COVPOUNDS FOR THE REDUCTI ON OF 13- AMYLO D PRODUCTI ON FI ELD OF THE | NVENTI ON
5The present disclosure relates to nethods of treating Al zheiner's D sease
(AD) and woOher2/wsdi tions related to 13-anyl oi d product ipom/usgéRg2meHpounds
whi ch are inhibitors of 13-anyloid peptide (A) production. The disclosure
further relates to pharmaceutical conpositions conprising these conpounds.
10BACKGROUND OF THE | NVENTI ON Al zheinmer's disease (AD) is a
progressive neurodegenerative disease which begins with menory |oss and
progresses to |n | ude severe cogni tive inpa al tered behavior, and
decr eased notor W&Ws DWTI@NQ}TéABAY%QH?\IBBPRUCT(IQNM) 61
59-66; Walsh, DM et al., Neuron (2004) 44: 181-193). It is the nost
common form of 15denentia and represents the third | eadi ng cause of death
after cardi ovascul ar di sorders and cancer. The cost of AD is enornous and

includes the suffering of the gpatheptsuandyERfidyes and the | ost
productivity of patients and caregivers. No treatnent that effectively

prevent S AD or rléweresens displesuse fotesde H@W@ﬁ@awlahﬂ@ﬂSWrmse (AD)
pat hophysi o} qgy, .| ?on%Hfo%%ﬁatéﬁ t@ﬁlaas i) lhodﬁchA‘n(a?F]!g o\ﬁﬁ sd\!vﬁgﬂ‘?%' s of AD for

a denented patient requires a ogl ca |on of "t he nunber
and | ocal i ziahibaers of B-asyloid peptifd @P) pRodacttdnNatE du“fsctlhunrd ﬂuﬁhe}t rélaegloes upon

aut opsy (Co ensus. recommendati ons .for the ost m)rtem di agnosi s of

Al zhei mer’ quﬁrlgaéa%al GRERPYHPSICOMGTIHES '(111@9"?5111’3‘81 ‘S1-2). Similar alterations
are observed in patients W|th Tr| sony 21 (Down syndrorre) Pl aques primarily
consi st of 13-anyloid (Al13) tides that are fornmed by a stepw se

proteol Ytic cleavage of th@ Pd?HNBr%GHE(WVEMII@Nn (APP) by 13-site

APP- c| eavi ng enW%1&§%@easet(ﬁlﬂ?srbeﬁraér@ssw@%eﬁoa NS Jised whichecr et ase, to
generate the C-term nus ysiol Rev. (2001) 81: 741-766).

y- Secr et aseboghs wlﬂlmmmlw Wr?ﬁf@ﬁﬁ@ltﬂ lr@bﬁpﬁeﬁretqqamtwm@lpamegntmlewt rin,
Aph-1, PENI:?eha\s’J}&d afll H&% (s)éarrﬁétg%hétfbn%GﬁPgﬁn}ﬂ N?ret zeg,%@we%%;g@arg 58563 (W" fe,

MS. et al., Sciénce 1119-1123). 1 and bel i eved
to contain i%hes; deals, ?tMc etsalt deurof (304t é81aé%3) It is the mogti@mmondommhef nost

abundant. f of gg‘la ﬁﬂcli:)} Q&XQB@?& 1?91&«%?; 9291?@ of &é@n%l![aﬁ AhRES LR aﬂﬁﬁgﬂg osel y

| i nked vvlth enesi s ations in PS-1, and
PS- 2 genes atnld&andeeaﬂletoostroév%@ is bmnnlousadndflmimes g siiiferingpif ihe akecnaFhd

g%gr (;?1?_{ (;gg)%lrsmlhjheand) trhI rlra{ raﬁuctwl?y do%ﬁerﬁs ant(dselieglc\)/[:fs (Brgrérl’e;‘ltglen%rﬁ%tefffeag:’/%yl | (202%21
i ntracell ulp&eveAt%’él@ pi myer@esshegihmfcaksanmtmlaed umalpmg@ame@s@om@ess (deary,
J.P. et al. d tl ﬂ SCI . (2005) 8: 79-84). Inhibitors of the enzynes
5that for m AFEYY Qa#P'Ss y-secretase, represent potential di sease-modifying
t herapezgics fora Hé‘iﬁntdé&l@igﬁ@ﬂi of D AfPa demented pdavhtdeqites $Higepahdogibat a

reduction in raln P | evels géqienh'be%lon .of y-secretas 1])§ revent the
onset and pt'8 SrRkT IB*FTIbA’E? Biéton pf SR plafiues g, neup il gneteha1. 766,
Wl fe, M, whonMedpsy@oemendud Q&aﬂméﬂdauzﬁmr #066%mortéie iRgAISR B MBMginkgsdat a for
the 10 role of AP in other diseases, including mld cognitive inpairnent
(M), Downdisease. Neurobiol Aging (1997) 18: S1-2). Similar alferations are observed in patients
with Trisomy 21 (Down syndrome). Plaques primarily consist of B-amyloid (Af)
25  peptides that are formed by a stepwise proteolytic cleavage of the amyloid precursor
protein (APP) by B-site APP-cleaving enzyme (BACE), to generate the N-terminus, and
y-secretase, to generate the C-terminus (Selkoe, D.J., Physiol Rev. (2001) 81: 741-766).
y-Secretase is a transmembrane protein complex that includes Nicastrin, Aph-1, PEN-2,
and either Presenilin-1 (PS-1) or Presenilin-2 (PS-2) (Wolfe, M.S. et al., Science (2004)
30 305: 1119-1123). PS-1 and PS-2 are believed to contain the catalytic sites of y-secretase.
APA40 is the most abundant form of AP synthesized (80-90%), while AP42 is most

closely linked with AD pathogenesis. In particular, mutations in the APP, PS-1, and PS-2



syndronme, cerebral anyloid angi opathy (CAA), denentia with Lewy bodies
(DLB), anyotrophic lateral sclerosis (ALS-D), inclusion body nyositis

(I BM, amsioage/wsadat ed macul ar degenerati on. Advant ageoksyuS2@ianpmsehds t hat
i nhibit y-secretase and reduce production of AP could be used to treat

t hese or ot her AP-dependent di seases. 15Excess production and/or reduced
cl earance of AP causes CAA (Thal, D. et al., 1 Neuropath. Exp. Neuro.
(2002) 61: 282-293). In these patients, vascul ar anyloid deposits cause
degeneration of vessel walls_and aneurysns that pmay be responsible for
10- 15% of h%ﬁ%tpﬁiﬁidéo £ Gwmidiali Ty %@’g}nﬁﬁwé\rﬁf‘%? SR8 BnBC PHBFRt i ons i n
the gene engedisp@icARdIRRADYO PARIRRE). Y20MS 81 : F49L786 PfCufeM cvi®h&d dugthstso as
cerebral henorrhage with 20 anyl oidosis of the Dutch type, and mce
expressi ng thifiodigemerim propyibriarind evaprdiylacARAL nlay ajsigndicantirele in e disedsent s.

Conpounds \tlé}t@#]es{/ @g(%g)ﬁ AP e+ gV &lP NEaYL A (32%%67&—@4)}3 ﬁ&gﬁ{btrs ??Atﬁ‘—: enzymes DLB

mani f est s hal 'l uéi nat'i ons, si ons,” and par ki nsoni sm

| nt er estd ngthyt, fofraAB42, ablchAPyRedratbdcorpretdnapotaaiabdiscAR-olo@ifsng therepautiad SO cause
Lewy bodi es, and DLB s%g%“ (Yokota, 0. et al., Acta Neuropathol (Ber)
(2002) 104: O5%% UEHEEN rther, sporadic DLB patients have AP deposits
simlar to those&vidnARugfRtkalnee aidiuttion\n bein AP leveld biNGhib AL JT9lsedrxpseNeur ol

(2006) 65: 278-288). Based on this data, likely drives body
pat hol ogy ifﬁaWBV%%ﬁ‘F OPWE?I%?%?SS@M%&%QE%% Pﬁéﬁ@%&€ﬁ#2}°§%ls7‘ﬁou| d
reduce or pragvesntfc By MARRI oxéALeDY) 435963912040 Thak iaf ¥nferdlAY 8at f@ el | cant

dementia or aphasia 30(Hamlton, R L. et al., Acta Neuropathol (Ber) (2004)
107: 51H) 52pic of rfein pfichdipeages( ingloding stildichgyeveyappianey (Mgds Pgnat ed ALS- D,

So0t o (e Hlh: A0l ol EADLAARC SETBLM SR BITRS HoleOlDRIE, To0s oot
the ALS-D pamjosmplic heve selmphioi ALHDagueissiaomsly styesitis ABM), si3gealagihg t hei r
dementi a i L. € . r 0 7. 515-
522). Theggﬁ %&!aﬁggﬁ%ggﬁ%ﬁ%‘ Vg‘l'etage&g&ﬁé’%f) %lgglfng?\;ﬁlmta{]ﬁingﬁn?%g‘%red&%r?ggl}er%&agent s and
pot enti al | yprodustich bfAR c@dd Bdusby toaesapibeneds othtioA pHdestudant AtSisésevel s. 5IBMis a

rare, age-relat degenerati ve di sease of skel et al I The appearance
of A13 %eposi tseﬁd"ﬁesﬁ %f\?lraﬁ‘i}éo&agg/%rﬁa‘f"r‘?iClre%r&%{:ﬁiogélgeﬁ“ilsd?gggﬁ @EWe af! ‘g'sgect s of
t he di seasevbyoslior ety NguAPR2WEEELRRI-LSH MithbR PAHSH], Qadclilat &rdflsigeNi ¢ mi ce

support the role of A13 in IBM (reviewed in Murphy, MP. et al., Neurology
(2006) 66: dsperigyuse degeperatinicotivRse!l rally apdangurysgfal maxretpopablady or

prevent | BMo-il} or @aRrheliat@skeIRCUdeAN pteIansah A®) muthidndi@shd gdaatified as
one of several conponents of drusen, extracellul ar deposits beneath the

retinal pi giPepdingepPigee e uvaafRPEYt (R @k refprad to at ceggbral hemprripge Wilds  (2004)
78 243R256)my1AabGC e SHHIYpLaRd FIRQVMRRQGEENh Rlutdnk PRIPEIUEE T AAL B @Nd

macul ar degeneration in mce (Yoshida, T. et al., J din Invest (2005) 115:
2793- 2800) . is bimzlemgesentn h®ode@pakitirédupe AR dvsly podduslueaer pradvBnidadar act s have

boen Um0 ARBALERLS SR il Bl b ARERRARO0S, 200
age-r el at edinfeasstihgly, faiegieneDahitAions that cause AP deposits can also cause Lewy bodies
and DLB symptoms (Yokota, O. ef al., Acta Neuropathol (Berl) (2002) 104: 637-648).
25  Further, sporadic DLB patients have AP deposits similar to those in AD (Deramecourt, V.
et al., J Neuropathol Exp Neurol (2006) 65: 278-288). Based on this data, AP likely
drives Lewy body pathology in DLB and, therefore, compounds that reduce AP levels
could reduce or prevent DLB.
Approximately 25% of ALS patients have significant dementia or aphasia
30  (Hamilton, R.L. et al., Acta Neuropathol (Berl) (2004) 107: 515-522). The majority
(~60%) of these patients, designated ALS-D, contain ubiquitin-positive inclusions

comprised primarily of the TDP-43 protein (Neumann, M. et al., Science (2006) 314:



Conmpounds whi ch inhibit gama secretase nmay al so be useful
conditions associated with | oss of nyelination, for exanpl

in treating
e nultiple

scl er osi swowatkiosz7 20T. A., et al., Neuron (2008) 60: 5P6TAGS)12/022665 A
recent study by Georgetown University Medical Center researchers suggests
t hat gamma-secretase inhibitors may prevent |ong-term danage fromtraumatic

brain injury (Loane, D. J., et al., Nature Mdicine (2009):

approach to reducing Al3 Ievels is to block the action of

1-3). A logical
t he secret ases.

25A | ement | ecti vel duct f A131-42
by tho Bct 1 BN OP cONPh e GOl A PEFFRt NEr Vav'e s R Bpmien s AP

y-secret asecaﬁﬁﬂ% ﬁEEQerﬁérﬁﬁ‘(ﬁ%llt@ﬁ RBPet g, Maatz\%%pl%gﬂ(%ﬁ) @b

A13. These shorter forns ear to aggregate |ess easi

3t1©17. S1er ns of
sol uti ons of

the s hor t er52f2a)rwswatmt3 o begddentifia r: ot %ﬁwlwﬁwgwl%@th nefenpialy1 - 42 (See
But en, zek, Robert; Houston, John G;
&I}I{l be t%@&eﬁ%r %)r&nupollﬁaseth% 8&%1”%%886%’%%

Albrlght rles gs In 7(2), 87-97).

Thus, conpounds

t hat sekbctlveIﬁBh@dacuaﬁgeﬂﬂﬂai@m@dm@hbdﬁmandfﬂhémﬂnmhd¢ﬁﬁﬁeuticaI

conpositions are he i.ci al at vent .danmage

over or oduct PBRgEe 2P 4 BIFCL Fueltha Moo PhEH o AR Frs S base, pown
syndrone, Ceaékaseaﬁohlteamiglmmdwemgmsmo@irﬁussle 1IDh:eB)sge®[Uinﬁé hehodileaoders where
Al3 is overproduced. SUMVARY OF THE | In its first aspect the
present dis 5&%(rﬁYlé‘(‘i‘i’%‘éé\/h&p%%Buﬁcﬁlof"elfrﬁ@%(zgo@lfﬁ 205-@)" D, NE (1), or

a phar maceugd g %Jk ‘ﬁ&qﬁﬂ&@?b gk%umggﬁg?&qhﬁngﬁ%mp Alis anitrile group;

10B i s sel ect rom pheny pyridinyl,

erein the phenyl and pyridinyl

are 10 In age-related macular degeneration, AP was identified as one of several

components of drusen, extracellular deposits beneath the retinal pigment epithelium

(RPE) (Anderson, D.H. et al., Exp Eye Res (2004) 78: 243-256). A recent study has

shown potential links between AP and macular degeneration in mice (Yoshida, T. et al.,

J Clin Invest (2005) 115: 2793-2800). Increases in AP deposition and supranuclear
15  cataracts have been found in AD patients (Goldstein, L.E. et al, Lancet (2003) 361:

1258-1265). Compounds that reduce AP levels could reduce or prevent age-related

macular degeneration.

Compounds which inhibit gamma secretase may also be useful in treating

conditions associated with loss of myelination, for example multiple sclerosis (Watkins,

20 T.A. et al., Neuron (2008) 60: 555-569).

A recent study by Georgetown University Medical Center researchers suggests

that gamma-secretase inhibitors may prevent long-term damage from traumatic brain

injury (Loane, D. J., et al., Nature Medicine (2009): 1-3).

A logical approach to reducing AP levels is to block the action of the secretases.

25 A complementary approach is to selectively reduce production of AB1-42 by the action of

certain compounds that serve to direct the y-secretase-mediated cleavage of APP to

instead produce shorter forms of AP. These shorter forms appear to aggregate less easily

and solutions of the shorter forms of AP are less neurotoxic than solutions of AB1-42 (See
Barten, Donna M.; Meredith, Jere E., Jr.; Zaczek, Robert; Houston, John G.; Albright,
30  Charles F. Drugs in R&D (2006), 7(2), 87-97). Thus, compounds that selectively

reduce APB1-42 production and their pharmaceutical compositions are beneficial agents

that will prevent damage from overproduction of A} and are useful in treating



optionally substituted with one or two substituents independently sel ected
from G _6al koxy, G 6al kyl, G 3al kyl am no-C 6al koxy, cyano,

C - 3di al kwbamize329Ci 6al koxy, hal o, hal oG _6al koxy, hal eCraskkplo226kydr oxy,
met hyl am no, and amno; Dis selected fromthe group of: 15 II\ Il denotes
the point of attachnent to the nitrogen atom of the parent nolecule; WO
2012/ 103297PCT/ US2012/ 022665 " J's , PPP) "denotes the point of attachnent
tothe "E noiety; Ra is sel ect ed from hydrogen, C _6al kyl, C2_6al kenyl

and hydroxy wher d. RY are inde dently

oy OO et R B e L A e bap M BE TR Y bonyt
C _6al kyl, %Z{gygfaegaméyd AR R(dw3prsiedaoal kyl ) G 4al kyl , hydroxyCl 4al kyl , and
trideut er omet hyl, wherein the alkyl part of the (C3_ 7cyc| oal kyl ) G 4al kyI

can be opti onaIIy substituted with a G 4al koxy group; or, Rx and RY,
together with the nitrogen @M&Wcﬁ{gﬁm@f@}attached forma four- to
seven- menber ed nonocyclic or bicyclic ring tionally containing one double
bond and® opt i ondh ity ficsoerpedt Hicrgeserfalisgtidire ptﬂ’ﬂﬂp heerapavad ehfosatlec ed from O,
NRz, and S; wherein Rz 10is sel ected from hydrogen, G _6al kyl, and
G 4al koxycar bonyl ; and wherein the ri PI'Q\I/IDS optionally substituted with one
or two substituents independently selected from G _6al koxy, G _6al kyl,
hal o, hal oG _4al kyl, hydroxy, -NRfRg, {rafz spi rocyclic dioxol anyl ; wher ei n
Rf and Rg are |ndependently sel ected from hydrogen, C _4al koxycar bonyl and
G _6al kyl ; 15Re ars pheheciuéciliyrorrphyidralgtiacoivhdainky | sul fonyl ,
G _4al kyl suI f ony, N o, C _6al kyl am no, C _6di al kyl am no,
C3_7cycl oal kyl arr’all ﬁo %ﬁleﬁ >P and

10 Bis selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are

optionally substituted with one or two substituents independently selected from
Cyealkoxy, Cyiealkyl, C;salkylamino-C, ¢alkoxy, cyano, Cy 3dialkylamino-
Cyalkoxy, halo, haloC, galkoxy, haloC, salkyl, hydroxy, methylamino, and amino;

D is selected from the group of:

15
R® Rb RP Rb
)Nl\ X re . Nl N R® . /Tl\ X o) ] /T|\ X
= ’ P ’ P ’ P o]
%.Q N R? ls"/l\ N Ra Y%ﬂ N 21% N
PVAN N R R

RP RP
d °’>
N SR N X _ N ° N 5
; ; | ; |
L{l))\N/ ILA)\N/ N\Rd lLL'/I\N/ HZ’)\N/ -
TR R o o
RP b
o— o R o/j Rb
N X / NT X NTX N
| o, | :> ; | o . o]
7'L29/]\N/ lLL’)\)N/JV\%<O 154)\"/ l&gl\N/
Rb

Rb

_ ;an P

N a
% DNAN 2??” ’ s

" E " denotes the point of attachment to the nitrogen atom of the parent molecule;



G _4al koxy; Rd is selected from hydrogen, G _6al kyl,

C _4al koxyG _4al kyl carbonyl, C _6al koxycarbonyl, G _6al kyl car bonyl ,

G _6al kylwolzhmpb297C3_7cycl oal kyl sul fonyl , 20C3_7cyc| oalpkylusasibomebs

C _6di al kyl am noCi _4al kyl carbonyl, and hal oG _4al kyl, wherein the al kyl
part of the al koxycarbonyl, the alkylcarbonyl, and the alkylsulfonyl are
optionally substituted wt h one substituent sel ected from G _4di al kyl am no,
and Cl_ 4al koxy; and E is selected fromC _6al kyl, C4 6cycl oal kyl,

(C4_7cycl oal kyl )%@-al kyl, benzyl, 25phenyl, and a five- to six- rrerrber ed

het eroaromati c i S QA '?ﬁe&%rg%?at%hﬁléﬁﬂtﬂhhﬁa@%efé ),at onms, wherein the

phenyl, the phenyl part of enzyl, and teroaromatic ring are each
opt i onal | y substR tiutetedtedifiom todmgen, Wo callyl, € helenydand hiydraent s i ndependent |y

sel ected from Cpgahkiy Ho Akt £ A IBlO Ao AL KRY, and

hal oG _6al kyl . e pré I nventron is s well as
ot her i nporiah;nxy,é]ﬁﬁwko;dy@r eikyaft ealkagsabotyg . @EW(H:E@I@IHSCRI PTI ON OF THE

ENVBODI nt. of. the [fi. aset the

G ool oat 6 15rav FabldC  EROE kBN, it g ohdefler SRAG Ty heh G S D
accept abl e «ahd (Gl bt@/bb@lﬂ(yl)@.&aﬂkglcaﬁ(blébiil(ﬂlbﬂ)}k/ﬂlbvmeﬁeémh/ﬁGlsalh))dylngSUpt er, gr oup.
In a second. e iment, B .is selected frgmphenyl an wher ei n
e phony! Bags gty e BosiS i & STuBet 1t el OBy 4 wo

substi tuent @vémﬁaﬁwaembmcyaal & blcelid ingroptbnafialckaxifingpde Htaib(b bohflay t hird

enbodi ment i s phenyl optionally substit ted th one, or, three
subst i tuent@ﬁtlpﬁadhfﬁ@waémgwe adlicepllterodemes coged %@}?0 &R @aﬂ %Wrele%ano

hal o, hgj oGy sfi@ddeaom haechat elkybahky! . In a fourth embodi nent, Dis

selected from_ nb ) )
Ci.salkoxycarbonyl; and wherein the ring is optionally substituted with one or two

substituents independently selected from C; galkoxy, C;alkyl, halo, haloC 4alkyl,
hydroxy, -NR'RE, oxo, spirocyclic dioxolanyl; wherein Rf and R# are independently
selected from hydrogen, Ci.salkoxycarbonyl, and Ci_salkyl,;

15 R® is selected from hydrogen, Cy 4alkylsulfonyl, C; salkylsulfonylamido, amino,
Ci.ealkylamino, C;_edialkylamino, Cs.scycloalkylamino, hydroxy, and
Cy4alkoxy;

RYis selected from hydrogen, C; salkyl, C; 4alkoxyCy 4alkylcarbonyl,
Ci.ealkoxycarbonyl, C;¢alkylcarbonyl, C;.ealkylsulfonyl, Cs.scycloalkylsulfonyl,

20  Csgeycloalkylearbonyl, C; ¢dialkylaminoC;_salkylcarbonyl, and haloC,_salkyl, wherein
the alkyl part of the alkoxycarbonyl, the alkylcarbonyl, and the alkylsulfonyl are
optionally substituted with one substituent selected from C; 4dialkylamino, and C;
salkoxy; and

E is selected from C;_ealkyl, Csecycloalkyl, (Csrcycloalkyl)C_salkyl, benzyl,

25  phenyl, and a five- to six-membered heteroaromatic ring containing one or two nitrogen
atoms, wherein the phenyl, the phenyl part of the benzyl, and the heteroaromatic ring are
each optionally substituted with one, two, or three substituents independently selected
from C, galkyl, C;_¢alkoxy, cyano, halo, halo
Cyalkoxy, and haloC; salkyl.

30 The present invention is directed to these, as well as other important ends,

hereinafter described.



NI I; and NO %t UTf %ft J1. all LIV1. In a fifth enbodi ment,

-NI eRY, wherein Rx and RY are independently selected from hydrogen,

C 4al koxywgD4alkb297Ci _6al kyl , C3_7cycl oal kyl , hydr oxyC Pealusge12/020e65

Rb is

trideuteronethyl, wherein the alkyl part of the (C3_7cycloal kyl) G 4al kyl
can be optionally substituted with a G _4al koxy group. 15In a sixth

enbodi nent of the first aspect,

the present disclosure provides a conpound

of formula (1), or a pharnaceutically acceptable salt thereof, wherein: A

he phemyl  and pyr i di REFANED e BERDS ot s AIBBEWERTSEE or Yo

substituents i ndﬁzaeimscﬂembd)cumsﬁloemeeﬁstfagpmtﬁ@ﬁﬁese@adﬁmyﬁreapwvimlao;

phenyl optionally substit

e substi uents

th o or t r
i ndependent PSRRI TRigHg %mﬂca&y ageRptRRIS ttgva%as fikiogh above
hal oG _6al kQpfein AN a RAHRGradaliky bocoRd drfboaphe€ tred séléc@éﬂ &8 pRnQ Ldhdof

5

10

15

20

25

pyridinyl, wherein the phenyl and pyridinyl are optionally substituted with one or two
substituents independently selected from C; galkoxy and halo. In a third embodiment, E
is phenyl optionally substituted with one, two, or three substituents independently
selected from C; galkyl, Cy salkoxy, cyano, halo, haloC; salkoxy, and haloC; ealkyl. In a

fourth embodiment, D is selected from

Rb Rb RP
NS0 N i %
l{”\),;q | QLA)N)iPo - and lLL))\)NI%
R R o

In a fifth embodiment, R” is -NR*R?, wherein R* and R? are independently selected from
hydrogen, C;.4alkoxyCi.4alkyl, Cisalkyl, Cs.scycloalkyl, hydroxyC;_salkyl, and
trideuteromethyl, wherein the alkyl part of the (Cs.;cycloalkyl)C;_salkyl can be optionally
substituted with a C;_salkoxy group.

In a sixth embodiment of the first aspect, the present disclosure provides a
compound of formula (I), or a pharmaceutically acceptable salt thereof, wherein:

A is a nitrile group;

B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are
optionally substituted with one or two substituents independently selected from
Cysalkoxy and halo;

E is phenyl optionally substituted with one, two, or three substituents
independently selected from C; galkyl, Ci¢alkoxy, cyano, halo, haloC; salkoxy, and
haloC;.¢alkyl;

D is selected from the group of:

Rb Rb RP
N o N i %
s@)'\),;(; ’ ?EAQ?" - and HQJ\JNJQ
R R Sk

R" is -NR*R?, wherein R* and R?, together with the nitrogen atom to which they

;and

are attached, form a four- to seven-membered monocyclic or bicyclic ring optionally

wher ei n

Eis



Ro z N Ro Ro N; and ; and 25 UV.
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containing one additional heteroatom selected from O and NR*; wherein R is selected
from Cialkyl, and Ci_salkoxycarbonyl; and wherein the ring is optionally substituted
with one or two substituents independently selected from the group of
Cyealkoxy, Cyealkyl, halo, haloCy 4alkyl, hydroxy, —NRng, oxo, and spirocycle
5  dioxolanyl; wherein R and R® are independently selected from hydrogen,

C.salkoxycarbonyl, and C;_ealkyl.

In a seventh embodiment of the first aspect, the present disclosure provides a
compound of formula (I), or a pharmaceutically acceptable salt thereof, wherein:

A is a nitrile group;

10 B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are
optionally substituted with one or two substituents independently selected from
Cysalkoxy and halo;

E is phenyl optionally substituted with one, two, or three substituents
independently selected from C,.galkyl, C;.¢alkoxy, cyano, halo, haloC,.¢alkoxy, and

15  haloCi.ealkyl; and

D is selected from the group of:

Rb Rb Rb
RC
NTS R NS a. N
; | ;an
~ ) P
‘%—?’)\N R? %ﬁ/I\N a %‘)\N R2
JJJ\‘{-\V oo \/\J\g\\f

In an eighth embodiment of the first aspect, the present disclosure provides a

compound of formula (I), or a pharmaceutically acceptable salt thereof, wherein:
20 A is a nitrile group;

B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are
optionally substituted with one or two substituents independently selected from
Cysalkoxy and halo;

E is phenyl optionally substituted with one, two, or three substituents

25  independently selected from Ci.salkyl, Cisalkoxy, cyano, halo, haloCi_salkoxy, and
haloC;_ealkyl;

D is selected from the group of:

Rb RP RP

NT X Re . N7 R® . and NT

/”\ = ’ )l\ = an )l\ =~
N R? Zs_) N Ra N Re
UGN YRR R

;and



Rbo is -NleRY, wherein Rx and RY, together with the nitrogen atomto which
they are attached, forma four- to seven-nenbered nonocyclic or bicyclic

ri ng optiwoabizi03zont ai ni ng one additional heteroat om seCeaSea2/dewns 0 and
NRz; wherein Rz is selected from C _6al kyl, and C _4al koxycar bonyl ; and
wherein the ring is optionally substituted with one or two substituents

i ndependently sel ected fromthe group of C _6al koxy, C _6al kyl, hal o,

hal oC _4al kyl , hydroxy, -NRf Rg, oxo, and spirocycl e 5di oxol anyl ; mherein Rf

and Rg are inde el e gd f on1h dr oge | ko carbo and
a 6all eyl SESUhR RBEER L PRl s e o ENE s st

di scl Osglr e Aalkleyycciﬁslk;al EPJXH@U@7@%10%1@5/1”‘3&@1})@%0)@?9&1@1 Mafe[%g@ukquﬁlhl y g
acceptable salt thereo IS anitrile is selecte
from phenyl Ofél?f'o(%yfrw?hliwcl aﬂﬁfél@fl R R nB e P tRE W&ﬁ ﬁ.%ﬂ%mxyg@popt i onal |y
substituted wit I]n@'ﬂﬁltlpémﬁdﬂﬁnéﬂﬂbﬁﬂlb tilendpsct! el pRENEGRbNrSRbagdsad from

C _6al koxy and hal o is phenyl optionally substituted with one,
two, or ¥ hr@@ﬂp@u%qf foriapa @), Phﬁ@&@ﬁﬁémqa Yé‘éﬁ@é@ééﬁ‘f%@fﬁ?f@’ hgginky| |

G _6al koxy, cyaqpmamghg,r&ﬁJoCI _6al koxy, and 15hal oG _6al kyl ; and D is
selected fromthe group of In an ei ghth enbodi nent of the first aspect,
the present di sdsstleeedireypbray and pyridinglo heyadhaphengrapt peridinyl arcor  a

phar maceut i itrile group;
Bis selectﬁgﬁ%¥g%ﬁ&ﬁmﬂéﬁk§% 6%P%€§%§?Bmﬁ 8%?%&? %Qp(%%' ngnd pyri di nyl
are optiona@hymsmb@tMmhmed with one or two substituents independently

sel ect efj() from CiE—i@%ilél%gpt%Hgl)hsﬁt)SQi;tuted with one, two, or three substituents
independently selected from C; ¢alkyl, Cq¢alkoxy, cyano, halo, haloC; salkoxy, and

haloC;ealkyl;
D is selected from the group of:
R® Rb R®
OSSN OO
ZEL N” R %,_’)\ N7 Re ?71))\ N R?
R v YRR ;and
15 R® is -NR*R?, wherein R* and R?, together with the nitrogen atom to which they

are attached, form a four- to seven-membered monocyclic or bicyclic ring optionally
containing one additional heteroatom selected from O and NR*; wherein R is selected
from Cialkyl, and Ci_salkoxycarbonyl; and wherein the ring is optionally substituted
with one or two substituents independently selected from

20  Cyealkoxy, Cyiealkyl, halo, haloC, 4alkyl, hydroxy, -NR'RE, ox0, and spirocycle
dioxolanyl; wherein R and R® are independently selected from hydrogen,
C.salkoxycarbonyl, and C;_ealkyl.

In a tenth embodiment of the first aspect, the present disclosure provides a
compound of formula (I), or a pharmaceutically acceptable salt thereof, wherein:

25 A is a nitrile group;

B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are
optionally substituted with one or two substituents independently selected from
Cysalkoxy and halo;

E is phenyl optionally substituted with one, two, or three substituents

30  independently selected from C; salkyl, C; salkoxy, cyano, halo, haloC; galkoxy, and



E is phenyl optionally substituted with one, two, or three substituents
25i ndependently selected from C _6al kyl, G _6al koxy, cyano, halo,

hal oCi _6awvkanriz/10aayd hal oCi _6al kyl ; D is sel ected from tireTgrsoup/oefess Rb i s
-VRY, wherein Rx and RY are independently selected from hydrogen, Cl_

4al koxyC _4al kyl, G _6al kyl, C3_7cycl oal kyl, and hydroxyC _4al kyl , wherein
the al kyl part of the (C3_7cycloal kyl)C _4al kyl can be optionally
substituted with a G _4al koxy group. In a ninth enbodi ment of the first
aspect, elz‘1 rc?e 8 t disclosure provides a 5conpound of formula (1), or a
pharmaceutl Ty &Cctt abl e salt thereof, wherein: Ais a nitrile group;
is selected from pheesttd grd pyri di nyl, V\/nerei n the phenyl and pyridinyl are
optionally substituted with one,or two substituents independently sel ected
from C _6al koxy and hal o; 10E |s phendyl opt| naIIy substituted with one,
two, or three substltuents | ntIy from G _6al kyl,

C _6al koxy, cyano, hal o, kox*’j)d GQd 6al kyl; Dis selected
fromthe group of: RbORDb c

In an eleventh embodiment of the first aspect, the present disclosure provides a
5 compound of formula (I), or a pharmaceutically acceptable salt thereof, wherein:

A is a nitrile group;

B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are
optionally substituted with one or two substituents independently selected from
Cysalkoxy and halo;

10 E is phenyl optionally substituted with one, two, or three substituents
independently selected from C; galkyl, Ci¢alkoxy, cyano, halo, haloC; salkoxy, and
haloC;_ealkyl;

D is selected from

RP

Rb
R
NI = N NT X
)\ Z and | — N
%1 N LLL'/I\N “RY
R AR

15 R” is -NR*R?, wherein R* and RY are independently selected from hydrogen, C,.

;and

salkoxyCi.4alkyl, Cigalkyl, Cs.scycloalkyl, hydroxyCi_salkyl, and trideuteromethyl,
wherein the alkyl part of the (Cs.scycloalkyl)Cy_salkyl can be optionally substituted with a
Cy_4alkoxy group.
In a twelfth embodiment of the first aspect, the present disclosure provides a
20  compound of formula (I), or a pharmaceutically acceptable salt thereof, wherein:

A is a nitrile group;

B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are
optionally substituted with one or two substituents independently selected from
Ci.salkoxy and halo;

25 E is phenyl optionally substituted with one, two, or three substituents
independently selected from C; galkyl, Ci¢alkoxy, cyano, halo, haloC; salkoxy, and
haloC;_ealkyl;

D is selected from



N Re UNUTf ,11.11. 15Rb is -WRY, wherein Rx and RY, together with the
nitrogen atomto which they are attached, forma four- to seven-nenbered
nonocycl iwoan12miog3pel i ¢ ring optionally containing one agdirttisomnalo2ises er oat om
selected fromO and NRz; wherein Rz is selected from C _6al kyl, and

G _4al koxycarbonyl; and wherein the ring is optionally substituted with one
or two substituents independently selected from 20C _6al koxy, C _6al kyl,

hal o, hal oG _4al kyl, hydroxy, -NRfRg, oxo, and spirocycle dioxol anyl ;

wherein Rf and Rg are independently selected from hydrogen,

G _4al koxycarbonyl, and G _6alkyl. Jn a tenth embodi ment of the first
)y%%

aspect, the present disclos rdvi des aN N onpound of fornmula (I), or
a pharmaceutical ly accept
hen

tﬁ'é‘r @in: 25Ais anitrile
group; is selected fromp d pyri |nqumv\heraean t he phenyl and

pyridinyl are optlonal | y substituted with one or t'Wo' substi t uents
i ndependent | y s &l acINRIRF, vdrereGi R’Bajdliﬁxtybgam vshmltbe niftogen apjmemwmdpﬂley)nal |y

substituted w t t ue end sel ect ed
From G e e ptele BumadR- Rlss kR B ar e Sl s By e R Otan
hal oCi _6al kyvhntairauptonld atl$itiSieill Eﬁér@doﬁﬁs@l@tﬁbﬁ’bm O and NR% whereln R” is selected

5 from Ciealkyl, and C;_salkoxycarbonyl; and wherein the ring is optionally substituted
with one or two substituents independently selected from
C.¢alkoxy, Ci.salkyl, halo, haloCy_salkyl, hydroxy, -NR'RE, oxo, and spirocycle
dioxolanyl; wherein R' and Ré are independently selected from hydrogen,
C.salkoxycarbonyl, and C;_ealkyl.
10 In a thirteenth embodiment of the first aspect, B may also include pyrimidinyl.
In a fourteenth embodiment of the first aspect, R as part of D may also include
S0,Cy ealkyl, acetyl, and phenyl optionally substituted with 1-3C; galkyl; and further
wherein the ring as part of R can also include spirocyclic tetrahydrofuranyl.
In a second aspect, the present disclosure provides a pharmaceutical composition
15  for the treatment of disorders responsive to the reduction of B-amyloid peptide production
comprising a therapeutically effective amount of a compound of formula (1), or a
pharmaceutically acceptable salt thereof, in association with a pharmaceutically
acceptable carrier or diluent.
In a third aspect, the present disclosure provides a method for the treatment of
20  disorders responsive to the reduction of B-amyloid peptide production in a mammal in
need thereof, which comprises administering to said mammal a therapeutically effective
amount of a compound of formula (I), or a pharmaceutically acceptable salt thereof. In a
first embodiment of the first aspect said disorder is selected from Alzheimer’s Disease
(AD), Down Syndrome, mild cognitive impairment (MCI), cerebral amyloid angiopathy
25 (CAA), dementia with Lewy bodies (DLB), amyotrophic lateral sclerosis (ALS-D),
inclusion body myositis (IBM), age-related macular degeneration, and cancer. In a
second embodiment of the third aspect, said disorder is selected from Alzheimer’s
Disease and Down Syndrome. In a third embodiment of the third aspect, said disorder is

Alzheimer’s Disease.

10



In an el eventh enbodi ment of the first aspect, the present disclosure
provi des a 5conmpound of formula (1), or a pharnaceutically acceptable salt
t her eof , wbepey1329A is a nitrile group; B i s sel ecras2dmomephenyl
and pyridinyl, wherein the phenyl and pyridinyl are optionally substituted
with one or two substituents independently selected from C _6al koxy and
hal o; 10E is phenyl optionally substituted with one, two, or three
substituents independently selected from G _6al kyl, G _6al koxy, cyano,

hal o, hal oG _6al koxy, and_.hal oC 6al kyl: Dis. selected fromRb NNN , Rd
Bon N rin irnelRoe B pRer R gy iR B Cob bR IREy o1 n R and
RY ar e 1 ndegssydemdnksydig®)serhicednf r om hydrogen, Cl1_ 4al koxyC _4al kyl

C _6al kyl, C3_7cycl oal kyl, hydroxyG 4al kyl, and trideuteromethyl, wherein
the al kyl part of°tp @8@%&7@&9@@3%{@% @azﬁsf%yﬂ AR dgserRInipsTAddy
substi tut edyepdiah a G _4al koxy group. In a twel fth enbodi nent of

the first aspect, the present disclosure provides a ) )
5 The description of the present disclosure herein should be construed in congruity

with the laws and principals of chemical bonding. In some instances it may be necessary
to remove a hydrogen atom in order accommodate a substituent at any given location.

It should be understood that the compounds encompassed by the present
disclosure are those that are suitably stable for use as pharmaceutical agent.

10 It is intended that the definition of any substituent or variable at a particular
location in a molecule be independent of its definitions elsewhere in that molecule.

All patents, patent applications, and literature references cited in the specification
are herein incorporated by reference in their entirety. In the case of inconsistencies, the
present disclosure, including definitions, will prevail.

15 In some instances, the number of carbon atoms in any particular group is denoted
before the recitation of the group. For example, the term “haloC; salkoxy” denotes a
haloalkoxy group containing one to six carbon atoms and the term
“Ci.4alkoxyCiralkyl” denotes an alkoxy group containing one to four alkoxy groups
attached to the parent molecular moiety through an alkyl group of one or two carbon

20  atoms. Where these designations exist they supersede all other definitions contained
herein.

As used herein, the singular forms “a”, “an”, and “the” include plural reference
unless the context clearly dictates otherwise.

The term “alkoxy,” as used herein, refers to an alkyl group attached to the parent

25  molecular moiety through an oxygen atom.

The term “alkoxyalkyl,” as used herein, refers to an alkyl group substituted with
one, two, or three alkoxy groups.

The term “alkoxyalkylcarbonyl,” as used herein, refers to an alkoxyalkyl group
attached to the parent molecular moiety through a carbonyl group.

30 The term “alkoxycarbonyl,” as used herein, refers to an alkoxy group attached to
the parent molecular moiety through a carbonyl group.

The term “alkyl,” as used herein, refers to a group derived from a straight or

branched chain saturated hydrocarbon containing from one to ten carbon atoms.

11



20compound of formula (1), or a pharnmaceutically acceptable salt thereof,
wherein: Ais anitrile group; B is selected from phenyl and

pyri di nylwowhey®sae7t he phenyl and pyridi nyl are opti onalPCy/tsadgiopzeat ed wit h
one or two substituents independently selected from C _6al koxy and hal o;
25E i s phenyl optionally substituted with one, two, or three substituents

i ndependently selected fromC _6al kyl, C _6al koxy, cyano, hal o,

hal oG _6al koxy, and hal oG _6alkyl; Dis selected from Rb is -NeRY,

wherein Rx and gg r V\ntht ni.t rogen h th are
Pl A AN T A G A s
optional |y goa.ai ni ng one additional heteroatom selected fromO and NRz;

wherein Rz 1Is sel ected @M{? 6al kyl , and C 4a| kox%car bonyl ; and wherein
the ring i s optidr&rMyakyiarnoakory " 1Rd BAEn o Ter 6 28 Al geH e

i ndeF)endentaltt‘ricfﬁaﬁ't@ﬁlte%Qrefltrrﬁ&bc@larﬁfﬂlé‘ﬁ@M@ug@an.@ﬁ%b%)yémulha| o, hal oG _4al kyl,
hydroxy, -NRfRg, oxo, and spirocycle di oxol any wherein Rf and Rg are

i ndependent | y sélrhééftr’é‘d afky larbpgady gty isd GGIM@%%W@é%I‘{XbﬁrWP atggheddp t}B‘al | cyl .

10In a thi rﬁa%@hﬁ&le@ﬁ‘l&%&@?%ro%h4&%&1&f§r€u@speﬁ B may al so include
pyri m di nyl ourteenth enbodi nment of the first aspect, Rb as

part of D may allde tdrpcilnbul8ant]asetpd beypin, rgfeestty pn alémlcgr@lﬂéﬁﬁwheémménal |y
substi t ut ed,, fénrtﬁloi]ecélgilmgi li&¥ligh ﬁr%’”é (Qlﬁr wherein the ring as part of Rz

can al so include spirocyclic tetra anyl. In a second aspect, t he
present di scl osUlhe tgymoalkoibsslfenypimadan @ﬁeu@d lagin c&fm@sﬂ(ﬁ)&mﬂ(@f)z& t he

treatne 0, kgers sive to the reduction of 13-anyl oi d pepti de
productm)n Jé’o?f%ﬁi% i nau&?%%ggpeuti cally effective amount of a conpound of

formula (1), or T&lepdnmrHmwumsmaddllyereacmﬁ‘pmadon\ﬁ{zsal t thereof, in association
wi th a pharnace e ?ptab en crarnr} er. ar ﬁéluent. In a third aspect,
the present disclos re p OVirdEs™Y n%fﬂh g for F treatment of 20di sorders
responsive to tI‘iélemﬁhlmyanon’a@hs'leahajm,ﬁafdspaem\l.de production in a mammal in

The term “cycloalkyl,” as used herein, refers to a saturated monocyclic
15  hydrocarbon ring system having three to fourteen carbon atoms and zero heteroatoms.
The term “(cycloalkyl)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three cycloalkyl groups.
The term “cycloalkylamino,” as used herein, refers to -NHR™ wherein Rx is a
cycloalkyl group.

