ffbbﬁd ?9 s Alytas {dy7ougnarsikbe ca

gel colum wth O 15% met hanol | or omet hane, then 15%to 30%
f ol | oned bWF@%eCrﬂh)eS ppract6ons. 96c6ﬂm; élHithQjS copdmi Aat) e’cbl5br a@adm, uet)e2.79 -

concent I h Wit bto
12% met an%ﬁod i chﬁggggef%gﬁé% ?3@?28? fc i i@ﬁj HLB%?Z 40613#@?8 thre13 tﬂlo/t | e
conmpound ( 1m71 iy 3.8¢s(sas3 Wh|4t2@ 454)31 dm, C&l) chibht é@2rf’ﬁ‘sé H &9{:—23’%&%(349 £98

484. 57. e |rre:273 m nut es
(Agi | ent 2 J&r)gszlﬁg Fh%f‘caé%%’ Illgggorewﬂngnﬁﬁec ﬁ flow rate of

1.0 nm / mn; gradlent of 5-95% acetonitrile / water vmthOl%forn*ic acid
over 10 m LH NMR (400 MHz, DMBO-d6) 6 ppm 11.06 (br s, 1 H), 7.94
(d,J909 703dJ859Hz 2H),392-421(m6H),383

(s, 3 M, & {@@[444 /”@IO(bﬁPZU.V/)WPef@leZLy/J 23?)@7}3}/(fﬂildl&7l-i§/m6127y/9§ J4g-tetralydnos Hz,
1 H, 2.64,; 28- 2.42 (m 1 H), 2.03- 2.18 (m 1 H), 1.85
pyrapoffsipyidi-4-ce®

- 302.02 ( (m 2H, 1.44 - 1.60 (m 2 H. Exanple 33
(Peak 1) and 2013/ 008217PCT/ 1B20124053613 75 Exanpl e 34 (Peak 2):

N- (5, 6-D hy lo[ 2, 3-¢c][1, 2 Af%fiazol -3-y1)-2-(3-(4-(4-met hoxybenzoyl
) pi peri di n- d )acetam de (166 ng, 0.343 nmol) was

mn flowrate) with 60% CO2 and 40%
nodi fi er (conposed of 7 /o 5ditchl r onet hane / ethanol and 0. 2% di et hyl am ne)
to yield two enantionerically enriched peaks

N- (5, 6-di hygr Qt§6|lﬂ|éﬁ|d?[37—[43('4cdkﬁolfo%eﬂidy'l L;ﬁﬁé?ldTrBT )ﬁl%by@ol(oﬁ@ zofe (8- 1(74mmol 53

met hoxybenzoyl ) pi peri d % yrrolid acet am de and
di hydr ot hi &l 2éj sh'eqometfzy' B ?ﬁa%qhygt%zmﬁra@[f& @R}]mgm( @9(4400?9f0r1b&9m’z%'§/l )p.
peridi Asl - ydqg) ..2 THPX@BYHI @hd BIMIE (2.5 mld GRisedidd8 -sodm hydride (60%, (0.6 mmol, 14

mg) and heated to 70°C for 15 min. The reaction was concentrated in vacuo and the
remainder of the DMF was removed via a stream of N,. The crude material was purified
by preparative reverse-phase HPLC (300 x 50 mm) eluting with a gradient of 25-35%
acetonitrile/water over 45 min. Lyophilization of the pure fractions provided the TFA salt

20  of the desired material. Neutralization of the TFA salt by filtration through a bicarbonate
MP resin cartridge eluting with methanol (2 mL), DCM (3 mL), and methanol (2 mL)
afforded the title compound (7 mg, 8.6% vyield). HR-MS m/z (M+H)": measured 471.1823
calculated for Co4H27CIN,O4 = 466.5417; 'H NMR (400 MHz, MeOD) & ppm 1.66 - 1.92
(m, 6 H)2.05-228 (m,3H)247-267(m,5H)2.75-2.87 (m, 2 H) 2.88 - 2.97 (m, 2 H)

25 3.08-3.18 (m, 2 H) 3.24 - 3.51 (m, 22 H) 3.61 - 3.70 (m, 2 H) 3.91 (t, J=5.52 Hz, 2 H)
420 -432(m, 1H)4.38-4.54 (m, 3H) 7.51 (d, J=8.53 Hz, 2 H) 7.96 (d, J=8.53 Hz, 2
H). HPLC (Novapak 150 X 3.9 mm C18 column: mobile phase: 10-90% acetonitrile/water
with 0.1% TFA, at 2mL/min over 5 min.) retention time = 2.666 min.

30 Example 10:
2-{3-[4-(4-Fluoro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin- 1-ylmethyl}-3,5, 7,8-tetrahydro-
pyrano[4,3-dJpyrimidin-4-one



Peak 1 (54.5 ng), SFC retention tinme = 3.87 mnutes (Instrunent: sfc a-250;

Col um: Whel ko (R R); Mbile Phase: 40% 70% DCM / 30% Et OH) 0. 2% DEA) .

Peak 2 (6Wworgis3/B8G7retention tine = 6.85 mnutes (I nstrecenB201sHB6es3- 250;

Col um: 15 Whel ko (R R); Mbbil e Phase: Aﬁ?%i 70% DCM / 30% Et OH) 0. 2% DEA) .

Exanmpl e 35:

N-([1,2,4]triazolo[4, 3-a]pyridin-3-yl)-2-(3-(4-(4-nmnmethoxybenzoyl) pi peri di n-

1-y1)-2- oxopyrrglidin-1-yl)acetam de 200 Fol | owi ng the general procedure

of Exanple 32, the title conpound Fng) was prepared from

[1,2,4]triazolp4,184a] i dip<3-a (101 ng, 0.472 mmol ). The reaction

was run 1 haqur t/)Qg temper ajur & & 5 hours at 50C, then 62 hours at room

terrperature bef ole wor k ¥dApury fication. Cal cul ated Mass for C26H28N604
476.53. 25 HR-M5 [m z,Y (MrH) +] G 477. 2269 HPLC retention tinme = 2.70

mnutes Agi l ent 1100 HPL stem 3.0 x 1 um; flow rate
of 1.0 m(_ /Ton# solugpm o @Aﬁ?&?lﬁgro W@Hh%‘%f 'En rTeOYFO\H;élE‘@rORﬁ {Or?%mf%lf ot ¢
acid over Jnﬁz;)rarim eﬁlbronile"rth,Fs,f éﬁ&raWaro @V&ﬁb{d@)d iyrmm}%r@ (39 nﬁnol176‘|)

8.06 (d, J=7. 09 Hz
H, 7.37 7“923” ( El? (15t ared7 @@'AF %?nr-ﬂﬂtWﬁs édﬁisd S%M hyd%zez@g‘z/m §§ ﬁ)m°'8%43 84
(s, 3 Hy, gland Redddd (V0L Ky, 153madh TheSedSichMvad chlicenBad in v&cO® ahdthd H) ,
g' Z,i i m2. ?1 gi]n:ch:aLr the ﬁ)l\%wéﬁ%é 35 n\}ialéé eérfzcgg\{m:rhébrfq%egnna}lter}al |\_Nl)a’s p:b'ri?gd i
WO2013/ 008 Y ireddraiRe0biéfee Fhhse HPLEXBmO! £586nm) eluting with a gradient of 25-35%

2-(3-(4-(4- enzo peridin-1- oxopyrrolidin- t hyl
2o Vot A aEr BT RRlE aah R BT, OBk v onateatin Riing PRl s {iag ng
the gener althepm/x@dhlbﬁth@fdeEx@dTmb&anaE Nédteantattolne)f@wummr@dlt b2 filta8on wWaSugh a

f 1- et 1H tet . Th
P eanr] I R WEpo caiatss uinder i Bt anah CsiguoEM Ggel) Bad imgtiinal
I\/st I_Or C24 i ¥ Nfiorbed tHéitléSomberd(A MBl 1bt 50%%1 OldiLFI)—FRWnﬁi(}&H)F‘lﬂh@asur%d .
retenti on l es en nm
i 15 ool AARD1T] Gl g Tlesufhr 1M Coig Bt 2t SE56 b4l ¢V o
water wt hl\ﬁbdl%égﬂsmcs@cn@sqwem |401 ggmatzeﬁ) 21|I=n) QME% @@ﬁnM‘?Hh% 67 - 2.81
chl or of or md) gI“ X
4.09 - 4.5 m(FnH z?% 29,3?@ iHA?@é %f‘r? 8, Hj*)3a3640347 73H) 523 342 @b
g ﬁ)l (%623_*1)6 288 231 0,226(11214@ th4 H??Po@ -7.%8 4, 4 Ay 7D1H)8.0&(R32 H) 34|5L€t(m
N- (3, 4- di yipGioak 150 P B T STdicamIaBE BhgeE 19:90% popteniipdeaiesyBeAZGy 1 ) pi

peridin-I-ypx aﬁzrﬁmm'b\v&ls @in)-réqteviflorpGAE a4k in20Fol | owi ng the general
procedure of Exanple 32, the title conmpound (98.7 ng) was prepared from

3, 4- di hydr o- 2H pyrano[ 2, 3-d] pyri dazi n- 5 am ne hydrobrom de (186 ng, 0.521
mrol ) . Cal Gyapigrél ¥ess for C26H3INS0S = 493.55. HR-MS [mz, (MrH)+] =
494.2390. HPLC retention tinme = 2.82 mnutes (Agi]ent 1100 HPLC system 3.0
x 100 Rbh 3 2SI E-Cof Hﬁﬁ?*beﬂzew -Pigeddlinyf! -y{J-2y0xa-PyTalR- T-ymediving. 5.816-5- 95%

acet oni t ri ltgtrahywrs-§franof4,3-djpyrimidin-4-one

Chiral resolution 2-{3-[4-(4-fluoro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-
3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one (90 mg) via chiral SFC chromatography
25 on a AS-H column (60 g/min, 21 x 250 mm) eluting 40% IPA/0.2% DEA/CO; (v/v)
afforded 48 mg of crude material which was further purified by RP-HPLC (300 x 50 mm)
eluting with a gradient of 25-35% acetonitrile/water over 45 min., followed by
lyophilization of the pure fractions provided the TFA salt of the desired material.
Neutralization of the TFA salt by filtration through a bicarbonate MP resin cartridge
30 eluting with methanol (2 mL), DCM (3 mL), and methanol (2 mL) afforded the title



25 with 0.1%formc acid over 10 mnutes). 1H NVR (400 MHz, chloroformd) 6
ppm 8.5-8.8 (br s, 1 H) 7.88 - 7.98 (m 2 H, 6.89 - 7.00 (m 2 H, 4.28 -