20 The term “cycloalkylcarbonyl,” as used herein, refers to a cycloalkyl group
attached to the parent molecular moiety through a carbonyl group.

The term “cycloalkylsulfonyl,” as used herein, refers to a cycloalkyl group
attached to the parent molecular moiety through a sulfonyl group.
The term “dialkylamino,” as used herein, refers to -NR*R”, wherein R* and R” are

25  cach alkyl groups.

The term “dialkylaminoalkoxy,” as used herein, refers to a dialkylamino group
attached to the parent molecular moiety through an alkoxy group.

The term “dialkylaminoalkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three dialkylamino groups.

30 The term “dialkylaminoalkylcarbonyl,” as used herein, refers to a
dialkylaminoalkyl group attached to the parent molecular moiety through a carbonyl
group.

The terms “halo” and “halogen,” as used herein, refer to F, Cl, Br, and 1.

12



need thereof, which conprises admnistering to said manmal a
therapeutically effective amount of a conpound of fornula (I), or a

phar macewoDcaldp3mecept abl e salt thereof In a first enbedirmseaizoteshe first
aspect said disorder is selected fromAl zheiner's Di sease (AD), Down
Syndronme, mld cognitive inpairnment (M), cerebral anyl oid angi opathy
25(CAA), denentia with Lewy bodies (DLB), anyotrophic |ateral sclerosis
(ALS-D), i ncI usi on body nyositis (I BM age-rel ated nacul ar degenerati on,

and cancer. con odi hent the hird aspect, sajd disorder is
sel ected fr om AI ?‘alg q?f’%’ea@éls ok %?ﬂ‘%ﬁ*@kﬁ BfPuR a’ttarﬁh?cij {‘ﬁ) di ment

of the thi r@r@sﬁ@(@tulaﬁﬁbletydh@@g}@roxygen%@ﬂei mer's Disease. Q her

aspects of the present di s}gl Qsure 311:-31 i ncl ude SUI t abl e conbi nat.i ons of

enbodi ment s di sc64eR halPelkn. ayatedderrdr rde dranelial groupsiist et be

found in th@vodgg&rd,rggﬁrqgalogérpytm@ herein. 5The description of the present
di scl osure herein should be construed in congruity with the |laws and

principals of cHefitEH Tpdaw ntp wehhagpeclelde aides it nay be necessary to

renove a hydr Oge[ﬁhe @érﬂmh}rdi}ogfaﬂ@rﬁ » RCRLIHREAL e 8 YRk 1 gf@ﬁ}i suBltit@BY with ven
| ocati on. I't should be understood that the conpounds enconpassed by

t he presentondi &} @Tsthlieéhafiféxbtgf@% that are suitably stable for use as
phar maceuti cal a[@l%'f'ér }brldnﬁné AL&enRd ﬂer&P%f&sﬁ‘é QgtyRi tion of any

substituent or vari a a parti cu ar location in a nol ecul e be
i ndependent of ﬂihstfdmf Dmtamssdbetrslem@raatm:ﬁ) t hat nol ecul e. Al |

pat ent s, pat ent ﬂ@?érhﬁ@ﬁlko%ﬁ?” asqﬂgdl%ér%grrgfte}é ? g@ferences cited in the

speci fi cat| on are herein 1néor erence in their entirety. In
the case of i ncdminosltlebnmnmstoddhhatplneeda@ﬂttsuldlesmmsﬂeeall sterebandimivgl foehs, ni ti ons,
will prevail. .15l nst ances r Ln any
par i cun ar B0 ARHOt B e e ¢WBo B E e FamS Bl R PRl O
exanpl e, the terawt 1h1@b@1§au_rﬁabkm<ysreseﬁhe&l@éle@r@nﬂa&m&;&mwdlg‘é@mwﬁnt ai ni ng
one to six carbon atons and the term "G _4al koxy 2al kyl " denotes an

al koxy gr oufPnEsmetnnal IREowRich gay Wepaqaklsx%r@}oaﬂﬁéy%wwc do fstricisd par ent
nol ecul By MBiaBbY abdif SUGPmaRR!skigle MOUBr QhmPRBOusd ¥R tFi@hhRAknOtHgs. Wher e

t hese designations exist they supersede all other definitions contained
her ei n. strain, may permit separation of different conformers. The present disclosure includes
each conformational isomer of these compounds and mixtures thereof.
The present disclosure is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number but
20  different mass numbers. By way of general example and without limitation, isotopes of
hydrogen include deuterium and tritium. Isotopes of carbon include *C and "*C.
Isotopically-labeled compounds of the invention can generally be prepared by
conventional techniques known to those skilled in the art or by processes analogous to
those described herein, using an appropriate isotopically-labeled reagent in place of the
25  non-labeled reagent otherwise employed. Such compounds may have a variety of
potential uses, for example as standards and reagents in determining biological activity.
In the case of stable isotopes, such compounds may have the potential to favorably
modify biological, pharmacological, or pharmacokinetic properties.
Certain compounds of the present disclosure may exist in zwitterionic form and
30  the present disclosure includes each zwitterionic form of these compounds and mixtures
thereof.
The compounds of the present disclosure can exist as pharmaceutically acceptable

salts. The term “pharmaceutically acceptable salt,” as used herein, represents salts or
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As used herein, the singular forns "a", "an", and "the" include plural
reference unl ess the context clearly dictates otherw se. The
term "al kweyoi2/ms29ased herein, refers to an al kyl groupPatrtsede®21665t he
parent 25 nol ecul ar noiety through an oxygen atom The term

"al koxyal kyl ," as used herein, refers to an al kyl group substituted with
one, two, or three al koxy groups. The term "al koxyal kyl car bonyl ," as
used herein, refers to an al koxyal kyI group attached to the parent

nol ecul ar noi.e ug car bon u OThe te "al koxycar bonyl ," as
iseq her oi mvatearetoR o aoRn g o6 B Pebiny BHEHS 6 Tk Bt et A ecul ar

moi ety t hr odegiblctor@ap BBl wBich YR, within the s€b1R df sund ndddkey] judgrst, Usemider ei n,
refers to a group derived froma strai ght or branched chain saturated

hydr ocar bonfEBHHAFIiAcE ™R Sintiothes plopatighs S BHPBE AT ON e T ﬁ?qzsﬂ amino, "

as used her@igonsd 68f ®A& pkddlenMNbIROmpBRIoR cbmM¥nsufatARitidh kddondF10WEhefiTAG term
"al kyl am noal koxy," as used herein, refers to an al kyl am no group attached

to the par &itiodd ér@@t‘fathﬁré?réh%}r intspdadgre- ahheaplosap by pesipred dumng thefinal

"al kyl car bogyhtion A& pmtl&?éﬁh@corﬁfo‘hﬁds%r%&)a@a%lyat))k%hctglcgglégltﬁ)tléﬁﬁ&feq to the
parent nol ecul ar noi et i t hrough a car bony term

"al kyl sul f otigin withgsu CFFbrPeﬁpfﬁselﬁéfVérﬂéldta@dlaw @ﬁkyllcluge @ﬁ?@t%ﬁ@a@hed to the
parent nol eﬁ@}, E}palteetaé)aﬂﬁé H%a% §éﬁ£$rf% %on%oafsreﬂ gh@u F%%) smphorae,

"al kyl sul fon use erein re ers 10 wherein Rx
is an al kylcaglpbelpUIfO'ﬁh@, dlelrumﬂamnglmﬁrdphasohatselmbnh@ﬂ%tenheptaeb@@ diexapoatpH2 . The

term " cgy b%}’&rlaet fiiRar éeﬂgﬁ%hﬁh e, hg@oﬁ{pﬁllé Ohyq%(lg%lda, 2T1§r%rotx§§} neSMARGe,

used herein ‘ef's erein, refers
to a sat ur augake rmeriemg;mesxtylér&sthgodateoaerthulﬁonge,slyphtmmwfqngetrhc:o&matb,o
fourteen cay borlll at ons cl oal kyl)al kyl ,"

as used herglH tha e]neésp l%age gxalaaf wyfmo&reog%tlrsla&% s 5{11 aﬁ%g‘ph nylproprionate,

picrate, plvalate, propionate, succinate, tartrate, trichloroacetate, trifluoroacetate,
phosphate, glutamate, bicarbonate, para-toluenesulfonate, and undecanoate. Examples of

15  acids which can be employed to form pharmaceutically acceptable addition salts include
inorganic acids such as hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic
acids such as oxalic, maleic, succinic, and citric.

Basic addition salts can be prepared during the final isolation and purification of
the compounds by reacting a carboxy group with a suitable base such as the hydroxide,

20  carbonate, or bicarbonate of a metal cation or with ammonia or an organic primary,
secondary, or tertiary amine. The cations of pharmaceutically acceptable salts include
lithium, sodium, potassium, calcium, magnesium, and aluminum, as well as nontoxic
quaternary amine cations such as ammonium, tetramethylammonium,
tetracthylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,

25  diethylamine, ethylamine, tributylamine, pyridine, N,N-dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, dibenzylamine,
N,N-dibenzylphenethylamine, and N,N'-dibenzylethylenediamine. Other representative
organic amines useful for the formation of base addition salts include ethylenediamine,
ethanolamine, diethanolamine, piperidine, and piperazine.

30 When it is possible that, for use in therapy, therapeutically effective amounts of a
compound of formula (I), as well as pharmaceutically acceptable salts thereof, may be
administered as the raw chemical, it is possible to present the active ingredient as a

pharmaceutical composition. Accordingly, the disclosure further provides pharmaceutical
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with one, two, or three cycloal kyl groups. The term

"cycl oal kyl am no," as used herein, refers to -NHRx wherein Rx is a

cycl oal kywognup32920The term "cycl oal kyl carbonyl , " as u®et/usereiomees ef er s
to a cycloal kyl group attached to the parent nolecul ar noiety through a

car bonyl group. The term "cycl oal kyl sul fonyl ," as used herein, refers
to a cycl oal kyl group attached to the parent nol ecul ar noi ety through a

sul fonyl group. The term "dial kyl ami no," as used herein, refers to -N VRY,

wherein Rx and RY are 25ea u The term."di al k | koxy, "
R A R e S A e b S M e
mol ecul ar  noj @tpyaﬁﬂaﬁamgﬂlyadac@kdﬁw@mtsgmau@f, ankth@ie be mdte hadhdeyltRpiiynoal kyl , " as

used herein, rs to aI kyl grQU{) sgbstitut \éyl th one, tvvo, or three
di al kyl ami n"c?c?j’ti m@% ‘éenfse?rn‘ix‘”@ie& Sky %H‘PTPR%‘PE%H E{ and 55" ysed

herein, refghtmdcOuirtally Qdckﬁfétﬁé@a’l‘t@ﬂlel‘ébl‘ aflf RUBscAbéPEHIed TR cahRr(PAr €Nt
nol ecul ar noi ett%lsathrou gh car bonyl group. The terns "hal 0" and "hal ogen,’

as used “her&lugntis.ef é¥011?16m€5? mgst beggcepighlg i the sense of beingrompatitle with thsal koxy,

as used her&hf.indr&fi&hSofitR Rrd@hR!l ¥ hotlcRuRioR ttOQHé"l%prth th&}ofP@f ent
nol ecul ar noi ety through an oxygen atom he term "hal oal kyl ," as

used her ei mccordinse svithgnetherapmopt ofghadiprlesuteghire ma@@ prgvided gmsocessyfer the hr ee, or
four hal 09 e%ﬁ oﬁégﬁh‘i’ma&ﬁmal (3t mclﬁéllpg§(ﬁﬁlxi}1%raedoglpﬁ1§/@f&&‘§m£& oA

The term™” oxya as use ereiln, rs toan group
substit ut ed(I)Npt hplameacetltmlly eqcepthble saltthereafxyitly praugygnore pharmaceutically

10 acceptable carriers, diluents, or excipients.

The dosage of the compounds of Formula I to achieve a therapeutic effect will
depend not only on such factors as the age, weight and sex of the patient and mode of
administration, but also on the degree of B-AP reduction desired and the potency of the
particular compound being utilized for the particular disorder of disease concerned. It is

15  also contemplated that the treatment and dosage of the particular compound may be
administered in unit dosage form and that the unit dosage form would be adjusted
accordingly by one skilled in the art to reflect the relative level of activity. The decision
as to the particular dosage to be employed (and the number of times to be administered
per day) is within the discretion of the physician, and may be varied by titration of the

20 dosage to the particular circumstances of this invention to produce the desired therapeutic
effect.

A suitable dose of a compound of Formula I or pharmaceutical composition
thereof for a mammal, including man, suffering from, or likely to suffer from any
condition related to B-AP production as described herein, generally the daily dose will be

25  from about 0.05 mg/kg to about 10 mg/kg and preferably, about 0.1 to 2 mg/kg when
administered parenterally. For oral administration, the dose may be in the range from
about 0.1 to about 75 mg/kg and preferably from 0.1 to 10 mg/kg body weight. The
active ingredient will preferably be administered in equal doses from one to four times a
day. However, usually a small dosage is administered, and the dosage is gradually

30  increased until the optimal dosage for the host under treatment is determined. In
accordance with good clinical practice, it is preferred to administer the instant compounds
at a concentration level that will produce an effective anti-amyloid effect without causing

any harmful or untoward side effects. However, it will be understood that the amount of
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The term "nethyl am no," as used herein, refers to -NHCH3. The term "oxo,"
as used herein, refers to =0. 10The term "sul fonyl," as used herein, refers
to - SO2-.wO0 2012/108197shoul d be understood that the di scl oparasesnecompasses al l
stereochem cal forms, or m xtures thereof, which possess the ability to
reduce 13-anyl oid peptide production. Certain conpounds of the
present disclosure may also exist in different stable conformational forns
which may be separable. Torsional asymretry due to restricted 15rotation

bout t bond f st d
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way of general exanple and without limtation, isotopes of hydrogen include

deut eri um and t ibpiniageuticaldpiapdasions mawboiaricn & gdinistetiony anyC,

| sot opi cal |yl phgk %iuté: %f@?&'rﬂﬂ% bPtheto (fn@l‘d@iﬂé bﬁ’&alccﬁ @ulﬂﬁl%ﬁ%{l)a kdodal, t?ﬁsalpr epar ed
by conventional techniques knownh to those s in the art or
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for exanpl emva@th@@‘anﬁllalre@llgn%\ndtrfw@a@}@mrsntrade@@ﬂ eyaetioisny ifhodyiovt Sadtivity.
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favorab ogl ca Macoki netl ¢
propertles bybnngngnno@Ebmwmmmh@mpmun@sﬂahtwhbﬂmmesemﬁ(mesnma®®)e may exi st
in zwitterionic orm an ent .di s sur ncl udes each

cui treri oni o1 orare e IO GRS AR p A B8R
conpounds ohaﬂheummeﬁﬁnmcdmamhosmbkwp@ﬂwmmkﬁgmame@hanmm6©UMBpakkmsm

acceptabl e salts. The tern1" r eutical | acce table salt,"” as used
v 1 optBbuR e g bR B & YipRer o e Rec B miSSnt t he
presentlﬁlS@hﬂﬁﬂn@om@mﬁhmﬁge wat er or oil-soluble or dispersible, which

are, within the scope of sound nedical ment itable for use in
contact with thdf ["S€eEs 061"”})%%“8%%?%“%1}9 ﬁﬁ% YedadipE cirsyed fgetive

irritation,drd b&hinent cBS BROQHDInA widt MMial oAb Rarme@RdallG abdePble
commensurate with a reasonable benefit/risk 5ratio, and are effective for

their inten@edcady sudghms ctanelselyestolpwatei apskthe ke Fromdgrs ererrenaredibyi sol at i on

and pr'f'Qﬁhhﬁﬁmﬁ&t&h&m&%ﬁﬂ?&%ﬁ%ﬂﬁﬁeﬁ&ﬂﬁ&%h@hﬂmﬂgwh§§§&hmﬂya sui tabl e
nitrogen atomw tha suitable acid. Representative acid addition salts

i ncl ude2Gic edoamainutgdphsameaccutigalpaiagrauchcistap gdible cadphydraie.as, fhesramalee,
benzenesul fsQa{}é\f &’magfnﬁﬁll f gliuéé)ﬂf]ex&%ﬁe &@@Rhﬁr éﬁdecolo?lﬁg%lﬁ{ Shil A QRat e;

di gl uconat e ycer opho em sul'f ept anoat exanoat e,
10f or mat e, mﬁwnﬁate, hydrochlorlde, hydr obr om de, hydr oi odi de,

2-hydr oxyet hane%ﬁ%lﬁ&aﬁ@made by preparing a powder mixture, as described above, and filling

formed gelatin sheaths. Glidants and lubricants such as colloidal silica, talc, magnesium

25  stearate, calcium stearate, or solid polyethylene glycol can be added to the powder
mixture before the filling operation. A disintegrating or solubilizing agent such as agar-
agar, calcium carbonate, or sodium carbonate can also be added to improve the
availability of the medicament when the capsule is ingested.

Moreover, when desired or necessary, suitable binders, lubricants, disintegrating

30  agents, and coloring agents can also be incorporated into the mixture. Suitable binders
include starch, gelatin, natural sugars such as glucose or beta-lactose, corn sweeteners,
natural and synthetic gums such as acacia, tragacanth or sodium alginate,

carboxymethylcellulose, polyethylene glycol, and the like. Lubricants used in these
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| actate, nal eate, nesityl enesul fonate, nethanesul fonate,

napht hyl enesul fonate, nicotinate, 2-naphthal enesul fonate, oxal ate,

pal noat e,wpeetmae, persul fate, 3-phenyl proprionate, piPCTAISe12/022685 at e,
propi onate, succinate, tartrate, trichloroacetate, trifl uoroacetate,
phosphat e, gl utamate, bicarbonate, para-toluenesul fonate, and undecanoate.
Exanpl es of 15 acids which can be enployed to form pharmaceutically
acceptabl e addition salts include inorganic acids such as hydrochloric,

hydr obrom c, sulfuri.c nd .phosphori c, d.or [c.acids such as oxalic,
mal ei ¢, suc S?ﬁecf?rné?ﬁﬂdhécﬁetsf’fhgr.n oldat, SOd%H%I?lrl]or %d%laqqhﬁlﬂgeal KB prepar ed

during the ihtlo@d, with@ltdiniition BdrchUhbthyicaliles, Qhr, bBenie) RAAkMdSNDYnd Bact i ng a
car boxy groul%%fwith a suitab[Bcﬁ base such as the hydroxide, 20 carbonate, or
bi car bonat et T4PIRE e R #eh X HPR IR DHRTETAS HPOHIFT BYYRI SR Y IREIY,
secondary, @geh®l idddoa 18BHdAR: and ARk dn@NSd BlesPainiBEaNE | KFbol)craicRRE abl e
salts include lithium sodium potassium calcium_  magnesium and al um num

as wel | “as HEPYRY BY BrrdriAseyPalaitbie sasmsinglad viths dlvewor e s

tetramet hyl Quaryal Wbve ! &HBRSRAMY, AT RIG: (B LOYAB5yIR Myl MRbRY AM ne,
trimethylam ne, triethylam ne, 25di et hyl am ne, ethylam ne, tributyl am ne,
pyri di ne, NliingiengalaipRaetivolyiveyl pyrrokidensy pilpeonirefeidant saehastorsaffiro e phol i ne,

di cycl ohexyﬂefae%%ag%ﬁeg&af {€h afll Mahagmt%d/o%d&a@w@%ﬂggmﬂ&taf;y' am ne, and

N, N - di benzyl et 1edi am ne O her representative organrc am nes useful for
t he for mat ilkstongf, keake ondidilcivarphespihnts. IThepaydisr miiyie erell graiuladed kst hanol ami ne,

di et hang| am i i di i i.he it Sicbl e that, for
use in mei%%g?g ‘?hlgfgg%g%{é ?%haa[%lrlgmgfﬁ%gé a\?{e%’ %ﬁ%g\r?pjgﬁ%ﬁe’(gsggﬁ%%uoﬁd of formula
(1), as weldellalesiphapapoeittmaeaidlsanddoeipi aivbeghsaictesn.t Aearedfernaragtobe

adm ni st ered aﬁth j t
anulatin c

e, raw chem.cal i 0ssi bl 0 present the, active
Fngr odi ent - safiaodind 8% EIRIGR can be b B BRSOteBlet BBt SR e GRS (6 i e
further prowipddsctipianrdchyt brokdn ino@mmakst ThnganuMsicainbé mblicudkel to prevent
therapeutical ]y effectjve amounts of conpounds. of .formulg (1) or
e et dkife L EhIY BrATRR B Pleaf R Do e SR sabstliot  cal 1y
accept ald e @RI érirgihsral di. ITHR MilBicatod metare N @& SompFhisedaaapaingsTief formula (1)

and pharmaceutically acceptable salts thereof, are as descri bed above. The
carrier(s) ,COB‘H’PFQHéﬁ%E@)PTGSgF%&]B?‘H? m%@;ﬁeﬁa@ ingy W&Eeirﬁ? TRV BEBT he sense of

bei ng conpadaii @ndédnipréstal iafon&dlctt H'i&{cﬁ?i\x@ﬂﬁéﬁ gofgtiSudhandtdamiliigig ;and not
del eterious to the reci PI ent thereof |In accordance w th anot her aspect of

t he di scl ositeeingiEpre ASICar EPPREPIHEVacHBE e¥sisting ofiisalpiespdiroat i on of a

phar meceut i Gighacl QEMhEL? ABul R LIYHLASNALMIKING, BiAPRANNE Ok pbeul @ (1), or

a pharnmaceutically acceptable salt ereof, with one or nore

phar mact i rrayifsd. DygsuEpeanticaddarte thepascoatings e Asnguish difeegng paihdasages. The
dosage of the cQymOHp F i i ect will
depend not only on sﬁ%ﬁsuga%st'sg&s%gyliuhg agggi&ég?@%&gﬁg&gggb%?@{lﬁg pati ent
and node of formne thialst giagn qwantith gentaihsopredeterhencd @gowvet o the rgmppunde uoips on

desi red and..t ie ROLERGY 4QNNEHPRLAGHL A o STRG YA BELRGHLLRIGEY for the

parti cul ar I Sease concerne
while elixirs are prepared through the use of a non-toxic vehicle. Solubilizers and

25  emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene sorbitol ethers,
preservatives, flavor additive such as peppermint oil or natural sweeteners, or saccharin or
other artificial sweeteners, and the like can also be added.

Where appropriate, dosage unit formulations for oral administration can be
microencapsulated. The formulation can also be prepared to prolong or sustain the

30 release as for example by coating or embedding particulate material in polymers, wax, or
the like.

The compounds of formula (I), and pharmaceutically acceptable salts thereof, can

also be administered in the form of liposome delivery systems, such as small unilamellar
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15al so contenpl ated that the treatnent and dosage of the particul ar
conpound may be admi nistered in unit dosage formand that the unit dosage

f or m woulwole12zp293t ed accordi ngly by one skilled in thecans2aie/oembs ect the
relative level of activity. The decision as to the particul ar dosage to be
enpl oyed (and the nunmber of tines to be adm nistered per day) is within the
di scretion of the physician, and may be varied by titration of the 20dosage
to the particular circunstances of this invention to produce the desired

t herapeutic effect. : A suitable dpose of a compound of Fornula | or
bhar et | R EaSbUNmSHA R b A d Bt ae v R nOPTRRg HAdl IOGHHY er | ng

1(‘1 rom gr dl ihﬂﬁ@hy Vhlﬁbtﬁufﬂlﬁif)}lldclipmrg;) ﬁgNalwﬁléi;tEﬂOQ@te;&l@lagﬁ@oilglloﬁﬁatiﬂglcﬂcﬁlﬂﬁuﬁi on/ z;s
escri be erein, generally the ily dose wi | e 25 from abouf 0.05 ny/kg
to about 10 ng/ KyeEAEPHET oy 8_5 apnageytiGally eI ISteh et Mt er ed
par ent er al | 3so feQfeli®red bya®ot i Fidodbd1Om adtibBdidPSandeMud arriBrstth @ hicaRge from
about 0.1 to about 75 ng/kg and preferably fromO.1 to 10 ng/ kg body

wei ght . SThecomperiemplagiiedrespipl] Thyrostepidsimpyistoairwigh eifelytle equal
doses from QgndrQad @4ktablt AR ArrRAY -Suﬁpllyﬁyrﬁérs cHSHALdYp AR rrofl@sRge 1S

adm ni stered,” and the dosage is gradual |y 30increased until” the optinmal
dosage for min depelymgh delyhydrergpreppikmathaceytansdephenol | n accor dance with good
clinical pragh 6yt bR & BoREM Bk REpdINSih\RbaRleFMROUNS at &
concentrati%o?l?tﬂyevéY tyhas?ar\r/g\ndrnﬁp&%r%g’ucgognmé?# ectir\)/eygsr%t%arry e0(11;8 ef f ect

wi t hout cauilitny! weigludsa Frfthdrmore, hntovpruddsingiebedoipled ¢ a ¢hapaever, it will be
under st gpd . t. > QRO 1, i wll be
dot or m hod B araiile PAPHER o SRR e A 4 PO LERER, N e

i ncl udi ng tvdylaoindtitlj @repsitontmeplofae@he olyhhdohimitye afd, pdpptuwaderef be

adm ni stered, t chosen .route of adm nistratipn, th e i ght, and
eaponse. of I EaR BRIl BB IRARIHET bl e me e 7

synpt ons. Shtheravpclgntis 08hydregeisul at i ons nmay be adapted for adm nistration by
any appropriate youte, faor.ex | e e oral (including buccal or

S Fhguay - r edbame e o SRS e AT R it A S Gl - or

t r ansdersval preseM@@bNdibcretd patplak anémdedto reinfia linthtingteTuasttvaandiSidermis of

i ntracut aneous, . i nt{[armscful ar??rigﬂgt ra-articul ar ntrasynovj al

i nt r ast er nalf® 'ScRignh{on & pEylongpd, oEgRafor qXﬁ@Pfa\ﬁé%fdg? ingredient PAY RS gl

injections @llivérBd & RSPatdh®tintophdfdis hO drfaliyliadclipdisin MY mREcuBEgpPar ed by any
nmet hod known in the art of ghar macy, for exanple by bringing into

associ at i onReFEChStDvH8i(hfid¢di ent with the carrier(s) or excipient(s).
Phar maceut i cal fﬂﬁﬂﬂh'céﬂtfcﬁl%rnﬂﬂﬁ%h@&ha{o@ﬂ f&rtéﬂica@%iﬂlsﬁ&t‘fﬁtrh@rbe%@ﬁed

presented as discrete units such as capsules or tablets; powders or

granul e?) s¥|oitneHs CEAMS FISAYPISNIDtPRS, BRyidetu solgionpanstesy GeloWBrays. qui ds:

edi bl e foang, QK Wps; or oil-in-water |iquid emulsions 150r water-in-oil
emul si ons. "For instance, for oral adnministration in the formof a

t abl et or capsulber tredtmericof thecydrangtheoentanad tissuea forsasarsplabiontidindiskin, an or al ,

o yeer ol . wap PRGGHLGR SRR SRRILE o R oG Bl BUE Ao EEARRY,
conpound t oinansunthety| the datineingicdentmaly bd copigyediwtith cathgiamaladfidiy or a water-
25  miscible ointment base. Alternatively, the active ingredient may be formulated in a
cream with an oil-in-water cream base or a water-in oil base.
Pharmaceutical formulations adapted for topical administrations to the eye include
eye drops wherein the active ingredient is dissolved or suspended in a suitable carrier,
especially an aqueous solvent.
30 Pharmaceutical formulations adapted for topical administration in the mouth
include lozenges, pastilles, and mouth washes.

Pharmaceutical formulations adapted for rectal administration may be presented

as suppositories or as enemas.
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20conmm nut ed pharnaceutical carrier such as an edible carbohydrate, as, for
exanpl e, starch or mannitol. Flavoring, preservative, dispersing, and

col ori ng w@ent2/wa7al so be present. Capsul es are matasky2pempari ng a
powder m xture, as described above, and filling forned gel atin sheat hs.
didants and lubricants such as colloidal silica, talc, magnesium
2bstearate, calciumstearate, or solid polyethylene glycol can be added to
the powder m xture before the filling operation. A disintegrating or

sol ubi l'i zi ng agent such. as. agar.-agay, | ciu arbonate, or sodi um
Carbonat 6 can alS8HESHGAda oD R PR ARSI IRy hsten HEHUR cament
when the capsublal inSludd@sise Powdbva@has adoii Bikrddas kHeahnaér iNQGRESAIYis Sui t abl e
bi nders, lubricants, disintegrating 30agents, and col oring. agents can al so
be incorporfalfeéldl-ff»r%a@lﬁélhﬁ%ase%ﬁ%@ug HieeaBY Bamigdms: SHMENTSaar BF R T gelatin,
nat ural sugEclsdalp téthe RbHC THRa¥ fRBLIAHIBHHORE: thE SIrAcSVE R BNELS, natural
and synthetic guns such as acacia, tragacanth or sodi um al gi nate,

car boxyret AMEBPTAHIOR ab2 N3sal spry 10y nasaledrgsy wslude agygoysips ofl pelations ghthecant s used
in these doggageinbREAER:. | ncl ude sodium ol eate, sodiumchloride, and the |ike.
Disintegrators include, wthout |imtation, starch, nmethyl cellul ose, agar,
betoni te, xant hdhagisgsutigpldompdationkedaptpd firadainatiationpbywihaeten, indlede feRanpl e,
by prepari i v AT I I i i | ubri cant
anc i 51 i Aoy el PRRERE ol M m R EH LB o o OO B

prepar ed bydase ricsrgrirddeaconpagbdizers yirtizyfit@eomri nut ed, with a dil uent or
s s e b AN a0y SRR OAADlY 1t B RIB i PHED b A cncnisg

car boxynet hyl cel'l'ul'ose, "an al'I gi nate, ge(f at ng, or polyvi yrroli done, a
sol uti on r edsaedanits, ®mpbnsasrepay, gtlf.ipastesa foaes porppiap forambeber at or such as a
quat ernary salt @and/ ar and. absorption ent suc S. bet oni.t kaolin, or

di cal ci um phospr@f1 ghac “8‘[‘11%8“ Zér%logn‘? % aﬁtregg%zgﬁre %rag?§%1815§%té°&‘ ! @ﬁdfOWet ting with
a bi nder sugheas asdnanpaqusddretiledajsttn salndcksavhizhcinhyagataioantisadidahispns  of
cellulosic or,.polyneric materials.gnd forci hr ough a s¢ree As_.an

o ternat 1 veousRobiciut g Seiid DR e uletan Splbo R B Boghot e

t abl elt MC%é\m@ﬂ&l Te&@ieh’@Sﬁﬂbiqu}aﬁlgiaﬁ@ﬁ(ﬁtf—ﬁﬁlbdn}é stegilomcheaditigsviligtokan ihnto "
granul es. The granul es can be |uybricated tq prevent. sticking to the tablet
formng di ¢8CBYF WRREASMB e JHF P ER A mavhaﬂtrg%ﬁeate Mg t,
15tal ¢, or HitRk&br Miki-dodd@nlatiRfd fRbLMIN hldl BmbsultsNRD veATRIESSEsk | nt o

tabl ets. The conpounds of thelaiﬁresent i scl osure can al so be conbined with

a free fl owit¢igd infelfgezediigd (Bophifigrde sonditivn eaninng bt the pddittondif thestarie wi t hout

going thr Oulﬁliﬁict&?riéil,rf%Pé&!aﬁlﬁ;leﬂgaté}rfoﬁh}égtﬂin&gnﬁ{e@ﬁﬁely Aikheak. or opaque
protective coating consisting of a sealing coat 'of shellac, a coating of
sugar o#0 poFxsferapdrencast iajertiin solfiansgang sUspetsiane arl kg Ppargdovaterite 20pr ovi ded.

Dyestuffs c&&@ggﬁ&g&ﬂ%@tgﬁ%@ coatings to distinguish different unit

dosages. s such as solution, syrups, and elixirs can be
prepared i n dosdgdouldibe uhdarvivaighatiimeddatiogity g iegredierits parteaykarlyinmestigned
predetermn . i.ssol vi ng
Phe. compouriora g tmiichy e SR e ek S MR g M1 50
prepar ed t hthotgh of feemulgigonafi qaestiom foraximple divis¢ fugtablSdbrioial lailmeissragerd

25emul sifiers sulccrll Sehhoxylated isostearyl alcohols and pol yoxyethyl ene
sor bi t of” et Rer gy e Havoring agenis.

The present disclosure will now be described in connection with certain
embodiments which are not intended to limit its scope. On the contrary, the present
disclosure covers all alternatives, modifications, and equivalents as can be included
within the scope of the claims. Thus, the following examples, which include specific

30 embodiments, will illustrate one practice of the present disclosure, it being understood
that the examples are for the purposes of illustration of certain embodiments and are
presented to provide what is believed to be the most useful and readily understood

description of its procedures and conceptual aspects.
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preservatives, flavor additive such as peppermnt oil or natural

sweet eners, or saccharin or other artificial sweeteners, and the |ike can
al so be awiOedi2/MBm®re appropriate, dosage unit formnul ati @o/UuSee12022b5

adm ni strati on can be m croencapsul ated. The formul ati on can al so be
prepared to prolong or sustain the 30 rel ease as for exanple by coating or
enbeddi ng particulate material in polyners, wax, or the |ike. The
conmpounds of formula (1), and pharnaceutically acceptable salts thereof,

can al so be adm_.ni st ered iqﬂﬁhe forn1rf JiEO ome eLiveré ayst%?%, such as
smal | uni | anel | dPCyeOpngsof Peprgwent ahpficaign £} bq 3atheyized usiie fiemathqdf o el | ar
vesi cl es. LiR@8RIBS0W ARl r MWathiBethéticaiRtRody &hdved 3 (RS arpbraph@tidurgic such as

chol esterol , stearylam ne, or phophatjdyl cholines. . The conpounds of
formula (1)PARETHHAMARR BT heEPP §5 @@@émeé@wéhogsﬁlf@edtlﬂéwgr Py so be

delivered byethfl® ikk@icObut ARMIE iMR& to2ibicRIREH B Beow. NAII Vi fEdRdes 6Rddr i ers to
whi ch the 5 conpound nol ecul es are coupl ed. . The conpounds may al so be

cou e t i ' ' ‘iers. Suc (6] nmers
pl ed i tiFranpigHEEbyBryiRaRld dsthels cfgety hewindigiceaes h poly

can include pol Y\ QYhPHiPhbH BN Erep I REhGRPRLMIBY and techniques described in
pol yhydr oxypropyl net hacryl am dephenol , pol yhydr oxyet hyl aspart am dephenol ,
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f or mul at i onsmactafptee durhtion dftlznsdeimailt ambworkiys proatddues, amaghoken td bprlesent ed as
di screte patches intended repain. in intimate.contact with t iderms
of “the. ree; sraiiomy T cirgi, B ahdpd Pl bRl At ' iRt e

i ngredi ent th@yrt.be idelders@ddby biecadiillclién fhate bf brgaiionindekio fasihs fiastigatigr al | y
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Phar maceut | BEEHSL HIPR oS S etre P A APt A B saeetn by be

f 0:’ mul ated rg&ﬂisnplbrﬂlbdﬁledlt&ch eds@RfiBns 5 ltlfeﬂlﬁb’ﬁiit&ﬁﬁ ,wh:idhtair@éb‘inpaﬂﬂm She f
solutions, pastes, gels, .spra aerosols, or oils. For treatnents o
the eye or Btatien Sendtliomn i T b rgéﬁbfs%pp?rmt t‘é%‘é?r?%}”ég iodie ATt apctelicRiate, methgds

formul ati ongyafiRknBE af@rably applied as a topical ointnment or cream Wen

formulated in an ointnent, the active ingredient may be enployed with
ei ther a par af f i e teBinganajgaielsruscipbgisgrhesize theicemparids phde presgnt er nat i vel vy,

the active §Q@i&NnMto hl%sé;) Q10 i 28 DrtiaRd SanGeSSHM Wintalu fBEuiRl br 4:8- Wat er

cream base or a water-in oil base.

commercially available.

The following methods set forth below are provided for illustrative purposes and
are not intended to limit the scope of the claims. It will be recognized that it may be
necessary to prepare such a compound in which a functional group is protected using a
conventional protecting group then to remove the protecting group to provide a

25  compound of the present disclosure. The details concerning the use of protecting groups
in accordance with the present disclosure are known to those skilled in the art.

The abbreviations used in the present application, including particularly in the
illustrative schemes and examples which follow, are well-known to those skilled in the
art. Some of the abbreviations used are as follows:

30 Chemical abbreviations used in the specification and Examples are defined as
follows: “dba” for dibenzylideneacetone; “-Bu” for tert-butyl; “DCM” for
dichloromethane; “LDA” for lithium diisopropylamide; “Ph” for phenyl; “TFA” for
trifluoracetic acid; “Et” for ethyl; “DMF” for N,N-dimethylformamide; “OAc” for
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Phar maceuti cal fornul ati ons adapted for topical admnistrations to the eye
i ncl ude eye drops wherein the active ingredient is dissolved or suspended
i n a suitwbl2e1x@sirer, especially an aqueous sol vent. 3@PhasawEceeshEal
fornmul ati ons adapted for topical admnistration in the nouth include

| ozenges, pastilles, and nouth washes. Phar maceuti cal fornul ations
adapted for rectal adm nistration nay be presented as suppositories or as
enensas. Phar maceuti cal fornul ati ons adapted for nasal adm nistration

wherein the carrier.is a solid include a, rse er. which is

admi ni st er 75 thdOrRer™ ™ RIFTRHCS A {ﬁﬁgigﬁfgﬁ$ﬂrﬁﬁ?? by rapid

i nhal ati on t hr ougmpheonashddspasaR@etht pRaudiosdntahmrndodf thibgisgoweer hel d
close up to tge nose. Suitable formul ati ons wherein the carrier is a
liquid, fordSalsFaekinSstesni=d- a nasal spray or nasal drops, include

aqueous or oil skl Rhehi®uamb iR rdndBuRdif@Nke synthesis ofRGRRGRIET cal
formul ati ons adapted for admnistration by inhalation include fine particle

dusts or> mi &Yl0. 7 Wity eie- gy drperfalddryamidingnyiserinnile piepagation sfide tilpes of

net er ed, do&)_%lp@ﬁﬁﬁ.s Ws iRRHBEH PS8 IR 1 ,r@/%bérﬁﬁlroﬁe 1 PEanirB i fth AUy of
10Pharmaceuti cal fornul ati ons adapted for vaglnal adm ni strati on may be

present ed adylpasaniinetalidesstmpendyce teitierrrdcohgle|l 8., Inghepresencs ofaleBydrgingspr ay

f or mul ati ONgrents,such asHALAAREN L Gl Glidiledhb @RS iAY ARL RS, LatmBagent eral.

adm ni stration include aqueous and”non-aqueous steéerile injection solutions
whi ch may cdimigdtion ghwateooiyiihplsfinblrf flépog freifmenioritlopreridzingaginsowcks whi ch
render (e [oLmRhat LOR JAL PG W kbRl 998 QbR ERLendgd reci pient;
and agqueous and non-adueous sterile suspensions ch may 1 nclude

suspendi ng Hgéeat B.; &odh, tPhilxdt dmo . &genolicd,. P. T fdr, . nivh&bsio B8088y216228r esent ed
in unit-dose or nulti-dose containers, for exanple seal ed anpoul es and
vials, and nay be stored in a freeze-dried (lyophilized) condition
requiring only the addition of the sSe@frinkéd |iquid carrier, for exanple

water for injections, imedjately prior to use .20 Extenporaneous injection
0

sol utions and_suspemgkon Jbe prEgred 8r kdn povgler 7granul es,
and tabl ets. —t+t—show d| bg understoo I n—addrti fe
ingredients particul arly ment¥ened above, the formul ati ons~hay i ncl ude

ot her agents aenventional imw the art having regard to the type of

formulatjon in esti.on, for,.exan thqse suitable for oral adm nistration
25may i htl ude fﬂQWHPPﬁ %£6€WF§@ﬂgﬁé§6W6 entTY iy SEPBERPREs AP £in broRiFigEed

descri bed ity €QBGEbT @BloPbitdhe6a0d B Wit URAE A HEn¥Wig haleg i@k | ntended to
limt its scope. On the contrary, the present disclosure covers al

al t er nat i ve¥SSCAEARTCPRPSE abifsuchgsForRit iarileetptlewedbieaidatian phicrtided wi t hin the

scope of thgedhbRI2OB Thd YikBoxiddiiSn tal BiRE oBXAPhBSHer WHixEdAtibngdede specific
30enbodi nents, will illustrate one practice of the present disclosure, it
bei ng underkogddo those skilled in the arts, with superior results achieved by the use of Dess-

20  Martin periodinane. Dess, D. B.; Martin, J.C. J. Org. Chem. 1983, 48, 4155-4156.

Scheme 2
OH o
Oxidating
<\/I\O R'MgX Agent
cul 7Y 7
’\R1 ’\;1
19 20 18
25 Additional ketones useful in the preparation of compounds of claim 1 can be

prepared using the method described in O. Dirat et al, Tetrahedron Letters, 2006,47,
1295. This method, described in Scheme 3, relies on alpha-arylation (Fox et al, Journal
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that the exanples are for the purposes of illustration of certain

enbodi nents and are presented to provide what is believed to be the nost
usef ul amsioremdioB3p7under st ood descri ption of its procedecgasand/oewrtept ual
aspects. The conpounds of the present application can be synthesized
usi ng the nethods described bel ow, together with synthetic nmethods known in
the art of synthetic organic chem stry, or variations thereon as

appreci ated by those skilled in the art. Preferred nethods include, but are

not limted , . those descrjbed b W, eferences cit 5herein are
her eby inco?v/%%r’gfle&fa? f’ﬁléf’)ﬁélﬁfyi fdé)ﬁy]%ﬁieqoioéva&%’?e eéor?ﬁ%gldtbﬁte conmpounds
may be pr _?_Eiﬁé(&ﬁorblt%!af@ali mefmgﬂemn@samd. TBth&'ljilieﬁﬂtﬁﬂingﬁgt@ﬁé hadng n tﬂi s
sect1 on. e reactlions are perrt or I n solvents approprlate to the
reagent s anlaat%*ﬁ%ﬂ yF avallable symuegRyy aF ensatityAsipepeist by st Hallrdipat i ons

bei ng ef f ecirednd MRty dfacdtNcahRGhéDincRNingfthd MEws ¥ REE biGcdTREdgs descri bed
below, it is to be understood that all 10Qproposed reaction conditions,

i ncl udi ny clisdlee oger slgphadnincludipg é8ingepaaedidspp@rel. ethanelt indthcenpdisat ur e,
duration 0fdkB%u?%&ﬂ&kﬂﬁﬂb\@Qﬂo9&%5&9nﬁﬁ&ﬁﬁﬂ%&ﬁ%&a§ﬂﬁmﬁﬂ%@ﬁﬂ to be the
conditions standard for that reaction, which should be readily recognized
by one skilled in the art. It is understood by one skilled in the art of
organic synthesis that the functionakjty,.gresent on various portions of the
nol ecul e nust be conpatible with the reagents and 15reacti ons proposed.

Such restrictions to the suﬁent/s.xv\,hi ch a; Tonpatible with the
reaction conditions will b dllmr q (

) one skilled in the art and
al ternate nmethods nust thende useg,ntphos o Th arting materials useful
to synthesize the conpounds of thengomsent discl re are known to those
skilled in the art and can beiread™fy manufactured or are 20conmercial ly
avai l able. The follow ng nethods set forth bel ow are provided for
illustrative purposes andvareXt®t! i ntended to limt the scope of the
claims. It will be recognized thgt it may be necessary to prepare such a
conmpound in which a function roupM*s_protécted using a conventi onal
protecting group then to re t hed, bt ect iRg~greyp to provide a
25conmpound of the present discl osuXethdhe detaills pgoRcerning the use of
protecting groups in accordance wi e present disclosure are known to
those skilled in the art. 2 The abbrevi at®ons used in the present
application, including particularly in the illustrative schemes and

exanpl e¥) which follow, are well-known to those skilled in the art. Some of
t he abbrevi ations used are as follows: 30Chem cal abbreviations used in the

speci fication and Exanples are defined as
P Addlizfi(onarlrlp alpha-aryl ketones can ge prepared using the chemistry shown in

Scheme 4, where tetrahydro-4H-pyran-4-one is brominated, typically using bromine in
dichloromethane or pyrrolidine hydrotribromide as a brominating agent. The resulting
15  alpha-bromo ketone can then be reacted with a Grignard reagent, and after migration of

the aryl group the desired alpha-aryl ketone 27 is obtained.

Scheme 4
o} o) o
o DCM o o
25 26 27

20
As indicated in Scheme 5, 2-arylcyclopentanones 18 can be deprotonated with a

strong base, such as LDA and treated with alkylcyanoformate to give ketoesters 28,
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follows: "dba" for dibenzylideneacetone; "t-Bu" for tert-butyl; "DCM for

di chl oronet hane; "LDA" for lithiumdiisopropylamde; "Ph" for phenyl; "TFA"
for triflwonrapetsm®racid;, "Et" for ethyl; "DVF" for N, N @Ccwatshezfoezenmim de;
"OAc" for acetate; "h" for hours, "mn" for mnutes; and "THF" for

t et r ahydr of ur an. Exanpl es of nethods useful for the production of
conpounds of this disclosure are illustrated in Schenmes 1-21. The follow ng
schenmes outline different routes for the synthesis of 2,4-dichloro-7-

5aryl -6, 7-di hydr o- 5H cIo rimdines used,in.t aration of
DRt el o o g R MR S ST BB %??@ra“&c%/em@e wihohe 15 can
6 "t he %?W"ye?‘%r?f o ‘.“ﬁ””m@b' e Y o thi oy
chloride, tf ﬁqrc{r?léﬁﬂ@t a{[y %F.aryé %hxﬁs%fﬁl@a@% (¢l HaE 812t RtBr to yield
ol efins 17.4iblReN0t L&NTENS ; BhiidhenhES, QX[L%agrtg ROLNES, PSUCIPedPRs, erf orm c
acid, olefins 17 can be transformed to 2-ary (¢ cl opent anones 18. Abu

Thaher, B. :NRbeh C. Pl Chog| SegroPerkin Tragio b REPO. 3@'3 S3®4ufer, S. Synthesis 2008,
2, 225-228. Schene 1 15Alternatively, as i ndicated in Schene 2,

2-aryl cycl opentanones 18 can be prepared by treatment of cyclopenteneOX|de
19 with various aryl magnesi um hal i dedckepg 5t he presence of copper salts,
such as copper iodide, followed by OX|q@t|on ofe resul ting al cohols 20. The

sai d oxidation be cagk i ed“° t,by aJn grrber NO |X| dati 8% nts known to
t hose skilled |gfif§h uperrq;—re&u ac hisewve
er

he use of
Dess- 20Martin p |m@kgm Dess . Nhrtln C J. Og. em 1983,
48, 4155-4156. Scherfe 2 25Addi ti on ketones usefil in the pr&par ati on of
conpounds of claithl can be prepared using the®nethod descfibed in 0. Dirat
et al, Tetrahedron Letters, 2006,47, 1295. This nethod, described in Schene
3, relles on al pha- arylatlonléFox et al, Journal of the Anerican Chem cal

Soci et y10 2000, YdEmalizdp)’-a¥l-aidivdrespspiirdd Sorarine. H M6 pdeaedlacet al s

or ketals af[Hifatte By%a&tio%rbfﬁ%ﬁcﬁ%éﬁm&dlWlﬂmt(a{lsfroéér%ntybﬂgcﬁﬁét@f' al's 21
are avail able commercially or can easily be prepared é%/Héthose skilled in

the art, andcemedy. S‘Weq}ﬁm&t@é‘t@nsofc@ﬁ}’b@7191§éfdr001’q4m16m§[ 3ereziggrown et hyl ene
glycol ket ai,4(§f—l,5H)—d10nes 31 with ammonia in water, followed by chlorination with phosphorus

oxychloride affords 2,4-dichloro-7-aryl-6,7-dihydro-5H-cyclopenta[d]pyrimidines 33.

15
Scheme 6
0o o cl
o 0o
CI)LN,.C HN | j\ | N7 |
) NH POCI
l x — o)\o — o u — CI)%N
N 74
. 7\ \
=/ ==,
R! R’ R’
18 31 32 33

In a similar manner to the synthesis described in Scheme 6, additional ketones can
20 be reacted with N-(chlorocarbonyl)isocyanate to provide additional oxazine diones 35 that
can be reacted with ammonia to provide the pyrimidine diones 36 (Scheme 7).
Chlorination then provides the intermediate dichlorides 37. In a similar way, this
chemistry can be performed using the ketal-protected ketones produced in Scheme 3 to
prepare the corresponding fused dichloropyrimidines (Scheme 8).

25
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5ketal s of other al cohols including 1, 3-propanedi ol, nmethanol, ethanol, and
others. This chem stry works equally well to produce unsubstituted

al pha- ar ywoket20nm8®724. Schene 3 where X = Br, | O ARCTXSPU2(cisay 3,

Xant phos Na(Qt-Bu) THF 23 24 10 where X = Br, |

Scheme 7
[o] (o] Cl
0 X
CI”N, HN o HN o NF o
R s | NH | pocl |
° x - o)\o — O)\N —. c.*N
| Re H Re Re
—\R1
34 35 36 37
Scheme 8

O Ra as above N7 | o
N - .
(<+° CI/I\\N

38 39 \\

Synthesis of 2,4-dichloro-7-aryl-6,7-dihydro-5H-cyclopenta[d|pyrimidines 33
could also be performed according to the pathway described on Scheme 9. 4-Chloro-2,6-
dimethoxypyrimidine 40 could be deprotonated with a strong base, such as n-butyllithium

10 or2,2,6,6-tetramethylpiperidine, and quenched with allyl bromide to give 5-allyl-4-
chloro-2,6-dimethoxypyrimidine 41. Nencka, R.; Votruba, I.; Hiebabecky, H.; Jansa, P.;
Tlou§t’ova, E.; Horska, K.; Masojidkova, M.; Holy, A. J Med. Chem. 2007, 50, 6016-
6023. The latter compound can react with c-styrylborinic acids in the presence of a
palladium catalyst, such as tetrakis(triphenylphosphine)palladium, to provide compounds

15  of formula 42 which can undergo ring closure olefin metathesis under Grubbs conditions
to form 2,4-dimethoxy-7-aryl-SH-cyclopenta[d]pyrimidines 43. Grubbs, R. H.
Handbook of Metathesis, 2003, First Edition, Wiley-VCH. The double bond in
compounds 43 can be reduced to give 2,4-dimethoxy-7-aryl-6,7-dihydro-5H-
cyclopenta[d|pyrimidines 44, which upon acid-catalyzed hydrolysis, followed by

20  chlorination with phosphorus oxychloride afford intermediates 33.
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Addi ti onal al pha-aryl ketones can be prepared using the chem stry shown in
Schene 4, where tetrahydro-4H pyran-4-one is brom nated, typically using
brom ne iwodbtoszoonet hane or pyrrolidi ne hydrotri brom #eTas2@2loewns nat i ng
agent. The resulting 15al pha-brono ketone can then be reacted with a
Gignard reagent, and after mgration of the aryl group the desired

al pha-aryl ketone 27 is obtained. Schene 4 -....0..--.?2.0.....----- 0..---
DCM 252627 As indicated in Schenme 5, 2- aryI cycl opent anones 18 can be
deprotonated with a strong base, such as LDA and treated with

al kyl cyanoformate to gi ve ketoesters 2@’” whi ch upon reaction with

2- met hyl - 2-t hi opseudour ea provi de 2-am no-|/-aryl-6, 7-

di hydrocycl openbal e] [ 1, 3] oxaziTo 4(5H) Nngs 29k The™atter cgppounds undergo

aci d-catal yzed drol yskess to f rW<6, 7- di hydr.dgys ea-taast[ e][1, 3]
oxazi ne-2, 4(3 ;% dienes SEJ\L rsen,” Fapge), Chr &tgns n, L.; Ludvig, G ;
Jor gensen, .0 ®eder sen, ct 5Ni el sen, C. P €hef Soc Per ki n

Trans. | 2000, 3035- 3038. Schene 5 18282930

40 4 42
~o ~o cl
N H, N7 1) Acid N7
A / Pd/C A - 2) POCI A 2
0" °N o” °N 3 cl N
5 Additional members of the class of compounds of claim 1 can be prepared as is

shown in Scheme 10. Carboxylation of benzonitriles followed by simple reduction using
metal catalysis (Palladium on carbon or similar methods) provides the substituted beta-
amino ester 48. Condensation with an acrylic ester provides intermediate 49, which can
be alkylated on nitrogen to either directly provide access to R? substituents, or using the

10 chemistry shown can be protected with a p-methoxybenzyl group for later deprotection
and introduction of R®. The intermediate 50 is then cyclized in the presence of base
(usually KO#-Bu) to provide the beta-keto ester 51. Condensation of the beta-keto ester
51 with urea under basic conditions provides the pyrimidine dione intermediate 52, which
can then be chlorinated under standard conditions to provide the dichloride 53. This

15  dichloride can be converted into compounds of claim 1 in the usual way (vide infra).
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10Al ternatively,

7-aryl -6, 7-di hydrocycl openta e] [ 1, 3] oxazi ne-2, 4(3H, 5H) -di ones 31 are

avai | abl ewbyorzmsroron of 2-aryl cycl opent anones 18 with PCT/US2012/022665

N- (chl orocar bonyl )i socyanate (Schene 6). Subsequent treatnent of

7-aryl-6, 7-di hydrocycl opentale] [ 1, 3] oxazi ne2, 4(3H, 5H)-di ones 31 with
ammonia in water, followed by chlorination with phosphorus oxychl ori de

af fords 2,4-dichloro-7-aryl-6, 7-di hydro-5H cycl opent a[ d] pyri m di nes 33. 15
Schene 6 R1IR1 18313233 In a sim Ibg% ma (?er to the synthesis described in
Schene 6, additional ketones can 206&"f®actted with

N-(chl orocarbenyl ) i socyamat eobm prov, obet | onal  @waz pe i gres: 35 t hat
can be reacted With ammonia to pryl de the pyefreceiine dionés 86 (Scheme 7).
Chlorination t provisde he irtesme e dichlokrides 37. fmya simlar
way, this che r y©Ieoas bg/ er formed us t he ket al - prot ect e&k ket ones
produced in Schent 3 to prepare the corresponding fused dichl oerpyri m di nes
(Schene 8). 25 **wWD 2012/ 103897PCT/ Us20121022665 Schene 7 *°

EtOOC. _~ COOEt

N
base base
— /U N
MeO
Ry
MeO 50

Additional members of the class of compounds of claim 1 can be prepared as is
shown in Scheme 11. Esterification of an amino acid followed by alkylation with ethyl 4-
5 bromobutyrate provides intermediate 56, which can be alkylated on nitrogen to either

directly provide access to R substituents, or using the chemistry shown can be protected
with a p-methoxybenzyl group for later deprotection and introduction of RY. The
intermediate 57 is then cyclized in the presence of base (usually KOz-Bu) to provide the
beta-keto ester 58. Condensation of the beta-keto ester 58 with urea under basic

10 conditions provides the pyrimidine dione intermediate 59, which can then be chlorinated
under standard conditions to provide the dichloride 60. This dichloride can be converted

into compounds of claim 1 in the usual way (vide infra).
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34353637 Schene 8 5R1 Synt hesi s of
2,4-dichloro-7-aryl -6, 7-di hydro-5H cycl opent a[ d] pyri m di nes 33 could al so
be perforwedoexwsdi ng to the pat hway descri bed on SchemeTAIS2012@021665 0- 2, 6-
di met hoxypyri m di ne 40 coul d be deprotonated with a strong base, such as
n-butyl lithium 10or 2, 2,6, 6-tetranethyl pi peridine, and quenched with ally’
brom de to give 5-allyl-4- chloro-2, 6-di nethoxypyrimdine 41. Nencka, R
Votruba, |.; Hfebabecky, H ; Jansa, P.; Tlougf ova, E.; Horska, K
Masoj i dkova, M; Holy, A J. Med. Chem 2007, 50, 6016- 6023. The latter
conpound can react with a-styryl bori "e"afids in the presence of a

pal | adi um catal yst, such as tetrakis(triphenyl phosphi ne)pagld adium to
provi de conpounds 15o0f formula 42 which can undergo ring sure ol efin

met at hesi s HPR$eL NGr ubbs BRAFICFOMCoEQ FAQr OOEt
2, 4- di met hoxy- 7t aryl - 5H cyg| opent a[ d] pyri midi nes 43. ®¥bbs R, H°EHandbook
of Metat hesi s, O8thanplj ' iti o Wley . _Theé?stloupl e bond i n conpounds
43 can be redu to give 006" "gr Br

2, 4- di met hoxy- 7 ary1-6, 7- dithcfr 0- 5Hcch1 opent a[ d] di nes 445¢ whi ch upon
aci d-catal yzed &ydrol ysis, siol | owed by 20ck or"ffati on with ghosphorus
oxychloride afford internedi ates 33. WD 2012/ 103297PCT/ US2012/ 022665

Scheme 9 o ¢l
EtOOC OMe OMe OMe
\/©/ i | \/©/ I | \/©/
N
o o)\H N ol )\\N N
F

urea POCI;

R

base

58 59 60

As shown in Scheme 12, the dimethoxybenzyl group used to protect the nitrogen
5 atom on compounds of structure 61 can be deprotected, for instance by the action of a
strong acid (TFA in the presence of anisole as a cation scavenger) to provide the free
amine, which can then be further derivatized, for instance by acylation, sulfonylation, or
alkylation in the usual ways to prepare additional compounds of claim 1. Similarly,
amine the positional isomer 64 as shown in Scheme 13 participates in identical chemistry

10 to access an additional class of compounds of claim 1.

Scheme 12
Rb Rb
NZ N NZ NH
Ween s N,
B. XN °B X
Sy o _ W,
H Anisole H
61 62
Rb
R
Rd-X A )N\/ N
- - \B\ ~
Base ” N

27



404142 434433 5Additional nenbers of the class of conpounds of claim1
can be prepared as is shown in Schene 10. Carboxyl ation of benzonitriles
fol | oned W9 28i2pB®7r educti on usi ng netal catal ysis (Pal lPagiuseeien22s85 bon or
sim lar nmethods) provides the substituted beta-am no ester 48. Condensation
with an acrylic ester provides internmedi ate 49, which can be al kyl ated on
nitrogen to either directly provide access to Rd substituents, or using the
10 chem stry shown can be protected vvith a p-met hoxybenzyl group for |ater
deprotection and introduction of Rd Hut ermedi ate 50 is then cyclized
in the presence of base (usually KOt 0 provide the beta-keto ester 51.
Condensation of the beta-keto ester 51 with urea under basic conditions
provides the pyrim dine di-one erNYEWE at e 52, whi t hen be

i s to pF/OVld‘e tl;ug icil oride 53. This
15di chl ori de can be converted|into conpousdae of cait™m Iin the usual way
(vide infra). WD 2012/ 16(232 / US2012/ 022665 Sch(gn"e NCNCCOCEt H2N

- NZ
Rd-X AL |
_— B. )\\ N 4
Base H R

Further analogs can be prepared by the chemistry detailed in Scheme 14.

5 Formation of the ester from commercial hydroxyacids 67 under Fisher conditions is
followed by alkylation of the alcohol under silver(I) oxide catalysis. Reduction of the
olefin and cyclization gives the beta-keto ester 71. Formation of the pyrimidine dione
with KO#-Bu and urea followed by chlorination with POCl; gives the dichloride 73,

which is carried forward to compounds of claim 1 as described in Scheme 19.

10
Scheme 14
HoOOC._ _OH HO.~COOEt EtOOC. -~ O._COOE Et0OC._~_O._-COOEt
S S
| ] E©OHH EtOOC A~ PBr Pd/C, H, |\
\ /\/ —_— NG
R4 Ry Ag,0 R4 R4
67 68 69 70
(o]
HN |
PN ° POCI
KotBu O N s cf
- . —_—
Urea = |
X
1
71 72 73

Additional analogs can be prepared using the chemistry shown in Scheme 15.
Reaction of pyrimidine-2,4,6-triol with POCls in DMF provides the chlorinated aldehyde
15  75. Protection of the aldehyde is followed by reaction with a Grignard reagent to produce
the dichloride reagent 77. After hydrolytic deprotection and reduction of the aldehyde to
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Addi ti onal nmenbers of the class of conpounds of claim1l can be prepared as
is shown in Schene 11. Esterification of an am no acid foll owed by

al kyl ati omownt2noszdhyl 4- 5Sbronobutyrate provi des i nter mediratseo1362266fi ch can
be al kylated on nitrogen to either directly provide access to Rd
substituents, or using the chem stry shown can be protected with a

p- met hoxybenzyl group for |later deprotection and introduction of Rd. The
internediate 57 is then cyclized in the presence of base (usually KO -Bu)

to provide the heta-ket st.er 58. ndensati on of t efa-keto ester 58
Wi h orea uingrobhdre Cth R REnear ooragy Shatiy bl Frdihcurise
i nt er medi atg@owfe thalishtueanlidiheide Be whlth@d Mah Beluddddeordiiday detB@Rdi tions to

provi de the dichlgride 60. Thi%>dichlo%#d$ccan be converted i nto conpounds
()ill}-]i)f)]l 0

of claim 1 9crtad belewde Pigasse furthgree of ey b012/ 103297PCT/ US2012/ 022665
HOOCNH2 Scheme 11 H H2NCOCEt EtCOC...,..."..... "..NCOOEt Et 00CNCOOEE
ethanol,5 Fr base base

Scheme 15
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2,4-Dichloro-7-aryl-6,7-dihydro-5H-cyclopenta[d]pyrimidines 81 selectively react

with primary and secondary amines to give 2-amino derivatives 82, which under heating
can be coupled with anilines 4 to form title compounds 83. (Scheme 16). The said

10 coupling can be performed either under acidic conditions (for example, using acetic acid),
or under basic conditions, (for example, using sodium hydride). Alternatively, the
coupling can be completed under metal catalysis, with conditions known in the literature,
for instance the use of palladium Xantphos catalyst in the presence of a strong base
(NaO#-Bu) or Na,COs in an aqueous cosolvent mixture (typically THF/water or

15  dioxane/water).

Scheme 16
RL RS P 5 N RL RS
cl SN =
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by B P
Cl N Cl N H N
7\ 7\
/= =/
R! R! R!
81 82 83

Additional compounds of claim 1 can be prepared by condensation of the

20  appropriate ketal-containing dichlorides with animes and anilines in the manner already
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585960 As shown in Schene 12, the di net hoxybenzyl group used to protect the
nitrogen 5at om on conpounds of structure 61 can be deprotected, for

i nst ance W9 2btee10a297i on of a strong acid (TFA in the presemas2ab/o2ss0l e as
a cation scavenger) to provide the free am ne, which can then be further
derivatized, for instance by acylation, sulfonylation, or alkylation in the
usual ways to prepare additional conpounds of claiml. Simlarly, am ne the
positional isoner 64 as shown in Schenme 13 participates in identical

chem stry 10to.access an. addi cl as f conp und im1l. Schene
5 sehene et farranaroge et sOsPEar ERTHB o bekrEh Ry et ai s ed 1 n
Schenme 14. iﬁﬁa{cwlmmu@hs Ech@p@&lﬁc%ﬁ thferk@ﬂa;h@mw isal veRyehe X @G mddiate forunder

Fi sher conditio S is | | owed by aIk | ation o he al cohol under  silver(l)
oxi de cat al &P¥! u%@aaéﬁﬁr%?r PP of b Kook e E@@W%}éfqnéﬁnsaﬁl VHB appes

bet a- ket 0 esldef redubtivénaRiohORe RE LT Bl Oh eSO dnfind€dmBun@nd ur ea
foll owed by chl orination MAtﬁ OC13 glvesﬁ%ﬁgﬂglchlorlde 73 mﬁ?éh i's

carried Jor %r‘ﬁteﬁ@tlﬁ‘éﬁﬁ%lﬁﬁﬂ@le@fm bg terivhed wath hydiderpagspts pyrhas NREs 99,

LiAlH,4 to provide the alcohol. The alcohol 90 can be activated, for instance as the
methanesulfonate, and then displaced with nucleophiles including thiols, azide or other
nucleophiles. Oxidation of the thiol prepares the sulfoxide and the sulfone. Reduction of
the azide produces a facile entry into the amine, which can also be further alkylated to

10 produce additional compounds of claim 1.

Scheme 17
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An additional method for the preparation of analogs of claim 1 is described in
15  Scheme 18. Again starting with the aldehyde 76, addition of lithiated phenyldithiane
provides intermediate 92. Deprotection of the protecting groups provides the keto

aldehyde 93, which can be closed to the substituted pyrrolidine 94 by sequential reductive
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10 Schene 14 HOOCOHHOCOOEt Et COCOCOCEt Et COC', ....", - 0COCEt 67686970
717273 Additional anal ogs can be prepared using the chem stry shown in
Schene 15v0 2012/1882¢t i on of pyrimdine-2,4,6-triol wth POTAB2012/020¢k5

provi des the chlorinated al dehyde 1575. Protection of the al dehyde is

foll owed by reaction with a Gignard reagent to produce the dichloride
reagent 77. After hydrolytic deprotection and reduction of the al dehyde to
t he al cohol, the tetrahydrofuran ri ng can be closed by the action of |ead

tetraacetat ) r&\ﬂu de. t he sy %glchl Ol‘lg 480 whi cth can then be
used accor d"’r]FP’da {98 ' AR YY" ﬁlé E?F FERYS & SPBHECH RS compounds
of cl ai m 1. Jcb&mae iethd fcheme an amine that introduces a protecting group (including 4-
methoxybenzyl) can be used. According to the methods herein, the dichloride thus
obtained can be transformed into compounds of claim 1. Additional analogs can then be
5 prepared by deprotection of the 4-methoxybenzyl group using methods known to those in
the art, such as TFA with Anisole as a cation scavenger, followed by additional

alkylation, acylation, or sulfonylation using known methods.

Scheme 18

96 97

10

In a general way, the additional pyrimidine dichlorides prepared using the
methods described above, or other methods known in the art can be transformed into
additional analogs of claim 1 as demonstrated in Scheme 19. Pyrimidine dichlorides are

15  reacted with amines to provide the chlorides 99 which correspond to the structures D-E as
described in claim 1, where the bond that attaches the structure D-E to the ABNH
fragment is activated as a displaceable chloride group. The title compounds of claim 1
are then prepared by condensing the chlorides 99 with the anilines ABNH, according to
the methods previously described (Scheme 16).

20
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The racemic title compounds can be separated by chiral methods known to a
5 reasonable person skilled in the arts, to provide individual enantiomers (Scheme 20). This
is demonstrated below in the cyclopenta[d]pyrimidine series, but equally applies to the

other racemic compounds described herein.

Scheme 20
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An additional method for producing compounds of claim 1 is demonstrated in

Scheme 20. Commercial 4-chloro-2,6-dimethoxypyrimidine 101 can be deprotonated
using either butyllithium or lithium tetramethylpiperidide followed by allylation to
produce the protected pyrimidine 102. Suzuki coupling of phenyl vinyl boronic acid

15  under palladium catalysis provides the diene 103 which can be efficiently cyclized by
ring-closing metathesis using standard conditions with Grubbs’ II catalyst. The olefin can
then be reduced to provide intermediate 105. Deprotection and chlorination under
standard conditions provides an additional route to make dichlorides 106 which can be
converted to compounds of claim 1 using the chemistry shown in Scheme 19.

20
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Cl Hydrolysis i
2,4-Dichloro-7-aryl -6, 7-di hydro-5H cycl opent a[ d] pyri m di nes 81 sel ectively
react w twopnizmsap7and secondary am nes to give 2-am noPd@riSe@Rioymss 82,
whi ch under heating can be coupled with anilines 4 to formtitle conpounds
83. (Scheme 16). The said 10coupling can be perfornmed either under acidic
conditions (for exanple, using acetic acid), or under basic conditions,
(for exanple, using sodiumhydride). Alternatively, the coupling can be
conpl eted under netal catalysis, mﬁ;ﬂjcong'tions known in the literature,
for instance the use of palladium X ﬁﬁﬁ% catalyst in the presence of a
strong base (NaOt-Bu)over Na2CO8 in an,aqueous gﬂgolvent omét ure (typically
THF/ wat er or 15di oxg watéwwaB@henaj%ﬁﬁéddiLLQﬁal conpetpdsZof claim 1

2

can be prepared by donllensaiimn of {the[ 20appropriate ki gnt ai ni ng
%ﬂiﬁﬁsmand anilﬂﬁéé*indthe ﬁ%ﬁ%g? al¥§a y ldescribed to

dichlorides with
prepare internedi ateg,86 (Schene 17) ,,Deprotecti of thg
i nstance with agueous acid produces the ketone ich is & very useful
internediate for the production of further conpounds. The ketone can be
directly condensed with affitnes under redugd ve conditions §reductive

al kyl ation) to prepare s \tuted am neN ounds,.589. i
ket one can be rggyCEdM&y¥ drgggmgeagﬁhn’ uch-as Na
provi de the al cetoicor The al cphol 99 can be i VAT W, for
met hanesul f onate, and t Hénh | aced witH5n ophiles in®fu g thiols,
azi de or other nucl eophiles. Oxidation of the thiol prepares the sulfoxide
and the sul fone. Reduction of the azide produces a facile entry into the

am ne, which CaPfh@Ira%@m%?iﬁfg#éh?%&nd@kMe%Eﬁﬂat&Pbyl&ilerﬁgtﬂ&ﬁ 1@ddh td pnal

conpounds of claim1.
5 reasonable person skilled in the arts, to provide individual enantiomers (Scheme 21). This

is demonstrated below in the cyclopenta[d]pyrimidine series, but equally applies to the

other racemic compounds described herein.

Scheme 21
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“HPLC” is an abbreviation used herein for high pressure liquid chromatography.
“LC-MS” refers to high pressure liquid chromatography carried out according to the
definition for HPLC with a mass spectrometry detector. HPLC solvent conditions: When
described as performed under “standard conditions”, samples were dissolved in methanol
15 (1 mg/mL) and run using a gradient program with a solvent flow rate of 1.0 mL/min.
Reverse phase preparatory HPLC: When described as performed under “standard
conditions”, samples (approx. 20 mg) were dissolved in methanol (10 mg/mL) and
purified on a 30mm X 100 mm Waters-Atlantis S5 column using a 10 minute gradient
clution from 0 % to 100 % buffer B in buffer A (buffer A = 10% CH;OH/90%
20  water/0.1% TFA and buffer B = 90% MeOH/10% water /0.1% TFA).at 40 mL/minute.
Proton NMR spectra were obtained on a Bruker 400 or 500 spectrometer. Data

were referred to the lock solvent.
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An additional method for the preparation of analogs of claim1l is described
in 15Schenme 18. Again starting with the al dehyde 76, addition of lithiated
phenyl di tWOane/18297i des i nternedi ate 92. Deprotecti on ofPCriEs2@roL®6t i ng
groups provides the keto al dehyde 93, which can be closed to the
substituted pyrrolidine 94 by sequential reductive al kylation. The am ne
can either directly introduce a desired Rd substituent, or as is described
in the schenme an anmine that introduces a protecting group (including 4-

met hoxybenzyl n be ed. .Accordin o the. met hods herein, the dichloride
e oabr et AR RS IS Plebied B asor e Bb 3 A e iR [onal O

anal ogs Cﬂ-rprbsfégtrﬂiﬁﬂbsﬁrepPﬁ@i@lﬁl@ﬂnhyrti]ﬂ@@ﬁﬁlb}%ﬂl §pﬁﬂe§)afndtcbﬁiit4mi§”ah fehméycltbamayl group
usi ng et hods. known to those in the art, such as TFA with Ani so as a
cation scav Hb%ﬁl?qurétF |tmﬁlf§@e%@&im?%ﬂh%}rwﬂa@ ot ﬁ”@g}ﬂ%&ﬁ%ﬁl}a

sul fonyl at i QEpdiséBgr known net hods. Schene 18 In a general way, the

addi tional pyrimdine dichlorides prepared using the nethods descri bed
above, ot other nethods known in the art can be transformed into additional

anal ogs of claim 1 as denonsgyatechis DFSSRERREDI4TRYri m di ne dichlorides are
15reacted with amnes to provide the chlorides 99 which correspond to the

structures D-E as described in claim1l, where the bond that attaches the
structure DDE to the ABNH fragnent is activated as a di spl aceabl e chl ori de
group. The title conpounds of claim1l are then prepared by condensing the
chl ori des ®epirutiont Ge anil i nes ABNH2 according to the nethods previously

descri bf‘di (Scherme 1£AJDiél(?oroﬂ—sp%ggﬂ%,?]:gihydroéH—cyclopenta[d]pyrimidine
Cl

Intermediate G(1)

Cyclopentenylbenzene

.

To a solution of 3.0 M solution of phenylmagnesium bromide in ether (49.7 mL,

149 mmol) was added THF (300 mL). To this solution cooled to 0°C cyclopentanone
(13.23 mL, 149 mmol) was added. The reaction mixture was stirred at room temperature
for 30 min, then - at reflux for 2 h. Ice (20 g) was added, followed by 6N HCI, until the

20  precipitate dissolved. The product was extracted with ether. The combined etherial
layers were washed with saturated sodium bicarbonate solution, dried over anhydrous
magnesium sulfate and filtered. The solvent was removed in vacuum and the residue was
purified by column chromatography on silica gel to give cyclopentenylbenzene (21.49 g,
149 mmol, 100 % yield) as colorless oil. LC-MS (M+H)" =145.1. '"H NMR (500 MHz,

25 CDCL) é ppm 7.48 (2H, d, /=7.3 Hz), 7.35 (2H, t, /=7.8 Hz), 7.22 - 7.27 (1H, m), 6.22
(1H, t, /=2.1 Hz), 2.70 - 2.80 (2H, m), 2.52 - 2.64 (2H, m), 2.01 - 2.12 (2H, m).
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9899100 The racem c title conpounds can be separated by chiral nethods
known to a 5reasonabl e person skilled in the arts, to provide individual
enant i omew® 208¢taave 20). This is denonstrated bel ow i n PO®/US2012/022665

cycl openta[ d] pyrim dine series, but equally applies to the other racemc
conpounds descri bed herein. Schene 20 10101102103 An additional method
for produci ng conpounds of claim1l1 is denonstrated in Schenme 20. Commerci al
4-chl oro- 2, 6- dinethoxypyrinidine 101 can be deprotonated using either
butylllthl g» m t et ranet hyl pi peridide followed by allylation to
produce th PB? ?? &prrlnldlne 102. Suzuki coupling of phenyl vinyl
boronic acid 15under pal | adi um cathehysictoppiitowndes the di ene 103 which can
be efficiently cyclized by ring- closbng nmet at hesi s usi ng standard

conditions with Gubbs' |1 catalyst. Th efin can then be reduced to
provi de intermedi ate 105. Deprot ect chl orinati on under standard
conditions provides an additional roufe to make di chl orides 106 which can

?8 ngver ted to ACO orléI ggfo&fhyc?rogen per0x1 e (Elsgmihf'\@crrrl]r%ron) anc{ é/S‘VS? ormic ac1nd Scheme

5 (100 mL, 2619 mmol) was heated at 40°C. for 15 minutes. The mixture was carefully
added to cyclopentenylbenzene (21.49 g, 149 mmol) and the resulting two-phase system
was vigorously stirred at room temperature for 4 h. An exothermic reaction was observed
in the beginning. In the end of the stirring the solution became homogeneous. The
reaction mixture was carefully quenched with saturated aqueous solution of sodium

10 bicarbonate. The product was extracted with ether. The combined etherial layers were
dried over anhydrous magnesium sulfate and filtered. The solvent was removed in
vacuum and the product was purified by column chromatography on silica gel to give 2-
phenylcyclopentanone (19.995 g, 125 mmol, 84 % yield) as brown oil. LC-MS (M+H)"
=161.0. "HNMR (500 MHz, CDCl3) & ppm 7.38 (1H, t, /=7.3 Hz), 7.30 - 7.35 (2H, m),

15 7.19(2H, d, J/=7.3 Hz), 3.28 - 3.37 (1H, m), 2.71 (1H, td, J/=4.6, 2.7 Hz), 2.58 - 2.63 (1H,
m), 2.43 - 2.55 (1H, m), 2.29 (1H, ddd, /=19.0, 10.5, 9.0 Hz), 2.07 - 2.21 (1H, m), 1.88 -
1.99 (1H, m).

Intermediate G(3)

20 Ethyl 2-0x0-3-phenylcyclopentanecarboxylate

(:: O o
0 \L

To a solution of diisopropylamine (6.62 mL, 46.8 mmol) in THF (200 mL) at -78
°C was added a 1.6 M solution of n-butyllithium in hexanes (29.3 mL, 46.8 mmol). The
solution was stirred for 30 min at -78 °C and treated with a solution of 2-

25  phenylcyclopentanone (5 g, 31.2 mmol) in 50 mL of dry THF. After stirring for 30 min
at -78 °C, ethyl carbonocyanidate (3.36 mL, 34.3 mmol) was added to the reaction
mixture. The resulting solution was warmed to 25 °C with stirring over 3 h. The reaction
mixture was quenched with 10 mL of water, washed with brine, dried over anhydrous
sodium sulfate, concentrated in vacuum, and purified by column chromatography on

30  silica gel to afford ethyl 2-ox0-3-phenylcyclopentanecarboxylate (5.3 g, 22.82 mmol, 73

35



Schenme 20 The racemic title conpounds can be separated by chiral nethods
known to a 5reasonabl e person skilled in the arts, to provide individual
enant i omewe® 208¢taave 21). This is denonstrated bel ow i n PO®/US2012/022665

cycl openta[ d] pyrim dine series, but equally applies to the other racemc
conpounds descri bed herein. Schene 21 "HPLC' is an abbreviation used
herein for high pressure liquid chronmatography. "LC-Ms" refers to high
pressure |iquid chronmatography carried out according to the definition for

HPLC with a nmass spectronetry detector. HPLG solvent conditions: Wen
descri bed a@yﬁi @éFﬂﬁﬂ%ﬁgﬁeF¥"¥§éHH§§dz36%%i#1HHQ%@OQQHﬁ$§§Xﬁ%§@p@issolved

i n met hanol 7.@25(71.39::%%«)), 298 7 uN(1es b Y. B OF 26N tn) °f Ggr A4 %ﬁ @ B0l vent
flowrate of 1.0 nlL/m n. Reverse phase éﬁgaratory HPLC. en descri bed as

per f or ned uhedfer2H: 8Yalntiar WOT @R M- loks™ 1.3 Mes (approx. 20 ng) were

di ssolved in nethanol (10 ng/nmL) and purified on a 30mm X 100 mm
Waters-Atlantis S5 colum using a 10 mnute gradient elution fromO %to
100 % buf f einteBngdiatpf9er A (buffer A = 10% CH3OH 90% 20 water/ 0. 1% TFA and

buffer B = 90@6N@Qﬁ@ég%%yghﬁbaé8ﬁﬁ%@g§§%0@%%ﬁ%E@%ég&ggkgﬂymw Prot on NVR

spectra were obtaine trometer. Data were
referred to the |l ock solvent. 0

2-Methyl-2-thiopseudourea sulfate (1.336 g, 9.61 mmol) was dissolved in water
(10 mL) and KOH (1.128 g, 20.10 mmol) was added. Under stirring, ethyl 2-0x0-3-

10 phenylcyclopentanecarboxylate (2.03 g, 8.74 mmol) was added and the reaction mixture
was stirred at room temperature overnight. The reaction mixture was filtered, washed
with water and ether, and dried over anhydrous sodium sulfate to afford 2-amino-7-
phenyl-6,7-dihydrocyclopentale][ 1,3 Joxazin-4(5H)-one (1.22 g, 5.35 mmol, 61.2 % yield)
as white solid. LC-MS (M+H)" = 229.1. 'H NMR (500 MHz, dimethylsulfoxide-d6) &

15  ppm 7.57-7.85(2H, m), 7.08 - 7.47 (§H, m), 4.25 - 4.38 (1H, m), 1.72 - 2.73 (3H, m),
1.09 - 1.31 (1H, m).

Intermediate G(5)
7-Phenyl-6,7-dihydrocyclopentale][ 1,3 ]oxazine-2,4(3H,5H)-dione

20
2-Amino-7-phenyl-6,7-dihydrocyclopenta[e][ 1,3 ]oxazin-4(5H)-one (900 mg, 3.94
mmol) was dissolved in a 3M aqueous hydrogen chloride solution (32 mL, 96 mmol)
under stirring. The mixture was heated at reflux for 1 h. The reaction mixture was
cooled and extracted with ethyl acetate. The organic layer was washed with saturated

25  aqueous sodium bicarbonate solution and brine, dried over anhydrous sodium sulfate,
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The exanpl es provided are intended to assist in a further understandi ng of
the present disclosure. Particular materials enployed, species and

condi ti orsOoane/iodrdended to further illustrate the speci Prt/usntiosereeht s of

the invention and not limt the reasonabl e scope thereof 5 SYNTHESI S OF

| NTERVEDI ATES Preparation G

102, 4- Di chl or o- 7- phenyl - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di ne Cl

I nt er medi at e G(l) Cycl opentenyl benzene 15 To a soI ution of 3.0 M
sol ution of n nesi um pro et her nas added
ToE (300 moRCTRETRERERImeR bR et h Seorhienpurbibhes(hare L *1a0

mol ) was a{ﬂﬂﬁﬂ6ﬁhﬁydr@@%ldp@rﬂa[@][l@%}b&@z1ﬂ@§4@?ﬂS’H)Qﬂor@t(%(nﬁgnltﬂﬂﬁﬁﬁ@tUl’e for

30 mn, then - at reflux for 2 eé[ Mg) was added, followed by 6N HC1,
until the 20t %oiigik deMf @éﬂﬂ)védm?h PPYRIG0 MHg (X TRnrsb®df { Hlet her .

The conbi neg S?tﬁ%r@ﬁlt Jﬁﬂﬁﬁ%) ywer €7 9asfiedn W i b (galusated, sedh pwm ki car bonat e
sol ution, dried over t);(rous magnesi um sulfate and filfered. 'The sol vent

was removedH7i H@c%u&?m ah 1tfhén)r5éél @ Rk a1 123! BYL &0l urm chr omat ogr aphy

on silica gel to give cyclopentenyl benzene (21.49 g, 149 mml, 100%yi el d)
as colorless oil. LGM (MH)+ = 145.1. 1FI NVR (500 MHz, 25CDC13) 6 ppm
7.48 (2H d J=7A o of 2- pB@ly(l@relomntand)me(IS 9pg ¥, 123 m@gol) ar 197 (1H, , 6.22

(1H t, ﬂ'lo 2 1)? C %at% 3( n% S\gas stn%ecpélf 5%2&#@% anaaplj?)ooé 12 (2H,
'&(C ) "r cyc opemt r?

m. Int er medi a
for 45 min. The resultlng tarrlﬁed reaction mlxture was dissolved in ethyl acetate and

10  neutralized with saturated aqueous sodium bicarbonate solution. The organic layer was
dried over anhydrous magnesium sulfate and filtered. The product was purified by
column chromatography on silica gel to give 7-phenyl-6,7-
dihydrocyclopenta[e][1,3]oxazine-2,4(3H,5H)-dione (3.751 g, 16.36 mmol, 13 % yicld)
as brownish solid. LC-MS (M+H) = 230.0. 'H NMR (500 MHz, CDCl:) & ppm 8.34

15  (1H,brs), 7.35 (2H, t, /<7.3 Hz), 7.27 - 7.32 (1H, m), 7.18 (2H, d, /=7.3 Hz), 4.20 (1H, t,
J=7.6 Hz), 2.82 - 2.91 (1H, m), 2.61 - 2.79 (2H, m), 2.11 - 2.21 (1H, m).