4.39 (m ROHp13/00819 - 4. 28 (m 2 H, 3. 88 (s, 3 H) 3. 5PCT/1B206%5043613 1 H),
3.42 -3.58 (m 2H), 319 3.32 (m 1H) 3.08 - 3.19(m 1 H, 2.93 - 3.06
(m 2 H), 2.59 - 2.72 (m 2 H, 2.46 - 2.59 (m lH), 2.22 - 2.37 (m 1H,
2.10 - 2.22 (m 1 H), 1.99 - 2.10 (m 2 H), 1.78- 1.97 (m 4 H. WD
2013/ 008217:5) ?J%g%@@%y.&a I-:I-}ﬂfi‘ﬂmlrﬁ/z:3(§§/I+H measured 455, 2101 calculated for

N- (i soxazol o[

yridin- 3- -2-(3-(4 ( rret oxy enzo&,/'I glperl din-1-y1)-
2- oxopyrrolquviar;med%tCadizdﬁ\l =N4545@56:0H| NM%@OQH@HQ,e ePh) dpprredddn e of

Exanpl e 32 t o d f
i soxazol o g ﬁ)h@i éﬁ} g|1q -am neé ﬁggaMk qu%lg @no?? kge)mr e?’alc_:| Pgr% V\?/adé3 run
1 hour at r(@oﬂrﬂﬂ‘k)@ﬁérai at énahd) 37 1holi4 (mat 1 6108 86ef4bd t(mo? kh)lﬂ Hndt57 (M, 5
purificati e f H) +]
= 478. 2 %7P%?3 ﬁ?%%e?eH ﬁf)yn ?f%@?%??ﬁgﬁ) g\lu%%éé i?Agl ent ["[1%5 E’E%’h
system 3 Onobilg Oghasat 30tﬁﬂ°/61®emﬂit[!iﬂ7fwat¢rl oihr&i % OFAL.a0 2rl/minioner §r adn.gnt
of 5-95% ag&%ﬁ};ﬁn tBlR}s 2/4(%qq.éﬂr with 0.1% amoni um formate over 10 m nutes).
od

1H NVR (40 ppm 12.11-12.25 (br. s, 1 H), 8.18 (dd, J=7.07,
2.53 Hz, 1 H), 7.96 (d, J=8.59 Hz, 2 H), 7.62 - 7.67 (m 1 H), 7.04 (d,
J:8.59Hz ah')péeﬁfﬁ(t J=6.82 Hz, 1 H), 4.73 - 4.85 (m 2 H), 3.84 (s, 3

, 15 3. g M, 3.29 - 3.31 (m 2 H, 2.98 - 3.05 (m 1 H),
2. 77 - 10. 82-(Ry-314-H4-Fluorogigenzop)-pise(idip-11yIHg-ox@pureplicing 1-pimethyl}-4.548- 1. 97-

2.05 (m 1 g}éa &rogfﬁ)l/raﬂtfﬂ%s{[;?rm%dlhhoﬁle 47 - 1.63(m 2 H). Biological Assays

and Data 2 to Determ ne Conpound I nhibition of TNKS
Enzynme Activity O The human tankyprase 1 PARP catal ytic domain, TNKSLP,
was cl oned imtQ R221 vector uSiig the | nvitrogen Gat eway Technol ogy.
This entry ¢l ofje tthel Mt o the destination vector pDEST20 to
obtain the N { hi dne ansferase (GST)-tagged fusion protein.
GST- TNKS1P was then expre [ f21 cells 25 using the Invitrogen

bacul ovirus expression system (Il nvitrogen-Bac-to-Bac(r) Bacul ovirus

Expr essi on Gayaf %blu\(@rﬁ%‘f 30t-(4- 7106 oRSAESY1pi i IyiEd-6xb-ByfrAd S T IR IRMAL umm
(GE Heal thcare). egrj{mqnal GST-t ag WPpP@&k rg‘s]e p?%)ft ei n PyARP onai n,

TNKS2P, wasl éﬁenﬂahyesppme@g% 3- ddpodmﬂjemr“??% (Shg) S PR AHER PPy oy
PARP1 (&at ANQ.coftiB(604P8n 049 x@Bd n%} bMﬁﬁg?ﬂiod@NéAKOC@% DE)QCOZ}W/\QL Q%@d&ﬁas wer e

purchased from Trevi gen, Inc, 30PARP2 (Ca AL X:
pur chased MbAh AV n’@t@iabww@ﬁ]w@éﬁurther pu”f'edl'H)é Rﬁdﬁ%b%t(%%ﬂ %P Hﬂm)a%lt“i'riﬂ W&trh of

the TNKS 1/a2%t@6|eﬁt°\8¥°é5235%1é&’é’f@rﬁtrﬂ@@at@?%%‘rf 85! nf. tfé]%vdetiqw @ophlllzatlon of the
chr omat ogr aphy- mass spect ronet.r detection of nicotinam

readout . CONpOliReions PreMdsy tha T")rl'ﬁ”u?%i Pf tﬁ@ qeﬁ@e¢m§r@thPAh@ilzaLR%shW§ Fa‘\ i on
was WO 20%3f BO3RAGBF THrbBRP A Hihsshbie K ReA datrdge th.hgwmrmetﬁuﬁar@nﬁ@ In
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Example 13:
30  2-{(5)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin- 1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-
3,5,7,8-tetrahydro-pyrano[4,3-dJpyrimidin-4-one
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To a solution of (R)-3-[4-(4-methoxy-3-methyl-benzoyl)-piperidin-1-yl]-pyrrolidin-2-one
(0.79 mmol, 250 mg) and 2-chloromethyl-3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one
(0.87 mmol, 174 mqg) in THF (10 mL ) was added sodium hydride (60%, 2.77 mmol, 111
5 mg) and heated to 70°C for 1 hour. The reaction was allowed to cool to ambient
temperature, diluted with 100 mL of ether, and the resulting solid in suspension was
filtered and dried under vacuum provided the title compound as an off-white solid (300
mg). Chiral resolution of 2-3-[4-(4-methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-
pyrrolidin-1-ylmethyl}-3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one (300 mg) via chiral
10  SFC chromatography on a AS-H column (60 g/min, 21 x 250 mm) eluting 40% IPA/0.2%
DEA/CO, (v/v) afforded 77 mg of pure material. HRMS calculated for CuH3oN4Os5 =
480.5687, found (ESI, [M + H]") 481.2455. '"H NMR (400 MHz, MeOD) & ppm 1.69 - 1.90
(m,4H)2.10-2.20 (m, 1 H) 2.20 - 2.31 (m, 4 H) 2.48 - 2.58 (m, 1 H) 2.59 - 2.65 (m, 2 H)
2.77 -2.88 (m, 1 H) 2.90 - 3.06 (m, 1 H) 3.10 - 3.20 (m, 1 H) 3.32 - 3.42 (m, 3 H) 3.46 -
15  3.54 (m, 2 H) 3.63 (t, J=8.53 Hz, 1 H) 3.88 - 3.94 (m, 5 H) 4.39 (s, 2 H) 4.47 (s, 2 H) 6.99
(d, J=8.53 Hz, 1 H) 7.77 (s, 1 H) 7.87 (dd, J=8.53, 2.01 Hz, 1 H), analytical RP-HPLC
(Novapak 150 X 3.9 mm C18 column: mobile phase: 10-90% acetonitrile/water with 0.1%

TFA, at 2 mL/min over 5 min.) retention time = 2.731 min.

20 Example 14:
2-{(R)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-
3,5,7,8-tetrahydro-pyrano[4,3-dJpyrimidin-4-one

This material was obtained from 2-3-[4-(4-methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-
25  oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one (300 mg) via
chiral SFC chromatography on a AS-H column (60 g/min, 21 x 250 mm) eluting 40%
IPA/0.2% DEA/CO, (v/v) afforded 125 mg of pure material. HRMS calculated for
CosHaoN,Os 480.5687, found (ESI, [M + H]*) 481.2463. 'H NMR (400 MHz, MeOD) §
ppm 1.69 - 1.91 (m, 4 H) 2.10 - 2.21 (m, 1 H) 2.20 - 2.31 (m, 4 H) 2.59 - 2.66 (m, 2 H)
30 2.78-2.87(m,1H)290-298(m,1H)3.11-3.20 (m, 1 H) 3.33 - 3.42 (m, 2 H) 3.46 -
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3.55 (m, 2 H) 3.63 (t, J=8.78 Hz, 1 H) 4.39 (s, 2 H) 4.47 (s, 2 H) 6.99 (d, J=8.53 Hz, 1 H)
7.77 (s, 1 H) 7.87 (dd, J=8.53, 2.01 Hz, 1 H), analytical RP-HPLC (Novapak 150 X 3.9
mm C18 column: mobile phase: 10-90% acetonitrile/water with 0.1% TFA, at 2 mL/min

over 5 min.) retention time = 2.693 min.

Example 15:
2-((3-(5-methoxy-1-oxo-1,3-dihydrospirofindene-2,4"-piperidine]-1'-yl)-2-oxopyrrolidin-1-
yl)methyl)-7 8-dihydro-3H-pyranof4,3-djpyrimidin-4(5H)-one

Segel O

To a solution of 5-methoxy-1'-(2-oxopyrrolidin-3-yl)spiro[indene-2,4'-piperidin]-1(3H)-one
(3.34 mmol, 1.05 g) and 2-chloromethyl-3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one
(3.67 mmol, 0.737 g) in THF (40 mL) and DMF (5 mL) was added sodium hydride (60%,
11.69 mmol, 0.468 g) and the suspension was heated at 70°C for 45 min. The reaction
was allowed to cool to ambient temperature, diluted with 100 mL of ether, an off-white
solid was collected by filtration and was dried in vacuo. Recrystallization from isopropyl
alcohol/methyl alcohol provided the title compound as an off-white solid (661 mg, 41.4%
yield). Calculated MS = 478.6, MS (ESI) m/e 479.0 (M + H*); "H NMR (400 MHz, MeOD)
dppm 1.33-1.46 (m, 2 H) 1.92 - 2.07 (m, 2 H) 2.07 - 2.27 (m, 2 H) 2.49 - 2.65 (m, 3 H)
2.89 (dd, J=8.53, 2.51 Hz, 2 H) 3.02 - 3.15 (m, 3 H) 3.35 - 3.50 (m, 2 H) 3.70 (t, J=8.78
Hz, 1 H) 3.85 - 3.98 (m, 6 H) 4.16 (d, J=15.06 Hz, 1 H) 4.44 - 4.53 (m, 3 H) 6.96 (dd,
J=8.53, 2.51 Hz, 1 H) 7.05 (s, 1 H) 7.62 (d, J=9.03 Hz, 1 H). HPLC (Novapak 150 X 3.9
mm C18 column: mobile phase: 10-90% acetonitrile/water with 0.1% TFA, at 2 mL/min

over 5 min.) retention time = 2.391 min.