Intermediate G(6)
7-Phenyl-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3 H,5H)-dione
O
T

20
A solution of 7-phenyl-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione
(3.751 g, 16.36 mmol) in concentrated ammonia in water (80 mL, 16.36 mmol) was
heated in a 350 mL high-pressure flask for 5 h. The solvent was removed in vacuum to
give 7-phenyl-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione (3.73 g, 16.34
25 mmol, 100 % yield) as brown solid. LC-MS (M+H)"=229.1. "H NMR (500 MHz,
dimethylsulfoxide-d6) & ppm 7.34 (2H, t, /=7.5 Hz), 7.26 (1H, t, /=7.3 Hz), 7.18 (2H, d,
J=7.3 Hz), 5.39 (1H, br s), 4.14 (1H, d, /=7.3 Hz), 2.43 - 2.68 (2H, m), 1.80 - 1.88 (2H,

m).
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A m xture of 30% hydrogen peroxide (23 nmL, 149 mmol) and 85%formc acid
5(100 nL, 2619 mol) was heated at 40C. for 15 mnutes. The m xture was

car ef ul | ywaadedios97cycl opent enyl benzene (21.49 g, 149 mrolrjuSand/orises

resul ting two-phase systemwas vigorously stirred at roomtenperature for 4
h. An exotherm c reaction was observed in the beginning. In the end of the
stirring the solution becane honbgeneous. The reaction m xture was
carefully quenched with saturated agueous sol ution of sodium 10

bi carbonate, The praduct was extracted with ether. The conbi ned etheri al

| ayers ver e "GR8 er anhydrous magnesium sul fate and filtered. The

sol vent was renoved, ibistasuyrphangd-6, heihpirodecsycwpentilWlpyfin@indy col um
chromat ography on silica gel to give 2- phenyl cycl opentanone (19.995 g, 125
mmol, 84 %yield) as brown oil. LCMS{MH + = 161.0. 1F1 NWMR (500 MHz,
CDC13) 6 ppm 7.38 (1H, t, J=7.3 Hz),NZ7286~\- 7.35 (2H, m), 15 7.19 (2H, d,
J=7.3 Hz), 3.28 - 3.37 (1H m, 2.71IL1H Ad, J=4.6, 2.7 Hz), 2.58 -2.63
(1H, m, 2.43 - 2.55 (1H, m, 2.2¥ (1M ddd, J=19.0, 10.5, 9.0 Hz), 2.07 -
2.21 (1H, m, 1.88 - 1.99 (1H, m. Interrgdiate  3) 20Et hyl

2- oxo- 3- phenyl cycl opent anecar boxyl ate 0 O To a sol ution of
diisopropylamne (6.62 niL, 46 8 nmmol) in THF (200 nL) at -78 C was added a
1.6 M sol ution df salutipntof 7 phemyil-@mrdiky dek dregelop @pyimidag -84 (3fdH)- The

35 phenyl cynP R anE ok el miy™ By fipanfition e (L1 EREN oY bilyfiOhglligon of =
stirring fomnn8@oweaye @tl10 7Bf€,1 hetOngt ice amchtod dyrandwtves (xBa@6l with 34 3 mmol )
e S SR R R
wat er, was hatfamiahdfileredieThedbived vor eemaet ydvaousn swtithemsslut fvad pyrifedbgent r at ed

in vacuum and rified col.um .chr onat,ogr,.aph n 30sil. c to afford

PO o 40 s i B T N A M O S R B o

as col org esschpéntaifpyMBidind(K)132 = 273.a2 light Hrc MR o(iB 0 0CMAS,(MEBG13 6 80.ppm 7. 32

- 7.39 (2H, 7.25 - 7.31 (1H, 7.19 - 7.25 (2H, 4,18 - 4.32 (2H,

o 526l sV Bty S obm T (AT iy 1. 75 T & 0 diy 1y 31>

i ! ng er medi af 6= 4;), 4- AN A%, f=PhADY b 06. T1dihydhosyel 9peDiR nhed b (18] 0 xazi n-
(5H)- Oneddd, J=9.0, 4.7, 4.6 Hz), 2.26 (1H, ddd, J=8.5, 7.0, 6.7 Hz).

15 Preparation Ga
2-chloro-N-methyl-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine

To a solution of 2,4-dichloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine
(Preparation G) (395 mg, 1.49 mmol) in THF (3700 puL), 2 M MeNH, in THF (3700 uL,
20  7.45 mmol) was added. The reaction was allowed to stir at rt. When the reaction was
complete, removed solvent and applied residue to silica gel. Eluted with EtOAc/Hex to
afford the desired 2-chloro-N-methyl-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-
4-amine (80.8 mg, 0.220 mmol, 69.1 % yield). LC-MS (M+H)" =260.1. "H NMR (500
MHz, CDCls) & ppm 7.07 (3H, dd, J=8.5, 5.5 Hz), 6.96 (2H, t, /=8.7 Hz), 4.72 (1H, br s),
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0 2-Methyl-2-thiopseudourea sulfate (1.336 g, 9.61 nmmol) was dissolved in
water (10 nmL) and KOH (1.128 g, 20.10 mmol) was added. Under stirring,

et hyl 2- owo-2812/10829phenyl cycl opent anecar boxyl ate (2. 03 gPC8/URd010R1655 WaS
added and the reaction m xture was stirred at roomtenperature overnight.
The reaction mxture was filtered, washed wth water and ether, and dried
over anhydrous sodiumsulfate to afford 2-am no-7-

phenyl- 6, 7- di hydrocycl opentale][1, 3] oxazi n-4(5H)-one (1.22 g, 5.35 mml,

61.2 %yiel i Lid.  LC NS + = 9.1. 1H ) ,

ai ot ry! sul +5k et de) e et &7 s MR Tyl g A Bl
4.25 - 4.3800H.1MIH, )72 - 2.73 (3H, m, 1.09 - 1.31 (1H, m. Internediate
G 5) 7-Phenyl -6, 7-di hydrocycl openta [e] [l , 3] oxazine-2,4(3H, 5H)-dione o
Hyl oo 20 2- Ami no-7-phenyl -6, 7-di hydrocycl openta[ e] [ 1, 3] oxazi n-4(5H) - one
(900 ng, 3.84pmambd gwas di ssolved in a 3M aqueous hydrogen chloride
solution (32 nL, 96 mmol) under stirring. The m xture was heated at refl ux
for 1 h.5 The #&&ke-okV-Hinkatiut<-RheaylGootibrirantd-aglopataldpyumidin-bemie acet at e.
The organic |layer was washed with satyfated 25aqueous sodi um bi carbonate
solution and brine, dried over anhydrous sodium sulfate, concentrated in
vacuum and purified by colum chroman® y on silica gel to afford 7-
pheny1- 6, 7- di hydrocycl openta[ e] [ 1, 3]8x -2, 4(3H, 5H) - di one (350 ny, 1.527
mmol, 38.7 %yield). LCM (MH+ 2 230.0\ 1H NMR (500 MHz, CDC13) 6 ppm
8.34 (1H, br s), 7.35 (2H, t, J=7.3 Hz), v - 7.32 (1H, m, 7.18 (2H, d,
J=7.3 Hz), 4.20 (1H, t,

A solution of 2,4-dichloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d|pyrimidine
(200 mg, 0.754 mmol) and excess dimethylamine (3.77 mL, 7.54 mmol) in MeOH (2 mL)
was stirred at rt for 1 h. The solvent was removed in vacuum to afford 2-chloro-N,N-
10 dimethyl-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (207 mg, 0.756
mmol, 100 % yield). LC-MS (M+H)" =274.2.

Preparation Ge
2-Chloro-N-ethyl-N-methyl-7-phenyl-6,7-dihydro-5 H-cyclopenta[d]pyrimidin-4-amine
SN
N~

P

Cl N

15
A solution of 2,4-dichloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d|pyrimidine
(150 mg, 0.566 mmol) and excess N-methylethanamine (0.486 mL, 5.66 mmol) in MeOH
(2 mL) was stirred at rt for 1 h. The solvent was removed in vacuum to afford 2-chloro-
N-ethyl-N-methyl-7-phenyl-6,7-dihydro-5 H-cyclopenta[d]pyrimidin-4-amine (163 mg,
20 0.566 mmol, 100 % yield). LC-MS (M+H)" = 288.2.
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5J=7.6 Hz), 2.82 -2.91 (1H, m, 2.61 -2.79 (2H, m, 2.11 -2.21 (1H, m. or
A sol ution of 2-phenylcycl opentanone (19.995 g, 125 mmol) and

N( chl or ocsiokzoryloyisgocyanate (23.70 g, 225 mmol) was sti PCedSat1283%665 or 1 h
and at 130C for 45 mn. The resulting tarrified reaction m xture was

di ssolved in ethyl acetate and 10 neutralized with saturated aqueous sodi um
bi carbonate solution. The organic |ayer was dried over anhydrous nmagnesi um
sulfate and filtered. The product was purified by col unm chromatography on
silica gel o |ve phenyl-6, 7-

dihydrocycl F%P@%fl 3] oxazi ne- 2, 4(3H, 5H)-di one (3.751 g, 16.36 mml, 13
% yield) as browmzsmlﬁmylm cM@oNBpl(e&q{gHI:B #-dihydds Hicycldpe i) dyeidivz , CDC13) 6
ppm 8.34 15(1H, br s), 7.35 (2H, t, J=7.3 Hz), 7.27 - 7.32 (1H, m, 7.18
(2H, d, J=7.3 Hz), 4.20 (1H, t, J=7.6& FE), 2.82 -2.91 (1H m), 2.61 -2.79
(2H, n) 2.11 -2.21 (1H m. Intermeditate  6)

7- Phenyl - 6, 7- di hydr o- 1H- cycl opent a[ d] £ iR di ne- 2, 4(3H, 5H) - di one o Hyl ON H
20 A solution of |
7- phenyl - 6, 7- di hydr ocycl opent a[ e] [A73]NoxaXi ne- 2, 4( 3H, 5H) - di one (3. 751 g,
16.36 mmmol ) in concentrated ammonia in wagery, (80 nL, 16.36 nmmol) was heated
in a 350 nL high-pressure flask for 5 h. sol vent was renoved in vacuum
to give 7-phenyl -6, 7-di hydro- 1H cycl opent a[d] pyri m di ne- 2, 4( 3H, 5H) - di one
(3.73 g, 16.34 25sdnh,of 2AQfohére!7chhemd-oor-owndrs SlH-&clob&atdfB|py hkdine = 229. 1.

020 e P R0 Ll e b o
J=7.3 Hz), Rurd at‘r2fo§@0 QIKIH Tlﬁ@solv%nt&@aﬂerﬂox%ﬁ i Ydduuri}o affr&p ﬁz%ﬁdhﬁfl -§P)-2-
2, 4. d

Di chl oro- 7- phen 7-di hydr o- 5H cycl opent a[ rimdine
B RNy X y R (léfr)r/lg, 0.567 mmol 100 %

chloro-7-phenyl-6, 7 dihydro-5H-cyclopenta[d|pyrimidine
yield). LC-MS (M+H)" =286.3.

10 Preparation Ge
2-Chloro-N-trideuteromethyl-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine

D4C.
3¥>NH

N/|

A

Cl

To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (350 mg, 1.236 mmol) and trideuteromethylamine hydrochloride
15 (174 mg, 2.472 mmol) in methanol (3 mL) was added DIPEA (0.432 mL, 2.472 mmol).
The reaction mixture was stirred at room temperature overnight. The solvent was
removed in vacuum and the residue was purified by column chromatography on silica gel
to give 2-chloro-N-trideuteromethyl-7-phenyl-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-
amine as brown oil. LC-MS (M+H)" = 281.2.
20
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A solution of 7-phenyl-6,7-di hydro-1H cycl opent a[ d] pyri m di ne-2, 4(3H, 511) -
5dione (1.241 g, 5.44 mmol) in phosphoryl trichloride (14.93 nL, 163 mmol)
was heat ewloizniamiogowave at 110 C for 1 h. Once ice neltedT/ush@2pewdiict was
extracted wi th dichloronethane. The conbi ned organic extracts were dried
over anhydrous magnesium sulfate and filtered. The solvent was renoved in
vacuum and the residue was purified by colum chronat ography on silica gel
to give 2,4-dich|oro 7- phenyl-6, 7-di hydro-5H 10 cycl opent a[ d] pyri m di ne
(3.132 g, 7 an b ht brown solid. LC-Ms (MtH)+ = 265.0. 1H NVR (500 MHz,
CDC13) 6 pp/rgﬁ gqonlf 37 (2H, m), 7.27 (1H, d, J=7.0 Hz), 7.15 (2H d,
J=7.9 Hz), 4.24h10:bHN- cgrclopE@le’-ﬂﬂéﬁyl-@Z-@iﬁydro&ch%c(o%kﬂlta[ﬂjpyri&icﬁﬂ-4-—an&1£6 (1H,
m, 2.73 (1H, ddd, J=9.0, 4.7, 4.6 Hz), 2.26 (1H, ddd, J=8.5, 7.0, 6.7 Hz).
15 Preparation Ga
2-chl or o- N- et hy1- 7- pheny1- 6, 7- di hydr d¥6H-cycl opent a[ d] pyri mi di n- 4- am ne NH
To a sol ution of
2, 4-di chl oro- 7- phenyl - 6, 7- di hydr o- 5% @a
G (395 ng, 1.49 mmol) in THF (37007n
7.45 mmol ) was added. The reaction was aI
reacti on was conpl ete, renoved solvent a
Eluted with EtOAc/Hex to afford the desired
2- chl or o- N- met hyrb-a/soRkign yi2 M?chwrchy@h@ryﬁm%{l@}ld@cpsntc@&ldﬂd%ﬁr[d pyrethiadeam ne
(80 8 ng 0 220 mmol, 69.1 %yield M+H) + 1. 11-1 NMR (500
cDCL3) (160 pigr-&4 lopmpeR ip N <2Jn18) V@S aédeé Cv&lypr%an%mxemo e 1324 7 Hz),
4 72 (1H  bhms ,dr Vx'&’s% (Fiiblmu&ure\lvaz stzrrédza} RT%OIOQII((U%H 8 ﬂL of whtePwhiadde?tob7 -

enta[d] pyri m dine (Preparation
2 MMeNH2 in THF (3700 nL, 20
owed to stir at rt. \Wen the
applied residue to silica gel

2.77 (1H, m, m, . Preparation Gb

52- Chl or o- wrwmraﬁﬁeqqﬁghf wodyﬁfe@p@ld?ww fHVEﬁdOHSWc?VC‘lr@ééhglﬁf dPpye 2 di n- 4- ami
ne N phorS - PRopIL7-ph L6,7-dihydro-SH-cyclopentald din-4- 175

22 4 di chl or'a o pRaRy P AT T e e Stk eyclopenplmiding-aine 05 0 o, 754

ol ) and exgdsE2dimelt %%mlﬁ)ewmh WﬂS mied fqr thanaxheser) withouvorpufification. was
stirred;sqt E - sol vent was renoved in vacuumto afford

St Or%@N f¢ MO - KR

10di nmet hyl- 7- phenyl - 6, 7- di hydr o- SFFcycIopenta[d]pyrlnldln 4-am ne (207 ny,
0. 756 nmol , ,100 {&ybeld) LC- M5 (MHH) + = 274.

reparati

2-chloro-N-cyclobutyl-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine

15
To a solution of 2,4-dichloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine

(160 mg, 0.60 mmol) in NMP (2 mL) was added cyclobutanamine (129 mg, 1.81 mmol)
dropwise. The mixture was stirred at RT for 3 hrs. 8 mL of water was added to
precipitate out the product. The solid was filtered out and air-dried to give a crude 2-

20 chloro-N-cyclobutyl-7-phenyl-6,7-dihydro-5H-cyclopenta[d pyrimidin-4-amine (177 mg,
0.57 mmol, 94 % yield), which was used for the next step without any purification. LC-
MS (M+H)" = 300.1
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Preparation G

2- Chl or o- N-et hyl - N-net hyl- 7- phenyl- 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n- 4-

am ne .44v0.2D12/103297. ., 15 A sol ution of PCT/US2012/022665

2, 4-di chl or o- 7- phenyl - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di ne (150 ng, 0.566

mmol ) and excess N-nethyl et hanam ne (0.486 nL, 5.66 mml) in MeOH (2 nlL)

was stirred at rt for 1 h. The solvent was renoved in vacuumto afford

2- chl or oN- et hyl - N- net hyl- 7- pheny1- 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n-4-a

m ne (163 , 20 _0.896 mmol, 100 %yield). LCMs (MH) + = 288. 2.

Prepar at i on’ '@ration

écl)- (N Aziti d: n- ;I.-Ndﬂl?r&?c;bﬂeﬁj?lm—?sopmw&ﬁ—@ih?ch@iﬂiﬁdfc%p’éﬂa[@l}’@f'riﬂﬂﬁﬂmae{ndil@y rimdine
solution o

2, 4-di chl oro- 7- phenyl - 6, 7- di hydr o- 5Hicycl opent a[ d] pyri m di ne 5(150 ny,

0.566 mml ) and excess azetidine (162 My, 2.83 nmmol) in nethanol (1 nL) was

stirred at rt for 30 min. The sol venf W renoved in vacuumto afford

4- (azetidin-1-yl)-2- chloro-7-phenyly6 hydr o- 5H cycl opent a[ d] pyri m di ne

(162 nmg, 0.567 mmol, 100 %yield).ckCGNWc{MH) + = 286.3. 10 Preparation Ge

2-Chl oro-N-trideuteronethyl-7-phenyl-6, 7- gi-hydr o- 5H cycl opent a[ d] pyri m di n-

4-am ne D3C, NH To a sol ution of

2, 4-dichloro-7-(4-fluorophenyl)-6, 7-di hydro<5Hcycl opent a[ d] pyri m di ne (350

ng, 1.236 mmol) @ndoluiibdl 6B, eaRMBEALY [ asyNe, 7K Re Bl QY E18entadpyrimidine

5 (172 mg, 0.65 mmol) in NMP (2 mL) was added propan-2-amine (115 mg, 1.95 mmol)

>

dropwise. The mixture was stirred at RT for 3 hrs. 8 mL of water was added to
precipitate out the product. The solid was filtered out, air-dried, and purified via Biotage
(12g, hexanes-70%EtOAc) to give 2-chloro-N-isopropyl-7-phenyl-6,7-dihydro-SH-
cyclopenta[d]pyrimidin-4-amine (154 mg, 0.535 mmol, 82 % yield). "H NMR (500

10 MHz, CDClz) 6 ppm 7.30 (2 H, t, /7.5 Hz), 7.20 - 7.25 (1 H, m), 7.15 (1 H, d, /=1.5
Hz), 7.13 (1 H, s), 4.53 (1 H, d, /<7.3 Hz), 4.37 - 4.45 (1 H, m), 4.23 - 4.28 (1 H, m), 2.58
-2.78 (3 H,m), 2.10-2.17 (1 H, m), 1.27 - 1.29 (6 H, m).

Preparation Gi
15 2-chloro-4-(3-chloroazetidin-1-yl)-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine
Cl

N
N™~X

PP

Cl N

The mixture of 3-chloroazetidine, HCI (217 mg, 1.697 mmol), 2,4-dichloro-7-phenyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidine (150 mg, 0.566 mmol) and DIEA (0.395 mL,
2.263 mmol) in N-Methyl-2-pyrrolidinone (2.0 mL) was stirred at RT for 3 h. Water ( 8
20  ml ) was added to the reaction mixture. The product precipitated out which was filtered,
rinsed with water and air dried. LC-MS (M+H)" =320.0. 'H NMR (500 MHz,
CHLOROFORM-d) & ppm 7.21 - 7.39 (m, 3 H) 7.14 (d, J=7.02 Hz, 2 H) 4.65 - 4.84 (m,
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15 (174 mg, 2.472 mol) in nmethanol (3 nL) was added DI PEA (0.432 nmL, 2.472
nmmol ). The reaction m xture was stirred at roomtenperature overnight. The
sol vent e 2020929d i N vacuum and the resi due was puri f iPEwE/USFOICOR26HH
chromat ography on silica gel to give

2-chl oro-N-trideuteronethyl-7-phenyl-6, 7-di hydro-5H cycl opent a[ d] pyri m di n-
4- amne as brown oil. LCGCMs (MtH) + = 281.2. 20 Preparation &

2-chl oro- N-cycl opropyl- 7- phenyl- 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n- 4-am
ne /NH To ti of

22 4l chl or D13 hehgl 08: 7R o SHE Gt Bpehtaf & B 1k 8 SE08 1)

0. 641 mol )2 8n- NP4, ). 5aes7aaGEladicyed opzoeanam ne (110 ng, 1.924 mol )
dropwi se. The mixture was stirred at RT for 3 hours. 8 nL of water was
added to precipitate out the product. The solid was filtered out and
air-dried tpegiNMBoRAGET UdE 2-
chIoro-N—cycIOEropy1-7-phen¥1-6,7-dihydro-SkLcycIopenta[d yrim di n-4-am ne
(175 ny,> 0. 62Zhlefmt-(3-deomegasfidind yyD-wphety el dilpsleet S sy clopratahdRyrimidis wi t hout
any purification. 10 LGCMS (MrH) + = 286.1 Preparation &g
2-ch|oro-N—cycIobutyl-?-pheny1-6,7-di?¥gro-5k+cyclopenta[d]pyrinidin-4-anin
e CNHI15 To a sol ution of

2, 4-di chl oro- 7- phenyl - 6, 7- di hydr o- 5H
mml) in NWP (2 nL) was added cycl ob
The m xture was stirred at RT for SrEIQ,
preci pitate out the product. The sali iNwa3d
give a crude 2- 20
chl oro- N-cycl obutyl-7- phenyl-6, 7-di hydro @ ycl opent a[ d] pyri m di n-4-am ne
(177 mg, 0.57 mol, 94 %yield), which was~used for the next step w thout
any puri fi catli@bazetifindvay ivtidthdtwith B@Pardtidir@ path@imb@ier GhPreparation Gi to

2. chl'or o-7- phonyl Ak L3RSk Sad b 35S 8050 Rl Pyr1 m di - 4-ami ne
CHLOROFORM-d) § ppm 7.19 - 7.37 (m, 3 H) 7.15 (d, J=7.32 Hz, 2 H) 5.39 — 5.52 (m,
10 1H)4.59 (dddd, J=14.88, 10.15, 5.19, 4.88 Hz, 2 H) 4.30 - 4.50 (m, 2 H) 4.23 (dd,
J=9.00, 6.26 Hz, 1 H) 2.96 - 3.07 (m, 1 H) 2.84 - 2.96 (m, 1 H) 2.56 - 2.70 (m, 1 H) 2.05 -
2.21 (m, 1 H).

cl openta[ d] pyrimdine (160 ng, 0.60
anani ne (129 ng, 1.81 mol) dropw se.
nmL. of water was added to
filtered out and air-dried to

Preparation Gk
15 2-chloro-4-(3-methoxyazetidin-1-yl)-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine
OMe

3-methoxyazetidine was reacted with Preparation G in the manner of Preparation Gi to

afford the title compound. LC-MS (M+H)" =316.1.
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To a sol ution of

2, 4-di chl oro- 7- phenyl - 6, 7- di hydr o- 5H cycl openta[ d] pyrimdine 5 (172 ng,

0. 65 mMmolwoi2n124eB29¢(2 L) was added propan-2-am ne (115 mgT/U2@3/00266% )
dropwi se. The mixture was stirred at RT for 3 hrs. 8 nL of water was added
to precipitate out the product. The solid was filtered out, air-dried, and
purified via Biotage (129, hexanes-70%t OAc) to give

2-chl oro- N-i sopropyl 7- phenyl- 6, 7- di hydr o- 5Hcycl opent a[ d] pyri m di n- 4- am ne
(154 ng, O. I§ 82 %yield). 1H NWR (500 10MHz, CDC13) 6 ppm 7.30 (2
H t, J=7.5"K¢ mtwﬂ% 7.25 (1 H m, 7.15 (1 H, d, J=1.5 Hz), 7.13 (1 H,
s), 4.53 (1 H,2-@-chisté-73phkkyl.6, AdiBydro- SHr&f'élobént:i‘ﬂd pmlmld‘ln 4A31)-#As-dfdx4-2- H m,
2.58 - 2.78 (3 H m, 2.10 - 2.17 (1 ,12-129(6H n.
Preparation G 152-chloro-4-(3 -c?ﬂaﬁ}lr&[%‘ﬁé‘ft%ﬁ n-1

-yl)-7-phenyl -6, 7-di hydro-5H-cyc lop emta [d] pyrimdine CI The m xture of
3-chl oroazetidine, HClL (217 ng, 1.699 1), 2,4-dichloro-7-phenyl-

6, 7- di hydr o- 5H cycl opent a[ d] pyri m di 150 ng, 0.566 mml) and DI EA (0. 395
m., 2.263 mMuol) in N-Methyl-2-pyrrolidinone (2.0 nL) was stirred at RT for
3 h. Water ( 8 20m ) was added to theyreaction mxture. The product

preci pitated out which was flltered,N|r| 8 with water and air dried. LG MS
(M+H) + = 320.0. 1H NWR (500 MHz, GHkORGFORMd) 6 ppm 7.21 - 7.39 (m 3 H)
7.14 (d, J=7.02 Hz, 2 H 4.65 - 4.84 (m H 4.34 -4.48 (m 2 H 4.23
(dd, J=9.16, 6.41 Hz, 1 H 3.00 (dd, J=8. 5.80 Hz, 1 H 2.83 - 2.93 (m
1 H 2.54 - 272 (m 1H 2.02- 2.20 (m=¥H. Preparation G

52- Chl 0ro- 4af Fah HOIQARGL Ui hdprafoR RERYHE Ranfieiiiir RS cekRREN Al d] Py

rimdi

O

1-(2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)azetidin-3-one. LC—
MS (M+H)" =300.0 A mixture of ethylene glycol (119 pL, 2.135 mmol),
1-(2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)azetidin-3-one (320
mg, 1.068 mmol) and 4-methylbenzenesulfonic acid, H20 (20.31 mg, 0.107 mmol) in

10 Benzene (2965 uL) was heated at reflux for 24 h in a Dean-stark apparatus. The
resulting mixture was concentrated and purified by Prep-HPLC to afford the title
compound. LC-MS (M+H)" =344.0. "H NMR (500 MHz, CHLOROFORM-d) 3 ppm
7.21-7.40 (m, 3 H) 7.15 (d, /=7.63 Hz, 2 H) 4.35 - 4.53 (m, 4 H) 4.23 (dd, J=9.00, 6.26
Hz, 1 H) 4.03 (5,4 H) 2.96 - 3.09 (m, 1 H) 2.80 - 2.96 (m, 1 H) 2.51 -2.70 (m, 1 H) 2.03 -

15  2.16 (m, 1 H).

Preparation Gm
2-(2-chloro-7-phenyl-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-yl)-5-oxa-2-

azaspiro[3.4]octane

20
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3-fluoroazetidine was reacted with Preparation Gin the manner of
Preparation G to afford the title conmpound. LG M5 (MtH)+ = 304.1. 1H NWMR
(500 MHz,wCGHLROROGBFIORM d) 6 ppm 7.19 - 7.37 (m 3 H) 7. 15PCu/uSdnZ/o3B6iHz, 2 H)
5.39 -5.52 (m 101 H 4.59 (dddd, J=14.88, 10.15, 5.19, 4.88 Hz, 2 H) 4.30
- 450 (m 2 H 4.23 (dd, J=9.00, 6.26 Hz, 1 H 2.96 - 3.07 (m 1 H 2.84 -
2.96 (m 1 H 2.56 - 2.70(m 1 H 2.05- 2.21 (m 1 H). Preparation &
152-chl oro-4- (3 -met hoxyazetidin-1-y1l)-7-phenyl-6, 7-di hydro-5H cyc |l op enta

[ d] pyrim di pe 3- oxyazeti di ne . reacted. with Pre ation Gin the
ot of - PSSt AEPOI G G POt e T OB e W EAS =
316.1. Prepabatio@ihGltle compound. LC-MS (M+H) = 342.1.

2- (2-chl oro-7-phenyl-6, 7-di hydro- 5H cycl opent a[ d] pyri m di n-4-y1) -5, 8-di oxa-
2- azaspiro[3.4]octane /--\ 0Oy) <> N 5 Azetidin-3-one was reacted with

Pr epar at i onpfad:idh€n, manner of Preparation G to afford

1- (2-chl oro-7-phenyl-6, 7-di hydr o- 5H- cycl opent a[ d] pyri m di n-4-yl )azeti di n- 3-
one. LCMB (M;a)chlo_x 3oty R, mhiemsiaé‘Ho(fYC@pﬁm[é}wéﬂ@rffy(wyl)enri@ldﬂlri—,omz. 135
nmol ), 0

1- (2-chl oro-7- phenyl- 6, 7-di hydro-5H-c opent a[ d] pyri m di n-4-yl)azeti di n- 3-
one (320 ng, 1.068 mmol) and 4- net hylbenzenesul fonic acid, H20 (20.31 ng,
0.107 mmol) in 10 Benzene (2965 p.L) wvias heated at reflux for 24 hin a
Dean-stark apparatus. The resulting grxune was concentrated and purified
by Prep-HPLC to afford the title confjou LCM5 (MHH) + = 344.0. 1H NMR
(500 MHz, CHLOROFORMd) 6 ppm 7.21CIZ N40\(m 3 H) 7.15 (d, J=7.63 Hz, 2 H)
4.35 - 4.53 (m 4 H 4.23 (dd, J=9.00, 6.263Hz, 1 H 4.03 (s, 4 H 2.96 -
3.09(m 1 H 2.80-2.96 (m 1H 2.51- (m 1 H 2.03 - 152.16 (m 1
H)

Pyrrolidin-3-one was reacted with Preparation G in the manner of Preparation Gi to

afford the title compound. LC-MS (M+H) =314.1.

10 Preparation Go
7-(2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)-1,4-dioxa-7-

azaspiro[4.4]nonane
o
O

[_ff

N
N~

|
u/i\ Z

N

The mixture of ethylene glycol (46.9 uL, 0.841 mmol),

15  1-(2-chloro-7-phenyl-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-yl)pyrrolidin-3-one
(Intermediate Gn) (132 mg, 0.421 mmol) and 4-methylbenzenesulfonic acid, H20 (8.00
mg, 0.042 mmol) in Benzene (1169 puL) was heated at reflux for 24 h in a Dean-stark
apparatus. The resulting mixture was concentrated and purified by Prep-HPLC (Column:
PHENOMENEX LUNA C18 30 x100 mm, Solvent A = 10 mM Ammonium Acetate in

20  95:5H20/ACN, Solvent B= 10 mM Ammonium Acetate in 5 : 95 H20 / ACN,.
Flow rate: 40 ml / min, 30-100, 20 min ) to get 7-(2-chloro-7-phenyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)-1,4-dioxa-7-azaspiro[4.4]nonane (24 mg, 0.067 mmol,
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Preparation Gn
2-(2-chl oro-7-phenyl-6, 7-di hydr o- 5H cycl opent a[ d] pyri m di n-4-y1) - 5- oxa- 2-
azaspi r o[\804poxtaase 20 5- oxa- 2- azaspi r o[ 3. 4] oct ane wa®Cramsetiea22663% h
Preparation Gin the manner of Preparation G to afford the title conpound.
LCM5 (MHH) + = 342. 1. Preparation Gn
51- (2-chl oro- 7- phenyl- 6, 7-di hydr o- 5H cycl openta[ d] pyri m din-4-yl)pyrrolidin
-3-one 0 S N Pyrrolidin-3-one vvas reacted with Preparation G in the manner
f P f h LC- 4.1. 1

Pr epar ati Al o0 2yid 8. HRINE L5k 8 GPRRAY Ao whT W NSz 7 & 0
7- (2- chl or oypfn PREMWYE: tGJJT&s'Ihz&ﬁd‘f@O51'E§Mq|IQﬂ)9ﬂt1§kﬂﬂ{P&’UEﬁ6§1H@) 4-y%) 1, 4- di oxa-
7- azaspi ro(§4 4J nonane

d, J=9.16, 610Hz) 401 4.06 (4 H, m), 3.89 - 3.97 (2 H, m), 3.77 - 3.84 (2 H, m), 3.26

(1 H, ddd, J=15.03, 8.62, 5.95 Hz), 3.13 (1 H, ddd, J=14.95, §.85, 5.80 Hz), 2.53 - 2.63 (1

5 H,m),2.17 (2 H,t,J=7.17 Hz), 2.03 - 2.12 (1 H, m).

Preparation Gp
2-chloro-N-(5-isopropyl-2-methylphenyl)-7-phenyl-6,7-dihydro-5SH-

cyclopenta[d]pyrimidin-4-amine

HN

N~
| /

10

To a solution of 2,4-dichloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine (500 mg,
1.886 mmol) in NMP (Volume: 7543 ul) was added 5-isopropyl-2-methylaniline (281
mg, 1.886 mmol) and DIPEA (329 ul, 1.886 mmol). The resulting mixture was brought
15 to 120 °C and stirred for 2 h. The mixture was then diluted with EtOAc(25 mL), washed
with water(2 x 10 mL), brine(10 mL), dried over MgSQOy, filtered, and concentrated in

vacuo. Purification by flash chromatography (Silica, Thomson 40g, 0 - 35%
EtOAc/Hexanes) gave 2-chloro-N-(5-isopropyl-2-methylphenyl)-7-phenyl-6,7-dihydro-
SH-cyclopenta[d|pyrimidin-4-amine (81421-078-01) (220 mg, 0.582 mmol, 30.9 %

20 yield). LC-MS (M+H) =378.1. 1H NMR (500 MHz, MeOD) & ppm 7.30 - 7.41 (3 H,
m), 7.19-7.26 (3 H, m), 7.16 (2 H, d, ~7.93 Hz), 7.11 (1 H, d, /=7.63 Hz), 4.27 (1 H, t,
J=7.63 Hz),2.91 (1 H, ddd, J/=13.89, 6.87, 6.71 Hz), 2.77 - 2.86 (1 H, m), 2.61 - 2.76 (2
H, m), 2.24 (3 H, s), 2.03-2.13 (1 H, m), 1.27 (§ H, dd, J=7.02, 1.53 Hz).

25  Preparation Gg

N2-(4-bromo-3-methoxyphenyl)-N4-methyl-7-phenyl-6, 7-dihydro-5H-
cyclopenta[d]pyrimidine-2,4-diamine
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N The m xture of ethylene glycol (46.9 [IL, 0.841 mmol),
151- (2-chl oro- 7- phenyl- 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n-4-yl ) pyrrolidi
n- 3- one (Woterymesivate Gn) (132 ny, 0.421 mmol) and 4- nerhylusenzenssil f oni ¢
acid, H20 (8.00 ng, 0.042 mmol) in Benzene (1169 pL) was heated at refl ux
for 24 h in a Dean-stark apparatus. The resulting m xture was concentrated
and purified by Prep-HPLC (Col unm. PHENOVENEX LUNA C18 30 x100 mm Sol vent
A = 10 mM Ammoni um Acetate in 20 95 : 5 H20 / ACN, Solvent B = 10 nM
Ammoni um Acetate in 5 : 95 H20 / ACbl FI owrate: 40 M / mn, 30-100, 20
mn ) to get NH
7-(2-chl oro-7-phenyl-6, 7-di hyd cl
-azaspiro[ 4. 4] nonane (24 ny, 0.06
358.1. 1H NWMR (500 MHz, CHLOROFCR 5T
7.25 (1 H m, 7.15 (2 H, d, J=7.63 H#),
4.01 -4.06 (4 H m, 3.89 - 3.97 (2 H m, - 3.84 (2 H mM, 3.26 (1 H,
ddd, J=15.03, 8.62, 5.95 Hz), 3.13 (1 H, ddd,~J=14.95, 8.85, 5.80 Hz), 2.53
IDr gpg?a§ 1025831%16 oA 236?110@(?-NHnethyl Aphenile, Hﬁ)hydt% ﬁ@cyc?op@%a[ﬁ}pylﬁmldmlA—

i
2- chl or o- N-3%1¢ dognasityn G2) (Peddtsy 0SB mym)). F-bstemsmeghoryail g §9-68 5$410.924
cycl opent a| r
2. 4-di chi or‘glngwsh‘ﬁe“r%@?@ @%E%&??lénﬂ‘gy@ﬂ‘?%m% *é*e%?’%%nwoﬁ el ibh g, 1. 886
ol ) i NMEal@d/nimmaveZM&t pAYC wasnighid€hle ﬁaat&ﬁma@pydre(ﬂmtm‘l(hyLaﬁwhneﬂe (281

ng, 1.886 and DI P 86 .mmo e t| n ture was
brought 55 T8 Mo eas iy Histng THE oo e RS TRESHe man Tl e w ¢ b
Et OAc( 25 mlyith mﬁhmdmvsantohnmaﬂ(l\zeoﬂ 10eeD B 6 glqsm)ec(fqg@odﬁm)as aflbffachiever MySO4,
filtered, and concent rated in vacuo. Purification b sh chr omat ogr aphy

(S ea THomba 3oy MAT L3555 L1 SASMECsHh 5~ BAIRD-2) 8 ppm 10.59 1

2- chl or o- Ns()57'6§@PH0dPMlI 8rﬁ%}h>§hl@hﬁnﬁ)=833 P{Q)eﬁysh 64Zé§1HhM1§”7024 7.34 (3
5H—cyc|o enta[ d] pyrimdin am ne S §
% Hm)694(1Hde866238Hz 436 451(1Hm) 83(3Hs)305(3Hd

J=4.52 Hz), 2.79 - 2.95 (1 H, m), 2.59 - 2.77 (2 H, m), 1.93 - 2.12 (1 H, m).

ald] pyri mdin-4-y1)-1, 4-di oxa-7
1% vyield). LCM (MrH) + =

.31 (2 H t, J=7.63 Hz), 7.20-
H, dd, J=9.16, 6.10 Hz),

W

30.9

Preparation H
2,4-Dichloro-7-(4-fluorophenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine
Cl
g

N

N

Intermediate H(1)

1-Cyclopentenyl-4-fluorobenzene

Sasl

To a 0.5M solution of 4-fluorophenylmagnesium bromide (298 mL, 149 mmol) in
20  THEF at 0°C was carefully added cyclopentanone (13.23 mL, 149 mmol). Upon the end of
the addition, the reaction mixture was heated at reflux for 2 h. Ice (10 g) and 6N aqueous
hydrochloric acid were added. The reaction mixture was extracted with ether. The

combined organic extracts were washed with a saturated aqueous solution of sodium
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20 yield). LCGM (MHH)+ = 378.1. 1H NWR (500 MHz, MeOD) 6 ppm 7.30 - 7.41
(3 H m, 7.19 - 7.26 (3 H mM, 7.16 (2 H d, J=7.93 Hz), 7.11(1 H, d,
J=7.63 HzWQ 2122103791 H, t, J=7.63 Hz), 2.91 (1 H, ddd, J2C3IWBN1262865 6. 71
Hz), 2.77 - 2.86 (1 H m, 2.61 - 2.76 (2 H m, 2.24 (3 H s), 2.03 -2.13
(1 H m, 1.27 (5 H dd, J=7.02, 1.53 Hz). 25 Preparation

N2- ( 4- br onp- 3- met hoxyphenyl) - Nd- net hyl - 7- phenyl - 6, 7- di hydr o- 5H

cycl opent ai d] pyri m di ne- 2, 4-di am ne A m xture of

2-chl oro- N-net hyl- 7-phenyl- 6, 7- di hydr o- 5H: cycl qpenta[ d rimdjn-4- am ne
(Pr opar ar 1 o Ceahp 1 oty Cgn s ons o B RRG RO T ki 0 187 o
0. 924 mmol ) orgditk 12SWhs (He PS4 by dbu2Bdoi¥hm)suifite MFIVEI. Une solerTuas WaS

stirred in a 5 seal ed m crowave tube at 90 OC overni ght. The reaction was

pour ed i nt 0°°PEVIn gpougaasd thepradusvas ppiitict by srlanndiroatessephyynpilict &li ng.  The

cake was aip g‘dfei 18gclopfery B Y FubRBeltAhd 282526 WD tdind, T00ML M) adBiiesof col d
MeOH to get .366&(F 499 of product as an off-white solid. LCM (MH) + =

425.2. 1H MR I ) BB 6 NV YO NG RGINS Pt 7.38 - Y42 RHs@n)( 1 H, d,

J=1.51 Hz), k = 1 dr s s i ) _7.34 (3
Tor my. bG8 (TR SO F gl AR TR B e (3
s), 3.05 (32.64H, M)=4.52 Hz), 2.79 - 2.95 (1 H m, 2.59 - 2.77 (2 H m,
1.93 - 2.12 (1 H m. Preparation H

2,4-Dichloro-7-(4-fluorophenyl)-6, 7-di hydro- 5H cycl opent a[ d] pyri m di ne Cl
15 | nt er nedi atletetdfcjatcdHQycl opent eny1- 4-f | uor obenzene

10 2-(4-Fluorophenyl)cyclopentanone
F

O
A mixture of 80% formic acid (100 mL, 2618 mmol) and 30% hydrogen peroxide
(23 mL, 149 mmol) was warmed at 40°C for 10 min. The resulting solution was carefully
added to 1-cyclopentenyl-4-fluorobenzene (24.155 g, 149 mmol) under stirring. The two-
15  phase system was initially stirred at room temperature. After a certain period of time, a
spontaneous exothermic reaction took place, and the temperature rose to about 50°C. The
reaction mixture was stirred at room temperature for 1 h. The reaction mixture was
quenched by careful addition of a saturated sodium bicarbonate solution. Ether was
added and the content of the separatory funnel was vigorously shaken. The organic layer
20 was separated and the aqueous layer was extracted with ether. The combined organic
extracts were dried over anhydrous magnesium sulfate and filtered. The solvent was
removed in vacuum and the residue was purified by column chromatography on silica gel
to give 2-(4-fluorophenyl)cyclopentanone (18.557 g, 104 mmol, 69.9 % yield) as
colorless oil. LC-MS (M+H)" = 177.2. "H NMR (500 MHz, CDCls) & ppm 7.12 - 7.18
25 (2H, m), 6.98 - 7.04 (2H, m), 3.29 (1H, dd, J=11.6, 8.5 Hz), 2.42 - 2.54 (2H, m), 2.27
(1H, ddd, /~=19.1, 10.5, 8.9 Hz), 2.12 - 2.20 (1H, m), 2.01 - 2.12 (1H, m), 1.87 - 1.99 (1H,
m, /=11.7,11.7, 8.2, 6.3 Hz).

Intermediate H(3)
30 7-(4-Fluorophenyl)-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione
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To a 0.5M sol ution of 4-fluorophenyl magnesi um brom de (298 niL, 149 mmol) in
20 THF at 0C was carefully added cycl opentanone (13.23 niL, 149 mmol). Upon
t he end ovOothe/mad7ti on, the reaction m xture was heat e#Catuse@hloerées or 2 h.
lce (10 g) and 6N aqueous hydrochloric acid were added. The reaction

m xture was extracted with ether. The conbi ned organic extracts were washed
with a saturated aqueous sol ution of sodium hydrogen sulfite, a saturated
aqueous sol ution of sodium bi carbonate and water. The organic | ayer was
dried over anhydrous magnesiumsulfate and filtered. The solvent was
renoved in vacuum and the residue was|purified by colum chromat ography on
obenzene (24.155 g, 149 mmol, 100
= 163.0. 1H NWR (500 WMHz, CDC13)
m, 6.06 - 6.13 (1H, m, 2.63
.06 (2H, m. Internmedi ate H(2)

silica gel to give 1l-cycl opentenyl-m
%vyield) as colorless 5 oil. LG MS LIk
6 ppm 7.35 - 7.42 (2H, m), 6.95 - 9702 (2
-2.71 (2H, m), 2.47 - 2.56 (2H, nm), 1.96
102- ( 4- Fl uor ophenyl ) cycl opent anone F 0O A mxture of 80%formc acid
(100 niL, 2618 nmmol) and 30% hydrogen peroxide (23 nL, 149 mmol) was war ned
at 40C for 10 min. The resulting solution was carefully added to

1- cycl opent eny 1-Alniidtwe 06 Dehfesrepi{cAdl)hbbpentanbdO( 181557 3, Wddemolstnd ri ng. The

two- 15phase ,systemwas initi stirred.at rogmt ature. After a
certain per?aBbd’)ég?cytaP%@}c Cﬁ%ﬂSﬂ%%&ﬁ]y %phvéarsrlﬁe%ta aetgg?(?goﬁtlgoagﬂa | ace, and

t he tenper at3ore férQse Wnabélide t5om tEhpera®as tHe@irifitKichidtion Wastuftwdsr ed at room
tenperature fo .h. The reactio 1 xture s quenched by careful addition
of B st ol redin i Bt BonsneCuRLATGHE R GO End t o cont ent
of the sepagiadiBindtel TRPBIgaNve Say¥i ORIOpEFAtYd SlIaKERueR SayeF G@ ixGradt@yRIith 20 Was
separated and the aqﬁfous | ayer was extracted with ether. The conbi ned

organi ¢ ext¥RE e Her BISHOMBECE YERnia SHIASHOVRC Ay est i SOrTBIECHME il tered.
The sol ventyWag ah@TRU4EE TH YREMUMR 3L Vel VaBoid Bl 8 ResRIHE Whi SFifY bgol UM
chromat ography on silica gel to give 2- 4-f|uoropheqyl)cyclopentanone
(18.557 g, <phmnghspmategamygnyilisp gyl tagive dt(drfluewpheyD-6.1:-C MS (MrH) + = 177. 2.
1FI NVR {500y Wzine 124 (311 51 Qi 52710 54 1-5256 R4iddH M,
3.29 (1Hd,5 dd&%"’:cf%‘%?@’ﬂ?) s 42(3-’7551%}10%%%345 @)@52?121%&(’1%,5% ée,(l(%leg. 1,
10.5, 8.9 Hm)brovh wlid- LE:-MO (W1H) 7343 R. CAINMRYSA@MHEHCDEY:) 5 pp8 721801119 ( 1H,
m J=11.7, blrls),77i318—'7.23'9 (9H?’mﬂj'%?1‘6-7.22 (2H, m), 4.30 - 4.38 (1H, m), 2.63 - 2.73 (1H, m),

2.53 -2.63 (2H, m), 1.84 - 1.95 (1H, m).

15  Intermediate H(4)
7-(4-Fluorophenyl)-6,7-dihydro-1 H-cyclopenta[d]pyrimidine-2,4(3H,5 H)-dione
O
HN

|
d)\N
H

=
A solution of 7-(4-fluorophenyl)-6,7-dihydrocyclopentae][1,3]oxazine-

2,4(3H,5H)-dione (13.527 g, 54.7 mmol) in concentrated ammonium hydroxide (150

20  mL, 3852 mmol) was heated at 100°C in a high-pressure (350 mL) vessel overnight. The
reaction mixture was cooled to 0°C and filtered. The precipitate was consecutively
washed with water and dried, first - by passing air through the filter, and then - in pump
vacuum to give 7-(4-fluorophenyl)-6,7-dihydro-1H-cyclopenta[d|pyrimidine-2,4(3H,5H)-
dione (4.670 g, 18.97 mmol, 34.7 % yield). LC-MS (M+H)" =247.3. 'H NMR (500
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I nternedi ate H(3) 307-(4-Fl uorophenyl)-6, 7-di hydrocycl openta [e][| , 3]

oxazi ne- 2, 4(3H, 5H) - di one F A mxture of 2-(4-fluorophenyl)cycl opentanone
(18. 557 gyoX0re/wea9t7) and car boni socyanati di c chl ori de ( P@TUR2@2/015865 nmol )
was heated at 58C for 1 h and at 130C for 2 h. Upon cooling to room
tenperature, the tarrified reaction m xture was 5di ssolved in ethyl acetate
and washed with saturated agqueous sol ution of sodium bi carbonate. The
organi c | ayer was separated and the aqueous |ayer was extracted wi th ethyl

Ui Tate andire CBrBa peRdabr L ERL BRE verbletot N A g %2%%{2%)22?352' was

purified bysgpl Mﬁ@(l@hhﬂ@éﬁgj aphy, a1, 543 163 @8l nd) 0.8 VY5 (1H, m
7-(4-fluorophenyl) - 10di hydrocycl opent a[ e] [ 1, 3] oxazi ne- 2, 4(3H 5H) - di one
(13.527 g, 54.7 mml 52 5 %yield) as brown solid. LC M (I\/H—I)+ = 248. 1.
1H NMR (500 ,lgbgmg;mm) 6 ppm 11.80 (1H, br s), 7.31 -7.39 (2H, m, 7.16 -
7.22 (2H, m, 4.30 - 4.38 (1H, 2.63 -2.73 (1H, m, 2.53 - 2.63 (2H m,
1.84 - 1595 (1H, 24,«})1chj_(5‘pﬁt(éfﬂmmp erl)}é(h-yhhydro -5H-cyclopenta[d]pyrimidine
7- (4- Fl uorophenyl) -6, 7-di hydr o- 1H cyclgpent a[ d] pyri m di ne- 2, 4( 3H, 5H) - di one
O Hyl ON H F A solution of 7-(4-fluorgphenyl)-6,7-di hydrocycl openta [e][l
, 3] oxazi ne- N* |

Cl)\\N

=
A solution of 7-(4-fluorophenyl)-6,7-dihydro-1H-cyclopenta[d]pyrimidine-

2,4(3H,5H)-dione (1 g, 4.06 mmol) in phosphorus oxychloride (11.81 mL, 127 mmol)
and N,N-dimethylaniline (3.94 mL, 31.1 mmol) was stirred at 110 °C overnight. The

10 reaction mixture was carefully poured into ice. Once the ice melted, the aqueous layer
was extracted with dichloromethane. The combined organic extracts were dried over
anhydrous magnesium sulfate and filtered. The solvent was removed in vacuum and the
residue was purified by column chromatography on silica gel to give 2,4-dichloro-7-(4-
fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine (700.0 mg, 2.472 mmol, 60.9 %

15  yield) as dark burgundy solid. LC-MS (M+H)" =283.1. 'H NMR (500 MHz, CDCls) &
ppm 7.09 - 7.15 (2H, m), 7.03 (2H, t, /=8.5 Hz), 4.42 (1H, t, /=8.4 Hz), 3.10 (1H, dd,
J=9.2,4.6 Hz), 3.01 (1H, d, /=8.2 Hz), 2.73 (1H, d, /=8.9 Hz), 2.15 - 2.27 (1H, m).

Preparation Ha

20 2-chloro-4-(3,3-difluoroazetidin-1-yl)-7-(4-fluorophenyl)-6,7-dihydro-SH-
cyclopenta[d]pyrimidine
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2,4(3H,5H)-dione (13.527 g, 54 7 mml) in concentrated ammoni um hydr oxi de
(150 20 m., 3852 mmol) was heated at 100C in a high-pressure (350 nlL)
vessel oweonoght329The reacti on m xture was cool ed to OCpamastéiziezeesl. The
preci pitate was consecutively washed with water and dried, first - by
passing air through the filter, and then - in punp vacuumto give

7- (4-fluorophenyl)-6, 7-di hydro- 1H cycl openta [d] pyrimdine-2,4(3 H,5H)-
di one (4.670 g, 18. 97 mol, 34.7 %yield). LCM (MrH) + = 247.3. 1H NWR

500 Mz, CDCl 1. H 3 39 (2H, , 7.16 -
(7 22 (2H, M, 3[)3’@ 50 loﬁétl?( %%‘Ch%a‘ %48‘ OI’OPI?W@) 71%\”4}?? le 53(- 2, g?o, (2H,
m, 1.84 - cl/c%er(tel{hﬂpyﬂhdnfér@a@a&kmml)It521mg, 1.840 mmol) in MeOH (18.400 mL)

22 Do o o TR 2o nunof) RS Rt se e R Ry, ™ 9 me O
7- (4-f1 uor ophemnb)): Ghd redbtyndiR-afibiv &y ks Qe mtra £ musd msdha%née(&h—te@tﬂ di one
(1 g, 4.06 mol) in phosphorus oxychloride (11.81 , 127 mmol ) and

N, N- di et hy¥esi- | fusidicgtpndy flgsh chgamatogiapiiy)(siliges ctdy] a}cr:fé@/h§¥anfq)@a@ ver ni ght .

The 10r eact iy@f ol % BUifuiiGScGaS-efl1- ﬁ‘ ARG RN NG 8-ditiRro-Sace the ice nelted,
t he aqueous | ayer was extracted w th dichl oronmet hane. The conbi ned organic

extracts wepvelogentddlpgiapding{AvEimeusSiteamek P4 ih welilr atacclean golorlpss eflexhichThe

SOl vent el SIRAGd AR U LR T SRIEUA R B LAY SRl ™

chromat ography on silic
f | uor opheny19s 67.73 @i Hyaly, 695 H7 ©9 €2 Hpmmt4ai{0c{]4mytd, o i T9e4.07 612), 3. 13 ,4.30.(472 mmol

60.9 % yi.el d S r u dy. id. LC: + = 3 I NMR (500
VHz, 3)%‘%%&%?% (f H?‘?’}%L'gbz‘l%éﬂlfgf‘?)o 5%\/‘5?4,(7%!1)[’\]“:‘%.1%%]1? (%Ezm (1H, t,
J=8.4 Hz), @).10 (1H, dd, J=9.2, 4.6 Hz), 3.01 (1H, d, J=8.2 Hz), 2.73 (1H,
d, J=8.9 Hz), 2.15 -2.27 (1H, nm). Preparation Ha

202-chl oro-4-(3, 3-di fl uoroazetidin-1-y1)-7-(4-fl uorophenyl)-6, 7-di hydr o- 5H
cycl opent a[ Bpyiion g ne

(18,48)-5-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[ d Jpyrimidin-4-y1)-2-
15 oxa-5-azabicyclo[2.2.1]heptane

To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-SH-
cyclopenta[d]pyrimidine (Preparation H) (200 mg, 0.706 mmol) in MeOH (7064 uL)
was added (18,45)-2-Oxa-5-azabicyclo[2.2.1heptane monohydrochloride (115 mg, 0.848
20  mmol) and DIPEA (271 pL, 1.554 mmol). The resulting mixture was stirred at RT
overnight. The reaction mixture was then concentrated in vacuo. The resulting oil was
purified by flash chromatography (Silica, EtOAc/Hexanes) to give (1S,4S)-5-(2-chloro-7-
(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-y1)-2-oxa-5-
azabicyclo[2.2.1]heptane (148 mg, 0.428 mmol, 60.6 % yield). LC-MS (M+H)" = 346.1.
25  'H NMR (500 MHz, MeOD) & ppm 7.12 - 7.21 (2 H, m), 7.00 - 7.08 (2 H, m), 5.11 - 5.21
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To a sol ution of

2,4-dichloro-7-(4-fl uorophenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri m di ne
(Prepar atworzo1ip329321 ng, 1.840 mml) in MeOH (18. 400 mrTMEss01adesds DI PEA
(0.803 nm., 4.60 nmol ), then 3, 3-difluoroazetidine, HCl1 (358 ng, 2.76 mmol).
The reaction was allowed to stir at RT for 2 h and was then concentrated in
5vacuo. Purification by flash chromatography (silica, ethyl

acet at e/ hexanes) gave 2-

chl oro-4-(3,3-dif r tidipn-l-y1)-7-(4-tl uqr e ) -6, 75 di -5Hcycl o
pent a[ d] pyr 'liﬁ{’&‘?)n%g%'sggiﬁg%l’ ) 844 '%HBI(,I %HIB%U@% gﬂpégf‘)&ﬁ . %g%é#"?gg%ﬁorl ess
oi | which ciystial-Bi2zagd Hom) st sndl. 61 H,@)MBoE M) ¢ B, @40.20.- 116 (NMRm(.500 MHz,
CDC13) 6 ppm7.05 - 7.13 (2 H m, 6.94 - 7.02 (2 H m, 4.60 (4 H td,
J=11.75, 4.27 Hz), 4.18 - 4.30 (1 10H, m), 2.93 - 3.06 (1 H m), 2.80 -2.95
(1 H m, 2pRfuusokllilntiacm, 1.96 -2.18 (1 H m. Preparation Hb
(1S,4S)-5-(2-chl oro- 7-_&4-“ uor ophenyl) -6, 7-di h(¥dro- 5H- cycl opent a[ d] pyri m di
n-4-y1) -2- 150xa2sbhlarabl4ifeqreqhend)-41Frapsthytpyrrolidin-1-y)-6,7¢lihydeotft i on” of

2, 4-di chl oro-7- (4-fl uor ophenyl) <G 1dyeiafiipiRniatde ycl opent al d] pyri m di ne
(Preparation 11) (200 ng, 0.706 mml) in MeOH (7064 pL) was added

(1S, 4S) - 2- Oxa- 5- azabi cycl of 2.\2. 1] hept ane m)nohychl oride (115 ng, O0.848
20 mmol ) and DI PEA (271 [IDN717554 nmol ). The rasllting mixture was stirred
at RT overnight. The reacti
resulting oil was purified by
to give(lS,45)-5-(2-chII i PN
(4-f1l uorophenyl)-6, 7-di ﬁydro-S cycl opent af d‘i pyrim din-4-yl)-2-oxa-5-

azabi cycl o[ 2. 2. 1] hept ane (148 . ld). LCM (MtH) + =
346.1. 251H NVR (500 MHz, MeOD)\s6 /ppm 7.12 - 7.21 ( m, 7.00 - 7.08 (2
H m, 5.11 -5.21 (1 H m, 4.69-4.74 (1 H m, 4.15-4.26 (1 H m, 3.88
- 3.94 (2H m, 3.68 - 3.86 (2 H m, 3.11 -3. 1 (1 H, m, 2.56 - 2.69 (1
H m, 1.92 - 2.11 (2 H pBlereomed4- 1.42(2 H, pAderedtigparati ons Hel and Hc2
52-chl oro- 7- (4-f | uor ophenyRacedic( 2- met hyl pyrr ol Raemicl-y1) -6, 7-di hydr o- 5H

cycl opentald rimdjne
y P L] py 'llo a solurtlmn of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (Preparation H) (200 mg, 0.706 mmol) in MeOH (7064 pL) was
10 added 2-Methylpyrrolidine (82 uL, 0.848 mmol). The resulting mixture was stirred at RT

on m xture was then concentrated in vacuo. The
ilica, EtOAc/Hexanes)

for 2 days. The reaction mixture was then concentrated in vacuo. The resulting oil was
purified by flash chromatography (Silica, EtOAc/Hexanes) to give two racemic pairs of
diasteriomers 2-chloro-7-(4-fluorophenyl)-4-(2-methylpyrrolidin-1-y1)-6,7-dihydro-5H-
cyclopenta[d]|pyrimidine. (Hcl, Diastereomer 1, racemic, first to elute) (79.5 mg, 0.240

15  mmol, 33.9 % yield). LC-MS (M+H)" =332.1; '"H NMR (500 MHz, MeOD) & ppm 7.16
(2 H,d, /=549 Hz), 7.04 (2 H, s), 442 - 4.54 (1 H, m), 4.09 - 4.22 (1 H, m), 3.86 - 4.00
(1 H,m),3.71 -3.82 (1 H, m), 3.24 -3.31 (1 H, m), 3.10 - 3.22 (1 H, m), 2.54 - 2.65 (1 H,
m), 2.05-2.16 (2 H, m), 1.94-2.05 (2 H, m), 1.69 - 1.80 (1 H, m), 1.27 (3 H, d, /=6.10
Hz). (Hc2, Diastereomer 2, racemic, second to elute) (89.5 mg, 0.270 mmol, 38 % yield).

20 LC-MS (M+H)" =332.1; "H NMR (500 MHz, MeOD) & ppm 7.14 (2 H, d, J=5.49 Hz),
6.99 - 7.08 (2 H, m), 4.42 - 4.54 (1 H, m), 4.13 - 4.22 (1 H, m), 3.86 - 4.00 (1 H, m), 3.71
-3.83 (1 H, m), 3.25-3.32(1 H, m), 3.14 - 3.25 (1 H, m), 2.52 - 2.67 (1 H, m), 2.05 -
2.19 (2 H,m), 1.94-2.05(2H, m), 1.68 - 1.78 (1 H, m), 1.19 - 1.32 (3 H, m). The
relative stereochemistry for Hel and He2 was not determined.

25
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Hcl Hc2 Di astereoner 1D astereoner 2 Racem cRacem c To a sol ution of
2,4-dichloro-7-(4-fl uorophenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri m di ne

( Prepar atworeo2110329200 ng, 0.706 mml) in MeOH (7064 nL) PaaaiSi@2acbes!

2- Met hyl pyrrolidine (82 nL, 0.848 mml). The resulting m xture was stirred
at RT for 2 days. The reaction m xture was then concentrated in vacuo. The
resulting oil was purified by flash chronmatography (Silica, EtOAc/Hexanes)
to give two racem c pairs of diasterioners

2-chloro-7-(4- fluorﬁ heny1) - 4- (2-met hyl pyrrolidin-1-yl)-6, 7-di hydro-5Hcycl o
pent a[ d] pyri U He! ? , Diastereoner 1, racenic, first to elute) (79.5
ng, 0.240 152816R)-4- (%hl%ro% Yi-ghtdpheb® WB-diMr)-3t1eyd3@ental dpyHtNYR-4-$00 Mz,
MeOD) 6 ppm 7.16 (2 H, d, J=5.49 Hz), 704( H s), 4.42 - 4.54 (1 H, n),
4.09 - 4.22 (1 H n), 3.86 - 4. G-fimelhylmgmpholings "3 82 (1 H n), 3.24 -
3.3 (1 H m, 3.10 - 3.22 (1 H, 54 - 2.65 (1 H nm, 2.05 - 2.16 (2
H m, 1.94 - 2.05 (2 H m, 1.69 - Eé‘(l H m, 1.27 (3 H d, J=6.10
Hz). (Hc2, Di astereoner 2, racemc, nd to elute) (89.5 ng, 0.270 mol,
38 %yield). 20 LGCM (MrH) + = 332.1; |IH NWVR (500 MHz, MeOD) 6 ppm 7.14 (2
H d, J=5.49 Hz), 6.99 - 7.08 (2 H, m)X24 42 -4.54 (1 H m, 4.13 - 4.22 (1
H m, 3.86 - 4.00 (1 H m, 3.71 - £ 383 H m, 3.25 - 3.32 (1 H m,
3.14 - 3.25 (1 H m, 2.52 - 26791 W m\, 2.05- 2.19 (2 H m, 1.94 -
2.05(2H m, 1.68 - 1.78 (1 H m, 1.19 .32 (3 H m. The relative
stereochem stry for Hcl and Hc2 was not detefmned 25 Preparation Hd
(2S,6R)-4-(2-chloro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl openta[ d] pyri m di
n-4-yl)- 2,6-di nethyl morpholine F 5To a solfution of

2, 4-di chj oro-7- (f4- fs'oHﬁ"oﬁ’Bi“?@)ﬂi‘e)ﬂo@o 77'(@&1ﬁ]81‘3k/1@ébn iﬁ%ﬁéﬁﬁ:&&@%ﬁt a[d] pyri m di ne
(Pr eparation 11) 0.7 pL) was added

Ci s-2, 6-Di n@tc]@ymm{dlwm?l?dw ((’1@5%1@0& W82, 79 )mmothlé M&ﬁﬁﬁ%ﬁng xture was
stirred at t I € nmor phol i ne
was t hen ad\(?;le;cf(agﬁfd& T %g Dﬁnﬁ{tﬂ re Oih%l gls ﬁ%?’?ﬁ@%‘ @ng%f gﬂ&%ﬁ%@ﬁe The
reacti on mwasustigedRTLQverhigh. é@rad@norraé?- eah.i of crekePimThdmogdoling wg oi | was
purified by h (S (0]
(2S, 6R) - 4- (tELIlC%?ied g@ﬁ%ﬁ)ﬁﬁ gw@g%%enn%} 68 2&/?5%9@93&'6@?&%&1 n m&{uYeewas
cycl opeHi a[tﬁiizrpguncemdtedm%y&() H;e&esiﬂtngtolﬂywmnpﬁcd bynt@sKl 2R8matggraphy616 mol , 87
% yi el d). NG 0 7.1 7.24 (2
Homy, 6. oS %y‘“@%ﬁfmeﬁ)}m efyesdl 6Wé£15l% 0% uorg 922‘8’% @9@11@5015% 70 (2
H td, J=4. c1y21opaua{4 yﬁﬁmm 4&1)12}6~dm&.t}3&n6r1)h¢1hner‘0223 BB 6 erZbB8’€% H m, 2 69
g ?8 (Hg) Hy’igﬂlaaq NS %ﬂﬂe 3(321 ﬂHrTI?MR%SO% MHz2 A}eg’ozg)]s '}gm%i 724%%2 1§16 Hd,
(2 chl or omy (04--f7109q5 e A k) - H5 172, ryyds 96 PiHCy . ane, ad, Jkpys,iomadi n- 4-y1) -

15 Hz),3.14-3.25(1 H, m), 3.03-3.13 (1 H, m), 2.69 - 2.80 (2 H, m), 2.54 - 2.68 (1 H, m),

1.95-2.13 (1 H, m), 1.23 (6 H, d, J=6.10 Hz).

-bl—‘Ll'

Preparation He
1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)-4-
20 methylpiperidin-4-ol
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20net hyl pi peridin-4-ol -....N--- F To a sol ution of
2,4-dichloro-7-(4-fl uorophenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri m di ne

( Pr epar atworzo21ip3z90400 ng, 1.413 mmol) in MeOH (14. 100 mPLTMES01aM056S

4- et hyl pi peridin-4-ol (163 ng, 1.413 mol). The resulting m xture was
5stirred at RT overnight. The reaction m xture was then concentrated in
vacuo. Purification by flash chromatography (Silica, EtOAc/Hexanes) gave
1-(2-chloro-7-(4-
quorophenyl)-G,?-dihydro-SFLcycIopentQLp]pyrinidin-4-y1)-4-nethy|piperidin

-4-0l (374 ny, 1.034 mol, 73.2%yiel ). LC-Ms (MH)+ = 362.0. 1H NMR (500
Mz, MeOD) 6 ppm7.12 - 7.21 (2 H, ny, ¥.04 (2 H, t, J=8.85 Hz), 4.11 -4.30
(3 H n), 3.48 - 3.63 (2 10H, m), 3. 3.23 (1 H m, 3.00 - 3.12 (1 H,

m, 2.54 -2.66 (1 H mM, 1.94 - 2.09 (L H mM, 1.68 (4 H t, J=4.12 Hz),
1.28 (3 H s). Preparations H | and >

2-chloro-4-(2-ethyl pyrrolidin-1-yl /K ,4» uor ophenyl) -6, 7-di hydr o- 5H15cycl
opent a[ d] pyri m di ne Hf 1Hf 2 Di ast'er dbnen 1Di ast er eomer 2 Racemni cRacenic
2, 4-di chl oro-7-(4-fluorophenyl)-6, 7-di hyg H cycl opent a[ d] pyri m di ne
(Preparation 11) (200 ng, 0.706 mml) and thyl pyrrolidine (84 ng, O0.848
nmmol ) were conbi ned and purified as per Pre%aration Hd to give two pairs of
racemc

To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-SH-
cyclopenta[d]pyrimidine (Preparation H) (400 mg, 1.413 mmol) in MeOH (14.100 mL)
was added 4-methylpiperidin-4-ol (163 mg, 1.413 mmol). The resulting mixture was

5 stirred at RT overnight. The reaction mixture was then concentrated in vacuo.
Purification by flash chromatography (Silica, EtOAc/Hexanes) gave 1-(2-chloro-7-(4-
fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d|pyrimidin-4-y1)-4-methylpiperidin-4-ol (374
mg, 1.034 mmol, 73.2 % yield). LC-MS (M+H)" =362.0. 'H NMR (500 MHz, MeOD)
dppm 7.12-7.21 (2 H, m), 7.04 (2 H, t, J=8.85 Hz), 4.11 - 430 (3 H, m), 3.48 - 3.63 (2

10 H,m), 3.14-3.23 (1 H, m), 3.00 - 3.12 (1 H, m), 2.54 - 2.66 (1 H, m), 1.94 - 2.09 (1 H,
m), 1.68 (4 H, t, /=4.12 Hz), 1.28 (3 H, s).

Preparations Hf1 and Hf?
2-chloro-4-(2-ethylpyrrolidin- 1-y1)-7-(4-fluorophenyl)-6,7-dihydro-5H-

15 cyclopenta[d]pyrimidine
{ I~ { I~
N~ N7~
I I
2 s
m/i\N O’J\N
F F
Hf1 Hf2
Diastereomer 1 Diastereomer 2
Racemic Racemic

2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[ d Jpyrimidine
(Preparation H) (200 mg, 0.706 mmol) and 2-ethylpyrrolidine (84 mg, 0.848 mmol)

were combined and purified as per Preparation Hd to give two pairs of racemic
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di asterionmers 2 -chloro-4-(2 -ethylpyrro
lidin-1-yl)-7-(4-fluorophenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri m di ne. (Hfl
, Di ast erworzer2/mb329racem c, first to elute) (77 ng, 0.22BCEusk1282%yi el d)
LCGMs (MHH)+ = 346. (Hf 2, Diastereoner 2, racenm c, second to elute) (80 ng,
0.232 mol, 33%yield); LCM (MtH) + = 346.2. The relative 5

stereochem stry for Hl and H 2 was not determ ned Preparati on Hg
tert-butyl

1-(2-chloro 4-f | uor.ophen -6, 7-di hy. cIo din 4-y1)-
4- et hyl pi p%?sit?(jfioﬁl% Pba(éa%}]é’%yrmﬂdl VTGS RRE ' GhRHE S “OX )F-1i |
0o ..... N. --¢ clopélﬂzﬁd pyr1m1d1r-1|éO (Af1S Dhiddick@medf , racemic, first to elute) (77 mg, 0.223

2,4-dichloro-7- | u hen 7- di hydr o- SFbycIopenta[d]pyrlnldlne
(Preparatldﬁmfh% Gé?&éPhﬁﬂiféﬂ ﬁ V%QN%@ﬁpfﬁﬁmf@Bwﬁfy Wedddeded
tert-butyl é}uteje(tgbnigpo per m%n-:«séw&&gy b@rms eMG-80'3= s 2. 1Tt kSlaf0l ) . The

resulting mxture was stirred for 7 days. At that tinme, the reaction
M xt ure WasSISREBPBISHY farHland i aeg ot dotrminiedat i on by flash chromat ography
(Silica, EtOAc/Hexanes) gave tert-butyl

1-(2-chl oro-7-(4-fluorophenyl)-6, 7- dlhydro 5H- cycl opent a[ d] pyri m di n- 4-
y1) - 4- met hyPispgrétiordiia- 4- y| car bamat e (159 ng, 0.345 mmol, 24.41 %yield) as

a yell ow fogmy. bl!ttg : Né-&h%?k% "(4 'ﬂuéﬁ&#;l%ylf](ﬁ l}l?(g%& %@ng?ent%@%g)lm@dlﬁ) Q@)lf 12 -

7.22 (2 H, 20
4-methylpiperidin-4-ylcarbamate

5t

|
Cl

10 F
To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-SH-

cyclopenta[d]pyrimidine (Preparation H) (400 mg, 1.413 mmol) in MeOH (14.100 mL)
was added tert-butyl 4-methylpiperidin-4-ylcarbamate (303 mg, 1.413 mmol). The
resulting mixture was stirred at RT for 7 days. At that time, the reaction mixture was

15  concentrated in vacuo. Purification by flash chromatography (Silica, EtOAc/Hexanes)
gave tert-butyl 1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d [pyrimidin-4-
yl)-4-methylpiperidin-4-ylcarbamate (159 mg, 0.345 mmol, 24.41 % yield) as a yellow
foam. LC-MS (M+H)" =461.2. "H NMR (500 MHz, MeOD) & ppm 7.12 - 7.22 (2 H,
m), 6.98 - 7.09 (2 H, m), 4.19 (3 H, d, /~2.14 Hz), 3.38 - 3.56 (2 H, m), 3.13 - 3.25 (1 H,

20 m),3.02-3.13(1 H, m), 2.53 -2.67 (1 H, m), 2.11 - 2.24 (2 H, m), 1.96 - 2.08 (1 H, m),
1.53-1.65(2H, m), 1.47 (O H, s), 1.37 (3 H, s).

Preparation Hh
2-chloro-7-(4-fluorophenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine
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Preparation Hh

2-chl oro-7-(4-fluorophenyl)-N nethyl-6, 7-di hydro-5H- cycl opent a[ d] pyri m di n-
4-am ne WBI2012/183297 PCT/US2012/022665

2, 4-di chl oro-7-(4-fluorophenyl)-6, 7-di hydro- 5H cycl opent a[ d] pyri m di ne
(Preparation 11) (500 ng, 1.766 mmol) and net hanam ne hydrochl oride (179
ng, 2.65 nmol) were conbined and purified as per Preparation Ha to give
2-chloro-7-(4- 5

fl uorophenyl) - N-met hyl- 6, 7- di hydr O-Sl_\hwﬁd opent a[ d] pyri m di n-4-am ne (344
ng, 1.239 mmol, 70.1 %yield). LCGM ( = 278.0. 1H NWR (500 MHz,
CDC13) 6 ppm 7.03 - 7.12 (2 H m, 68k ~—7.03 (2 H m, 4.53 - 4.79 (1 H,
m, 4.19 - 4.29 (1 H m, 3.09 (3 H Id,/ 4.88 Hz), 2.56 - 2.80 (3 H m,
2.00 - 2.15 (1 H m. 10 Preparati®
1- (2-chl oro-7-(4-fluorophenyl)-6, 7-di hydr
3- (trifluoronethyl)pyrrolidin-3-ol F

2, 4-di chl oro-7-(4-fluorophenyl)-6, 7-di hydr 6% 5H cycl opent a[ d] pyri m di ne 15
(Preparation 11) (286 ng, 1.010 nmmol) and F

3-(trifluoronet @yéi JiBYIBF0- tégﬂﬁbrgp'hgﬁylf \8/‘57dllﬂﬂro %Q}&oﬂ@ﬁtdﬁp%ﬁﬁﬁmgom' ned and

purified as per Preparation H

f | uor opheny@yergraziodithy#i0ong 1l—7-66c§1}l@¢1b’1131deﬁ1? atag¥)ipg/idpdctlonide (179 mye, .65
-(trifluor %BBW&@%Hb%eldqh@plﬁ‘lf— egjas f)@%ﬁ/dﬂ% ogiz)Ha 1.10%1\%@ éh%'ftbfl'@_ 402.0. 20

Preparation
1- (2-chlor oﬂUI)erﬂlerﬁ}lthfImjhbéf@ﬂ%hﬁdr@ Stii-dyg bpent® Hpy ol dip éamajed pdymignd. 289n- 4- y1) -

N N-di met hyl Byog Qo) i1t 3 @MhE G+ 1) = 278.0. 'H NMR (500 MHz, CDCly) 8 ppm 7.03
712 (2H, m), 6.91 - 7.03 (2 H, m), 4.53 - 4.79 (1 H, m), 4.19 - 429 (1 H, m), 3.09 (3 H,
d, J=4.88 Hz), 2.56 - 2.80 (3 H, m), 2.00 - 2.15 (1 H, m).

H cycl openta[ d] pyri m di n-4-y1)-

10 Preparation Hi
1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)-3-
(trifluoromethyl)pyrrolidin-3-ol

F
HO P

F
N

N~ X
| /

F
2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine
15 (Preparation H) (286 mg, 1.010 mmol) and 3-(trifluoromethyl)pyrrolidin-3-ol (157 mg,
1.010 mmol) were combined and purified as per Preparation Hb to give 1-(2-chloro-7-(4-
fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)-3-(trifluoromethyl)pyrrolidin-3-ol
(62% yield). LC-MS (M+H)" = 402.0.

20  Preparation Hj
1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-yl)-N,N-
dimethylpyrrolidin-3-amine
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F

2,4-dichloro-7-(4-fl uorophenyl)-6, 7-di hydro-5H cycl opent a[ d] pyri m di ne
(Prepar atworzo2110339100 ng, 0.353 nmmol) and N, N-di et hyl ppcraise@io26am ne
(44.3 [IL, 0.353 mvl) were conbined and purified as per Preparation Hb to
give 1-(2-chloro-7-(4-

5f | uor ophenyl) - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n-4-y1) - N, N-di net hyl pyrr
olidin-3- amne (109 ny, 86%yield). LCM (MtH)+ = 361.2. Preparation Hk
2-chl oro-7-(4-fluorophenyl)-4-(4- nethyIleera2|n 1-y1)-6, 7-di hydr o- 5H10cycl
openta[d] pyrimdine F

2,4-dichloro-7-(4-fl uorophenyl)-6, 7- dro-SFLcycIopenta[d]pyrlnldlne
(Preparation 11) (100 ny, 0.353 mol d 1-net hyl pi perazine (39.2 [IL,
0.353 mml ) were conbi ned and purified“as per Preparation Ho to give

2-chl oro-7-(4-fluorophenyl) - 4- N
15(4- et hyl pi perazin-1-yl)-6, 7- dlhydlo- ycl opent a[ d] pyri m di ne(109 ng,
0.314 mmol, 89 %yield). LCM ( + N 347.2. Preparation H

tert-butyl

4-(2-chl oro-7-(4-fluorophenyl)-6, 7-di hydr
20yl ) pi per azi ne-1| - car boxyl at e F

2, 4-di chl oro-7- (4-fl uorophenyl) -6, 7- di hydr of5H- cycl opent a[ d] pyri ni di ne
(Preparation 11) {d80c/- %@ﬂtﬁé}h@ﬁmj % 7@1‘1}9d¥oe§ﬁ1 <RUSpehtald]pyrimidine

1- pi per azi necar boxyl ate ( wer e conblned and purified as
per Prepard@%@wﬂﬂbnﬁﬁ(QKVB&KEﬁﬁn@mﬂymm4N@?mnwmymyﬂdﬁml3amﬂw(443uL

50h|or2 7= (@393 HRLORRE B Ibirka AadhiRl 9s Pl Y- ARG HAb SR b Bnih 81742 Y1 ) pi per

azl ne- 1-
5 fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-y1)-N,N-dimethylpyrrolidin-3-

amine (109 mg, 86% yield). LC-MS (M+H)" = 361.2.

cycl opent a[ d] pyri m di n- 4-

Preparation Hk
2-chloro-7-(4-fluorophenyl)-4-(4-methylpiperazin-1-yl)-6,7-dihydro-5H-
10 cyclopenta[d]pyrimidine
|
@
N
N™ X
)l\ i
Cl N
F

2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine
(Preparation H) (100 mg, 0.353 mmol) and 1-methylpiperazine (39.2 puL, 0.353 mmol)
were combined and purified as per Preparation Hb to give 2-chloro-7-(4-fluorophenyl)-4-
15  (4-methylpiperazin-1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine(109 mg, 0.3 14 mmol,
89 % yield). LC-MS (M+H)" =347.2.

Preparation Hi
tert-butyl 4-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d Jpyrimidin-4-
20 yl)piperazine-1-carboxylate
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carboxylate (116.9 ng, 76%yield). LCM5 (MrH)+ = 433. 3. Preparati on Hm

tert-butyl

1- ( 2- chl owo-28tqu3f7uor ophenyl) - 6, 7- di hydr o- 5H cycl opent afajysgen2oezbcoh- 4-

10yl ) pyrrolidin-3-yl (nethyl)carbamate F

2, 4-di chl oro-7-(4-fl uorophenyl)-6, 7-di hydro-5H-cycl opent a[ d] pyri m di ne

(Preparation 11) (100 ng, 0.353 mml) and 3-(N-tert-Butoxycarbonyl - N

met hyl am no) pyrrolidine (69.4 nL, 0.353 nmol) were conbined and purified as

per 15Preparation Hb to give tert-butyl

1- (2-chl or o- 7- (4-f 1 uor opheny1) - 6, 7\E1O 0-5H

cycl opental[ d] pyri m din-4-yl)pyrrolidi ng3-yl (nmethyl)carbamate (148 ng, 94%

yield). LC-Ms (MHH) + = 447. 2. Prepar@tgon Hn tert-butyl

1-(2-chloro-7-(4-fluorophenyl)-6, 7-di ydr o- 5H cycl opent a[ d] pyri m di n- 4-

yl )azetidi n-3-yl(nethyl)carbamate 5F

2,4-Dichloro-7-(4-fluorophenyl)-6, 7-di -5H-cycl opent a[ d] pyri m di ne

(Preparation 11) (100 ng, 0.353 mml,)“\ ar bam c acid,

3-azetidinyl nethyl-, 1,1- dimethyl 8 hyY ester (82 ngy, 0.441 mml) were

conbi ned and purified as per Preparation 0 give tert-butyl

1-(2-chloro-7-(4-fl uorophenyl)-6, 7-di hydr

10cycl opent a[ d] pyri m di n-4-yl)azetidi n- 3-yl

yield). LG M5 (MtH) + = 377. 1.
2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine

et hyl ) carbamate (147 ng, 96%

(Preparation H) (100 mg, 0.353 mmol) and tert-Butyl 1-piperazinecarboxylate (65.8 mg,
0.353 mmol) were combined and purified as per Preparation Hb to give tert-butyl 4-(2-

5 chloro-7-(4-fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-yl)piperazine-1-
carboxylate (116.9 mg, 76% yield). LC-MS (M+H)" = 433.3.

Preparation Hm
tert-butyl 1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
10 yl)pyrrolidin-3-yl(methyl)carbamate

5V

0]

o~

N\

N
N~ X
A7

Cl

=
2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine
(Preparation H) (100 mg, 0.353 mmol) and 3-(N-tert-Butoxycarbonyl-N-
methylamino)pyrrolidine (69.4 uL, 0.353 mmol) were combined and purified as per
15 Preparation Hb to give tert-butyl 1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)pyrrolidin-3-yl(methyl)carbamate (148 mg, 94% yield). LC-
MS (M+H)" = 447.2.
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Preparation Ho
1-(2-chloro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl opent a[ d] pyri m di n-4-y1) -
N, N15di mnewbybezesisdi n-3-amine N6 N F PCT/US2012/022665
2,4-Dichloro-7-(4-fluorophenyl)-6, 7-di hydro- 5H cycl opent a[ d] pyri m di ne
(Preparation 11) (100 ng, 0.353 mml) and N, N-di net hyl azeti di n-3-am ne, 2
HC1 (122 ng, 0.706 mmol) were conbined and purified as per Preparation Hb
to give 1-(2-chloro-
7-(4-fluorophenyl)-6, 7-di hydro- 5H cycl opent a[ d] pyri m di n-4-y1)-N, N-di net hyl
azetidin3-amne (quantitative). LCGM (MtH)+ = 347.2. Preparation Hp] and
Egz hi 7Preﬁam?0an -4 S)-3-fl lidin-1-y1 7- di hyd 5H
-chloro-7-(4-1l uor n -4- -3-fluoropyrrolidin-1- - - di ro-
cycl opent a[ d](tﬁ’)t/—Lptpﬂ hf%?&??r%/@)—@r_ﬂu(o&&eny-b(—)6,zﬂ—d£h§ rétq%wc&penta[d py)rim?din—4— y
2,4-dichloro-7-(4-fluor ophen;,g;)tzeﬁdiﬁzgdj,myaﬁ}qk@lﬁg,yl%opent a[ d] pyri mdi ne
(Preparation H (135 ng, 0.4 nmmol) 1n_ MeOH (4768 p.L) was 10added DI PEA
(208 p.L, 1.192 nmol), then (S)-3-fl uorﬁpyrrtol idine (46.7 ng, 0.524 mmol).

The reaction was allowed to stir at enperature for 2 h.
(NS

N
|

Cl N

\ /

5 F
2,4-Dichloro-7-(4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine
(Preparation H) (100 mg, 0.353 mmol) and carbamic acid, 3-azetidinylmethyl-, 1,1-
dimethylethyl ester (82 mg, 0.441 mmol) were combined and purified as per Preparation
Hb to give tert-butyl 1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5SH-
10 cyclopenta[d]pyrimidin-4-yl)azetidin-3-yl(methyl)carbamate (147 mg, 96% yield). LC-
MS (M+H)" = 377.1.

Preparation Ho
1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-yl)-N,N-

15 dimethylazetidin-3-amine
~p

2,4-Dichloro-7-(4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine
(Preparation H) (100 mg, 0.353 mmol) and N,N-dimethylazetidin-3-amine, 2 HCI (122

mg, 0.706 mmol) were combined and purified as per Preparation Hb to give 1-(2-chloro-
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The sol vent was renoved and the residue applied to Silica gel and eluted
with an Et OAc/Hex gradient to afford two diasterioners (Hpl and Hp2). Hp 1:
LC- M5 (MAMD20:2/B3B72. 1H NVR (500 MHz, CDC13) 6 ppm 7. 0@CT/UR213/0868H, n),
6.93 - 7.00 (2 H m, 155.32 (1 H, td, J=52.57, 3.17 Hz), 4.17 (1 H, dd,
J=9.16, 5.49 Hz), 4.06 -4.14 (1 H m, 3.98 - 4.06 (1 H m, 3.76 - 3.90 (2
H m, 3.25 (1 H ddd, J=15.11, 8.55, 6.26 Hz), 3.08 - 3.16 (1 H m, 2.51
- 2.60 (1 H m J=13.20, 9.12, 9.12, 6.41 Hz), 2.32 -2.42 (1 H m, 2.00 -

7 06 ' 70 14 P TR GG G5 oG- YER e fygoing 88T

-4.24 (3 H,3-phine 28hahiepan.at.cons Ho+H)" = 347.2,

2-chl oro-7-(4-fl uorophenyl)-44R) - 3-fl uoropyrrolidin-1-yl)-6, 7-di hydro- 5H
25cycl opent a[ d] pyri m di ne F

2, 4- di chl or pefakufiod HpOERPAENY 1) - 6, 7- di hydr o- 5H cycl opent a[ d] pyri mi di ne
(Preparation was reacted as described in Preparation Hpl and Hp2 with
(R) - 3- 1 uor opy Predloreti e flugmephegphde - InBeorprymiolidia- lare o4 HEDY e fldue appl i ed
to Silica gel and 5 el uted mﬁthcgaoﬁ§£#¥¢ﬁﬁmdggadient to afford the
conbined two diasterionmers (Hq). Hal: -M5 (MtH)+ = 336.0. Preparation Hr
2-chl oro- 4- (4, 4-di fl uor opi peri di n-1-y1)f7- (4-f1 uor opheny1) - 6, 7- di hydr o- 5H10
cyclopenta[d]pyrimdine F\ |F -..N../~\ F To a sol ution of
2,4-dichloro-7-(4-fluorophenyl)-6, 7- dijfydro- 5Hcycl opent a[ d] pyri m di ne
(Preparation H (90 ng, 0.318 mml) in MeOH (3179 [EL), 4, 4-

di fl uoropi peridine (115 ng, 0.95 moN) % added. The reaction was all owed
to stir at 15rt. When the reactionuméﬁq»erulete, renoved sol vent and
applied residue to Silica gel

To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (Preparation H) (135 mg, 0.477 mmol) in MeOH (4768 pL) was
10  added DIPEA (208 uL, 1.192 mmol), then (S)-3-fluoropyrrolidine (46.7 mg, 0.524
mmol). The reaction was allowed to stir at ambient temperature for 2 h.
The solvent was removed and the residue applied to Silica gel and eluted with an
EtOAc/Hex gradient to afford two diasteriomers (Hpl and Hp2). Hpl: LC-MS (M+H)"
=336.2. '"HNMR (500 MHz, CDCl;) & ppm 7.06 - 7.13 (2 H, m), 6.93 - 7.00 (2 H, m),
15 5.32(1 H,td, j=52.57,3.17 Hz), 4.17 (1 H, dd, J=9.16, 5.49 Hz), 4.06 - 4.14 (1 H, m),
3.98-4.06 (1 H, m), 3.76 - 3.90 (2 H, m), 3.25 (1 H, ddd, J=15.11, 8.55, 6.26 Hz), 3.08 -
3.16 (1 H, m), 2.51 - 2.60 (1 H, m, /=13.20, 9.12, 9.12, 6.41 Hz), 2.32 - 2.42 (1 H, m),
2.00 - 2.17 (2 H, m). Hp2: LC-MS (M+H)" =336.2. 'H NMR (500 MHz, CDCls) &
ppm 7.06 - 7.14 (2 H, m), 6.94 - 7.02 (2 H, m), 5.25 - 5.40 (1 H, m), 3.99 - 4.24 (3 H, m),
20 3.75-392(2H,m),3.19-3.28 (1 H, m), 3.10-3.19 (1 H, m), 2.57 (1 H, dddd, J=13.24,
8.74, 8.55,4.58 Hz), 2.31 - 2.43 (1 H, m), 1.94 - 2.17 (2 H, m)

Preparation Hg

2-chloro-7-(4-fluorophenyl)-4-((R)-3-fluoropyrrolidin- 1-y1)-6,7-dihydro-5H
25 cyclopenta[d]pyrimidine
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Eluted with EtOAc/Hex to afford the desired
2-chloro-4-(4,4-difluoropiperidin- 1 -yl1)-7-(4-

f | uor ophewp2p12610329di hydr o- 5H cycl opent a[ d] pyri m di ne (8®@C3/Us$g01202289 ol ,
69.1 %yield). LCM (MtH + = 368.0. 20 Preparation Hs 2

- chl or 0-4-(4-fluoro-5, 6-di hydropyridin- 1(2H) yl) 7-(4-fluorophenyl)-6, 7-di h
ydro-5H cyclopenta[d]pyrimdine F -...... F

2, 4-di chl oro-7-(4-fluorophenyl)-6, 7-di hydro 5H- cycl opent a[ d] pyri m di ne
5(Preparat|on H) was reacted as descrlbgd in Preparation Hc with

4-fluoro-1, 2, 3,6- tetrahydropyridi ne afford

2-chl oro-4-(4-fluoro-5, 6-di hydropyn@l(ZH) yl)-7-(4-

fl uorophenyl) -6, 7-di hydr o- 5H cycl opentn[ d] pyri m di ne (Preparation Hs).
Preparation Ht
102-chl oro- 7- (4-fl uor opheny1l) - 4- (3 (gri
hydr o- 5H

cycl opent a| d] pyri m di ne4-fl uorophenyl) 6,
ne CF3 NS

romet hyl ) pyrrolidin-1-y1)-6, 7-di

"
/

-di hydr o- 5H cycl opent a[ d] pyri m di
8
F
2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine
(Preparation H) was reacted as described in Preparation Hp1 and Hp2 with (R)-3-
fluoropyrrolidine. The solvent was removed and the residue applied to Silica gel and
5 eluted with an EtOAc/Hex gradient to afford the combined two diasteriomers (Hq).
Hal: LC-MS (M+H)" =336.0.