Example 16 (Peak 1) and
Example 17 (Peak 2)

Chiral resolution of 2-((3-(5-methoxy-1-o0xo0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-yl)-
2-oxopyrrolidin-1-yl)methyl)-7,8-dihydro-3H-pyrano[4,3-d]pyrimidin-4(5H)-one (650 mg)
via chiral SFC chromatography on a AS-H column (60 g/min, 21 x 250 mm) eluting 40%
IPA/0.2% DEA/CO, (v/v) afforded two enantiomers (S)-2-((3-(5-methoxy-1-o0x0-1,3-
dihydrospiro[indene-2,4"-piperidine]-1'-yl)-2-oxopyrrolidin- 1-yl)methyl)- 7,8-dihydro-3H-

pyrano[4,3-dJpyrimidin-4(5H)-one and (R)-2-((3-(5-methoxy-1-oxo-1,3-
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dihydrospiro[indene-2,4"-piperidine]-1'-yl)-2-oxopyrrolidin- 1-yl)methyl)- 7,8-dihydro-3H-
pyrano[4,3-dJpyrimidin-4(5H)-one.

Peak 1: 145 mg, HRMS calculated for CusH3N,Os 478.5528, found (ESI, [M + H])
5  479.2291. "H NMR (400 MHz, MeOD) & ppm 1.39 (dd, J=11.29, 7.78 Hz, 3 H) 1.91 - 2.05
(m, 2 H)2.06-2.26 (m, 2 H)2.50-2.65(m,3H)3.02-3.14 (m, 3 H) 3.23 - 3.32 (m, 3 H)
3.34 (s, 1 H) 3.40 - 3.47 (m, 2 H) 3.68 (t, J=8.78 Hz, 1 H) 3.87 - 3.94 (m, 4 H) 4.18 (d,
J=15.56 Hz, 1 H) 4.44 - 452 (m, 3 H) 6.96 (d, J=8.53 Hz, 1 H) 7.04 (s, 1 H) 7.61 (d,
J=8.53 Hz, 1 H). HPLC (Novapak 150 X 3.9 mm C18 column: mobile phase: 10-90%

10  acetonitrile/water with 0.1% TFA, at 2mL/min over 5 min.) retention time = 2.430 min.

Peak 2: 177 mg, HRMS calculated for CusH3N,Os 478.5528, found (ESI, [M + H])
479.2294. "H NMR (400 MHz, MeOD) & ppm 1.36 - 1.52 (m, 10 H) 1.91 - 2.06 (m, 3 H)
2.08 -2.30 (m, 3 H) 2.50 - 2.65(m, 6 H) 2.76 - 2.95 (m, 6 H) 3.03 - 3.14 (m, 5 H) 3.25 -
15 3.36 (m, 16 H) 3.38 - 3.51 (m, 4 H) 3.58 - 3.74 (m, 3 H) 3.86 - 3.94 (m, 8 H) 4.20 (d,
J=15.56 Hz, 2 H) 4.44 - 454 (m, 5 H) 6.92 - 6.97 (m, 1 H) 7.05 (s, 2 H) 7.62 (d, J=8.53
Hz, 2 H). HPLC (Novapak 150 X 3.9 mm C18 column: mobile phase: 10-90%
acetonitrile/water with 0.1% TFA, at 2mL/min over 5 min.) retention time = 2.432 min.

20 Example 18:
2-[4-(4-Methoxy-benzoyl)-2"-oxo-[1,3'[bipiperidinyl-1'-ylmethyl]-3,5, 7,8-tetrahydro-
pyrano[4,3-dJpyrimidin-4-one

To a stirred solution of NaH (23.8 mg, 0.942 mmol, 2.1 eq) in THF (10 mL) were added
25  4-(4-methoxy-benzoyl)-[1,3']bipiperidinyl-2'-one (142 mg, 0.449 mmol, 1.0 eq) and 2-
chloromethyl-3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one (90 mg, 0.449 mmol, 1.0
eq). The reaction was let to stir at 70°C for 3 h. The solid precipitate was filtered off and
washed with CH,Cl,. The solvent of the mother liquor was evaporated and the residue
purified by flash chromatography on silica gel (0-15% MeOH/CH.CI,) to afford the title
30 compound as an off-white powder (60 mg, 0.139 mmol, 31.1% yield). 'H NMR (400
MHz, DMSO-ds) 6 ppm 12.34 (br s, 1 H) 7.94 (d, J=8.59 Hz, 2 H) 7.03 (d, J=8.59 Hz, 2
H) 4.14 - 454 (m, 5 H) 4.06-4.10 (m, 1 H) 3.45 (br s, 1 H) 3.18 (d, J=5.05 Hz, 3 H) 3.03
(brs, 1 H)2.85 (brs,2H)2.30-2.65(m,5H)1.30 - 2.05 (m, 9 H). HR-MS (m/z, MH+):
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481.2461, 482.2471. HPLC retention time: 2.78 min (Agilent column 3.0 x 100 mm 3 um
C18 colum; flow rate of 1.0 mL/min with with gradient from 5% to 95% acetonitrile in 10
min, 0.1% FA)

5 Example 19 (Peak 1) and
Example 20 (Peak 2):

Chiral resolution of 2-[4-(4-methoxy-benzoyl)-2'-oxo-[1,3']bipiperidinyl-1'-yImethyl]-
3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one using an OD-H column by SFC with

10  mobile phase of 30% MeOH gave two enantiomers 2-[(S)-4-(4-Methoxy-benzoyl)-2'-oxo-
[1,3']bipiperidinyl-1'-ylmethyl]-3,5, 7,8-tetrahydro-pyrano[4,3-dJpyrimidin-4-one and 2-[(R)-
4-(4-Methoxy-benzoyl)-2'-oxo-[1,3'[bipiperidinyl-1"-ylmethyl]-3,5, 7,8-tetrahydro-
pyrano[4,3-dJpyrimidin-4-one.

15 Peak 1 retention time = 2.31 min.
Peak 2 retention time = 3.17 min.

Example 21:
2-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)methyl)-6, 7-dihydro-3H-
20 cyclopenta[d]pyrimidin-4(5H)-one

&Q)@

To solution 2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-
yI)acetimidamide hydrochlorlde (140 mg, 0.37 mmol) and methyl 2-
oxocyclopentanecarboxylate (0.060 mL, 0.47 mmol) in ethanol (4 mL) was added sodium

25  ethoxide (0.160 mL, 0.44 mmol, 21%). The mixture was heated at 100°C for 24 h. The
resulting mixture was purified via flash column chromatography (methanol:
dichloromethane, 1:99 to 10:90) and then crystalized out from methanol to provide slighly
yellow solid (33 mg, 20% yield). '"H NMR (400 MHz, CDCl;) & 10.85 (s, 1H), 7.95 (d,
J=8.5 Hz, 2 H), 6.96 (d, J=8.5 Hz, 2 H), 4.32 - 4.47 (m, 2 H), 3.89 (s, 3 H), 3.60 - 3.73

30 (m,1H),3.40 - 3.56 (m, 2 H), 3.23-3.37 (br. s, 1 H), 3.00-3.20 (br. s, 3 H), 2.84 (ddd, 4
H, J=14.7,7.5,7.4 Hz), 2.46-2.62 (br. s, 1 H), 2.38 (d, 1 H, J=7.0 Hz), 2.15-2.25 (br. s, 1
H), 2.10 (dqg, 2 H, J=7.8, 7.6 Hz), 1.82-2.01 (br. s, 4 H) HRMS calculated for C,5H3,N4O,
451.2345, found (ESI, [M + H]"), 451.2362.
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Example 22:
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-pyrimidin-4-

one

The title compound (1.8 mg, 1% vyield) was prepared using a similar method to the one
described in Example 21 from (E)-methyl 3-methoxyacrylate (0.055 mL, 0.47 mmol). 'H
NMR (400 MHz, CD;OD) 6 8.03 (d, J=9.0 Hz, 2 H), 7.92 (d, J=6.5 Hz, 1 H), 7.05 (d,
J=9.0 Hz, 2 H), 6.33 (d, J=7.0 Hz, 1 H), 4.48 - 458 (m, 2 H), 4.36 - 4.48 (m, 1 H), 3.93-

10  4.05 (br. s. 1 H), 3.89 (s, 3 H), 3.70-3.83 (br. s, 1H), 3.66 (d, J=8.0 Hz, 2 H), 3.51-3.63
(br.s, 2 H),3.25-3.39 (m, 1 H), 2.54 - 2.71 (m, 1 H), 2.47 (d, J=10.0 Hz, 1 H), 2.19 (d,
J=14.1 Hz, 2 H), 2.03-2.15 (br. s, 2 H). HRMS calculated for C,:H,sN4O4 411.2032, found
(ESI, [M + H]"), 411.2047.

15  Example 23:
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-6-methyl-3H-
pyrimidin-4-one

iy &Q)K@

The title compound (73 mg, 47% yield) was prepared using a similar method to the one
20  described in Example 21 from (E)-methyl but-2-enoate (0.044 mL, 0.47 mmol). 'H NMR

(400 MHz, CDCls3) & 11.30 (s, 1H), 7.95 (d, J=9.0 Hz, 2 H), 6.96 (d, J=9.0 Hz, 2 H), 6.20

(s, 1 H), 4.40 (s, 2 H), 3.89 (s, 3 H), 3.70 (d, J=9.0 Hz, 1 H), 3.40 - 3.57 (m, 2 H), 3.22 -

3.40 (m, 1 H), 2.98-3.21 (br. s, 3 H), 2.45-2.60 (br. s, 1 H), 2.30-2.43 (br. s, 1 H), 2.28 (s,

3 H), 2.11-2.25 (br. s, 1 H), 1.82-1.99 (br. s, 4 H). HRMS calculated for Cx3H2sN4O4
25  425.2189, found (ESI, [M + H]"), 425.2186.