Preparation Hr

2-chloro-4-(4,4-difluoropiperidin-1-yl)-7-(4-fluorophenyl)-6,7-dihydro-5H-

10 cyclopenta[d]pyrimidine
Eg
N
N~
| 2
Cl N
F

To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (Preparation H) (90 mg, 0.318 mmol) in MeOH (3179 uL), 4,4-
difluoropiperidine (115 mg, 0.95 mmol) was added. The reaction was allowed to stir at

15 rt. When the reaction was complete, removed solvent and applied residue to Silica gel.
FEluted with EtOAc/Hex to afford the desired 2-chloro-4-(4,4-difluoropiperidin-1-yl)-7-(4-
fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d]pyrimidine (80.8 mg, 0.220 mmol, 69.1 %
yield). LC-MS (M+H)" = 368.0.

20  Preparation Hs

61



2, 4-di chl oro-7-(4-fl uorophenyl)-6, 7-di hydro- 5H-cycl opent a[ d] pyri m di ne
(Preparation H was reacted as described in Preparation H with 3-

15t ri fl uoworret2mpbzeyrrol i dine to afford 2-chl oro-7-(4-f| rorash@npideesl- ( 3-
(trifluoronmethyl)pyrrolidin-I-yl)-6,7-di hydro-5H cycl opent a[ d] pyri m di ne4-
fl uorophenyl) -6, 7-di hydro-5H cycl openta[ d] pyri m dine (Preparation Ht) as a
m xture of 4 diasterioners. LCGMs (MrH) + = 386.1. 1H NMR (500 MHz, CDCl13) 6
ppm 7.05 - 7.11 (2 H, n) 6.96 (2 H t, J=8.70 Hz), 4.14 -4.20 (1 H m,

3 00 (1 G i S i yR Py 1 o T 4 Mloromndg s i 05 14

-2.30 (2 H m, 1.95 - 2.06 (1 Wycl@enR[EpamaEtiinen Hu

52-chl or o- N- ( 3- et hoxypropyl)-7-(4-fl uor ophenyl) -6, 7-di hydr o- 5H

cycl openta[d] pyri mdin-4-amne HNO F

2, 4-di chl oro-7-(4-fl uorophenyl)-6, 7- drhydr o- 5H-cycl opent a[ d] pyri m di ne
(Preparation H) was reacted as descrilbed in Preparation H wth

3- et hoxypr opan-1-am ne 10to afford N
2-chl oro- N-( 3- ethoxypropyl) 7-(4- f'“ﬂ
cycl openta[d] pyri m din-4-amne (Prep rat
Preparation Hv c” N
3-(2-chloro-7-(4-fluorophenyl)-6, 7-di hydr
15yl am no) propan-1-ol HN. CH

enyl) -6, 7-di hydr o- 5H
Hu) . LC- M5 (M+H) + = 350. 1.

H- cycl opent a[ d] pyri m di n- 4-

2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[ d Jpyrimidine
5 (Preparation H) was reacted as described in Preparation Hc with 4-fluoro-1,2,3,6-
tetrahydropyridine to afford 2-chloro-4-(4-fluoro-5,6-dihydropyridin-1(2H)-y1)-7-(4-
fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine (Preparation Hs).

Preparation Ht
10 2-chloro-7-(4-fluorophenyl)-4-(3-(trifluoromethyl)pyrrolidin-1-yl)-6,7-dihydro-SH-
cyclopenta[d]pyrimidine4-fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d Jpyrimidine
CF4
N
N~
)l\ “
Cl N

2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[ d Jpyrimidine
(Preparation H) was reacted as described in Preparation Hr with 3-

15  trifluoromethylpyrrolidine to afford 2-chloro-7-(4-fluorophenyl)-4-(3-
(trifluoromethyl)pyrrolidin-1-y1)-6,7-dihydro-SH-cyclopenta[dpyrimidine4-
fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine (Preparation Ht) as a mixture of 4
diasteriomers. LC-MS (M+H)" = 386.1. '"H NMR (500 MHz, CDCl3) & ppm 7.05 - 7.11
(2H, m), 6.96 (2 H, t, J=8.70 Hz), 4.14 - 4.20 (1 H, m), 3.89 - 4.02 (2 H, m), 3.75 - 3.86
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F 2,4-dichloro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl opent a[ d] pyri m di ne
(Preparation H) was reacted as described in Preparation H with

3- hydr oxywoepmeniz97am ne to afford PCT/US2012/022665
3-(2-chloro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl opent a[ d] pyri m di n- 20
4-yl| am no) propan-1-ol (Preparation Hy). LC-M5 (MtH)+ = 322.1. 1H NWR (500
MHz, CDC13) 6 ppm 7.08 (2 H, dd, J=8.55, 5.49 Hz), 6.97 (2 H, t, J=8.70
Hz), 5.18 (1 H, br. s.), 4.22 -4.27 (1 H m, 3.66 - 3.75 (4 H m, 3.18 (1
greg;raf.éAQ 69,387 428 B I 062398 (1 B2t 2. dol , a) =1 tod &0 80(2 Ho M

2- chl or o- N-1 40 cyel amapy 2-12- oY oKy &Y, hws)-206(@H, yor opheny1) - 6, 7- di hydr o- 5H
cycl opent a[ d] pyri m di n-4-am ne 5F

2, 4-di chl oro-7-(4-fluorophenyl) -6, 7-di hydro-5Hcycl opent a[ d] pyri mi di ne
(Preparat|qnqhwaﬁgﬁgyeacted as descrlbed |n Preparatlon H wth

1-cycl opropyl-2- nethoxyet hanam ne to _af

2- chl or 0 N- ( 1- cycl SphépI-G-sppioped Ayt )ﬂuf/mphpnyl) -0,7-dihydro-5H-

f 1 uor ophenyl) -6, 7-di hydr o- 5F+&%Rbggg@h§hgmquhﬁhggn 4-am ne (Preparation
Hv) as a 10 m xture of 4 diasterioners. LC (MtH) + = 362. 1. Preparation
Hx HN/“\/”\O/\\

2- Chl oro-7-(4-fl uorophenyl)-N, N-di - 6, 7-di hydr o- 5H cycl opent a[ d] pyri m
din-4- amne -..N -- 15F " A
2,4-dich|oro-7-(4-f|uorophenyl)-@r4\ﬂ/’
nmg, 0.918 mmol) and excess di nethylamn
(2 nm) was stirred at rt for 30 mn. Th

4.59 m., 9.18 nmol) in nethanol
bl vent was renoved in

2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine
(Preparation H) was reacted as described in Preparation Hr with 3-ethoxypropan-1-amine
10 to afford 2-chloro-N-(3-ethoxypropyl)-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-amine (Preparation Hu). LC-MS (M+H)" = 350.1.

Preparation Hy
3-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidin-4-
15 ylamino)propan-1-o0l
HN" " 0H

)l\/

Cl N

=
2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine
(Preparation H) was reacted as described in Preparation Hr with 3-hydroxypropan-1-
amine to afford 3-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-
20  4-ylamino)propan-1-ol (Preparation Hv). LC-MS (M+H)" =322.1. "H NMR (500 MHz,
CDClz) 6 ppm 7.08 (2 H, dd, J=8.55, 5.49 Hz), 6.97 (2 H, t, ]=8.70 Hz), 5.18 (1 H, br.
s.), 4.22-4.27 (1 H, m), 3.66 -3.75 (4 H, m), 3.18 (1 H, br. s.), 2.60 -2.77 (3 H, m), 2.02
-2.12 (1 H, m), 1.78 - 1.86 (2 H, m)
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vacuumto afford crude

2-chl oro-7-(4-fluorophenyl)-N, N-di net hyl1-6, 7-di hydro-5H 20

cycl opentwpapyrsasrdi n- 4- am ne (268 ng, 0.919 mmol, 100 PeANISRI1AN226LC- VS
(MtH) + = 292.3. Preparation Hy

2- Chl oro-7- (4-fl uorophenyl)-N-trideut eronet hyl-6, 7-di hydro- 5H

cycl openta[d] pyrimdin-4-amne HN-CD3 F 5To a sol ution of

2, 4-dichloro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl opent a[ d] pyri m di ne
(350 ng, 1.236 mmol) and trideut eromnethyl am ne hydrochloride (174 ng, 2.472
mmol ) in nethanol (3 nL) was added DI PEA (0.432 nL, 2.472 muol). The
reaction m Rlepdnmpawstirred at roon1tenperature overni ght. The sol vent was

renoved i n vacu and the resi urifie col umm r omat ogr aphy on
silica gel 10t° (?rg—é\l—(l—cyclopropyfj met oxyeP[hyl) 7-(4- Sr:!uorophenyl) 6,7- CF lbydro SH- graphy

2,4-dichloro-7-(4- fIuorophenm%%k@m%aq%ﬁﬁgﬁﬁn5hﬁﬁM§Iopenta[d]pyr|nldlne (350
ng, 1.236 mmol) as brown oil = 281.2. Preparation Hz

2-chl oro-7-(4-fluorophenyl)-N-((R) -1 hoxybutan 2-y1l) -6, 7-di hydr o- 5H15cyc
| openta[d] pyrimdin-4-amne e 7. FIN
HN

N~ X
X 7

Cl

5 F
2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine
(Preparation H) was reacted as described in Preparation Hr with 1-cyclopropyl-2-
methoxyethanamine to afford 2-chloro-N-(1-cyclopropyl-2-methoxyethyl)-7-(4-
fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (Preparation Hw) as a
10  mixture of 4 diasteriomers. LC-MS (M+H)" =362.1.

Preparation Hx
2-Chloro-7-(4-fluorophenyl)-N,N-dimethyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-

amine

\N/

N/

PNy

Cl N

15 F
A solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (260 mg, 0.918 mmol) and excess dimethylamine (4.59 mL,
9.18 mmol) in methanol (2 mL) was stirred at rt for 30 min. The solvent was removed in
vacuum to afford crude 2-chloro-7-(4-fluorophenyl)-N,N-dimethyl-6,7-dihydro-5H-
20  cyclopenta[d]pyrimidin-4-amine (268 mg, 0.919 mmol, 100 % yield). LC-MS (M+H)"
292.3.
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To a m xture of
2,4-dichloro-7-(4-fl uorophenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri m di ne
(Prepar atworzotd)106200 ng, 0.353 nmol) in THF (1766 nlL) waeTAdd@dA/022665
(R) - 1- net hoxybut an- 2-am ne, HCL (197 ng, 1.413 mmol) and DI EA (493 nL, 20
2.83 mol ). The m xture was heated at 60 C for 3 days. The crude product
was purified by Prep-HPLC to get
2-chl oro-7-(4-fl uorophenyl)-N-((R)-1-methoxybutan-2-yl1)-6, 7-
di hydr 0-5H-1§/ycl 0 enll_la[ d] pyri m di n-4-amne (Preparation Hz) (78 ng, 0.223
mol , 63.1 %HEY Y L M5 (MH) + = 350.4. 1H NVR (500 MHz, CDC13) 6 ppm
7.12 (dd, J=8.24, 35.dfotdz;-(42fhkdrofheBil)-N-tridddkerdmathyd-6f)-dily@6-5¢d, J=7.63 Hz, 1
H 4.35 (d, J=3.05 Hz, 1 H 4.18 - 430 (m. 1 H. 3.47 - 3.60 (m 2 H 3.40
(d, J=6.71 Hz, 3 H) 2.62 -2.8%° n@dhry“@g“@é-amﬂz‘% 15 (m 1 H 1.58- 1.78
(m 2 H 0.89- 1.07 (m 3 H). Preparati.cn, Haa
2-chloro-N- ((R)-1-cycl opropyl et hyl) - ™a-f1 uor ophenyl) -6, 7-di hydr o- 5H
cycl openta[d] pyrimdin-4-amine N CQ To a sol ution of
2,4-dichloro-7-(4-fluorophenyl)-6, 7;@ h @o 5Hcycl opent a[ d] pyri m di ne
(Preparation H) (100 ng, 0.353 nmd¥') M TRF (1766 [EL) was added
(R)-1-cycl opropyl et hanam ne, HCl1 (172 ng, 413 mmol ) and DI EA (493 [ EL,
2.83 nmmol ). The m xture was stirred at 60 or 5 days. The crude product
was purified 15by Prep-HPLC get
2-chl oro- N4R) - 1- cycl opr opyl et hyl ) - 7- (4-f | uofopheny1) - 6, 7- di hydr o-

5 To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-

cyclopenta[d]pyrimidine (350 mg, 1.236 mmol) and trideuteromethylamine hydrochloride
(174 mg, 2.472 mmol) in methanol (3 mL) was added DIPEA (0.432 mL, 2.472 mmol).
The reaction mixture was stirred at room temperature overnight. The solvent was
removed in vacuum and the residue was purified by column chromatography on silica gel

10 to give 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine (350
mg, 1.236 mmol) as brown oil. LC-MS (M+H)" = 281.2.

Preparation Hz
2-chloro-7-(4-fluorophenyl)-N-((R)-1-methoxybutan-2-y1)-6,7-dihydro-5SH-
15 cyclopenta[d]pyrimidin-4-amine

To a mixture of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (Preparation H) (100 mg, 0.353 mmol) in THF (1766 puL) was
added (R)-1-methoxybutan-2-amine, HCI (197 mg, 1.413 mmol) and DIEA (493 uL,

20 2.83 mmol). The mixture was heated at 60 °C for 3 days. The crude product was purified
by Prep-HPLC to get 2-chloro-7-(4-fluorophenyl)-N-((R)-1-methoxybutan-2-y1)-6,7-
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5H cycl opent a[ d] pyri m di n-4-am ne (Preparation Haa) (74 ng, 0.223 mol,
63.1 %yield). LCGM (MtH) + = 332.3. 1H NWR (500 MHz, CDC13) 6 ppm 7.06 -
7.18 (m woWp12no8d®7(td, J=8.70, 1.53 Hz, 2 H) 4.65 (d, PeD/UBC22685H) 4. 26
(t, J=7.17 Hz, 1 H 3.63 - 3.79 (m 1 H 2.62 -2.82 (m 3 H 2.04 - 2.16
(m 1H 1.26 - 1.40 (m 3 H 0.94 (qd, 20J=8.24, 3.36 Hz, 1 H 0.42 - 0.62
(m 3 H 0.24 - 0.40 (m 1 H. Preparation Hab

2-chl oro-N-((S)-1-cycl opropyl ethyl)-7-(4-fl uorophenyl)-6, 7-di hydr o-5H

cycl opent a rim di n-4-am ne . . . .

oY o o et or ShAFe AT B it i 4o g Bregeraian 0 BB S YR 61-bi ne
(Preparation yh@ld)m—w%m@f agsgas & ined (koo Aepenat.) ®ppdiaa\wd,h (S)-1-

cycl opropyl et hanam ne, HCl to give

2-chl or o- N-Y88f- 14¢ a1 20pr OFi/i @85—,911,)2_1-})_{.&&@, J=7.63 Hz, 1 H) 4.35 (d, J=3.05 Hz, 1

5f | uor ophe . I - 17116l 1 ration
by e Vg N B P gy P23 DR SR . 2
H 6.933% 72.0%7-3-h (np 1H)) W55l (&i(m, 235 B Hz07 m.B)H)4. 26 (t, J=7.32 Hz, 1 H)
3.61 - 3.79 (m 1 H 2.62- 2.82 (m 3 H 2.05-2.16 (m 1 H 1.25 - 1.39
(m 3H 0.84 - 1.00(m 1H 0.42 -0.62 (m 3 H 0.29 - 0.40 (m 1 H. 10
Pr epar at i onPrde@ration Haa

1- (2-chloro-7-(45f I ny 7~ di.hydr o- nent imdin-4-yl)-
3- nethyl azeti di %gi-ﬂgl?oclggﬁgﬂll rclI EOP%%h&}SdfFal%%gwg?ﬁeﬁbﬁioP%ﬁzeti di ne was
reacted with Preparation H i ncycheenredipgrimdfin-Praepar ati on G to afford the

title conpound. LGMS (MtH) + = 343.0 1H NWR (500 MHz, CHLOROFORM-d) 6 ppm
6.96 - 7.13 (m 5 H 4.73 (d, J=6.71 Hz,:1 H 4.35 (d, J=7.32 Hz, 2 H) 4.33

(br. s., 1 H 4.27 (dd, J=9.00, 2.90 H 299 - 3.00(m 1H 285 -
2.99 (m 1H 2.64- 278 (m 1H 2 . J=13.89, 7.48 Hz, 1 H) 1.76-
1.9 (m 3 H. |
Cl)\N/
10 F

To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (Preparation H) (100 mg, 0.353 mmol) in THF (1766 puL) was
added (R)-1-cyclopropylethanamine, HCI (172 mg, 1.413 mmol) and DIEA (493 uL,
2.83 mmol). The mixture was stirred at 60 °C for 5 days. The crude product was purified

15 by Prep-HPLC get 2-chloro-N-((R)-1-cyclopropylethyl)-7-(4-fluorophenyl)-6,7-dihydro-
SH-cyclopenta[d]pyrimidin-4-amine (Preparation Haa) (74 mg, 0.223 mmol, 63.1 %
yield). LC-MS (M+H)" =332.3. 'H NMR (500 MHz, CDCl;) & ppm 7.06 - 7.18 (m, 2
H) 7.00 (td, J=8.70, 1.53 Hz, 2 H) 4.65 (d, J=5.80 Hz, 1 H) 4.26 (t,J=7.17 Hz, 1 H) 3.63 -
3.79 (m, 1 H) 2.62 - 2.82 (m, 3 H) 2.04 - 2.16 (m, 1 H) 1.26 - 1.40 (m, 3 H) 0.94 (qd,

20 J=8.24,336Hz, 1 H) 0.42 - 0.62 (m, 3 H) 0.24 - 0.40 (m, 1 H).

Preparation Hab

2-chloro-N-((S)-1-cyclopropylethyl)-7-(4-fluorophenyl)-6,7-dihydro-5H-

cyclopenta[d]pyrimidin-4-amine
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20 Preparation Had
2-chl or o- 4- (3- et hoxyazetidin-1-y1)-7-(4-fl uorophenyl)-6, 7-di hydr o- 5H

cycl opentwpapyodasrdi ne CEt F 53- et hoxyazeti di ne was r @aTiusSd0 12021665
Preparation Hin the manner of Preparation G to afford the title conpound.
LCMS (MHH) + = 348.0 1H NWR (500 MHz, CHLOROFORMd) 6 ppm 7.03 - 7.12 (m 2
H 6.91 - 7201 (m 2 H 4.51 (br. s., 2 H 4.36 -4.48 (m 1 H 4.13 -4.32
(m 3 H 3.50 (qd, J=6.97, 3.20 Hz, 2 H 2.97 - 3.10 (m 1 H 2.82 -2.96
(m 1H 2.51-2270(m 1 H 1.93 -2.11 (m 1 H 1.16- 1.35 (m 3 H. 10
Preparati on Hae

1-(2-chloro-7-(4-fl uorophenyl)-6, 7-di ydr H cycl openta[ d] pyri m di n-4-y1) -
3- nethylazetidin-3-ol OH N F 153-nethyl azetidin-3-0l was reacted with
Preparation H in the manner of Prepaﬁﬁ i G to afford the title conpound.
LCMS (MHH) + = 334.0 1H NWVR (500 Mgdgr MGADOROFORM d) 6 ppm 7.04 - 7.13 (m 2
H 7.00 (t, J=8.55 Hz, 2 H 4.41 (d, J=6.41 Hz, 2 H 4.39 (br. s., 3 H
3.05 - 3.17 (m 1 H 2.90- 3.4 (m 1 73 (ddd, J=9.08, 4.88, 4.65 Hz,
1H 2.03-2.19 (m 1 H 1.65 (s, 3 H.

2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine
(Preparation H) was reacted as described in Preparation Haa with (S)-1-
cyclopropylethanamine, HCI to give 2-chloro-N-((S)-1-cyclopropylethyl)-7-(4-

5 fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (Preparation Hab).LC—
MS (M+H)" =332.3. '"H NMR (500 MHz, CDCls) & ppm 7.07 - 7.21 (m, 2 H) 6.93 -
7.07 (m, 2 H) 4.65 (d, J=5.80 Hz, 1 H) 4.26 (t,J=7.32 Hz, 1 H) 3.61 -3.79 (m, 1 H) 2.62 -
2.82 (m,3H)2.05-2.16 (m, 1 H) 1.25-1.39 (m, 3 H) 0.84 - 1.00 (m, 1 H) 0.42 - 0.62
(m, 3 H)0.29 - 0.40 (m, 1 H).

10
Preparation Hac
1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)-3-

methylazetidine-3-carbonitrile

5z

15  3-cyano-3-methylazetidine was reacted with Preparation H in the manner of Preparation
Gi to afford the title compound. LC-MS (M+H)" =343.0 "H NMR (500 MHz,
CHLOROFORM-d) & ppm 6.96 - 7.13 (m, 5 H) 4.73 (d, /=6.71 Hz, 1 H) 4.35 (d, J=7.32
Hz, 2 H) 4.33 (br. s., 1 H) 4.27 (dd, /=9.00, 2.90 Hz, 1 H) 2.99 - 3.09 (m, 1 H) 2.85 - 2.99
(m, 1 H)2.64-2.78 (m, 1 H) 2.11 (dd, J=13.89, 7.48 Hz, 1 H) 1.76 - 1.91 (m, 3 H).

20
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20 Preparation Haf

2-chl oro-7-(4-fluorophenyl)-4-(3-nethoxy-3-nethyl azetidin-1-yl)-6, 7-di hydro
- 5Heycl opeotaj2diopaeri m di ne 1:)Me F 53-net hoxy- 3- net hyl 2getisde 1022665
reacted with Preparation Hin the manner of Preparation G to afford the
title conpound. LC-M5 (M+H)+ = 348. Preparation |

2, 4-di chl or o- 8- phenyl - 7, 8- di hydr o- 5H pyrano[ 4, 3-d] pyrim dine Cl 10
Internediate I (1) 3-iodo-4, 4-dinmethoxytetrahydro-2Hpyran / \ 0), O

Preparation Had
2-chloro-4-(3-ethoxyazetidin-1-yl)-7-(4-fluorophenyl)-6,7-dihydro-SH-
cyclopenta[d]pyrimidine
OEt

5 3-ethoxyazetidine was reacted with Preparation H in the manner of Preparation Gi to
afford the title compound. LC-MS (M+H)" =348.0 'H NMR (500 MHz,
CHLOROFORM-d) & ppm 7.03 - 7.12 (m, 2 H) 6.91 - 7.01 (m, 2 H) 4.51 (br. s., 2 H)
436 -4.48 (m, 1 H)4.13 -4.32 (m, 3 H) 3.50 (qd, /=6.97, 3.20 Hz, 2 H) 2.97 - 3.10 (m, 1
H)2.82-2.96 (m, 1 H)2.51-2.70 (m, 1 H) 1.93 - 2.11 (m, 1 H) 1.16 - 1.35 (m, 3 H).

10
Preparation Hae
1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)-3-
methylazetidin-3-ol

15  3-methylazetidin-3-0l was reacted with Preparation H in the manner of Preparation Gi to
afford the title compound. LC-MS (M+H)" =334.0 'H NMR (500 MHz,
CHLOROFORM-d) & ppm 7.04 - 7.13 (m, 2 H) 7.00 (t, /=8.55 Hz, 2 H) 4.41 (d, J=6.71
Hz, 2 H) 4.39 (br. s., 3 H) 3.05-3.17 (m, 1 H) 2.90 - 3.04 (m, 1 H) 2.73 (ddd, J=9.08,
4.88,4.65 Hz, 1 H) 2.03 -2.19 (m, 1 H) 1.65 (s, 3 H).

20
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To a m xture of tetrahydro-4H pyran-4-one (18.52 nL, 200 mml) and
trimethyl 15 orthoformate (100 nL, 914 mmol) at O0C was added | odi ne (49.2
m., 200 rwol2p1loe2a’y over 10 mi n. When the addition wasPCorgsk@R®2266he
reaction m xture was allowed to stir at OC for 30 mn. and was then all owed
to conme to RT and stir until TLC indicated all starting nmaterial had been
consuned (approx. 1 h). The reaction was then cooled to 0C and quenched by
the sl ow addition of sat. aqu. sodiumthiosulfate (300 nm.). The 20
resulting mxture s.extracted with EtOAc (3 x 75 nmL). The conbi ned
organic la erlegam(i\ﬂ?m%“fwashed with brine (100 nL), dried over MySO4, filtered
and concent r at-eBlofon7-¥efhit@ophebyl)-ii(T-afetioRy -Bindihyaskht Gl omps ogitaRRysH-SI | i ca,

Et 0Ac/ Hexanes) gave 3-iodo-4, 4- di met hoxyt etrahydro-2H pyran (43.95 g, 162
mol , 81 %vyield) as a yell ow of¥CIOPERHANNR B8 Mz, CDC13) 6 ppm 4.25 (1 H,
g, J=2.44 Hz), 3.93 - 4.01 (1 H m, 3 &fe- 53.93 (2 H m, 3.57 (1 H td,
J=11.75, 2.44 Hz), 3.19 - 3.30 (6 H, %22.34 (1 H ddd, J=14.34, 12.21,
4.88 Hz), 1.80 (1 H dq, J=14.34, 2.4 N ). Internediate 1(2)

3- phenyl di hydr o- 2H- pyr an- 4(3H) - one 100 To a stirred m xture of

phenyl boronic acid (16.81 g, 138 mmoINTXt+r&ans-2- Am nocycl ohexanol

hydrochl oride (1.393 g, 9.19 mol), d_Ni ¢gkel (11) chloride hexahydrate
(1.092 g, 4.59 mol) in THF (92 mL)*"at NOCWwas added Sodi um
bis(trinethylsilyl)amde (1.0 Min THF) 4 m., 184 nmol) dropw se over 10
mn. 15 Wien the addition was conpl ete, reaction m xture was sparged
with N2 for 15 min. To the reaction m xturg at 0C was then added 2-Propanol
(375 nL) (previously sparged with N2). The RFesulting m xture was allowed to
cone to t ich ti 3-1.0d0-4, 4- di.net hoxyt ety ahydro- 2H- pyran

('nter mear ot Dy g b IS S L AR P 2 e
reaction miKtpuraiona td Hiésrd breaitiglkbmp@n@0CCam® (MHH)r ed4gver ni ght . The

Preparation 1
2,4-dichloro-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine
Cl
N* O

Py

Cl N

10
Intermediate I(1)

3-i0do-4,4-dimethoxytetrahydro-2H-pyran

[\
o_ 0

|
o
To a mixture of tetrahydro-4H-pyran-4-one (18.52 mL, 200 mmol) and trimethyl
15  orthoformate (100 mL, 914 mmol) at 0°C was added Iodine (49.2 mL, 200 mmol) slowly
over 10 min. When the addition was complete, the reaction mixture was allowed to stir at
0°C for 30 min. and was then allowed to come to RT and stir until TLC indicated all
starting material had been consumed (approx. 1h). The reaction was then cooled to 0°C
and quenched by the slow addition of sat. aqu. sodium thiosulfate (300 mL). The

20 resulting mixture was extracted with EtOAc (3 x 75 mL). The combined organic layers
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20 reaction m xture was then cooled to OC and quenched by the careful
addition of agu. 1 N HC1L until acidic. The resulting m xture was extracted
wi th Et 0OAF0(2812110380 nl). The conbi ned organi c extracts WweraSa@oezoemn t h
Brine (100 nL), dried over My504, filtered and concentrated in vacuo.
Purification by flash chromat ography (Silica, EtOAc/Hexanes) gave

3- phenyl di hydr o- 2H pyran-4(3H)-one (8.37 g, 47.5 mmol, 51.7 %25 yield) as
a slightly orange oil. 1H NWR (500 MHz, CDC13) 6 ppm 7.32 - 7.39 (2 H m,
7.26 - 7.31

T70s (2 Poviey Wiy ipg ) 1 rghap e sy Shedliuof gy o 51

-2.61 (1 H, t
308- ph(enyl % %AOH‘ b?%%@%@%@f@%@] (FEIC?:”]Eé()?é%/lHr? éanfs)f(a §?—|3 é%o 4(flél1 one
A m xt ure odim8thpkyaetyahgddray?di- o aHAPYH gnl@(rﬂlh&)L 8h% yi¢ldt sranpeteavsd. |H 2)) (3 g,

17.02 mol) n nat i 8 ) in a

seal ed t ube™ &%s(sﬁ(z&?%db@gf%g@plgﬁﬁs&ﬂj 4%#%%19%’ ‘I‘ﬂ%l (ﬁﬂ%&mng%vas t hen
brought $0 180C fanﬁl) stSV(ertdmmaB 5ad1dt)t3wak 3@ (4, hhe.3ugact i@y turned

bl ack durin ﬁthl % the tar was taken up in EtOAc
(100 m.). é413é51@f2t1r %8516} LlltgpéhH\né‘b V\b‘%‘éa 4iH% sat ur at ed aqueous sodi um
bi carbonate (2 x 50 nL), brine (50 nL), dried over MySO4, filtered and
concentrated in vacuo, Purification by flash chronmatography (Silica,

Et OAc/ Hexanes) daig@nediate I(2)

8- phenyl -7, 8-di hydr opyr anol[ 3, ﬂelg,]c{lﬂyd@(] Qp{%fa@@(ﬁ{)él&&H 5H) - di one (2.58 g,
10.52 10 mml 61.8 %yield) as’a brown solid. LCGM (MtH) + = 246.0. 1H NWR
(500 MHz, I\/EOD) 6 ppm 7.34 - 7.41 (40H, 7.29 - 7.34 (1 H m, 4.42 -
4.63 (2 H m, 4.08 - 4.15 (1 H m Jg. 1 H, dd, J=11.44, 4.12 Hz), 3.85
(1 H ddd, J=4.20, 2.44, 2.21 Hz). rmedi ate 1(4)

158- phepy! - 7, 8- di hydr o- 1H pyr ano[ 4, 3od] pyri m di ne- 2, 4(3H, 5H) - di one 0

A sol ution of ) ) o

8- phenyl - 7, 8- di HidrSpye BRERTS CAPkepy popisysisli(hes be.48 Pl frarsotre

(I nternedi aA@mﬂ)?j}c)oh@%an%Bhﬂlroc%Qmﬁgflmlg) 9i19 nﬁmp%@mcﬁMéf)Qﬁloﬂﬁe(ZBTz ., 736

nmol ) was heate in a sealed tube and stirred overni ght
reaction mbexghydrapgad 092 g, 4.59 mmol) in THF (92 mL) at 0°C was added Sodium

bis(trimethylsilyl)amide (1.0 M in THF) (184 mL, 184 mmol) dropwise over 10 min.

15 When the addition was complete, the reaction mixture was sparged with N5 for 15 min.

To the reaction mixture at 0°C was then added 2-Propanol (375 mL)(previously sparged

with N5). The resulting mixture was allowed to come to RT at which time 3-i0do-4,4-

dimethoxytetrahydro-2H-pyran (Intermediate I(1)) (25 g, 92 mmol) was added dropwise

over 5 min. The reaction mixture was then brought to 60°C and stirred overnight. The
20 reaction mixture was then cooled to 0°C and quenched by the careful addition of aqu. 1

N HCI until acidic. The resulting mixture was extracted with EtOAc (3 x 150 mL). The

combined organic extracts were washed with Brine (100 mL), dried over MgSQy, filtered

and concentrated in vacuo. Purification by flash chromatography (Silica,
EtOAc/Hexanes) gave 3-phenyldihydro-2H-pyran-4(3H)-one (8.37 g, 47.5 mmol, 51.7 %

25 yield) as a slightly orange oil. "H NMR (500 MHz, CDCls) & ppm 7.32 - 7.39 (2 H, m),
7.26 -7.31 (1 H, m), 7.21 - 7.26 (2 H, m), 4.17 - 4.31 (2 H, m), 3.91 - 4.05 (2 H, m), 3.78
(1 H, dd, J=8.55, 6.10 Hz), 2.61 - 2.74 (1 H, m), 2.51 - 2.61 (1 H, m).

Intermediate 1(3)
30 8-phenyl-7,8-dihydropyrano[3,4-e][ 1,3 Joxazine-2,4(3H,5H)-dione
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20t hen concentrated to dryness giving

8- phenyl-7, 8-di hydro- 1H pyrano[ 4, 3-d] pyri m di ne- 2, 4(3H, 5H)-di one. The

crude matwoi2al2/ma®7carried on as-is. LCMS (MtH) + = 245P2T/USe@parBbs on |

2, 4-di chl or o- 8- phenyl - 7, 8- di hydr o- 5H pyr ano[ 4, 3-d] pyri m di ne A

m xture of 8-phenyl -7, 8-di hydro- 1H pyrano[ 4, 3-d] pyri m di ne- 2, 4( 3H, 5H) -

dione (Internediate 44)) (2569 ng, 10.52 mmol) and POC13 (29.400 nm., 315

nmol ) was heated to 100 C under microwave irradiation in a sealed tube for

I'h. The resulting 5 mxture was pouredjover ice. Wen all the ice was

melted, the m xture was extracted wi t hj Et 0AC (3 x 15 nL). The conbi ned

organic extracts were washed with bmHnAey(20 L), dried over MgSH4, filtered

and concentrated in vacuo. Purifica;AQn | ash chromat ography (Silica,

Et OAc/ Hexanes) gave o

2, 4-di chl or o- 8- phenyl- 7, 8- di hydr o- 5SHpyr

mmol, 6.56 %yield). LCM (MHH) + = 281. 0 1H NWMR (500 MHz, MeOD) 6 ppm

7.30 - 7.37 (2 H m, 7.25 - 7.30 (1 H, , 7.18 - 7.25 (2 H m, 4.90 -

%OOP( 1H m, %%@turéoﬁ%pﬁ&lyl’dlh}m}o 2M-pfan=4(3FH)26ne (Brtdrinedihte 14))Q2 g 1740215 (1 H,
. Prepar

152- chl or o- Wﬁ@@ﬂ@?ar@“&?@ﬁwudﬁ ehleridsy it 8 5140 Syrmald e ssalgtl BPe e B5ateda- ami ne

NH To a sobuki©@mdkirred for 1 h. The mixture was then brought to 130°C and stirred for an
2, 4-di chl oro- 8- phenyl -7, 8- di hydr 0o- 5H pyrano[ 4, 3-d] pyri m di ne (Preparation

1) (194 iy, 2dditigod) 2rhmF hﬁ r?%t%@meé B@elidlmn)g thia §msd ééfar GRoting 9 Mee tar
hydrochl ori dg &8 u% 1ﬁTEtOAJc QP mIyOte RAGIAY, Dbt %9@\55’5@5!& @M?ya{tﬁfme@e ( 301 [IL,

1.725 20 nmol ). The resulting m xture was stirred
reaction n1%waﬂ@Smh@nbhéﬁwe%%Géﬁﬂ}@Lb@ﬂn%CWa@@omﬂﬂuWPﬁN%%@4dﬂwbyaﬁ¢ash

chr omat ogr Slllca EtO Hexane
2-chl or o- mp?a%lwﬁte@ mpWéWPu?l tmnwyéﬁéh %1—9‘5%}?%[%’[%5élcﬁ]Eﬁ91AF/Hea?IﬁS)4 am ne
(126 rrg, 0. 457 g 1paBilyi-7 6 Ry ot @br)4-c S VR AMD SHSHZARO (2. 38 NYR2( 500 Mz,

CDC13
) mmol, 61.8 % yield) as a brown solid. LC-MS (M+H)" =246.0. 'H NMR (500 MHz,
MeOD) 6 ppm 7.34 - 7.41 (4 H, m), 7.29 - 7.34 (1 H, m), 4.42 - 4.63 (2 H, m), 4.08 - 4.15
(1 H,m),3.94 (1 H, dd, /~11.44, 4.12 Hz), 3.85 (1 H, ddd, J=4.20, 2.44, 2.21 Hz).

4, 3-d] pyrimdine (194 mg, 0.690

Intermediate 1(4)

15 8-phenyl-7,8-dihydro-1H-pyrano[4,3-d|pyrimidine-2,4(3H,5H)-dione
HN | O
0" N
H

A solution of 8-phenyl-7,8-dihydropyrano[3,4-e][1,3]oxazine-2,4(3H,5H)-dione
(Intermediate 1(3)) (2.58 g, 10.52 mmol) in ammonium hydroxide (28.7 mL, 736 mmol)
was heated to 80 °C in a sealed tube and stirred overnight. The reaction mixture was

20  then concentrated to dryness giving 8-phenyl-7,8-dihydro-1H-pyrano[4,3-d]pyrimidine-
2,4(3H,5H)-dione. The crude material was carried on as-is. LC-MS (M+H)" =245.2.

Preparation 1

2,4-dichloro-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine
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ppm7.28 (2 H, t, J=7.32 Hz), 7.20 - 7.25 (1 H m, 7.14 - 7.20 (2 H m,
4.47 - 4.62 (2 H m, 4.47(1 H s), 4.00 - 4.11 (2 H m, 3.95 (1 H d,
J=3. 36 HzyQ 2812006®7H, d, J=4.88 Hz). Preparation |Ib PCT/US2012/022665

52- Chl or o- N, N- di net hy1- 8- phenyl - 7, 8- di hydr o- 5H pyr anol[ 4, 3

-d] pyrimdin-4-am ne N A sol ution of

2, 4-di chl or o- 8- phenyl - 7, 8- di hydr o- 5H pyrano[ 4, 3 -d] pyri m di ne (135 ny,
0.480 mml ) and excess dinethylam ne (216 ng, 4.80 mmmol) in MeOH (2 nL) was
stirred at rt for 1.5 h. The solvent was renoved in vacuumto afford

2-chl oro-N, N- 10di net hyl1- 8- phenyl -7, 8- di hydr o- 5H pyrano[ 4, 3

-d] pyri mdin-4-amne (139 ny, 0.480 mf 60 %yield). LCM (MrH) + =

290. 3. Preparation k s
2- Chl or o- N- et hyl - N- met hyl - 8- phenyl £7, 8Ndi
amne N..-..... ", 15 d A sol utj
2, 4-di chl oro- 8- phenyl - 7, 8-di hydr o- 5H pyrEg 4,3 -d] pyrimdine (135 ny,
0.480 mml ) and excess N nethyl et hanam ne~(284 ny, 4.80 mmol) in MeOH (2
m) was stirred Mmidtirebo8- pﬁedsuﬁkt@hﬁed m@yran@[ﬂ 3r<gpﬁmdmierz,4(m,uﬂm to afford

2-ch|oro|\|—e-hl-|\|-rreth ro-5 4, 3

-d] pyri mi di 9%@}%@% %%@5 golozé%fmﬁ?% nd By 3&?%/ ‘H‘Iy’.3ll§@lﬂ@i"ﬂﬂ+l—b+ =
304. 2. Pr epgh@ll t®0FPC under microwave irradiation in a sealed tube for 1h. The resulting )

2, 4- dICh| or o- 8- (4-fluorophenyl) -7, 8-di hydro- 5H—(Pyranol4 3-d] pyri mdi ne

mixture was poured over ice. When all the i 1ce was melted, the mixture was éxtracted

ydr o- 5H pyr anol[ 4, 3-d] pyri m di n- 4-
3, of

with EtOAc (3 x 15 mL). The combined organic extracts were washed with brine (20
mL), dried over MgSQOy, filtered and concentrated in vacuo. Purification by flash
chromatography (Silica, EtOAc/Hexanes) gave 2,4-dichloro-8-phenyl-7,8-dihydro-5H-
pyrano[4,3-d]pyrimidine (194 mg, 0.690 mmol, 6.56 % yield). LC-MS (M+H)" =281.1.
10 'HNMR (500 MHz, MeOD) & ppm 7.30 - 7.37 (2 H, m), 7.25 - 7.30 (1 H, m), 7.18 - 7.25
(2H, m), 4.90 - 5.00 (1 H, m), 4.75 - 4.84 (1 H, m), 4.16 - 4.26 (2 H, m), 4.02 - 4.15 (1 H,

m).