Example 24:
6-Ethyl-2-{3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
pyrimidin-4-one
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The title compound (64 mg, 40% yield) was prepared using a similar method to the one
described in Example 21 from ethyl 3-oxopentanoate (0.067 mL, 0.47 mmol). '"H NMR
(400 MHz, CDCl5) 6 11.67 (s, 1H), 7.95 (d, J=9.0 Hz, 2 H), 6.96 (d, J=8.5 Hz, 2 H), 6.19
(s, 1 H), 4.42 (s, 2 H), 3.89 (s, 3 H), 3.68 (t, J=8.3 Hz, 1 H), 3.40 - 3.55 (m, 2 H), 3.22-
3.35 (br. s, 1 H), 3.07-3.18 (br. s, 1 H), 2.98-3.07 (br. s, 2 H), 2.54 (q, J=7.5 Hz, 3 H),
2.25-2.43 (m, 1 H), 2.08-2.24 (br. s, 1 H), 1.81-1.97 (br. s, 4 H), 1.15 - 1.33 (m, 3 H).
HRMS calculated for C,4sH3N4O4 439.2345, found (ESI, [M + H]*), 439.2356.

Example 25:
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-5-methyl-3H-
pyrimidin-4-one

The title compound (96 mg, 62% yield) was prepared using a similar method to the one
described in Example 21 from ethyl 2-methyl-3-oxopropanoate (0.057 mL, 0.47 mmol).
'H NMR (400 MHz, CDCls) 8 10.65 (s, 1H), 7.95 (d, J=9.0 Hz, 2 H), 7.74 (s, 1 H), 6.96 (d,
J=8.5Hz, 2 H), 4.25 - 4.51 (m, 2 H), 3.89 (s, 3 H), 3.65 (t, J=8.5 Hz, 1 H), 3.39 - 3.58 (m
2 H), 3.17 - 3.37 (m, 1 H), 3.10 (d, J=10.5 Hz, 1 H), 2.99 (br. s, 2 H), 2.47 (br. s, 1 H),
2.22 - 2.40 (m, 1 H), 2.14 (dd, J=13.3, 8.3 Hz, 1 H), 2.07 (s, 3 H), 1.88 (br. s, 4 H). HRMS
calculated for Co3HasN4O4 425.2189, found (ESI, [M + H]*), 425.2191.

Example 26:
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-5,6-dimethy!-3H-
pyrimidin-4-one

)%&Q*@

The title compound (40 mg, 19% yield) was prepared using a similar method to the one
described in Example 21 from (Z)-ethyl 3-hydroxy-2-methylbut-2-enoate (0.081 mL, 0.56
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mmol). 'H NMR (400 MHz, CDCl3) & 10.65 (s, 1H), 7.86 (d, J=9.1 Hz, 2 H), 6.87 (d, J=9.1
Hz, 2 H), 4.27 (s, 2 H), 3.80 (s, 3 H), 3.54 (t, J=8.6 Hz, 1 H), 3.31 - 3.47 (m, 2 H), 3.18
(ddd, J=9.5, 5.3, 4.9 Hz, 1 H), 2.95 - 3.06 (m, 1 H), 2.87 - 2.95 (m, 2 H), 2.33 - 2.45 (m, 1
H), 2.17 - 2.31 (m, 4 H), 1.94 - 2.10 (m, 4 H), 1.70 - 1.88 (m, 4 H). HRMS calculated for
CaaHsoN4O, 439.2345, found (ESI, [M + H]"), 439.2347.

Example 27:
2-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-
yl)methyl)cycloheptald]imidazol-4(3H)-one

oy .
N 0 -
N
N
0

Toluene-4-sulfonic acid 7-oxo-cyclohepta-1,3,5-trienyl ester (0.33 mmol. 91 mg), 2-{3-[4-
(4-methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-yl}-acetamidine (0.33 mmol, 130
mg) and tetrabutylammonium bromide (0.132 mmol, 42.4 mg) were added to a solution
of 30% NaOH (13.1 mg, 1 mL) and toluene (5 mL) and stirred for 16 hours. The reaction
was treated with an excess of brine and extracted with ethyl acetate (3 x 20 mL). The
combined organic layers were concentrated in vacuo. The crude material was purified by
preparative reverse-phase HPLC (300 x 50 mm) eluting with a gradient of 25-35%
acetonitrile/water over 45 min., followed by lyophilization of the pure fractions provided
the TFA salt of the title compound (23.6 mg, 14% yield). HRMS calculated for
CosHosN4sO,  460.4375, found (ESI, [M + HJ"), found 461.2200. '"H NMR (400 MHz,
MeOD) & ppm 1.91 - 2.26 (m, 4 H) 2.33 - 2.50 (m, 1 H) 2.54 - 2.68 (m, 1 H) 3.24 - 3.43
(m,8H)3.45-3.82(m,6H)3.88(s,3H)3.92-4.12(m,1H)4.32-448(m,1H)4.72-
4.92 (m, 2 H) 7.04 (d, J=9.03 Hz, 2 H) 7.14 - 7.33 (m, 1 H) 7.42 - 7.65 (m, 1 H) 7.69 -
7.88 (m, 1 H) 8.02 (d, J=9.08 Hz, 2 H). HPLC (Novapak 150 X 3.9 mm C18 column:
mobile phase: 10-90% acetonitrile/water with 0.1% TFA, at 2 mL/min over 5 min.)
retention time = 2.572 min.

Example 28:
2-{(5)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin- 1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one
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Toluene-4-sulfonic acid 7-oxo-cyclohepta-1,3,5-trienyl ester (0.86 mmol. 236 mg), 2-
{(S)-3-[4-(4-methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-yl}-acetamidine

(0.86 mmol, 350 mg) and tetrabutylammonium bromide (0.34 mmol, 110 mg) were added
to a solution of 30% NaOH (13.1 mg, 1 mL) and toluene (5 mL) and stirred for 16 hours.
The reaction was treated with an excess of saturated ammonium chloride, diluted w/
10% isopropanol/chloroform, washed with brine, dried, concentrated in vacuo. Chiral
resolution  of  2-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)methyl)
cyclohepta[d]imidazol-4(3H)-one (405 mg) via SFC chromatography on a AS-H column
(60g/min, 21 x 250 mm) eluting 40% IPA/0.2% DEA/CO, (v/v) afforded 21 mg of pure
material. (21 mg, 9% yield). HRMS calculated for C,,H3N4,O4 474.5646, found (ESI, [M
+ HJ"), found 475.2354. 'H NMR (400 MHz, CDCls-d) & ppm 1.85 (d, 4 H) 2.00 - 2.15 (m

1 H)216-233(m, 4 H)2.39-252(m,1H)290-3.00 (m, 2H)3.02-3.12 (m, 1 H)
3.18-3.31 (br. s, 1 H) 3.38 - 3.55 (m, 8 H) 3.57 - 3.67 (m, 1 H) 3.91 (s, 3 H) 4.68 - 4.86
(m,2H)6.83-6.91(m,1H)6.98-7.10(m, 1 H) 7.25-7.34 (m, 3H) 7.35-7.45 (m, 2 H)
7.72 - 7.86 (m, 6 H). HPLC (Novapak 150 X 3.9 mm C18 column: mobile phase: 10-90%
acetonitrile/water with 0.1% TFA, at 2 mL/min over 5 min.) retention time = 2.920 min.

Example 29:
2-{(R)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one

O f&&%

The title compound (18 mg) was prepared following the general procedures of Example
28 starting with 2-{(R)-3-[4-(4-methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-
1-yl}-acetamidine (405 mg, 0.85 mmol). HRMS calculated for CoH3oN4sO4 474.5646,
found (ESI, [M + H]"), found 475.2345. '"H NMR (400 MHz, CDCl;-d)  ppm 1.74 - 2.11
(m, 4 H) 2.22 - 2.44 (m, 5 H) 2.57 (d, J=8.03 Hz, 1 H) 3.09 (d, J=6.53 Hz, 3 H) 3.28 -
3.40 (m, 1 H) 3.50 (t, J=8.28 Hz, 2 H) 3.62 - 3.83 (m, 1 H) 3.89 - 3.97 (m, 3 H) 4.82 (br. s,
2 H) 6.87 (d, J=8.53 Hz, 1 H) 7.00 - 7.11 (m, 1 H) 7.26 - 7.36 (m, 5 H) 7.38 - 7.47 (m, 1
H) 7.72 - 7.86 (m, 3 H) HPLC (Novapak 150 X 3.9 mm C18 column: mobile phase: 10-
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Chiral  resolution  of  2-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-

25

yl)methyl)cyclohepta[d]imidazol-4(3H)-one (300 mg) via SFC chromatography on a AS-H
column (60g/min, 21 x 250 mm) eluting 40% IPA/0.2% DEA/CO, (v/v) afforded 35 mg of
pure material. HRMS calculated for C,sHsN,O4 460.5375, found (ESI, [M + H])
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Example 32:
10  N-(5,6-dihydrothiazolof2,3-c][1,2,4]triazol-3-yl)-2-(3-(4-(4- methoxybenzoyl)piperidin-
1-yl)-2-oxopyrrolidin-1-yl)acetamide

"l
N
O N O~
O
O

A mixture of 500 mg of 76.5% pure 2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-
oxopyrrolidin-1-yl)acetic acid (8382 mg, 1.061 mmol) and 5,6-dihydrothiazolo[2,3-
15 c][1,2,4]triazol-3-amine hydrobromide (237 mg, 1.061 mmol) was stirred in
diisopropylethylamine (0.741 mL, 549 mg, 4.25 mmol) and dichloromethane (10 mL)
before addition of HATU reagent (444 mg, 1.161 mmol). The reaction was stirred over
45 hours at room temperature. A small amount of off-white solid was removed by
filtration. The filtrate was eluted through a silica gel column with 0 to 15% methanol /
20 dichloromethane, then 15% to 30%, followed by 30%. The fractions containing
contaminated product were concentrated down and eluted through a second silica gel
column with 5% to 12% methanol / dichloromethane gradient followed by 12% to afford
the title compound (177 mg) as a white solid. Calculated mass for CosHzsNeO4S =
484.57. HR-MS [m/z, (M+H)"] = 485.1956. HPLC retention time = 2.73 minutes (Agilent
25 1100 HPLC system; 3.0 x 100 nm 3 um C18 column; flow rate of 1.0 mL / min; gradient
of 5-95% acetonitrile / water with 0.1% formic acid over 10 minutes). 'H NMR (400 MHz,
DMSO-ds) 8 ppm 11.06 (br s, 1 H), 7.94 (d, J=9.09 Hz, 2 H), 7.03 (d, J=8.59 Hz, 2 H),
3.92 - 421 (m, 6 H), 3.83 (s, 3 H), 3.39 - 3.51 (m, 1 H), 3.21 - 3.37 (m, 3 H), 2.99 (d,
J=13.14 Hz, 1 H), 2.64 - 2.84 (m, 2 H), 2.28 - 2.42 (m, 1 H), 2.03 - 2.18 (m, 1 H), 1.85 -
30 2.02(m,1H),1.65-1.78(m, 2 H), 1.44 - 1.60 (m, 2 H).