Preparation Ia

15 2-chloro-N-methyl-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine
“NH
N™ 0o
)l\ “
Cl N

To a solution of 2,4-dichloro-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine
(Preparation I) (194 mg, 0.690 mmol) in MeOH (6901 uL) was added methanamine
hydrochloride (69.9 mg, 1.035 mmol) and N,N-Diisopropylethylamine (301 pL, 1.725
20  mmol). The resulting mixture was stirred at RT for 2 h. The reaction mixture was then
concentrated in vacuo. Purification by flash chromatography (Silica, EtOAc/Hexanes)
gave 2-chloro-N-methyl-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine (126
mg, 0.457 mmol, 66.2 % yield). LC-MS (M+H)" =276.0. 'H NMR (500 MHz, CDCl;) &

72



Cl Internmediate J(1): 3-bronodi hydro-2H pyran-4(3H)-one 0),Br ".... [
0 5To a cool ed sol ution of dihydro-2H pyran-4(3H)-one (10.0 g, 99 8 mmol)
in THF wawoadoew3sm®7sol uti on of pyrrolidone hydrotri brompde/us4@28426g5 99 8
mml) in THF over a period of 10 min. at O C. The reaction m xture was
allowed to cone to roomtenperature and stirred for 2 h. The sol vent was
renoved under reduced pressure and the residue was diluted wth ethyl
acetate (300 nL). The organic solution was washed with 10 aqueous sat urated

Ay dr ous NBSEGH M el oot Lities bt 2d- oy 2Bl bemy g -y . OV

3- br onodi hysly, a2 pyr; &n4.44 31t one, /12.98 (9H, 6,7/48.38%1z9i3L08 (BiH] W] £-4.8Rhe)cr ude
conmpound was taken to the next step without further purification. 1H NWR
(400 MHz, DMBO-d6): 6 ppm 4.89-4.87 (1H, m) 4.28-4.27 (1H, nm) 4.25-4.4.24
(1H, m 3. 8hgardflodBH, M 2.71-2.66 (2H, m). 15 Internediate J(2):
3-(4-fluorophenyl)di hydro-2H pyran-4(3H)-one F O To a sol ution of

I ntermedi at e ééiorwﬁém&th%é-%wmﬂt%dlhwr%éﬁwﬁ@om%dhaﬁ@w%mo| ution
of 4-fluorophenyl magnesium bronide ixether (13.34 g, 33.48 nL, 66 9 mvl)

NZ O

PN |

Cl N

A solution of 2,4-dichloro-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine
(135 mg, 0.480 mmol) and excess dimethylamine (216 mg, 4.80 mmol) in MeOH (2 mL)
was stirred at rt for 1.5 h. The solvent was removed in vacuum to afford 2-chloro-N, V-
10 dimethyl-8-phenyl-7,8-dihydro-5SH-pyrano[4,3-d]|pyrimidin-4-amine (139 mg, 0.480
mmol, 100 % yield). LC-MS (M+H)" =290.3.

Preparation Ic
2-Chloro-N-ethyl-N-methyl-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine
SN
N* O

Py

Cl N

15
A solution of 2,4-dichloro-8-phenyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine
(135 mg, 0.480 mmol) and excess N-methylethanamine (284 mg, 4.80 mmol) in MeOH
(2 mL) was stirred at rt for 1 h. The solvent was removed in vacuum to afford 2-chloro-
N-ethyl-N-methyl-8-phenyl-7,8-dihydro-5 H-pyrano[4,3-d|pyrimidin-4-amine (146 mg,
20 0.481 mmol, 100 % yield). LC-MS (M+H)" = 304.2.

Preparation J:

2,4-dichloro-8-(4-fluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d |pyrimidine
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at 0 C The reaction m xture was stirred at roomtenperature for 40 mn.
The reaction m xture was quenched wth agqueous 1.5 N HCl1 (80 nL). The

or gani ¢ agepiv@ms329gepar ated and t he aqueous | ayer was ePpCrast@d/ogicsh et hyl
acetate (100 x 2). The conbined organic |ayer was washed with water (100
m. x 2), brine solution (50 nm.), dried over anhydrous Na2SO4 and evapor at ed
under reduced pressure to give crude conpound as oily liquid. The crude
conmpound was di ssolved in benzene and was added a sol uti on of

4-f| uorophenyl nmagnesi um bromde in etgpr (9.7 g, 24.5 n, 49 0 mmol ) at 50
C. The reaction m xture was heated at feflux for 30 mn. The reaction

m xture was quenched with aqueous 1. WwAN~HCro(50 nmL). The organic |ayer was
separated and t he aqueous | ayer mas}dxiﬁqctwd with ethyl acetate (100 x 2).
The conbi ned organic layer was wasktd W tH water (100 nL x 2), brine
solution (50 nmL), dried over anhydrous NgZSO4 and evaporated under reduced
pressure to give crude conpound. The cru(g 0 conpound was purified by

col um chromat ography (Silica gel, 230- 4 mesh) using 5% ethyl acetate in
pet - et her as nobil e phase to give F

3-(4-fluorophenyl)di ro-2H pyran4(3H)-one (3.0 g, 36% as oily |iquid.
LC-MS (MtH) + = %@%ﬁ“ﬁe%fimm (400 MHz, chlorofomd): 6 ppm 7.7.21-7.18 (2H,
m, 7.06-7.01 (2H, m, 4.2834r@dodiBro-PHl-pyBnSPBH)3o@l (2H, m), 3.79-3.76
(1H, m 2.72-2.67 (1H, m 2.64-2.55 (1H, m. 15 Internediate J(3)
8-(4-f|uorophenyl)-7,8-dihydropyranogfgiége] [1, 3] oxazine-2,4(3H, 5H)-di one

O F Asolution of Internediate J(2) ) rg, 7.72 mmol) and

N- chl or ocar bonyl 20i socyanate (0.97 .2 mol) was heated at 58 C under
nitrogen atnosphere for 1 h. Then, th& reaction tenperature was increased
to 130 G and maimtao0Rd sdiffiorlofiny dRE2H BR@hI40TH TGRS $10/@8, 9id sl iniiih et hyl
acetate (50 nL). The resulting organic _solution was washed with saturated
NaHCOB (25 Yits)addgshg W@t@apﬁwrtﬁld@ ye{ofribremide d4bes S8 HyarelyinsTa2%02 and
evapor at ed pdebr [EAHC &Ho A EPRULE DR nflire I8P oMl o rbiig Crude 25
conpound was purified by colum chromatography (Silica gel, 60-120 nesh)
usi ng 50% etemperatiyrceand sdr¢dfopsh- Ehhwlveaswirgpinpecdphdeacdugedyprossure and the

8 (4-11 uor 0RNGRAH afiufia WHHA ARKARGH i~ Pl cheatl QAR o wliln T - ol One

(0.8 g, 3899 as brown solid.
10 aqueous saturated NaHCO3 (100 mL), water (100 mL x 2), brine solution (50 mL), dried

over anhydrous Na,SO, and evaporated under reduced pressure to give 3-bromodihydro-
2H-pyran-4(3H)-one (12.0 g, 67%) as oily liquid. The crude compound was taken to the

next step without further purification. '"HNMR (400 MHz, DMSO-d6): 8 ppm 4.89-4.87

(1H, m) 4.28-4.27 (1H, m) 4.25-4.4.24 (1H, m) 3.85-3.74 (2H, m) 2.71-2.66 (2H, m).

15
Intermediate J(2):
3-(4-fluorophenyl)dihydro-2H-pyran-4(3H)-one
0 F
O

To a solution of Intermediate J(1) (12.0 g, 66.9 mmol) in benzene was added 2 M
20 solution of 4-fluorophenyl magnesium bromide in ether (13.34 g, 33.48 mL, 66.9 mmol)
at 0 °C. The reaction mixture was stirred at room temperature for 40 min. The reaction
mixture was quenched with aqueous 1.5 N HCI (80 mL). The organic layer was

separated and the aqueous layer was extracted with ethyl acetate (100 x 2). The
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MS (MH+ = 262.0. 1H NVR (400 Mz, DVBO-d6): 6 ppm 11.97(1H, s), 7.43-7.39
(2H, ), 7.21-7.16 (2H, m), 4.48-4.32 (2H, ), 4.05 (2H, m), 3.77 (1H m.

| nt er medisoeo (3297 PCT/US2012/022665
58- (4-fl uorophenyl)-7, 8-di hydro- 1H pyrano[ 4, 3-d] pyri m di ne- 2, 4( 3H, 5H) - di one
oHy 1o0F A solution of Internediate J(3) (0.8 g, 3 0 mol) in

aqueous amonia (50 nL) was heated at reflux for 18 h. The excess ammoni a
was renoved under reduced pressure and the aqueous sol ution was extracted

W L bri e SORURHORerS4RRL o WrEb Ul SPoR )l oud) Rapsok B0 or i ca.

under { zdg C(g]d:dQ&@%gy&odSWQSGﬁngﬁfﬁygfdtémm(@@ﬂeW@ prEssﬁred_bi_ Em l’cﬁxd%H- .
pyrano , O- pyri I.N I one e crude COprOUI’]
Was. taken tonPRERS &}%? Frod COFW%W%@SP?VF%%@BW% ped Wis adleh) + =

263.4. 1H 40 pe| 50, 5
5 e et

(1H, m, 5 3(0751 3T}@gea(cgp.p mmture PRg %teélta,t Eshluy for 30 min. The reactfon mlxture was
2, 4- di chl or grfeticd wﬁth%&ﬁé%ﬁb?@)@l){cﬁ(ﬁ@ nfi&hfﬁié Bt By&%gg dpadnd] MK di ne Cl

F 20A solution of Internediate and catal yti c anount
of DVF in FOGI®s{ayer we eX)ramwm@thﬁdcﬁ@teﬂémlw fTBe congpiped oTgraicdayesss of

POCL3 was eya sﬁ‘éq@%%&’t%{)gbw X 151{' %§M{1S‘n f-ﬁéd%'%@réﬂﬁ? darpgured in to

crushed ice and stirred e aque tion was extracted with
et hyl acet ae@SQ2endwvapor@yd uilercdret pre@ﬂlr@to@\m oa:ude compound. The crude

10 compound was purified by column chromatography (Silica gel, 230- 400 mesh) using 5%
ethyl acetate in pet-ether as mobile phase to give 3-(4-fluorophenyl)dihydro-2H-pyran-
4(3H)-one (3.0 g, 36%) as oily liquid. LC-MS (M+H)" =195.2. 'H NMR (400 MHz,
chlorofom-d): d ppm 7.7.21-7.18 (2H, m), 7.06-7.01 (2H, m), 4.28-4.21 (2H, m), 3.99-
3.91 (2H, m), 3.79-3.76 (1H, m) 2.72-2.67 (1H, m) 2.64-2.55 (1H, m).

15
Intermediate J(3)
8-(4-fluorophenyl)-7,8-dihydropyrano[3,4-e][ 1,3 ]oxazine-2,4(3H,5H)-dione
O
IS
0" O

A solution of Intermediate J(2) (1.5 g, 7.72 mmol) and N-chlorocarbonyl

20  isocyanate (0.97 g, 9.2 mmol) was heated at 58 °C under nitrogen atmosphere for 1 h.
Then, the reaction temperature was increased to 130 °C and maintained for 2 h. The
reaction mass was diluted with ethyl acetate (50 mL). The resulting organic solution was
washed with saturated NaHCO3 (25 mL), brine solution (25 mL), dried over anhydrous
Na,SO4 and evaporated under reduced pressure to get crude compound. The crude

25  compound was purified by column chromatography (Silica gel, 60-120 mesh) using 50%
ethyl acetate in pet-ether as mobile phase to give 8-(4-fluorophenyl)-7,8-
dihydropyrano[3,4-¢][1,3]oxazine-2,4(3H,5H)-dione (0.8 g, 38%) as brown solid. LC—
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| ayer was washed wi th aqueous saturated NaHCO3 (50 nmL x 2), brine solution
(25 nmL), dried over Na2SO4 and evaporated under reduced pressure to give

2, 4- di chIwoaoB/104297f | uor opheny1l) - 7, 8- di hydr o- 5H pyr ano[ 2C3As$p@poR2668i ne
(0.79 g) as crude conpound. The crude conpound was taken to the next step
wi thout further purification. LCGM5 (MrH) + 5= 299.0. Preparation Ja

2-chl oro- 8- (4-fluorophenyl)-N net hyl -7, 8-di hydr o- 5H pyr ano[ 4, 3-d] pyri m di n-
4-am ne HN 10To a solution of Preparation J (0.7 g, 2 3 mol) in

met hanol was added Cs2 (2.49 4.6 1) foll owe ddi tion of

et byl i neVIRg o B i1 SRR (0 Ba ) Mitiz. BVSRS): SePrt Soi Cevper 40UrS. The
reaction m@HUKE ABS7 84 (2H, &, £43-4. 99 DH, @NPLOALUS, &)f P17 &8, . The sol vent was
renoved under reduced pressure and the residue diluted with ethyl acetate
(25 m.), washed with water (25 nL), brine solution (25 nL), dried over 15
anhydrous Na2SO4,@pgkigyaper at ed under reduced pressure to get crude
conpound. The crude conpound was purified by colum chromat ography (60-120
mesh) usi ng 50%(&tlugiopkaneb dttedihydrpd H-raet4. adlpromidine-HHaES Haligpev e

2-chl or o- 8- (4-fl uor ophenyl) - N-net hy1- 75 8-

di hydr o- 5H pyrano[ 4, 3-d] pyri m di n-4-anfne_ (0.34 g, 49% as off-white solid.
LCM5 (MHH) + = 294. 2. 1H NWR (400 V\/Zﬁl\7 dé): 6 ppm 7.22-7.19 (2H, m,
7.13-7.07 20(2H, m, 4.91 (1H m, ., m, 4.12-4.08 (2H, m, 3.74
(1H, m, 3.05 (6H, s). Preparation%b H
2-chl oro- N-et hyl -8-(4-fl uorophenyl)-7, 8-
-amne HNJ F To a solution of Pr ation J (0.350 g, 1.17 mmol ) in
nmet hanol was added dii sopropyl ethylam ne (0.30 g, 2.2 mvol) foll owed by

et hyl ami ne hydrochloride (0.113 g, 1.17 nhol) at roomtenperature. The
reaction m xtur e Vot ifftGthedhte10910.8 ot LHREIA! N5 uchB! ankifiofla (SBELSO! vent
was renoved under reduced pressure and the residue diluted wth ethyl

acet at e ( 25vasheateduatghiiek fai t hh.wlheegxcgss Bmmopia wis iraveoved bider sndugedprastre  dr i ed
over anhydr / S .get crude
compound. TR e S A A R LR PR P A abPue) (60-120
mesh) ull ngor5OuGEYratal pashed etittbeing polpamn-(2§ héy, daisd modyiahley dphva 3.3 agil ve

2-chl oro- N_eei\ftap (o8l reduced pressure to give 8-(4-fluorophenyl)-7,8-dihydro-1H-
pyrano[4,3-d]pyrimidine-2,4(3H,5H)-dione (0.4 g, 50%). The crude compound was
taken to the next step without further purification. LC-MS (M+H)" =263.4. 'H NMR
(400 MHz, DMSO-d6): 6 ppm 11.16 (1H, s), 10.79 (1H, s), 7.33-7.29 (2H, m), 7.19-7.15
15 (2H, m), 4.43 (1H, m), 4.25 (1H, m), 3.90 (1H, m), 3.75-3.68 (2H, m).

dr o- 5H-pyrano[ 4, 3-d] pyri m di n-4

Preparation J

2,4-dichloro-8-(4-fluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d |pyrimidine

Cl
N* | O
N
Cl N
F
20 A solution of Intermediate J(4) (0.7 g, 2.6 mmol) and catalytic amount of DMF in

POCI; (20 vol.) was heated at reflux for 18 h. The excess of POCI; was evaporated under
reduced pressure. The residue was poured in to crushed ice and stirred for 15 min. The

aqueous solution was extracted with ethyl acetate (20 mL x 2). The combined organic
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10f | uor opheny1l) -7, 8- di hydr o- 5H pyrano[ 4, 3-d] pyri m di n-4-am ne (0.16 g, 60%
as off- white solid. LCGM (MtH)+ = 308. 2. Preparation Jcl and Jc2

2- chl or 0-80Q414108297 ophenyl) - 44S) - 3-f | uor opyrr ol i di n- 1- y PLTISB01di0k366F 0- S5H- py
rano[ 4, 3- 15d]pyrimdine )) NON CINCIN 12 FF To a sol ution of
Preparation J (0.70 g, 2.34 mmol) in nethanol was added

di i sopropyl ethylamne (0.60 g, 4.6 nmmol) foll owed by

(R -3-fluoropyrrolidine (0.58 g, 4.6 mol ) at roon1tenperature. The

wae. 1 onoved U “rauteuh Aol BUNEITE: Pl G e et plhein )

prep- HPLC (d%ooeéansd, ind chepoan&) urder Igth)ted pressure to give 2,4-dichloro-8-(4-
2-chl oro-8-(4-fl uoro fl uarop rrolidin-1

-y1) - 7, 8- di f¥paerbemly- ghred%a{érqiﬁ@ymm [AgrdImremfiee (G7%9 a@mﬂi%m%ﬁ%rﬂie 0.110

g, 13% | Sor@ﬁde?c)o SurRlf asWhieh & ﬁ@hb;&isteh@lt@(&t(fﬁﬂﬂlé} ﬁurﬁie&@e”n Z.c- Mt (WR1('400 MHz,
DVSO- d6) %m? 24 (2H, m, , 5.40 (1H, m, 412(1 d, J=

14. 8 Ft)5 4 88-Q1H, d, J= 14.8 Hz), 4.14- 4 09 (2H, m, 3 91-3.81 (3H,lﬁ,
3.75-3.66 (2H, m, 52.51-2.18 (2H, rr) Preparation Jd 1 and Jd2

2-chl oro- 8- (4- quorophenyl) 4- ((R) -

-f | uor opyr ridlep@insan Iay1) - 7 dlhydro 5H pyrano [4,3 - d] pyrimdine

2—chloro—8—(4—ﬂuorophenyl)—N—methyl—7,8—dihydr0—5H—pyran0[4,3—d]pyrimidin—4—amine

10 To a solution of Preparation J (0.7 g, 2.3 mmol) in methanol was added Cs,COs
(1.49 g, 4.6 mmol) followed by addition of methylamine hydrochloride (0.78 g, 11.7
mmol) at room temperature. The reaction mixture was stirred at room temperature for 18
h. The solvent was removed under reduced pressure and the residue diluted with ethyl
acetate (25 mL), washed with water (25 mL), brine solution (25 mL), dried over

15  anhydrous Na,SO, and evaporated under reduced pressure to get crude compound. The
crude compound was purified by column chromatography (60-120 mesh) using 50% ethyl
acetate in pet-cther as mobile phase to give 2-chloro-8-(4-fluorophenyl)-N-methyl-7,8-
dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine (0.34 g, 49%) as off-white solid. LC-MS
(M+H)" =294.2. '"HNMR (400 MHz, DMSO-d6): 8 ppm 7.22-7.19 (2H, m), 7.13-7.07

20  (2H, m), 4.91 (1H, m), 4.75 (1H, m), 4.12-4.08 (2H, m), 3.74 (1H, m), 3.05 (6H, s).

Preparation Jb
2-chloro-N-ethyl-8-(4-fluorophenyl)-7,8-dihydro-SH-pyrano[4,3-d]pyrimidin-4-amine
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2 10FF To a solution of Preparation J (0.70 g, 2.34 muol) in nmethanol was
added dii sopropylethylamne (0.60 g, 4.6 nmol) foll owed by

(S)-3-fl vwoapyrrsdsrdi ne (0.58 g, 4.6 mmol ) at room t enpecatuse@2/031665
reaction mxture was stirred at roomtenperature for 18 h. The sol vent was
removed under reduced pressure and the residue was purified by 15prep- HPLC
(40% et hanol in hexane) to give 2-chloro-8-(4-fluorophenyl)-4-((R)-3-
fluoropyrrolidin-|-yl)-7,8-di hydro-5H pyrano[ 4, 3-d] pyrimdine (0.100 g, 12%

lsomer 1, 0.110 g, 13% I soner 2) as off-white solid. LCM (MtH) + = 352. 2.
Jdl: 1H NVR (400 MHz, DMBO-d6): 6 ppm 7.R24 (2H, m), 7.13 (2H, m), 5.40 (1H,
m, 4.12 (1H, d, J= 14.4 Hz), 4.88 (1HN'd, J= 14.4 Hz), 4.11 (2H, m,
3.94-3.89 (3H, m), 203.72-3.58 (2H i ~228-2.01 (2H, m). Jd2: 1H NWR (400
MHz, DVMBO-d6): 6 ppm 7.21 (2H, ;*3|2H m, 5.39 (1H, m, 5.02 (2H,
m, 4.02-3.97 (2H m, 3.91-3. 84 (¢ ¥, Y3.73 (1H, nm), 2.23-2.01 (2H m.

Preparation Je

252- chl or 0- 8- (4-fl uorophenyl) - N, N-di nmet h

-d] pyrim din-4- am ne To a sol uti oy-of Preparation J (0.7 g, 2 3

mmol ) in nethanol was added Cs2CO3 (1.49 ¢ 4.6 mmol ) followed by addition

of di methyl am ne hydrochl oride (0.95 g 11.7 mmol ) at room tenperature. The

reaction m xt ur ogesslugion Pf%répaé%“qndéﬂﬁ el 7aomple if Hethawl wagaddyhe sol vent

was r emveddlié@ﬂ@ﬁylétﬁ)ﬂ%ﬁlg (PIEEST ﬁn@g%ﬁmdmg%{h%ﬁnw HydtRAonid . g5 hy!

acetate (50 niL) ed with Water rine solution (25 nL), dried

over anhydr@dswmgmfa@mt@mmﬂat Eh? r@m@n npggigeed siirakadgeam t o get crude

conpound; TagaGiifero AIIROHRA KA AR AR uRler AL GO 0B} AFFARDY (60- 120

mesh) usi ng B/oethy acetate in pet-ether as nobil'e phase to give

2-chl or o- 8- ((ihuefdlvut}r@lph@mg 28, 0N: )dvasiedyith water (25 mL) brine solution (25 mL),

107, 8-di hydy. 3z rim 0,35 99%..as off-white

solid. LC {%d%b"r%ﬁfd?&%g\g %Hj%evapogat&%ﬁlﬁl e@u%e(g %ressurqu g‘?theéq dr‘?ext step

wi t hout f urdoh@butpilr’lihfelcuaib IcOlﬂpOLBd&{aapmﬁe(dl’DyJ:blumn chromatography (60-120 mesh)

il'glz SC:, IOIr‘nOdN et%ﬂS"ﬁetﬂﬁ acet!iigl;nolg)et %ﬁ'lg ] ml\(l)-brﬁg%ﬂyse to glvefi 1?1}4 ¢ %-9-3(5-6‘”0 [4.3
10 fluorophenyl)-7,8-dihydro-SH-pyrano[4,3-d]pyrimidin-4-amine (0.16 g, 60%) as off-

white solid. LC-MS (M+H)" = 308.2.

, 8- di hydro-5H pyrano [4,3

Preparation Jel and Jc2
2-chloro-8-(4-fluorophenyl)-4-((S)-3-fluoropyrrolidin-1-yl)-7,8-dihydro-5SH-pyrano[4,3-
15 d]pyrimidine
N N

NZ 0 N*

To a solution of Preparation J (0.70 g, 2.34 mmol) in methanol was added
diisopropylethylamine (0.60 g, 4.6 mmol) followed by (R)-3-fluoropyrrolidine (0.58 g,
4.6 mmol) at room temperature. The reaction mixture was stirred at room temperature for
20 18 h. The solvent was removed under reduced pressure and the residue was purified by

prep-HPLC (40% ethanol in hexane) to give 2-chloro-8-(4-fluorophenyl)-4-((S)-3-
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4-amne .. - N--- T To a solution of Preparation J (0.7 g, 2 3
nmol ) in nethanol mas added Cs2CXB (1.49 g, 4.6 mmol) followed by addition
of et hyl neOlyi2zamBa9e hydrochloride (1.1 g, 11.7 20 mol ) PET/USR@R1022665
tenperature. The reaction m xture was stirred at roomtenperature for 18 h.
The sol vent was renoved under reduced pressure and the residue diluted with
ethyl acetate (25 nL), washed with water (25 niL), brine solution (25 ),
dried over anhydrous Na2SO4 and evaporated under reduced pressure to get
crude conp nd. The cru ompaund  was i ed onatography
(60- 120" mooPorraEgoH B fymbats are o pebgimdie LS e SREdet o g ve
2-chl or0-N(emygl18%(1§onﬁdrapamﬂeﬁyeléoilmnechws (M@f)dkbydzo-fbﬁwmoow 3-d] pyr
inidin-4-aninemé0 39%8 529 as off-white solid. 5 LC H) + 322. 2.

Thi s conpouMhlz P P {38 Giesn). &4 &P HinDnd N (%Frt)h‘bﬁ Hrfifhé‘iﬁon
Preparat i 0“H%9488(1H d, J=14.8 Hz), 4.14-4.09 (2H, m), 3.91-3.81 (3H, m), 3.75-3.66 (2H, m),
2-chloro-4 di f'uoroazeti din-1-y1 S 8-84-f|uoropheny1) 7, 8-di’hydr o- 5H py
rano[ 4, 3 Ibdﬂ%&8(%ﬁkﬁ0ne FF < > N To a solution of Preparation J
(0.7 g, 2 3 mol) in nmethanol was added Cs2CO33 (1.49 g, 4.6 mmol) foll owed
by addition of 3,3-difluoroazetidine hydrochloride (0.60 g, 4.6 mmol) at
HmmtenmﬁﬁmmmmW%Ua@MWim1nimurevmsstnredatroomtemmrMUrefor

di Lot o wi A ST TR S P AL L RN, RO A SRS Rnf phc

solution (25 nL), dried over anhydrdmynmhmﬁxn and evaporated under reduced
pressure to get crude conpound. FThe crude conpound was purified by colum
chromat ogr aphy (60-120 nesh) ng 50% et hyl a te in pet-ether as nobile
phase to give 2-chloro-4-(3, 8- quoroazetldlnél-Ql) 8- (4-

10

To a solution of Preparation J (0.70 g, 2.34 mmol) in methanol was added

diisopropylethylamine (0.60 g, 4.6 mmol) followed by (S)-3-fluoropyrrolidine (0.58 g,

4.6 mmol) at room temperature. The reaction mixture was stirred at room temperature for

18 h. The solvent was removed under reduced pressure and the residue was purified by
15  prep-HPLC (40% ethanol in hexane) to give 2-chloro-8-(4-fluorophenyl)-4-((R)-3-

fluoropyrrolidin-1-yl)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine (0.100 g, 12% Isomer 1,

0.110 g, 13% Isomer 2) as off-white solid. LC-MS (M+H)" = 352.2.

Jd1: "H NMR (400 MHz, DMSO-d6): & ppm 7.24 (2H, m), 7.13 (2H, m), 5.40 (1H, m),

412 (1H,d, J=14.4 Hz), 4.88 (1H, d, /= 14.4 Hz), 4.11 (2H, m), 3.94-3.89 (3H, m),
20 3.72-3.58 (2H, m), 2.20-2.01 (2H, m).

Jd2: "H NMR (400 MHz, DMSO-d6): & ppm 7.21 (2H, m), 7.13 (2H, m), 5.39 (1H, m),

5.02 (2H, m), 4.02-3.97 (2H, m), 3.91-3.84 (4H, m), 3.73 (1H, m), 2.23-2.01 (2H, m).

Preparation Je

25 2-chloro-8-(4-fluorophenyl)-N,N-dimethyl-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidin-4-

amine
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20f | uor ophenyl) - 7, 8- di hydr o- 5H pyrano[ 4, 3-d] pyri m dine (0.42 g, 50% as
off-white solid. LGMs (MtH)+ = 355.2. This conpound was taken to the next
step wi t wotofaumosiser purification. Preparation K PCT/US2012/022665

252, 4-di chl oro- 8- (4- chl or ophenyl) - 7, 8-di hydr o- 5H pyrano[ 4, 3-d] pyri m di ne

a d The title conmpound was prepared in the anal ogous fashion to
Preparation J, as a pale yellow solid. LG M (MtH) + = 315.0. 1H NWR (400
MHz, CDC13) 6 ppm 7.30 (2H, dd, J= 2.0, 6.4 Hz), 7.17 (2H, dd, J= 2.0, 6.4
Hz), 4.91 (1H, d, J= 16.4 Hz), 4.76 5(1H, d, J= 16.0 Hz), 4.18 - 4.09 (3H,
m . Preparation Ka 2-chl oro-8-(4-chlor®phenyl)-4-(3,3 -difluoro
azetidin-1-y1)-7,8-di hydro-5H pyrano [ od] pyrimdine 10C

2, 4-di chl oro- 8- (4-chl or ophenyl) -7, 8-gi\\hﬂ r o} 5H pyranof[ 4, 3-d] pyri m di ne
(Preparation K) (500 ng, 1.584 nmolk)” aNd 3-Di fl uoroazeti di ne
hydrochl ori de (308 ng, 2.377 mmol) were ined and purified as per
Preparation Ha to give 2-chl oro-8-(4-
chl orophenyl) - 4- (3, 3-di fl uoroazetidin-|I - -7, 8-di hydr o- 5H pyrano[ 4, 3-d] pyr
imdine 15 (400 ng, 1.075 mmol, 67.8 %yield) as a white solid. LC M5
(MtH) + = 372.0. 1H NWR (500 MHz, CDC13) 6 ppm7.22 - 7.34 (2 H m, 7.12 (2
H, d, J=8.24 Hz)To &kobBion ofPBpar{tnHl,(0.Mg, 2.4 mhboly indnedlthn(Brdd, adddd, CACO4 - 4. 17
(1 H m, 3 9% -4.04

202- chl or o- 8P & éﬁlnlf?%gf?ﬁﬂvg% EW%E’%&?B%%YE%S}WWI@MOW? fhore 137d] pyri mi di

N-4-am ne mmol) at room temperature. The reaction mixture was stirred at room temperature for 18

5 h. The solvent was removed under reduced pressure and the residue diluted with ethyl
acetate (50 mL), washed with water (25 mL), brine solution (25 mL), dried over
anhydrous Na,SO,4 and evaporated under reduced pressure to get crude compound. The
crude compound was purified by column chromatography (60-120 mesh) using 40% ethyl
acetate in pet-ether as mobile phase to give 2-chloro-8-(4-fluorophenyl)-N,N-dimethyl-

10 7,8-dihydro-5H-pyrano[4,3-d|pyrimidin-4-amine (0.35 g, 49%) as off-white solid. LC-
MS (M+H)" = 308.2. This compound was taken to the next step without further

purification.
Preparation Jf
15 2-chloro-N-ethyl-8-(4-fluorophenyl)-N-methyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-
4-amine
~ N/\
N~ | O
PN
Cl N
F

To a solution of Preparation J (0.7 g, 2.3 mmol) in methanol was added Cs,COs
(1.49 g, 4.6 mmol) followed by addition of ethylmethylamine hydrochloride (1.1 g, 11.7
20  mmol) at room temperature. The reaction mixture was stirred at room temperature for 18
h. The solvent was removed under reduced pressure and the residue diluted with ethyl

acetate (25 mL), washed with water (25 mL), brine solution (25 mL), dried over
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NH Cl

2, 4-di chl or o- 8- (4-chl orophenyl) - 7, 8-di hydr o- 5H pyrano[ 4, 3-d] pyri m di ne (

Pr epar at iwo 262/10380 ny, 1.584 mmol) and net hanam ne hydPoghiserizde266160 ny,
2.377 mmol) were conbined and purified as per Preparation Ha to give

2-chl or o- 8- (4-

5chl or ophenyl) - N- net hyl - 7, 8- di hydr o- 5H pyrano[ 4, 3-d] pyri m di n-4-am ne (150
ng, O0.484 mml 30 5 %yield). LG M (I\/H—|)+ 310 0. 1H NWR (500 MHz,
CDC13) 6 pp e 4.64 (1
o a. amaris ipSogind Sabisy® ingli sy e i eorpoy JBs. 36”1y
3.09 (3 H, @udokothp8ndizss. puﬂlﬁecﬂﬁ}e@)&ﬁﬁﬁ ¢EmMA6graphy (60-120 mesh) using 50% ethyl

2- chi oro- 8- (4. chi or opheny 1)\, . di met byl 7, 6. di hydrg-5H pyr afial 4. 3-d] pyri m

2, 4-di chl Orﬁet%I(ﬂ‘S am&aaroca@h@wﬂam Zﬂdﬁjyﬁhhdﬁﬂﬂ%ﬁﬁb @Y39anetd) - dﬂ wlrtd sf@hﬂ' ne 15

(Prepar ation and Dinethylamne (2.0 Min THF)

(1.188 m, K379 MﬁHD) %@r?e mep@andawaml@ft?éﬁna@ Sﬁ@ﬁ"’lﬂip@ﬁa‘iﬂ%?ﬂ on Ha to

gi ve 2-chl %&ﬁ@at(oﬂ
chl orophenyl) - N, N-di net hyl- 7, 8-di hydr o- 5H pyr ano|[ 4, 3- d] pyri m di n-4-am ne

(400 ng, 1.234 mml 78 % vyi eI d) as a white solid. LCGCM (MrH) + = 324.0. 1H
NVR (500 Mg, g,§6ppm720-731(2Hrr)704-715(2Hr’r)470
- 4.89 (2 H, 1g71H 20dd, J=11.60, 5.49 Hz), 4.05 (1 H t, J=5.49
Hz), 3.87 (1219h10d>d4 (s&mu@@azeadmgl “¥b-F: (4 Fluospheng) TH-GihlroFH-pyperaphd-at i on L

10 d]pyrimidine

To a solution of Preparation J (0.7 g, 2.3 mmol) in methanol was added Cs,COs
(1.49 g, 4.6 mmol) followed by addition of 3,3-difluoroazetidine hydrochloride (0.60 g,
4.6 mmol) at room temperature. The reaction mixture was stirred at room temperature for
15 18 h. The solvent was removed under reduced pressure and the residue diluted with ethyl
acetate (25 mL), washed with water (25 mL), brine solution (25 mL), dried over
anhydrous Na,SQO,4 and evaporated under reduced pressure to get crude compound. The
crude compound was purified by column chromatography (60-120 mesh) using 50% ethyl
acetate in pet-ether as mobile phase to give 2-chloro-4-(3,3-difluoroazetidin-1-yl)-8-(4-
20 fluorophenyl)-7,8-dihydro-SH-pyrano[4,3-d]pyrimidine (0.42 g, 50%) as off-white solid.
LC-MS (M+H)" = 355.2. This compound was taken to the next step without further

purification.

Preparation K

25 2,4-dichloro-8-(4-chlorophenyl)-7,8-dihydro-SH-pyrano[4,3-d]pyrimidine
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2, 4-di chl or o- 8- (4- br onophenyl) - 7, 8- di hydr o- 5H pyrano[ 4, 3-d] pyri m di ne Cl
Br The title conpound was prepared in the anal ogous fashion to
Pr epar at iwo 2012/@329a pal e yell ow solid. LC- M5 (M+H) + = 3B@TAS2d1R/0M6ES ( 400
MHz, CD30D) 6 ppm 7.52 5(2H, d, J= 8.4 Hz), 7.22 (2H, d, J= 8.4 Hz), 4.87
(1H, d, J=16.0 Hz), 4.30 (1H, t, J= 4.6 Hz), 4.14 (1H, dd, J= 4.6, 11.4
Hz), 3.95 (1H, dd, J= 4.8, 11.6 Hz). Preparation La
8- (4- bronophenyl) - 2- chl or o- N-net hyl - 7, 8- di hydr o- 5H pyrano[ 4, 3-d] pyri m di n-4
-am ne NH 108Br
8- (4- bronophenyl) -2, 4-di chl oro-7, 8- d|h dr o- 5H pyrano[ 4, 3-d] pyri m di ne
(Preparation L) (500 ng, 1.389 nnDI)N hanam ne hydrochl oride (141 ny,
2.083 Mol ) were conbi ned and purlfLég r Preparation Ha to give
8- (4- bronopheny1l) - 2-
chl oro- N-met hy1- 7, 8- di hydr o- 5H pyr anol 4,
0.592 mml, 15 42. 6 %yield). LCM (Mt 356.0. 1H NWR (500 MHz, MeOD)
6 ppm7.46 (2 H d, J=8.24 Hz), 7.13 (2 d, J=8.55 Hz), 4.43 - 4.71 (2 H,

, 4.09 (1 H dd, J=11.44, 4.12 Hz), 3. 9@l - 4. 03 (1 H m, 3.8 (1 H d,
J=3.05 Hz), : :
202, 4- di chl or o- grh%iﬂ? F%%@O&B%&vn%fep%eﬂ?mah%anabé?% B4 BB Pt o

pale yellow solid. LC-MS (M+H)" =315.0. "H NMR (400 MHz, CDCl3) & ppm 7.30
(2H, dd, J=2.0, 6.4 Hz), 7.17 (2H, dd, J = 2.0, 6.4 Hz), 4.91 (1H, d, J = 16.4 Hz), 4.76

5 (1H,d,J=16.0 Hz), 4.18 - 4.09 (3H, m).

pyri m di n-4-am ne (210 nyg,

Preparation Ka
2-chloro-8-(4-chlorophenyl)-4-(3,3-difluoroazetidin-1-yl)-7,8-dihydro-SH-pyrano[4,3-
d]pyrimidine
R F

10 Cl
2,4-dichloro-8-(4-chlorophenyl)-7,8-dihydro-5H-pyrano[4,3-d Jpyrimidine

(Preparation K) (500 mg, 1.584 mmol) and 3,3-Difluoroazetidine hydrochloride (308 mg,
2.377 mmol) were combined and purified as per Preparation Ha to give 2-chloro-8-(4-
chlorophenyl)-4-(3,3-difluoroazetidin-1-yl)-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidine

15 (400 mg, 1.075 mmol, 67.8 % yield) as a white solid. LC-MS (M+H)" =372.0. 'H NMR
(500 MHz, CDCl3) 8 ppm 7.22 - 7.34 (2 H, m), 7.12 (2 H, d, /=8.24 Hz), 4.63 - 4.85 (2 H,
m), 4.46 - 4.64 (3 H, m), 4.04 - 4.17 (1 H, m), 3.91 - 4.04 (2 H, m).

Preparation Kb
20 2-chloro-8-(4-chlorophenyl)-N-methyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine
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Internediate M 1) ethyl 2-hydroxy-2-phenyl acetate Cl NO 1 a -NC 5A
solution of pyrimdine-2,4,6-triol (10.0 g, 78 2 mmol), DWF (12 nL) in
POC13 (10woab1210923 heated at reflux for 15 h. The exce®€TafS2RACIB6Mas
evapor at ed under reduced pressure. The residue was poured in to crushed
ice. The precipitated solid was filtered and washed wth water to give
2,4,6-trichloropyrimdine-5-carbal dehyde (8.0 g, 47% as yellow solid. This
conmpound was taken to the next step without further 210purification.
Intermediate M 2) 2,4,6-trichloro-5-(, 3-di oxol an-2-yl)pyrimdine CO.--\
N)1'''07 1 Cl --NCl 15To a solution of Ninternediate M1) (5.0 g, 23 6 nmol)
in dry benzene was added ethyl ene gl ygok 4,0 nL, 64.5 mmol ) followed by
p-toluenesul fonic acid (0.15 g, 0.87 Jmy at room tenperature. The
reaction m xture was heated at reflCux ®NorY20 h. The reaction m xture was
filtered and washed w th warm benzene. The\filtrate was evaporated under
reduced pressure and the residue was pur ed by columm 20 chromat ography
(Silica gel, 60-120 nesh) using 10% et hyIyecetate in pet-ether as nobile
phase to give (4.5 g, 75% as off-white sg{id. LCGCM (MrH) + = 256.0. 1H NWR
(400 MHz, DIVBOdGL?:‘ 6 ppm9.6 (1H s), 7.99 (1H s), 7.98 (1H s),
7.76-7.41 (3H, ,-dlvhlsz@-8-64-61@0r(>12hqpyw,,8-desh>8170-(gIimyra@?L4,35c.1]Bgn(nﬁHe (dd, J= 27, 8

Hz), 5.17 (Ilwlé'parggon I%):(Sgg mg?).5844m§181) afimcMinanind lgyd(ro%h‘ioriaé €160 mg, 2.377

mmol) were combined and purified as per Preparation Ha to give 2-chloro-8-(4-

5 chlorophenyl)-N-methyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine (150 mg,
0.484 mmol, 30.5 % yield). LC-MS (M+H)" =310.0. 'H NMR (500 MHz, CDCl;) &
ppm 7.22 -7.31 (2H, m), 7.13 (2 H, d, J/=8.55 Hz), 4.46 - 4.64 (1 H, m), 4.43 (1 H, br.
s.),3.97-4.14 (1 H, m), 3.91 (1 H, d, /=3.36 Hz), 3.09 (3 H, d, /=4.88 Hz).

10 Preparation Kc
2-chloro-8-(4-chlorophenyl)-N,N-dimethyl-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidin-4-

amine
~,

Cl
2,4-dichloro-8-(4-chlorophenyl)-7,8-dihydro-SH-pyrano[4,3-d [pyrimidine
15  (Preparation K) (500 mg, 1.584 mmol) and Dimethylamine (2.0 M in THF) (1.188 mL,
2.377 mmol) were combined an purified as per Preparation Ha to give 2-chloro-8-(4-
chlorophenyl)-N,N-dimethyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine (400 mg,
1.234 mmol, 78 % yield) as a white solid. LC-MS (M+H)" =324.0. 'H NMR (500 MHz,
CDCl3) d ppm 7.20 - 7.31 (2 H, m), 7.04 - 7.15 (2 H, m), 4.70 - 4.89 (2 H, m), 4.17 (1 H,
20 dd, J=11.60, 5.49 Hz), 4.05 (1 H, t, /=5.49 Hz), 3.87 (1 H, dd, /=11.60, 5.49 Hz), 3.05 -
3.19 (6 H, m).