Example 33 (Peak 1) and
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Example 34 (Peak 2):

N-(5,6-Dihydrothiazolo[2,3-c][1,2,4]triazol-3-yl)-2-(3-(4-(4- methoxybenzoyl)piperidin-
1-yl)-2-oxopyrrolidin-1-yl)acetamide (166 mg, 0.343 mmol) was eluted through a SCF
column (70 mL / min flow rate) with 60% CO, and 40% modifier (composed of 70%
dichloromethane / ethanol and 0.2% diethylamine) to yield two enantiomerically enriched
peaks N-(5,6-dihydrothiazolof2,3-c][1,2,4]triazol-3-yl)-2-((S)-3-(4-(4-
methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)acetamide and N-(5,6-
dihydrothiazolo[2,3-c][1,2,4]triazol-3-yl)-2-((R)-3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-
oxopyrrolidin-1-yl)acetamide.

Peak 1 (54.5 mg), SFC retention time = 3.87 minutes (Instrument: sfc_a-250; Column:
Whelko (R,R); Mobile Phase: 40%(70% DCM / 30% EtOH) 0.2% DEA).

Peak 2 (60 mg) SFC retention time = 6.85 minutes (Instrument: sfc_a-250; Column:
Whelko (R,R); Mobile Phase: 40%(70% DCM / 30% EtOH) 0.2% DEA).

Example 35:
N-([1,2,4]triazolo[4,3-a]pyridin-3-yl)-2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-
oxopyrrolidin-1-yl)acetamide

N-N

| /N»\NH
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Following the general procedure of Example 32, the title compound (115 mg) was
prepared from [1,2,4]triazolo[4,3-a]pyridin-3-amine (101 mg, 0.472 mmol). The reaction
was run 1 hour at room temperature, 5.5 hours at 50°C, then 62 hours at room
temperature before workup and purification. Calculated Mass for CosHosNsO4 = 476.53.
HR-MS [m/z, (M+H)"] = 477.2269. HPLC retention time = 2.70 minutes (Agilent 1100
HPLC system; 3.0 x 100 nm 3 um C18 column; flow rate of 1.0 mL / min; gradient of 5-
95% acetonitrile / water with 0.1% formic acid over 10 minutes). 'H NMR (400 MHz,
DMSO-ds) & ppm 11.06 (br s, 1 H), 8.06 (d, J=7.07 Hz, 1 H), 7.94 (d, J=8.59 Hz, 2 H),
7.75 (d, J=9.09 Hz, 1 H), 7.37 - 7.43 (m, 1 H), 6.98 - 7.07 (m, 3 H), 4.16 - 4.29 (m, 2 H),
3.84 (s, 3 H), 3.37 - 3.50 (m, 3 H), 3.26 - 3.30 (m, 2 H), 2.95 - 3.06 (m, 1 H), 2.75 - 2.81
(m,1H),2.31-243(m,1H),2.07-2.20(m, 1 H),1.93-2.04 (m, 1 H),1.63-1.77 (m, 2
H), 1.45 - 1.60 (m, 2 H).
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Example 36:
2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)-N-(1-methyl-1H-tetrazol-5-
yl)acetamide

N-y

N |
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Following the general procedure of Example 32, the title compound (21 mg) was
prepared from 1-methyl-1H-tetrazol-5-amine (12.7 mg, 0.128 mmol). The reaction was
run 1 hour at room temperature followed at 50°C. Calculated Mass for C,iHxN;O4 =
441.48. HR-MS [m/z, (M+H)"] = 442.2209. HPLC retention time = 2.73 minutes (Agilent

10 1100 HPLC system; 3.0 x 100 nm 3 um C18 column; flow rate of 1.0 mL / min; gradient
of 5-95% acetonitrile / water with 0.1% formic acid over 10 minutes). 1H NMR (400 MHz,
chloroform-q@) & ppm 7.91 (d, J=8.08 Hz, 2 H), 6.93 (d, J=8.08 Hz, 2 H), 4.09 - 4.57 (m, 2
H), 3.75 - 4.06 (m, 6 H), 3.40 - 3.73 (m, 3 H), 3.03 - 3.31 (m, 2 H), 2.75 - 3.02 (m, 2 H),
2.38-2.61 (m, 1 H), 2.03-2.36 (m, 2 H), 1.66 - 1.95 (m, 4 H).

15
Example 37:
N-(3,4-dihydro-2H-pyrano[2,3-dJpyridazin-5-yl)-2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-
2-oxopyrrolidin-1-yl)acetamide

20  Following the general procedure of Example 32, the title compound (98.7 mg) was
prepared from 3,4-dihydro-2H-pyrano[2,3-d]pyridazin-5-amine hydrobromide (186 mg,
0.521 mmol). Calculated Mass for CuH3ziNsOs = 493.55. HR-MS [m/z, (M+H)"] =
494.2390. HPLC retention time = 2.82 minutes (Agilent 1100 HPLC system; 3.0 x 100
nm 3 um C18 column; flow rate of 1.0 mL / min; gradient of 5-95% acetonitrile / water

25  with 0.1% formic acid over 10 minutes). '"H NMR (400 MHz, chloroform-d) & ppm 8.5-8.8
(brs, 1 H), 7.88 - 7.98 (m, 2 H), 6.89 - 7.00 (m, 2 H), 4.28 - 4.39 (m, 2 H), 4.19 - 4.28 (m,
2 H), 3.88 (s, 3 H),3.57-3.66(m,1H),3.42-3.58 (m,2H),3.19-3.32(m, 1 H), 3.08 -
3.19 (m, 1 H),2.93-3.06 (m, 2 H), 2.59 - 2.72 (m, 2 H), 2.46 - 2.59 (m, 1 H), 2.22 - 2.37
(m,1H),2.10-2.22(m, 1 H),1.99-2.10 (m, 2 H), 1.78 - 1.97 (m, 4 H).
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Example 38:
N-(isoxazolo[5,4-b]pyridin-3-yl)-2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-
1-yl)acetamide

O-N

. NH
PN NQ\(Q
O O

Following the general procedure of Example 32, the title compound (23.9 mg) was
prepared from isoxazolo[5,4-b]pyridin-3-amine (100 mg, 0.740 mmol). The reaction was
run 1 hour at room temperature and 72 hours at 60°C before workup and purification.
Calculated Mass for CosHxNsOs = 477.51. HR-MS [m/z, (M+H)"] = 478.2094. HPLC
retention time = 2.68 minutes (Agilent 1100 HPLC system; 3.0 x 100 nm 3 um C18
column; flow rate of 1.0 mL / min; gradient of 5-95% acetonitrile / water with 0.1%
ammonium formate over 10 minutes). 'H NMR (400 MHz, DMSO-d;) § ppm 12.11-12.25
(br.s, 1 H), 8.18 (dd, J=7.07, 2.53 Hz, 1 H), 7.96 (d, J=8.59 Hz, 2 H), 7.62 - 7.67 (m, 1
H), 7.04 (d, J=8.59 Hz, 2 H), 6.36 (t, J=6.82 Hz, 1 H), 4.73 - 4.85 (m, 2 H), 3.84 (s, 3 H),
3.38-3.54 (m, 3H),3.29 - 3.31 (m, 2 H), 2.98 - 3.05 (m, 1 H), 2.77 - 2.82 (m, 1 H), 2.35
-244 (m, 1 H), 213 -224 (m, 1 H), 1.97 - 2.05(m, 1 H), 1.68 - 1.79 (m, 2 H), 1.47 -
1.63 (m, 2 H).

Biological Assays and Data
Biochemical Assay to Determine Compound Inhibition of TNKS Enzyme Activity

The human tankyrase 1 PARP catalytic domain, TNKS1P, was cloned into a
pDONR221 vector using the Invitrogen Gateway Technology. This entry clone was then
subcloned into the destination vector pDEST20 to obtain the N-terminal Glutathione S-
transferase (GST)-tagged fusion protein. GST-TNKS1P was then expressed in Sf21 cells
using the Invitrogen baculovirus expression system (Invitrogen-Bac-to-Bac® Baculovirus
Expression System, Version D). The protein was purified by a GSTrap column (GE
Healthcare). The N-terminal GST-tagged tankyrase 2 protein PARP domain, TNKS2P,
was cloned, expressed, and purified in a similar manner. Human PARP1 (Cat. No. 4668-
100-01) and activated DNA (Cat. No. 4671-096-06) were purchased from Trevigen, Inc.
PARP2 (Cat. No. ALX-201-064-C020) was purchased from Alexis Biochemical.

The autoparsylation activity of the TNKS 1/2 or PARP1/2 enzymes was measured
by the liquid chromatography-mass spectrometry (LC/MS) detection of nicotinamide as
readout. Compound activity in inhibiting the TNKS and PARP autoparsylation was
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evaluated by ICs, measurements. In the compound screening assays, the reaction is
composed of 5 uL of compound in 8-point serial dilutions with concentrations ranging from
0.0086 to 18.75 uM, 20 nM of purified enzyme, and 250 uM of B-NAD" in the 1x Assay
Buffer. After 60 min incubation at room temperature, the reactions were quenched by the
5  addition of 10 puL of 5x quenching solution (20% formic acid and 500 nM [d"]-nicotinamide
in water). For the background control wells, 10 uL of the 5x quenching solution per well
was added prior to the addition of B-NAD". The % Inhibition was calculated as: (Control —
Sample)/(Control — Background)*100. “Control” is the average value of 8 wells without
compound; and “Background” is the average of 8 wells mixed with 5x quenching solution
10  measured prior to initiation of the reaction.

Examples 1-38 were tested in one or more of the above enzymatic assays, the

results of which are given in Table 1.

Table 1

TNKS2 TNKS1 PARP1 PARP2
Example | AP ICs, (uM) AP ICs (M) ICso (UM) | ICso(uM)
1 0.081+0.001 0.162+0.004
2 0.015+0.004 0.033+0.007 9.3+1.8 5.410.4
3 0.0095+0.0007 | 0.0128+0.0026 |21.0+8.7 | 4.8+0.6
4 0.60+0.33 1.6+1.2
5 0.015+0.001 0.036+0.001
6 0.025+0.004 0.022+0.004 >19 >19
7 0.083+0.005 0.211+0.063
8 0.141+0.04 0.096+0.028
9 0.023+0.001 0.030+0.002 16.614.2 | 4.62+0.95
10 0.006+0.001 0.027+0.001 23.6+2.7 | 9.20%2.2
11 0.017+0.002 0.037+0.005 37.4+0.3 | 10.2+4.2
12 2.1240.05 5.3410.34
13 0.003+0.001 0.006+0.001 2413 4.041.1
14 0.206x0.02 0.711+0.02
15 0.018+0.002 0.033+0.002
16 <0.0086 0.012+0.001
17 1.72+0.12 3.85+0.48
18 0.015+0.001 0.046+0.001
19 0.009+0.001 0.024+0.001
20 0.218+0.002 0.483+0.01
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TNKS2 TNKS1 PARP1 | PARP2
Example | AP ICs (uM) | AP ICq, (M) ICso (M) | ICso(M)
21 0.0170.002 0.034+0.001 29.6t2.8 | 10.720.2
22 0.764+0.056 1.50£0.12
23 0.1370.022 0.286+0.005
24 0.053:0.005 | 0.11520.004 >19 >19
25 0.036:0.006 | 0.072%0.002 >19 >19
26 0.026+0.001 0.047+0.002 >19 >19
27 0.0190.001 0.03610.003
28 0.0070.001 0.01950.0035 | 20.2t1.5 |2.930.3
29 0.112 0.2780.05
30 0.005:+0.001 0.009520.0007
31 0.3910.07 1.0840.01 >19 10.122.6
32 0.0210.001 0.0430.001 >19 5.0920.12
33 0.374+0.002 0.8310.02
34 0.0160.001 0.038+0.001 >19 6.320.7
35 0.636:0.036 | 2.47+0.03
36 1.4810.02 3.080.23
37 0.97%0.06 3.010.06
38 4.560.04 6.520.8

Cellular Reporter Gene Assay to Determine Compound Inhibition of Wnt signaling Activity

Compound activity in inhibiting Wnt ligand-induced signaling was measured using
a Wnt-responsive Super-TOpFlash (STF) luciferase reporter gene assay in HEK293 cells.
On day 1 of the assay, cells were plated at a density of 8000 cells per well of 384-well
plate in 25 ul medium containing 5% fetal bovine serum (FBS). On the second day, 20 uL
Wnt3A condition medium (CM) produced from mouse L cells was added to the cells to
induce Wnt signaling, followed by addition of 5 uL of compounds each well in 10-point
serial dilution. On the third day, the luciferase activity was measured by the Bright-Glo™
Luciferase Assay System following manufacture’s protocol (Promega, E2620). The %
Inhibition was calculated as: (Maximum Whnt-induced signaling — Sample)/( Maximum Wnt-
induced signaling — Background)*100. “Maximum Whnt-induced signaling” is the STF signal
level induced by 20% Wnt3A CM without compound; and “Background” is the STF signal
level without the addition of Wnt3A CM or compound.
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Cellular ELISA Assay to Determine Compound Effect on Stabilizing the Axin2 Protein
Compound activity in stabilizing the Axin2 protein was measured by Sandwich
Enzyme-Linked Immuosorbent (ELISA) assay in the colorectal cell line SW480. 30,000
SW480 cells were seeded per well in 96-well plate and incubated overnight prior to
5 compound treatment. Cells were then treated with compounds in 6-point dilution starting at
10 uM for 24 hrs. Cells were then washed with 100 ulL of cold Phosphate Buffer Saline
(PBS), and lysed in 125 ul of cold 1X lysis buffer (Cell Signaling Technology, 9803)
supplemented with Protease inhibitor (Roche, 11836170) and Phosphatase inhibitors
(Sigma, P2850, P5726). For the ELISA assay, anti Axin-2 capture antibody (Strategic
10  Diagnostics) antibody was diluted to a concentration of 1 pg/ml (1:1000) in Carbonate
Coating buffer, pH 9.2 (Sigma, C3041-50CAP). 100 u of the diluted anti Axin-2 capture
antibody per well was then used to coat the 96-well ELISA plate (Thermo Electron Corp.,
MicroLite 1 flat bottom plate # 7571) overnight at 4°C. Plates were then washed three
times with 300 ul/well of wash solution, PBST20 (PBS + 0.05% Tween), and blocked with
15 300 pl/well 1% BSA/PBS (BSA, Millipore Probumin # 82-045-1) for 1.5 hours at room
temperature while shaking gently. After blocking, plates were then washed three times
with 300 ul/well of wash solution. 100 uL of prepared SW480 cell lysate was then added to
each well and incubated at room temperature for 2 hours while shaking gently. After
washing, 100 uL of Biotinylated anti-Axin2 antibody (CST, 2151) was added to each well
20 and incubated room temperature for 2 hours. 100 uL of Streptavidin-HRP (R&D systems,
DY998 ) diluted 1:200 in 1% BSA/PBS was then added in each well and incubate for 30
mins at R/T in the dark. Signal was detected by Chemiluminescence (Pierce SuperSignal

ELISA Femto # 3704), and measured on PerkinElmer Wallac 1420 plate reader.

25  Cellular Proliferation Assay to Determine Compound Inhibition of Cancer Cell Growth
Non-small lung cancer ABC-1 cells were plated at 5000 cells per well in 96-well
plates and treated with 8 serial compound dilutions starting from 10 pM as the highest
concentration. Viable cells were measured after 3 days of compound treatment using the
CellTiter-Glo assay (Promega, G7570). Assay was performed following the manufacture
30 protocol. Excel XLfit 4 was used for plotting of the growth curves and calculation of ICs,
values. % growth following compound treatment was calculated as: (treated
sample/(DMSO control)*100. ICs, values are concentrations of the compound at which cell
growth is inhibited by 50%.
Examples 1-38 were tested in one or more of the above cellular assays, the
35 results of which are given in Table 2.
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Table 2
STF Axin ABC-1
Example | ICso (UM) ACs, (UM) ICso (UM)
1 0.099+0.011 0.239+0.031 | 0.408
2 0.0013%0.0008 2231 3+0.00 0.030+0.005
3 0.0011+0.0004 ?'3006310'00 0.01240.003
4 0.095+0.011 0.310.27 1.02+0.34
5 0.017+0.003 0.066+0.001 | 0.156
6 0.0059+0.0015 0.023+0.003 | 0.043
7 0.054+0.012 0.451+0.068 | 1.47
8 0.018+0.004 0.078+0.013 [ 0.133
9 0.003+0.003 0.052+0.004 | 0.060
10 0.010+0.001 0.257+0.067 | 0.291
11 0.005+0.005 0.132+0.022 | 0.301
12 0.62+0.09 >10 >10
13 0.0012+0.001 2'10021 *0.00 0.003
14 0.031+0.003 0.128+0.13 [ 0.149
15 <0.0005% 0.016+0.001 | 0.043
16 0.0017+0.0002 0.007+0.001 | 0.082
17 0.396+0.010 1.79+0.14 2.0+0.9
18 0.005620.0007 0.051+0.007 | 0.099
19 0.00080+0.00005 | 0.021+0.001 | 0.037
20 0.0173%0.002 0.203+0.018 | 0.212
21 0.00110+0.00017 | 0.007+0.002 | 0.018
22 0.39+0.19
23 0.056+0.033 0.227+0.025 | 0.489
24 0.0104+0.0023 0.104+0.015 | 0.183
25 0.0034+0.0015 0.046+0.003 | 0.117
26 0.0041+0.0021 0.021+0.003 | 0.043
27 0.00040+0.0003 2'1003210'00 0.0015
28 0.0015£0.0005 0.0004620.0 | 0.0008+0.00
002 09




7.90 WD 2013/008217PCT/ 1B2012/ 053613 83 What is clained is: 1. A conpound
according to formula (1) R4 (1) wherein: RLis R or RR-NHC(0)-; R2 is
phenyl opvoanml/dog213ubstituted with one or two substituerCI/IBza053613

i ndependently selected fromthe group cdifsi sti ng of: halo, OH ON, NO2,
01 6 alkyl, 01_6 al koxy, 01_6 hal oal kyl, C(0)Ra, COORa, NRaRb, NHC(O0)Ra,
and C(O)NRaRb; or R2 is a 5 nenbered heteroaryl having one to four
het er oat osset ectjegrd rom t e groalp, consi stiggg-9f N ]0, and S, or R2 is a 6
menber ed heteroaryl having one gr two N, said|5 and 6 nenbered

het er oar y| Example hdCadiMpt i onal | yAGulisYl] t ut| é@sokitVh one to three

substi tuef eact [iqw Hagt Ty ' h{fTorgte group consi sting of:

hal o, oxo 2 . ON, dl@%b@%G al \S/qu Q: ibénal (I?(')UQI\?. 01 6 hal oal kyl, C(0)Ra,
COORa, NRaRb, NHC(|Q .. and C(0)NRaf$0+6:0 |RD00865M08- 10 nmenber ed bicyclic
het er oary §aavi ng g‘Q%r%ES'qu%r oat sel ectiedsfrom the group consisting of
N, 0, and|S, said 8-10 nenbered heteroaryl beijng optionally
substitutediw t h grfe085ax0tHee subBO8IONI2s | D> | ndependent |y sel ected from

the grouprggnststimaiier bBse Mt % 15140 0080 dtds

33 0.379+0.067 1.34+0.11 1.61

34 0.012 0.078+0.006 | 0.049
0.94+0.

35 1.89+0.16 2.63
07
7.60.

36 >10
8

37 0.396+0.026 2.23

38 2.0310.18 7.90




(d) ON, (e) N2, (f) 0O1_6alkyl optionally substituted with one hydroxy or
one C1 6 al koxy, (g) G _6 alkoxy, (h) G _6 haloalkyl, (i) C(O)Ra, (j)
COORa, WQ020130808217PCT/ 1B2012/ 053613 84 (k) NRaRb, (PLThBEI2YRa13 and (m
C(0)NRaRb; R3 is Hand R4 is phenyl opti%anally substituted with one to

t hree substituents each independently selected fromthe group consisting
of: halo, OH, ON, N2, G _6alkyl, G _6 alkoxy, 01 6 haloal kyl, C(0)Ra,
COORa, NRaknatNHGEegRe: and C(0) NRaRb; or R3 and R4 together with the
atons to i ch tjh tionally substituted indan-1-one,
said i nda\rll\,ﬁl-oneA ?%h;go{uﬁg%%éﬁfiiﬁgq? L@H‘g!ag@ri dine ring of formula (1) through
spiro carbon 4 and is optionally s NDfuted with one to three substituents
each independently sel ected Rf\%}é e ghkoup isting of: halo and G _6

| : i Ralkyl; and nis 1 or 2; or

al koxy; Rais Hor G _6 alky

a pharmaceutically acceptable salt tpereof\ he conpound according to
claim1 having the foll ow ng fornul aO 3. ound according to claim
1 or 2 wherein R3is H or a pharnaceuti callyo cceptable salt thereof. 4.
The conpound according to any one of clains 1-3 wher(in R4 is optionally

substitutedphgnyl; or a pharmaceutically acceptable salt thereof.

R1 is R2 or R2-NHC(O)-;

R2 is phenyl optionally substituted with one or two substituents each independently
selected from the group consisting of: halo, OH, CN, NOo, C1_g alkyl, C1.g alkoxy, C1.g
haloalkyl, C(O)R3, COOR2, NRaRb, NHC(O)R3, and C(O)NRaRP;

or

R2 is a 5 membered heteroaryl having one to four heteroatoms selected from the group

consisting of N, O, and S, or R2 is a 6 membered heteroaryl having one or two N,
said 5 and 6 membered heteroaryl rings being optionally substituted with one to
three substituents each independently selected from the group consisting of: halo, oxo,

OH, CN, NOo, C1.g alkyl, C1.g alkoxy, C1.g haloalkyl, C(O)R&, COORa, NRaRP,
NHC(O)R&, and C(O)NRaRb;
or

R2 is an 8-10 membered bicyclic heteroaryl having 3 or 4 heteroatoms selected from the
group consisting of N, O, and S,

said 8-10 membered heteroaryl being optionally substituted with one to three
substituents each independently selected from the group consisting of:

f) C41-galkyl optionally substituted with one hydroxy or one C4.g alkoxy,
9) C1-6 alkoxy,

h) C1.g haloalkyl,

(i) C(O)R3,

(j) COORS3,



5. The compound according to claim4 wherein R4 is substituted phenyl; or a
phar maceutically acceptable salt thereof. WD 2013/008217PCT/ 1B2012/ 053613
85 6. Thwocomposaid according to claim5 wherein R4 i s pheEnpo1yodssti t ut ed
by one or two substituents each indepencﬁé‘ntly sel ected fromthe group
consisting of halo, C1_6 alkyl, and G _6 al koxy; or a pharmaceutically
acceptable salt thereof. 7. The conpound according to claim1l1l or 2 wherein
R3 and R4 togetfeig)rN 4t the atons to which they are attached form
optionally substitut ‘i ndan- 1-one; or a pharnaceutically acceptable salt
thereof. 8. The)apmmoymal sagcording to any one of clainms 1-7 wherein nis
1; or a pharnmaceutically acceptable salt thereof. 9. The conpound
according to anympBEONR3RI ns 1-7 wherein n is 2; or a pharmaceutically
acceptable salt thereof. 10. The conpound according to any one of clains
1-9 wherein RL is R2; or a pharnaceutically acceptable salt thereof. 11.

The conpoumB 3¢CaHARN G ;Srfénzl%btieﬁéily%béﬂt@tieﬁvitﬂa'oila@ MRELsibsiiichs chi onal |y
; armaceutically acce e sa hereof. 12. The

substituted enyl; or a p t abl It t

conpound ad‘&@PGF tly gelgrigddiea Be akuR ¢RpSHLngON apePh: RY, N92a91@§ikiybﬁél-6y
substituted 5 or 6 nenbered_ heteroaryl; or har maceuti cal | ceceptabl e
salt ther egiko.16:-sTHOABIINE- deionrd: N IFE: AP ORE L ENEREDTD wher ei n
R2 is an optionally substituted 8-10 nenbered bicyclic heteroaryl; or a
pharmaceutically acceptable salt thereof. 14. The conpound according to

any one of Rﬂaﬂim”lf ﬂng&e%ﬂhﬂid?at%fit@whfé@t* 136 Q@8cHedH6rM g&&ﬁﬂaw S ailiteds36
000 0 N 0ind awﬂ-’c}lne-, s-aﬁir’1\|c|:|_a!18r1-1N-lc_>|neAis-atta’<\:ﬁéc?go’th B?pe’rimecr)iné\l_omorégl)a’(l) through

spiro carbon 4 and is optionally substituted with one to three substituents each
independently selected from the group consisting of: halo and C1.g alkoxy;

Rais H or Cy_g alkyl;
RD is H or C4.g alkyl; and

nis 1 or 2; or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1 having the following formula
In

4
0] R*
0 (I1); or a pharmaceutically acceptable salt thereof.
3. The compound according to claim 1 or 2 wherein R3 is H; or a pharmaceutically
acceptable salt thereof.
4, The compound according to any one of claims 1-3 wherein R4 is optionally

substituted phenyl; or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 4 wherein R4 is substituted phenyl; or a
pharmaceutically acceptable salt thereof.



wherein each of (a)-(1) is optionally substituted with one or two
substituents each i ndependently selected fromthe group consisting of halo,
OH, ON, N@B20G00sA7al kyl, C 6 al koxy, G 6 hal oal kyl PCTB0R29353€30Ra,
NRaRb, NHC(0)Ra, and C(0) NRaRb or a phaﬁ%ceutl cally acceptable salt

t hereof. 15. The conpound according to claim11 which is:

2-Chl oro-6-{3-[4- (4 nmet hoxy- benzoyl) - pi peri di n-1-y1l] - 2-oxo-pyrrolidin-1-ylm
et hyl}- berézonl 3: | | itut
2-{3-[4-(4>Meth WCBQI?%%?CCS{‘B%Q oM, Wj’reﬁ‘% 5-ePYIGUPEtHes By 98y 1} - 3,
5,7,8- tet m&blyub%ﬂmylt%umhmc&pdhwmymetébmﬂmnme group consisting of halo, C1.g
52-{(S)-3-[4 E?4 Met hoxii benzoyl) - pi peri di n- 1- Y - 0X0- ?/rrol i din-1-yl met hy
1}- 3, 5, 7, 8alkybepd fyies sk ah@)Pﬂa@%FF\éW”)‘rﬁ%ﬁeﬁ Q)?ﬁ!t thereo

{(R)-3-[4 (4- Met hoxy- benzoyl) - pi peri di n- 1-y1] - 2- oxo- pyrrolidin-1-yl met hyl
3,5,7,8- tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one;

Chl or 0- 57 ( 3- %e%nﬁ%hﬁ@éé&%ﬁ@w dRMPebi SlivRekiyR3 add REQBYSthed wifh the 1-
Oyl ) met hyl ) benzonitril e

2
}-
2-
1
6-{3-[ 4- (4%%%%%@59&9atbacbeiimmrppi'og}qp/ SEbétQBteﬂmr'i A% 0Ly | et hy1} - 1-
net hy 1 RakmacéatidAya bPe@étIftﬂéFéoP[?’ 4- d] pyri m di n- 4- one;
2-{3-[4-(4- Met hoxy- benzoyl) - pi peri di n-1-y1] - 2- oxo- pyrrol i di n-1-yl met hy1} - 4a
, 7a-di hydro3H-t hi eno[ 3, 2-d] pyri m di n- 4- one;
152-{3-[4- @4- thrih@&wta@u.z&yéaordm@wa i direlof ¥RIm& 1 Pxehd¥inmab i1dbng 1- yl met hy1} -
6- met hyl - 4a, 7a- di hydro- 3H-t hi eno| 2, 3-d] pyri m di n- 4- one;
2-{3- [4 (4%1%“%!69%‘31@'?)%@'? PfROL_y1] - 2- oxo- pyrrol i di n- 1-yl met hy1}-3, 5
, 7, 8-tetrahydropyrano[ 4, 3-d] pyri m di n-4-one; WO
2013/ 008217PCT/ 1B2012/ 053613 87 , o
2-{3-[ 4- (45FI uor (B‘BGQH‘PSWE a‘iﬁofﬂi'i‘gEﬂ%f‘le"s‘?lc]f-CEU’Biéjﬁ’;V)W%'f‘irUFﬁiqt%ll met hy1}-3,5
, 7, 8-t et r alpemeReUACI] dccepidly Balfndidaf 4- one;
2- {(S) 3-[4-(4-Fl uoro-benzoyl) - pi peri di n-1-y1] - 2- oxo- pyrrolidin-1-yl met hy1l}
-3,5,7,8- tetrahydro-pyrano[ 4, 3-d] pyri m di n- 4-one;
52- {(R) 3[ (4 - = DJ 1 Igd 1-yl met hyl
35 7 8. 1?’etrJﬁ&%%ﬂ?s@?&;%%%@'%@ﬁaﬁy0‘”‘%&.%% rﬁ;1%v9ﬁ(e9elﬂ3ﬁ QA b3
{(S) - 3 [@hemmuhmﬂyaeeemﬂwsalbmamill) pi peri din-1-y1]-2-oxo-pyrrolidin-1
yl met hyl}- 3,5,7, 8-tetrahydro-pyrano[ 4, 3-d] pyri m di n-4-one;
-{(R) - 3-[4-(4- Met hoxy- 3- et hyl - benzoyl) - pi peri di n-1-y1] - 2-oxo-pyrrolidin-1
I
(
y

y
{3-]
t hyl -
{3-]
a- di

yl met hy1} 41103 T@e?:o&pb@ﬁd acnoedi Wér@'rb?{e‘bf%ra%spyfﬂorwwbréln #2908 8ptionally
(3-(5-met hoxy- 1- oxo- -di h rosgl ro[ i ndene- 2 Ihtk@%pe“dl ne]-1'-yl)-2-o0x

pyrrolidi ﬁU'iSt'“ﬁ}P?HB?Wyl()raPh@r 298Pl BeceRiakl sp yrim di n- 4(5H) - one:

S) - 2- ((3- (5- met hoxy- 1- oxo- 1, 3- di hydr ospi ro[i ndene- 2, 41- pi peri di ne] - 11-y1) -

oxopyrrolidinl-yl)nethyl)- 7 8- di hydr o- 3H pyr anol[ 4, 3 d] pyrim di n-4(5H) -one
12. The compound accordlng to any one of claims 1-10 wherein R2 is an optionally

)15(2R2)x§p§/ § r%g){)s‘i éurEE& BY ¥ nterREed harefh A58 Bidr et AARART £ocdbiaBleRSl kB - 11-y1

1-yl) et hyl)-7, 8-di hydro- 3H pyrano[ 4, 3-d] pyri m di n- 4(5H) one;

3;{1365 gb%gﬁg?ﬁ enzo pb@%ééq%ir(cﬁ é)}]@ef? ybon%I am% qu% wlh ré/m r@t n optlonallz 8-tet
substituted 8 10 membered bicyclic heteroaryl; or a pharmaceutically acceptable salt

2-
2
2-
(0]
(
2-

thereof.

14. The compound according to any one of claims 1-10 wherein R2 is



(S)-4-(4- Met hoxy-benzoyl)-21-oxo0-[1, 3] bi pi peridinyl-11-ylnmethyl]-3,5,7,8
t rahydro- 20pyrano[ 4, 3-d] pyri m di n-4-one;

(R) - 4-Wo-2Mstdosy - benzoy1) - 21- oxo-[ 1, 34 bi pi peri di nyl- pCTyBroer/hssbis 3,5, 7, 8
t rahydr opyr ano[ 4, 3-d] pyri m di n- 4- one;

(3-(4-(4-nmet hoxybenzoyl ) pi peridi n-1-yl)-2-oxopyrrolidin-1-yl)methyl)-6,7
- di hydr o- 3Hcycl opent a[ d] pyri m di n- 4( 5H) - one;

252-{ 3-[ 4- (4- Met hoxy- benzqyl) - pi peri di gy 1-y1] - 2- OXQ3 pyrr olidin-1-ylmethyl}-
3H pyrim di n%- one;

t

2
2-
-t
2-

[
e
[
e
(

2-{3-[4-(4- n'ﬂ y bé)120 1)-Nb1per| - MWH] - 2- g8e<-PYNo!l 1 di n- 1-yl met hy1} - 6-
met hyl - 3Hpy| i P \ /)\ox

6- Et hy1- 2-{ 4 rret hoxJ\l be zoyl)H pi ;Iﬂeri di n- 1-y1]N2-oxo- pyrrol i di n-1-yl me
thyl}-3H 30pyr| mi@ n- 4-one; () ©), (d),

2-{3-[4-(4- Met hgxy- benzoyl) - pi peri din-1- ;61] - 2-oxo-pyrrolidin-1-yl methyl}-5-
nmet hyl - 3Hpyri m di n- 4- one;

2-{3-[4- (4- ¥ethox Hbenzoyl)-i peri di ]4-]| 2- 0X0- p I\l idin-1-yl nethyl}-5,
6- di met hyl - [zmdi n- 4 e; NH

352- ((3-(4-(4- n’é\lhox*yben cptl\perldl n- y«H\Z oxsg?/ /kl\ldln 1-

yI ) met hyl ) cycl ohept af(gy,i m dazol 46)3H) - one VigyR0 008217yCT/ 1B2012/ 053613

2{(3) 3- [ 4- (4Bt hoxy- 3

Nyl - benzoybl_) pi peridin-1-y1]-2-oxo-pyrrolidin-1
N~

-yl met hyl}-3 ohept ai ol - \ =N

2- I{(R% h31£4 mr}gtxﬁoxy@, . :*- beg\g ~p| peri drln/h\yl] 2-oxo-pyrrolidin-1
-yl net hy cl ohe azo

52-{(S)-3-[4-(4-Met h@xy benzoyl)(l)’p| peri di n-@P1] - 3. oxo-Pyrrolidin-1-yl net hy
1}-3H  cyclwaed ahd 6faa {I)‘léb@ﬂfhally substituted with one or two substituents each
2-{(R)-3-[4-(4- Met hoxy-benzoyl) - pi peridin-1-yl]-2-oxo-pyrrolidin- 13élmethy1
}- 3Hcycl oh gpﬂqugxéplegtegrf,@m e group conS|st|ng of halo, OH, CN,’NO», C1 6 alkyl

s P P b Bt B S e
N- (5, 6-Di h%ﬂﬁﬁn%}é&hﬁ%ﬂg {:&ﬁ’ab% Le]ﬂ!l% ;%]o fri azol 3-y1)-2-{(9)- 3 [4-(4- nmet hoxy- b

enzoyl)- piperi 0X0-pyrrolidin-1-yl}-acetam de;
N- (5, 6-Di hydro-thiazolo[ 2,3-c][1,2,4]triazol -3-y1)-2-{(R)-3-[4-(4-nmethoxy-b

igﬁl-ozl[l)l ZDAP’?mthCBW%f%H% gc]opd?r(?q %yélé @1' + %Ieg%(%l% 4a2:£e1t ﬁ\rent ﬂgxybenzoyl ) pi peri di
n- 1-y1) - 2- 2-Chloro-6-{3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-yimethyl}-
benzonitrile;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-
tetrahydro-pyrano[4,3-d]pyrimidin-4-one;

5  2-{(S)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-
tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-{(R)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-
tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-Chloro-5-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-

10 yl)methyl)benzonitrile;
6-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-yImethyl}-1-methyl-
1,3a,5,7a-tetrahydro-pyrazolo[3,4-d]pyrimidin-4-one;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-4a,7a-dihydro-
3H-thieno[3,2-d]pyrimidin-4-one;

15 2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-6-methyl-4a,7a-
dihydro-3H-thieno[2,3-d]pyrimidin-4-one;
2-{3-[4-(4-Chloro-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3,5,7,8-tetrahydro-
pyrano[4,3-d]pyrimidin-4-one;



oxopyrrolidin-1-yl)acetam de;

2- (3- (4- (4-met hoxybenzoyl ) pi peri di n-1-y1)-2-oxopyrrolidin-1-yl)-N (1-nethyl
- 1H-t et r awol20B/009i1yacet am de; PCT/IB2012/053613

N- (3, 4-di hydro- 2H pyrano[ 2, 3- d] pyri dazi f/5- y1) - 2- (3- (4- (4- net hoxybenzoyl ) pi
peridin-1-yl)- 202-oxopyrrolidin-1-yl)acetam de; or

N- |1 soxazol o[ 5, 4-b] pyri di n-3-y1-2-{3-[4-(4- met hoxy-benzoyl) - pi peridin-1-yl]-

2- 0Xopyrr 0'2'-{@1[@ A-FYibto- B&r?zto@mpﬂj%ndﬂﬁ -]-BRR6 A Ei-¢ SArhdth A6 BDE Bl iRnF ot

t her eof . phar maceut i cal conposition conprising a compound accor di ng
to any one pM'fa”9|4a3 #pynmign-4ong; phar maceuti cal |y acceptabl e salt thereof and

a_pharnace el |4/ AnaeRNRRL 5 ESBLRIRALyL0-d pyidRBDOANTBHy 1S g eat ment. of

cancer conprising L e DU SN P - et S conpound
accordi ng teramgroosansi4.dtdpwignidio#sonss a phar maceutically acceptable salt

t her eof 5t 0 25 (NS RELFILBroNSEDofIEiHERin-1-yI]-2-0x0-pyrrolidin-1-yimethyl}-3,5,7,8-
tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-{(S)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-
3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-{(R)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-

10  3,5,7,8-tetrahydro-pyrano[4,3-d]pyrimidin-4-one;
2-((3-(5-methoxy-1-ox0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-yl)-2-oxopyrrolidin-1-
yl)methyl)-7,8-dihydro-3H-pyrano[4,3-d]pyrimidin-4(5H)-one;
(S)-2-((3-(5-methoxy-1-oxo-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-yl)-2-oxopyrrolidin-
1-yl)methyl)-7,8-dihydro-3H-pyrano[4,3-d]pyrimidin-4(5H)-one;

15  (R)-2-((3-(5-methoxy-1-o0x0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-yl)-2-oxopyrrolidin-
1-yl)methyl)-7,8-dihydro-3H-pyrano[4,3-d]Jpyrimidin-4(5H)-one;
2-[4-(4-Methoxy-benzoyl)-2'-oxo-[1,3']bipiperidinyl-1'-ylmethyl]-3,5,7,8-tetrahydro-
pyrano[4,3-d]pyrimidin-4-one;
2-[(S)-4-(4-Methoxy-benzoyl)-2'-oxo-[1,3'Ibipiperidinyl-1'-ylmethyl]-3,5,7,8-tetrahydro-

20  pyrano[4,3-d]pyrimidin-4-one;
2-[(R)-4-(4-Methoxy-benzoyl)-2'-oxo-[1,3']bipiperidinyl-1'-ylmethyl]-3,5,7,8-tetrahydro-

pyrano[4,3-d]pyrimidin-4-one;
2-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)methyl)-6,7-dihydro-3H-
cyclopenta[d]pyrimidin-4(5H)-one;

25  2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-pyrimidin-4-
one;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-6-methyl-3H-
pyrimidin-4-one;
6-Ethyl-2-{3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-

30  pyrimidin-4-one;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-5-methyl-3H-
pyrimidin-4-one;
2-{3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-5,6-dimethyl-3H-
pyrimidin-4-one;

35  2-((3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-
yl)methyl)cyclohepta[d]imidazol-4(3H)-one;
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2-{(S)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;
2-{(R)-3-[4-(4-Methoxy-3-methyl-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;
2-{(S)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;
2-{(R)-3-[4-(4-Methoxy-benzoyl)-piperidin-1-yl]-2-oxo-pyrrolidin-1-ylmethyl}-3H-
cycloheptaimidazol-4-one;

N-(5,6-dihydrothiazolo[2,3-c][1,2,4]triazol-3-yl)-2-(3-(4-(4- methoxybenzoyl)piperidin-
1-yl)-2-oxopyrrolidin-1-yl)acetamide;
N-(5,6-Dihydro-thiazolo[2,3-c][1,2,4]triazol-3-yl)-2-{(S)-3-[4-(4-methoxy-benzoyl)-
piperidin-1-yl]-2-oxo-pyrrolidin-1-yl}-acetamide;
N-(5,6-Dihydro-thiazolo[2,3-c][1,2,4]triazol-3-yl)-2-{(R)-3-[4-(4-methoxy-benzoyl)-
piperidin-1-yl]-2-oxo-pyrrolidin-1-yl}-acetamide;
N-([1,2,4]triazolo[4,3-a]pyridin-3-yl)-2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-
oxopyrrolidin-1-yl)acetamide;
2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-2-oxopyrrolidin-1-yl)-N-(1-methyl-1H-tetrazol-5-
yl)acetamide;
N-(3,4-dihydro-2H-pyrano|[2,3-d]pyridazin-5-yl)-2-(3-(4-(4-methoxybenzoyl)piperidin-1-yl)-
2-oxopyrrolidin-1-yl)acetamide; or
N-Isoxazolo[5,4-b]pyridin-3-yl-2-{3-[4-(4-methoxy-benzoyl)-piperidin-1-yl]-2-oxo0-
pyrrolidin-1-yl}-acetamide; or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising a compound according to any one of
claims 1-15 or a pharmaceutically acceptable salt thereof and a pharmaceutically
acceptable excipient.

17. A method for the treatment of cancer comprising administration of an effective
amount of a compound according to any one of claims 1-15 or a pharmaceutically
acceptable salt thereof to a subject in need thereof.