Preparation L
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I nternmedi ate M 3)

2,4-di chloro-5-(1, 3-di oxol an- 2-y1) - 6- (4-fl uorobenzyl )pyrimdine C 0 NI C
F 5To a swbubiom3zsf Internmediate M2) (4.0 g, 15 6 mol pCirrusder/oeices hyl

et her was added 4-fl uorobenzyl magnesium bromde (75.2 nL, 18.8 mmol, 0.25
M solution in THF) at O C. The reaction m xture was allowed to cone to room
tenperature and stirred for 4 h. The reaction m xture was quenched with
aqueous saturated anmoni um chl ori de. The organic | ayer was separated and

conti ned or gant AR ae Sisdietirul Tt Tl rn Dy a obs nazsos

and evaporated to get crude conpound. The crude conpound was purified by
conbi fl ash using 1.4% ethyl acetate in‘pei~ether as nobile phase to give
2,4-dichloro-5- (1,3-dioxolan-2-yl1)-6-(4fflydorobenzyl)pyrimdine (2.2 g,
43.1% as off-white solid. LCGM (MHA{ ™= 7.0. 1H NWR (400 MHz, DWMSO- d6):
6 ppm7.26 (2H, m, 7.10 (2H, 15m, 6.19 (I1H s), 4.25 (2H, s), 4.19 (2H,
m, 4.02 (2H, m. Internediate M4)
(2, 4-di chl oro-6-(4-fl uorobenzyl) pyrim di yl)nmethanol CI F 20To a
solution of Internediate M3) (2.0 g, 6.0¢ mmol) in THF was added aqueous 6
N HC1 over a period of 5 min. at roomtenpérature. The reaction mxture was
heat ed at ref| uxthkaitle torhpouhlh &as prapdredin tlv@dnulasgoma‘sShrcadueeﬂafmorhahs‘a and the
01 Ut on WS R ac e ot LI (L8 PY3sEhNSE NARR b sl B oS e organi e
5 (2H,d,J=8.4Hz),7.22 (2H, d, J= 8.4 Hz), 4.87 (1H, d, J= 16.0 Hz), 4.30 (1H, t, J =

4.6 Hz), 4.14 (1H, dd, J= 4.6, 11.4 Hz), 3.95 (1H, dd, J=4.8, 11.6 Hz).

Preparation La
8-(4-bromophenyl)-2-chloro-N-methyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine
“NH
NT 0o

)l\/

Cl N

10 Br
8-(4-bromophenyl)-2,4-dichloro-7,8-dihydro-SH-pyrano[4,3-d]pyrimidine

(Preparation L) (500 mg, 1.389 mmol) and methanamine hydrochloride (141 mg, 2.083
mmol) were combined and purified as per Preparation Ha to give 8-(4-bromophenyl)-2-
chloro-N-methyl-7,8-dihydro-SH-pyrano[4,3-d]pyrimidin-4-amine (210 mg, 0.592 mmol,

15 42.6 % yield). LC-MS (M+H) = 356.0. 'H NMR (500 MHz, MeOD) & ppm 7.46 (2 H,
d, /=8.24 Hz), 7.13 (2 H, d, /=8.55 Hz), 4.43 - 4.71 (2 H, m), 4.09 (1 H, dd, J=11.44,
4.12 Hz), 3.92-4.03 (1 H, m), 3.86 (1 H, d, /=3.05 Hz), 3.00 (3 H, s).

Preparation M
20 2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[3,4-d|pyrimidine
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m.), brine solution (50 nL), dried over anhydrous Na2SO4 and evapor at ed
under reduced pressure to get crude conmpound (1.2 g). The crude conpound
was di ssowoeedizm3vet hanol and cooled to 0 C. Sodi um bor ebydseae/0tB6234 Q)
was added to the reaction m xture. The resulting solution was allowed to
conme to roomtenperature and stirred for 1 h. The 5 reaction m xture was
quenched wi th aqueous saturated amoni um chl oride, and then sol vent was
evapor at ed under reduced pressure. The residue was diluted with ethyl
acetate (50 nL). The organic solution %f; washed with water (25 nl), brine
solution (25 nlL), dried over anhydrous 2504 and evapor ated under reduced
pressure to get crude conpound. The ay onpound was purified by colum
chromat ography (Silica gel, 10 60- 12d\ usi ng 20% et hyl acetate in pet
ether as nobile phase to give N
(2, 4-dichloro6-(4-fluorobenzyl)pyrimdin-
liquid. LGMS (MrH) + = 488.1. 1FI NVR (30 , CDC13): 6 ppm 7.25 (2H, m,
7.01 (2H, m, 4.82 (2H, m, 4.27 (2H, s). {15 Preparation M

2, 4-di chloro-7-(4-fluorophenyl)-5, 7-di hydrrofuro[ 3, 4-d] pyrimdine C F

To a solution of | (%'gggk te M4) (1.0 g, 3.48 nmmol) in dry benzene (100
m.) was added Cs% { g 3.48 mmol ) followed by lead tetra acetate (0.3
g, 3.48 mol) at 20 room t enpehdLthydroxlyi2ephcoylamctagf the reaction m xture was
changed fromcol orless to brown). The geaction mass was heated at refl ux
for 18 h using Dean Stark apparatus. The reaction m xture was filtered

t hrough celite bed and washed with dwe “ether. The filtrate was
evapor at ed under reduced pressure gn residue was diluted with diethyl
et her. The organic solution was wa hed“wi h wat er (25 mL x 2), aqueous

saturated 25 Namuuolarom@nﬁ@dm @@tﬁlalql@‘e)g 748 fn%l)OMMF @ngrppscia2504

and evaporat ed under reduced pressure to gét crude compound. The crude
conpound weld 0 ok vwds digatpd at i o1 sth TheicrepsooioRREels iyt cvaperriad anden pet - et her
as nobile kv T

(4- quoropﬁgﬁéggbgﬁﬁ ?ﬂéé (ghro% 19mf 63?T$ﬁelwe ?Spmcgudes Ségmas oily
li qui d. LC-filtehed a(nN/I%H}hled:wMJs@t@.tO give RWFé @mﬂ@rqwmmldmﬂﬁ@nbﬂldedmi)e (3® pPpm
7.48-7.44 ( - - dd, J= 13.6
o). 627 (i Baecl SR, Fygoiflld Doy e bbb Sdp win Pk lh

52- chl otl- 7puidicdtionor opheny1) - N- net hyl - 5, 7- di hydr of ur o[ 3, 4-d] pyri mi di n-4- am
ne

| ) met hanol (1.0 g, 58% as oily

Intermediate M(2)
2,4,6-trichloro-5-(1,3-dioxolan-2-yl)pyrimidine
cl O
N™X 0]
)l\ Z
Cl N
15 To a solution of Intermediate M(1) (5.0 g, 23.6 mmol) in dry benzene was added

cthylene glycol (4.0 mL, 64.5 mmol) followed by p-toluenesulfonic acid (0.15 g, 0.87
mmol) at room temperature. The reaction mixture was heated at reflux for 20 h. The
reaction mixture was filtered and washed with warm benzene. The filtrate was
evaporated under reduced pressure and the residue was purified by column

20  chromatography (Silica gel, 60-120 mesh) using 10% ethyl acetate in pet-ether as mobile
phase to give (4.5 g, 75%) as off-white solid. LC-MS (M+H)" =256.0. 'H NMR (400
MHz, DMSO-d6): 6 ppm 9.6 (1H, s), 7.99 (1H, s), 7.98 (1H, s), 7.76-7.41 (3H, m), 7.23-
7.13 (4H, m), 5.87 (1H, s), 5.33 (1H, dd, /=27, 8 Hz), 5.17 (1H, dd, J =27, 8), 4.67 (4H,
m), 3.72 (3H, s).
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\NH F

2,4-dichloro-7-(4-fluorophenyl)-5, 7-di hydrof uro[ 3, 4-d] pyri m di ne

(Prepar atworoiy106230 ng, 0.877 nmol) and net hanam ne hy@coaist@rioesey 89 ny,
1.315 mmmol ) were conbined and purified as per Preparation la to give

2-chl oro-7-(4-fluorophenyl)-N 10net hyl -5, 7-di hydro furo [3

,4-d] pyri mdin-4-amne (149 ng, 0.533 mol, 60.8 %yield). LCGCM (MH) + =
280.0. 1H NMR (500 MHz, MeOD) 6 ppm 7.31 - 7.44 (2 H m, 7.05 - 7.17 (2 H,
m, 5.80 - 5.95 (1 H mM, 4.94 - 521 (2 H mM, 2.93 - 3.07 (3 H mM.
Preparation M

152- chl or o- iNtegth&idte ¥E(§4- f | uor ophenyl) - 5, 7- di hydr of ur o[ 3, 4-d] pyri m di n- 4- am
ne NH F : : o

2, 4-di chl or o- 7- ( 4- U8l Y dExolagng he-6t Hrgpenav ey piding di ne
(Preparation M (125 ng, 0.438 mmol) amd etNWyl am ne hydrochl oride (53.6 ng,
0. 658 mMmol ) were conbined and purifie Preparation Ha to give

2-chl oro- N- et hy1- 7- (4- N
20f | uor ophenyl) - 5, 7- di hydr of ur of 3,&/&] { mdin-4-amne (38.17 ng, 0.130
mol, 29.6 %yield). LGCMS (MtH) + = 294.0/ 1H NWR (500 MHz, CDC13) 6 ppm
7.24 - 7.38 (2 H m, 6.92 - 7.08 (2 H, , 5.73 - 5,98 (1 H m, 4.83 -
5,21 (2 H m, 3.36 - 3.63 (2 H m, 1.X% 1.28 (3 H, n). Preparations M]
and M2
52-chl oro-7-(4-fl uorophenyl)-4-((S)-3-fl uor opyrrolidin-1-y1)-5, 7-di hydrof ur
o[ 3,4- d pyri m dioh&solution of Intermediate M(2) (4.0 g, 15.6 mmol) in dry diethyl ether was

added 4-fluorobenzyl magnesium bromide (75.2 mL, 18.8 mmol, 0.25 M solution in
THF) at 0 °C. The reaction mixture was allowed to come to room temperature and stirred
for 4 h. The reaction mixture was quenched with aqueous saturated ammonium chloride.
The organic layer was separated and the aqueous layer was extracted with diethyl ether

10 (50 mL x 2). The combined organic layer was washed with water, dried over anhydrous
Na,SO, and evaporated to get crude compound. The crude compound was purified by
combiflash using 1.4% ethyl acetate in pet ether as mobile phase to give 2,4-dichloro-5-
(1,3-dioxolan-2-yl)-6-(4-fluorobenzyl)pyrimidine (2.2 g, 43.1%) as off-white solid. LC—
MS (M-H)" =327.0. "HNMR (400 MHz, DMSO-d6): & ppm 7.26 (2H, m), 7.10 (2H,

15 m), 6.19 (1H, s), 4.25 (2H, s), 4.19 (2H, m), 4.02 (2H, m).

Intermediate M(4)
(2,4-dichloro-6-(4-fluorobenzyl)pyrimidin-5-yl)methanol
Cl

20 To a solution of Intermediate M(3) (2.0 g, 6.07 mmol) in THF was added aqueous
6 N HCl over a period of 5 min. at room temperature. The reaction mixture was heated
at reflux for 1 h. The reaction volume was reduced to half and the solution was extracted

with diethyl ether (50 mL x 2). The combined organic layer was washed with water (50
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Mcl Me2 Di astereoner 1D astereoner 2 Racem cRacem c
2,4-dichloro-7-(4-fluorophenyl)-5, 7-di hydrof uro[ 3, 4-d] pyri m di ne

(Prepar atworzoid1062025 ng, 0.438 nmol) and (S)-3-fl uor opyPColtisdénm2266(C1 ( 83
ng, 0.658 mol) were 10conbi ned and purified as per Preparation Ha to give
2-chl oro-7-(4-fluorophenyl)-4-((S)-

3-fluoropyrrolidin-I-yl)-5,7-di hydrofuro[ 3, 4-d] pyri mdine (M],

D astereoner 1, first to elute) (49 ng, 0.145 nmol, 33.1 %yield). LC M

270 96 yi ol B VS TR+ B iR far ik vl b ERBh S of b

gnd . :VC 2 V\ﬁ-slzrg@%reg@%c? cride e@lnpc!ﬁg_@ PRz af. ll'[Qié 701\1(3[2 c?rlnpound WI'?S diSSf)lveél in7 m(ej:‘gh'FllnoclI f 3
-C or o- 4- , o-adl uor oazeti din-1-. - [- - uor enyl)-o, /-dl hydrot uro
. 4- 20d] pyriicaplpgto 0 - ﬁ@damsfeﬂrﬁwﬁaﬁe @23@%}35% sF R e feectioB e 176 nmol )

i n net hanol Tnassud@adiutloh SAPIRRYE &F dleadtdden RpSdfrdhnd Qid&l foreh) Thel | owed
by addition of 3,3-difluoroazitidine hydrochloride (0.03 (g 0.193 mmol ) at
o

room t enper &R MiNtHE yas JBENChH Witkiqupuswarasdemmangm ghloidsondithstper at ur e

for 18 h. ThecaolueNipMASI ﬁrﬁ@ﬂ’é%e&’ﬁé@sﬂlré el e QeHuP @S ditft&l Wilethite residue
was purified by colum chromatography (60-120 nesh) using 6% ethyl acetate

i n pet - et heicetats (AHBHIL)-eThshagamiq wlugioy avas washed with water (25 mL), brine solution (25

2-chl or o- 4-(8) Jud| HcHH9ama! Nisty, by dapdated inder red 0 get crud
{1 uor opheny 15879k ok SUBEEE NP Syt dimicr sussdorg urgione G895 o
solid. LG MSn{phwM) Ahe cB4i2 cOmpaudd was purified by column chromatography (Silica gel,

10 60-120 mesh) using 20% ethyl acetate in pet ether as mobile phase to give (2,4-dichloro-
6-(4-fluorobenzyl)pyrimidin-5-yl)methanol (1.0 g, 58%) as oily liquid. LC-MS (M+H)"
=488.1. 'HNMR (300 MHz, CDCl:): & ppm 7.25 (2H, m), 7.01 (2H, m), 4.82 (2H, m),
4.27 (2H, s).

15 Preparation M
2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[3,4-d|pyrimidine
Cl
N™ X
A A
/

Cl N

F
To a solution of Intermediate M(4) (1.0 g, 3.48 mmol) in dry benzene (100 mL)

was added Cs,COs3 (0.4 g, 3.48 mmol) followed by lead tetra acetate (0.3 g, 3.48 mmol) at

20  room temperature (the color of the reaction mixture was changed from colorless to
brown). The reaction mass was heated at reflux for 18 h using Dean Stark apparatus.
The reaction mixture was filtered through celite bed and washed with diethyl ether. The
filtrate was evaporated under reduced pressure and the residue was diluted with diethyl
cther. The organic solution was washed with water (25 mL x 2), aqueous saturated

25  NaHCO;, brine solution (10 mL), dried over anhydrous Na,SO, and evaporated under
reduced pressure to get crude compound. The crude compound was purified by
Combiflash using 0.9% ethyl acetate in pet-ether as mobile phase to give 2,4-dichloro-7-
(4-fluorophenyl)-5,7-dihydrofuro[3,4-d]pyrimidine (0.250 mg, 30%) as oily liquid. LC-
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Preparation M

2-chl oro-7-(4-fluorophenyl)-4-((S)-2-nethyl pyrrolidin-I-yl)-5,7-di hydrofuro
[ 3, 4-4] pyoiridios®7 F PCT/US2012/022665

152, 4-di chl oro- 7- (4-f 1 uor ophenyl) -5, 7-di hydr of uro[ 3, 4-d] pyri m di ne
(Preparation M was reacted as described in Preparation Hpl and Hp2 with
(S)-2-methyl pyrrolidineptoluenesul fonate salt to afford

2-chl oro-7-(4-fl uorophenyl) 4-((S)-2-met hyl pyrrolidin- 1-

1) S GRS kol UL AAIG LSBT Hi o 2
2-chl oro- Ni(ﬂzﬂlnﬁy@ip@mﬁaﬁ 8d (o, ha, (74 436?1@%@9*@&@)/&2151?69' hydrofuro[ 3, 4-

d] pyri m di n- 4-am ne HNr To a sol ution

2,4-dichloro-7-(4-fluor ophenyl) 5, 7-di hydr of ur o[ 3, 4- 5d] pyrim dine
(Preparat| OB MrakidpPam9, 0.526 mmol ) in THF (2631 uL) was added (R)-1-

cycl opropyl ethanam ne, HCL (128 ny, 052 mmol ) and DI EA (368 uL, 2.105
mmol ). The m x& ghleroviad-five. @m’é}NﬂnﬁﬂUlﬁdrdIQ}’ddiO 3. ¢ dimyrisddiatt-aRimover ni ght .
The m xture was concentrated and pUI‘I\fI ed by col um chromat ography on
silica gel to give NH

2-chloro-N((R)-1-cycl opropyl et hyl ) - 7g&4sfhuor ophenyl) - 5, 7- di hydr of urof[ 3, 4-d
] pyri m di n-4-am ne 10(Preparation l\/g\(Z ng, 0.075 mol, 14.24 %yield) as
a mxture of 2 diasterioners. Cl

=
2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-d Jpyrimidine (Preparation
M) (250 mg, 0.877 mmol) and methanamine hydrochloride (89 mg, 1.315 mmol) were
combined and purified as per Preparation Ia to give 2-chloro-7-(4-fluorophenyl)-N-
10 methyl-5,7-dihydrofuro[3,4-d|pyrimidin-4-amine (149 mg, 0.533 mmol, 60.8 % yield).
LC-MS (M+H)" =280.0. 'H NMR (500 MHz, MeOD) & ppm 7.31 - 7.44 (2 H, m), 7.05 -
7.17 (2 H, m), 5.80 - 5.95 (1 H, m), 4.94 - 521 (2 H, m), 2.93 - 3.07 (3 H, m).

Preparation Mb
15 2-chloro-N-ethyl-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-d Jpyrimidin-4-amine
NH
N™ X
A AP
~
Cl N

2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-d Jpyrimidine (Preparation
M) (125 mg, 0.438 mmol) and ethylamine hydrochloride (53.6 mg, 0.658 mmol) were
combined and purified as per Preparation Ha to give 2-chloro-N-ethyl-7-(4-
20  fluorophenyl)-5,7-dihydrofuro[3,4-dpyrimidin-4-amine (38.17 mg, 0.130 mmol, 29.6 %
yield). LC-MS (M+H)" =294.0. 'H NMR (500 MHz, CDCl;) & ppm 7.24 - 7.38 (2 H,
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LCMs (MHH) + = 334.1. Preparation My
2-chl oro-7-(4-fluorophenyl)-4-((R)-3-fluoropyrrolidin-1-y1)-5, 7-di hydrofuro
[ 3, 4- 15aWwpynizmosione F N PCT/US2012/022665
2, 4-di chl oro-7-(4-fl uorophenyl)-5, 7-di hydrof uro[ 3, 4-d] pyri m di ne
(Preparation M was reacted as described in Preparation Xa with
(R)-3-fluoropyrrolidine, HClL to give

2-chl oro-7-(4-fluorophenyl)-44R)-3-fluoropyrrolidin-1-yl)-5,7-di hydrofuro[3

M‘Lz “coct 5y B pamor GBIl ;ré)m 48800 2T i, 136 S SR, (57

(m 1 H 5 68 (dos 3JEi) 33, 3.53 Hz, 5.36 - 5.49 (m 2 H) 3.88 - 4.00
(m 1 H 3.65- 3.8 (m 3H 2.30- 2.52(m 1H 2.02-2.20(m 1 H. 5
Preparati on M

2-chl or o- 4- k&gﬁaﬁﬂsmﬁ}mgm@t hyl mor phol i no) - 7- (4-f 1 uor ophenyl) -5, 7- di hydr of
uro[ 3, 4-_ d] pyri mdi ne

2, 4-di chl or o- 72 EMQYPWU(&%F@FI?@’)‘) (PX-iguPoTidsr Byh=d]-pipr dreiuen(ié

(Preparatl on 10 M was reacted as d%?{lﬁlm@ in Preparation Xa with

(2R, 6S) -2, 6-di net hyl nor pholine to give

2-chl or 0- 4- ((2S, 6R) - 2, 6- di metﬁyl mor phol i no) - 7- (4- f.lFuorophenyl) 5, 7-

di hydr of uro[ 3, 4-d] pyri m di Preparati on M). (MtH) + = 364.2. 1H NWR
(500 MHz, CDC13) 6 ppm 7.3%\¢dd, J=8.70, 5.34 N2 H 7.07 (t, J=8.70 Hz,
2 H 5.90 (br. s., 1 H 5.3 5.34 (m 1 H 4.14 (q,
J=7.02 Hz, 2 H) 3.67 (ddd,N 4 H, 1.20 (m 6H).
Preparation N 2, 4-dichl gt yrano[ 3, 4-d] pyri m di ne

Mc1 F Mc2 F
Diastereomer 1 Diastereomer 2
Racemic Racemic

2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-d Jpyrimidine (Preparation
M) (125 mg, 0.438 mmol) and (S)-3-fluoropyrrolidine, HCI (83 mg, 0.658 mmol) were
10 combined and purified as per Preparation Ha to give 2-chloro-7-(4-fluorophenyl)-4-((S)-
3-fluoropyrrolidin-1-yl)-5,7-dihydrofuro[ 3,4-d]pyrimidine
(Mc1, Diastereomer 1, first to elute) (49 mg, 0.145 mmol, 33.1 % yield). LC-MS (M+H)"
=338.0.
(Mc2, Diastereomer 2, second to elute) (40 mg, 0.118 mmol, 27.0 % yield).
15 LC-MS (M+H)" = 338.0. The relative stereochemistry of Mc/ and Mc2 was not

determined.
Preparation Md

2-chloro-4-(3,3-difluoroazetidin-1-yl)-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-
20 d]pyrimidine
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Cl  20Intermedi ate N(1) ethyl 2-hydroxy-2-phenyl acetate To a

cool ed solution of ethyl 2-hydroxy-2-phenylacetate (25.0 g, 164 3 mmol) in
et hanol wa® 2atd@skocon. H2SO4 (15 nL) over a period of 1@CEius201Zhe2eseact i on
m xture was heated at reflux for 5 h. The sol vent was evaporat ed under
reduced pressure and the 5residue was diluted with ethyl acetate (250 niL).
The organic solution was washed with aqueous saturated NaHCO3 (200 nL x 2),
water (100 nL x 2), brine solution (100 ni), dried over anhydrous Na2SO4
and evapor at ed under reduced pressure_tq gi ve ethyl 2-

hydr oxy- 2- phenyl acetate (24.5 g, 39@;23 crude conpound (oily liquid). The
crude conpound was taken to the next p without further purification.

LC- M5 (MHH20) + = 10198.2. 1H NMR (400 NHz, DVMSO-d6): 6 ppm 7.41-7.28 (5H,
m, 6.04 (1H, d, J= 4.0 Hz), 5.11 (1K, = 4.0 Hz), 4.13 (2H, m, 1.13
(3H, t, J=7.2 Hz). Internediate N(2)| ethyl©

4- (2- et hoxy- 2- oxo- 1- phenyl et hoxy) b@i~ 2Neno@at e 15 Et QOCO COCEt To a
solution of Internmediate N(1) (20.0 g, 11.9 nmol) in hexane was added
silver oxide (66.75 g, 288.5 mmol) follo by magnesi um sul phate (2.66 g,
220 mmol ) at room tenperature. The reacti m xture was heated at refl ux
for 1 h. The reaction 20 m xture was cool to 0 C and was added sil ver
oxide (71.8 g, 310 9 nnnl% fol |l owed bg I-4 bronochrotonate (32.0 g, 166
mol ). The resulfiagluion gt Prsperaties M(Q-9% &@ é g hngesehyvtrddsbr 3 days.
The reacti ogjs Gﬁéﬁyw@ﬁaﬁﬂn'ek@éﬁd%b%ma) %IIQ&‘IQd QJ adﬂlﬁtﬁﬁl%@@gﬁﬁﬂ%r%hfdﬂle
(Celite(r)) and wash acetate. The filtrate was evaporated
under red uc]y@rqgh]@glg@(()é)& D 0d9§/ gm@tlw foom temperature. The reaction mixture was

4- (2- et hoxXyg2re® éﬁo&n%ﬁ?&ﬂtﬁ% RPN Uiz 261880 R rehFe Lurfler @auc%%regﬁlre

and the residue was purified by column chromatography (60-120 mesh) using 6% ethyl

acetate in pet-cther as mobile phase to give 2-chloro-4-(3,3-difluoroazetidin-1-y1)-7-(4-
fluorophenyl)-5,7-dihydrofuro[3,4-d]pyrimidine (0.035 g, 46%) as white solid. LC-MS
(M+H)" =342.2.
10
Preparation Me
2-chloro-7-(4-fluorophenyl)-4-((S)-2-methylpyrrolidin-1-yl)-5, 7-dihydrofuro[3,4-d]

pyrimidine

15  2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-d]pyrimidine (Preparation M) was
reacted as described in Preparation Hpl and Hp2 with (S)-2-methylpyrrolidine p-
toluenesulfonate salt to afford 2-chloro-7-(4-fluorophenyl)-4-((S)-2-methylpyrrolidin-1-
yD)-5,7-dihydrofuro[3,4-d] pyrimidine (Preparation Me) as a mixture of 2
diasteriomers.LC-MS (M+H)" = 334.1.

20
Preparation Mf
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25 oily liquid. LCGM (MH20)+ = 310.2. 1H NWR (400 MHz, DVSO-d6): 6 ppm
7.42- 7.35 (5H, m, 6.90 (1H, m, 6.05 (1H, m, 5.09 (1H, s), 4.26 (2H m,
4.16 (4HwoRe1210207(3H, t, J= 7.2 Hz), 1.13 (3H, t, J= PCZ/US2(012/022665
Internediate N(3) ethyl 4-(2-ethoxy-2-o0xo0-1-phenylethoxy)butanoate EtQ0CO
COCEt To a solution of Internediate N(2) (20.0 g, 68.41 mol) in
et hanol was added 5 pall adiumon carbon (10% ww at roomtenperature. The
reaction m xture was hydrogenat ed under ball oon pressure of hydrogen for 30

h. The reactio filtered t h e earth
(Celitec)) and%\é@ &\W@@?ﬂ “AEIRRRBY It ﬁﬁzqégﬁ“\? F‘\Xhﬂ @'ﬁ%‘g}a’g‘ ‘ﬁ?‘fge reduced
pressure and the residue was puridjpyethifiy-4ahidem chromat ography (Silica gel,
60- 120 nesh) using 5% ethyl acetate in petroleumether as 10 nobil e phase
to give ethyl 4-(2-ethoxy-2-o0xo0-1-phenyl®thoxy)butanoate (12.0 g, 59.5% as
oily liquid. LCM (MH) + = 295. 2. 1HHNVVP\§7.OO MHz, DMSO d6): 6 ppm 7.41-
7.27 (5H, m, 4.96 (1H, s), 4.07 (4H, .62 (1H, m, 3.49 (1H m, 2.36
(2H, m, 1.79 (2H, m, 1.15 (6H m. “#L tegnediate N(4) ethyl

3- oxo- 2- phenyl t et r ahydr o- 2H pyr an- cJa | ate Et QOC To a cool ed
solution of Internediate N(3) (12. 0 g, 40. 76 mol) in THF was added t-BuCK
(9.13 g, 81.3 mmpl) at 0 C The reaction ture was allowed to cone to
room 20 tenperature and stirred for 1 h. e reaction m xture was quenched
with water and evaporated the solvent unddr reduced pressure. The residue
was diluted wth ethyl acetate (200 nL). The organic | ayer was washed with

water (100 nL X R), sot-?ftl'oﬁl 6f §@Jd%10?517-((4=@190ﬂ3bﬂ6ny§f5' ﬁ(ﬂhﬁﬁf@ﬂhrcﬁ?m—ydr ous Na2SO4
and evapor at ed under reduced pressure to get crude compound. The crude

conpound ma@]?ﬂuﬁlﬂﬂﬁeé%rewatwll‘é}m5@%0W®QWQBHWTHE|@63&&1 s adigd G- 120 nmesh)

usi ng 50% e t gr g | 3-oxo0-2-
phenyltetr a%%kro%gﬁﬁlg@aﬁglﬁ@4@? Qboxy1 la?% I?%Q%Iaﬁd Bﬂﬁ@%&% (Blzlis2 ‘éﬁ @h{&l)ﬁqw d.

LC- M5 ( MrH) Thesmintge was hepieWRIO(*40i0r Rbiznd MivedatigY ov@m;gbtme na&tu(eMS s), 7.36

(57" ;g o 8 A By oy By 5 ©7 (14

((R) 1-cyclopropylethyl)-7-(4-fluorophenyl)-5,7-dihydrofuro[3,4-d]pyrimidin-4-amine

10 (Preparation Mf) (25 mg, 0.075 mmol, 14.24 % yield) as a mixture of 2 diasteriomers.
LC-MS (M+H)" = 334.1.

Preparation Mg
2-chloro-7-(4-fluorophenyl)-4-((R)-3-fluoropyrrolidin-1-yl)-5,7-dihydrofuro[ 3,4-
15 d]pyrimidine
F
N
N7~
)l\ A
Cl N

2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-d Jpyrimidine (Preparation
M) was reacted as described in Preparation Xa with (R)-3-fluoropyrrolidine, HCI to give
2-chloro-7-(4-fluorophenyl)-4-((R)-3-fluoropyrrolidin-1-yl)-5,7-dihydrofuro[ 3,4-
20  d]pyrimidine (Preparation Mg). LC-MS (M+H)" =338.1. 'H NMR (400 MHz, CDCl5)
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I nt ermedi at e N(5)

58- phenyl - 5, 6-di hydr o- 1H pyr ano[ 3, 4-d] pyri m di ne- 2, 4(3H, 8H) - di one 0O

To a sol woan120fo3it er medi ate N(4) (6.0 g, 24.16 mmol ) iPaTASh@Rok266ms added
tBuOX (6.76 g, 60.41 nol) followed by urea (3.62 g, 60.41 mml) at room
tenperature. The reaction mass was heated at reflux for 18 h. The reaction
m xture was quenched with 10 water and evaporated the sol vent under reduced
pressure. The residue was diluted with ethyl acetate (100 nm.). The organic

| ayer was shed with water (100 _nl x 2 rin ol ution 00 ni), dried
ovor - anhydr U RASSOH Ac By a0r 0L imuntes O eated bHeSetie- taTga cr ude
conpound. THhes gy udg) SOTPOUNGL \Was) PRI 1 408G, AYH )6 UL S grmtogy apdy (Silica
gel, 60-120 nesh) using ethyl acetate as nobile phase to give 8-phenyl-S, 6-

15di hydr o- 16 gyb24E[-2- 4@} dybi mi di ne- 2, 4(3H, 8H)-dione (3.0 g, 50.8% as
pal e yellow solid. LGCMS (MH+ = 243.2. 1H NWVR (400 Mz, DMSO-d6): 6 ppm
11.10 (1H, s), 10.57 (1H, s), 7.42-7.39 (3H, nm), 7.32 (2H, n), 5.32 (1H,
s), 3.7153.Bgpqrptpn My, 2.38-2.27 (2H, m). 20 Preparation N

2, 4-di chl or oy en 35 di - \RO[ 3.4 idA_gGh ) A
sol ution of 0%%%1@?%%%%?%)82 N?§§}X6?W‘8§‘?F&§‘{°T2qmlﬁﬁogié%bcﬂ g‘llhg(?rf)iﬁ:ﬂo %r’éunt of
DMF in POC13 (10 vol.) was heated adlpyedidine for 18 h. The excess of POC13
was evaporated under reduced pressuyre. The residue was poured in to
crushed ice and stirred for 15 mn. \Fge ueous solution was extracted with
ethyl acetate (50 nmL x 3). The conbi ned _organic |ayer was washed with
aqueous saturated NaHCO3 (50 nL x 2), Brine solution (50 nmL), dried over
Na2SO4 and evaporated under reduced py e to give 2, 4-dichloro-

58- phenyl - 6, 8- di hydr o- 5H pyr ano[3,4-gﬂ\py ipYdine (2.0 g, crude) as brown
solid. LGM (MrH)+ = 281.0. Prepar@ti d&n

2- chl or o- N- net hyl - 8- phenyl - 6, 8-di hydro-5 rano[ 3, 4-d] pyri m di n- 4-am ne

F
2,4-dichloro-7-(4-fluorophenyl)-5,7-dihydrofuro[ 3,4-d Jpyrimidine (Preparation
10 M) was reacted as described in Preparation Xa with (2R,6S)-2,6-dimethylmorpholine to
give 2-chloro-4-((2S,6R)-2,6-dimethylmorpholino)-7-(4-fluorophenyl)-5,7-
dihydrofuro[3,4-d]pyrimidine (Preparation Mh). LC-MS (M+H)" =364.2. 'H NMR
(500 MHz, CDCls) & ppm 7.39 (dd, J=8.70, 5.34 Hz, 2 H) 7.07 (t, J=8.70 Hz, 2 H) 5.90
(br. s., 1H)5.34-5.42 (m, 1 H) 5.24 - 5.34 (m, 1 H) 4.14 (q, J=7.02 Hz, 2 H) 3.67 (ddd,
15 J=10.38, 6.41, 2.44 Hz, 4 H), 1.20 (m, 6H).

Preparation N
2,4-dichloro-8-phenyl-6,8-dihydro-5H-pyrano[ 3,4-d]pyrimidine
Cl
N* |
Cl)\\ N ©
20 Intermediate N(1)

ethyl 2-hydroxy-2-phenylacetate
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HN 10 C To a solution of Preparation N (2.1 g, crude) in
acetonitrile was added diisopropylethylamne (1.83 g, 14 2 mol) foll owed
by addi t iwo 20f2/me29hyl am ne hydrochl oride (0.96 g, 14.2 mrEBDIUS2@GR/021565N
tenperature. The reaction m xture was stirred at roomtenperature for 18 h.
The sol vent was renoved under reduced pressure and the 15 residue was
purified by colum chromatography (60-120 nmesh) using 40% ethyl acetate in
pet - et her as nobil e phase to give

2-chl or o- N- net hy1- 8- pheny1- 6, 8- dlhy%ég S5Hpyr ano[ 3, 4-d] pyri m di n- 4- am ne
(0.7 g, 35.7% as off-white solid H + = 276.0. 1H NVR (400 MHz,
DMSO-d6): 6 ppm 7.49 (1H, m), 7.36-7.3L43H, m, 7.25- 7.23 (2H, m, 5.45
(1H, s), 4.0 (1H m, 3.79 (1H, m, 2.8 3H, d, J= 4.4 Hz), 2.55 (1H,
20m, 2.44 (1H, . Preparation 0
2, 4-di chl oro- 8- 4 fl uorophenyl - di hydr o- 5H- pyr ano d m di ne
it er modi at o O 1 €HH SOUGaR dietist SBHURPL PhM By By b dea BEIOTGH F 5To

a cool ed solimnbPRasAfdd&t dot: H, 805 QB g}g&ém ehM&jépPOYIﬁi%etI'hé?re%@tidﬁ hiRe@ 9, 29.4
mmol ) in ethanol was added con. H2S over a period of 10 m n. The

reacti on m ¥tscatedatgctieaiord hat hg @fl‘{eakwvwamﬁed THler dragd pressisandviBpor at ed
under reducged R eRsHLRd A eEH}?aJe%%é (QS'@ ‘ﬁ’ﬁsTﬂQ drin@d oMol walk B¥dneaGahat e ( 25

m.). The organic solution was washed ueous saturated NaHCO3 (25 nlL X
2), water (@Ocqnsyatuigted daHEE):(2G0onL Q(j_ZQ; wAtdr (100 mL x 2), brine solution (100 mL),

dried over anhydrous Na,SO, and evaporated under reduced pressure to give ethyl 2-

hydroxy-2-phenylacetate (24.5 g, 83%) as crude compound (oily liquid). The crude
compound was taken to the next step without further purification. LC-MS (M+H,0)" =

10 198.2. 'HNMR (400 MHz, DMSO-d6): & ppm 7.41-7.28 (5H, m), 6.04 (1H, d, J= 4.0
Hz), 5.11 (1H, d, /= 4.0 Hz), 4.13 (2H, m), 1.13 (3H, t, /= 7.2 Hz).

Intermediate N(2)
ethyl 4-(2-ethoxy-2-oxo-1-phenylethoxy)but-2-enoate
15
EtOOC\/\/O COOEt

To a solution of Intermediate N(1) (20.0 g, 110.9 mmol) in hexane was added
silver oxide (66.75 g, 288.5 mmol) followed by magnesium sulphate (2.66 g, 220 mmol)
at room temperature. The reaction mixture was heated at reflux for 1 h. The reaction

20  mixture was cooled to 0 °C and was added silver oxide (71.8 g, 310.9 mmol) followed by
ethyl-4-bromochrotonate (32.0 g, 166 mmol). The resulting solution was stirred at room
temperature for 3 days. The reaction mass was filtered through a bed of diatomaceous
earth (Celite™) and washed with ethyl acetate. The filtrate was evaporated under reduced
pressure to give ethyl 4-(2-ethoxy-2-oxo-1-phenylethoxy)but-2-enoate (20.0 g, 62.5%) as

25 oily liquid. LC-MS (M+H,0)" =310.2. "H NMR (400 MHz, DMSO-d6): & ppm 7.42-
7.35 (5H, m), 6.90 (1H, m), 6.05 (1H, m), 5.09 (1H, s), 4.26 (2H, m), 4.16 (4H, m), 1.21
(3H,t,J/=7.2Hz), 1.13 (3H,t,J= 7.2 Hz).
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10 dried over anhydrous Na2SO4 and evaporated under reduced pressure to
give ethyl 2-(4- fluorophenyl)-2-hydroxyacetate (5.0 g, 90% as crude
conpound Woi2012/10829ai d) . The crude conpound was taken t oPCHAISR@R02B6ED
wi t hout further purification. LGM (MH20)+ = 216. 1H NWR (400 MHz,
DVSO-d6): 6 7.43-7.46 (2H, m), 7.17-7.20 (2H, m), 6.11-6.13 (1H, m), 5.14
(1H, d, J=5.20 Hz), 3.35-4.13 (2H, m, 1.12-1.15 (3H, m. 15 Internediate
0(2) et hyI 4-(2-et hoxy 1 (4-fl uorophenyl) - 2- oxoet hoxy) but - 2- enoat e Et C0CO
o%n? soC{ g:{} Internediate 0(1) (3.0 g, 15 1 nmol) in hexane
was added sTFVBF¥HN6Xi de (9.1 g, 39.3 nmol) foll owed by magnesi um sul phat e
(1.8 g, 30 nmmol) at rooshylerpadtiadxyeoxolhphengletbkPbutiiosteur € was heated at
reflux for 1 h. The reaction m\@%&%e was COZ:]% to 0 C and was added silver
oxide (9.7 g, 39 9 mol) follo ronochrotonate (4.3 g, 22.7
mmol ). The resulting sol ution was stlrred at room tenperature for 3 days.
The reaction mass was filtered through a of di atonmaceous earth
(Celitec)) and washed with et hyI acet at e. e filtrate was evaporat ed under
reduced pressure to give ethy
4- (2- et hoxy- 1- (4rasq @bﬁ%ﬁiﬁﬂ}le@at@%@t(?\‘bﬁlﬁ)@ﬂl rpmah) gthanoBwep afdeds 90% as
01 1Y 1T 0 ot GHELR O 32 o M O MRG0 PP
s), 4.13-4. lwdrqgewtedﬁndeqbagdoqm%sune of hztdrcrgezdon%)h Tilezwc‘(@ﬂnas& wag, 8 Hz).
| nt er medi at

a5 ot nom RN iheotiges Bk at diptomase sathGality uhuahel wigbsobRie ¢

To a sol utiQn.pf wals%r%x%ﬁ%@ér@ec@&%)prés%u@ afld the r&id¥iRal plritic@b)apRnvas added
pal | adi um on carbon (10% ww) at room tenperature. If’ he reaction m xture

was hydr oge@h&@féﬁogﬁi?’lﬂ@r(s@m £BAN- PParssirusingfS Vhethylggetpte fropetrBum-cthpiias r eact i on
mass wag

mobile phase to give ethyl 4-(2-ethoxy-2-oxo-1-phenylethoxy)butanoate (12.0 g, 59.5%)
as oily liquid. LC-MS (M+H)" =295.2. '"H NMR (400 MHz, DMSO-d6): & ppm 7.41-

7.27 (5H, m), 4.96 (1H, s), 4.07 (4H, m), 3.62 (1H, m), 3.49 (1H, m), 2.36 (2H, m), 1.79
(2H, m), 1.15 (6H, m).

15  Intermediate N(4)

ethyl 3-ox0-2-phenyltetrahydro-2H-pyran-4-carboxylate
EtOOC

0]

To a cooled solution of Intermediate N(3) (12.0 g, 40.76 mmol) in THF was added

-BuOK (9.13 g, 81.3 mmol) at 0 °C. The reaction mixture was allowed to come to room

20  temperature and stirred for 1 h. The reaction mixture was quenched with water and
evaporated the solvent under reduced pressure. The residue was diluted with ethyl acetate
(200 mL). The organic layer was washed with water (100 mL x 2), brine solution (100
mL), dried over anhydrous Na,SO,4 and evaporated under reduced pressure to get crude
compound. The crude compound was purified by column chromatography (Silica gel,

25  60-120 mesh) using 50% ethyl acetate in pet-ether as mobile phase to give ethyl 3-ox0-2-
phenyltetrahydro-2H-pyran-4-carboxylate (6.0 g, 59.4%) as oily liquid. LC-MS (M+H)"
=249.2. "HNMR (400 MHz, DMSO-d6): & ppm 11.81 (1H, s), 7.36 (5H, m), 5.20 (1H,
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15filtered through a bed of di atonmaceous earth (Celitec)) and washed with
et hanol . The sol vent was renoved under reduced pressure and the residue was
purified wo20/10e97chr omat ography (Silica gel, 60-120 mesmusasizreecsdo et hyl
acetate in pet-ether as nobile phase to give ethyl

4- (2- et hoxy-1-(4-fluorophenyl)-2-oxoet hoxy) butanoate (3.0 g, 63% as oily
liquid. LGMS (MrH) + = 313.2 1H NWR (400 MHz, CDC13): 6 20ppm 7.29-7.46
(2H, m, 7.05-7.09 (2H, m, 4.84 (1H, s), 4.10-4.23 (4H m, 3.59-3.63 (1H,

D 5271 32 (AT nk e frddi e ot Mg . 26 i Al - © T

2- (4-f 1 uor ophernwl), /3= 0xatAt r ahydr o- 2H- pyr an- 4- car boxyl at e F To a
cool ed solution of Internediate 0(3) (3.0 g, 9 6 mol) in THF was added
tBuoK (2.1 g, 19.0 mol) at 0 C. The reaction mxture was all owed to cone
to room tenperaédsieNagnd stirred for 1 h. The reaction m xture was quenched
wth water and 5evaporated the solvent under reduced pressure. The residue
was diluted with §tH%9lllyléc,6e@15¥déO'(1Ewr%@§3_’4'¢h@1@%’ﬂ3 ayerdittss washed with
water (100 nL x 2), brine solution (10§ nmi), dried over anhydrous Na2SO4
and evapor ated under reduced pressure 10 get crude conmpound. The crude
conpound was purified by colum chr8hat ggraphy (Silica gel, 60-120 nmesh)
usi ng 50% et hyl acetate in petrole @s nobil e phase to give ethyl 2-
10 (4-fluorophenyl)- 3-oxot etrahydro- 2Hd pyfan- 4-car boxylate (1.0 g, 55% as
oily liquid. LCGCMS (MtH) + = 267.1. 1H N 00 MHz, DMSO-d6): 6 ppm 11.81
(1H, s), 7.22- 7.42 (2H, m), 7.12-7.20 ( m, 5.23 (1H, s), 4.22 (2H, q,
J=7.2 Hz), 3.87-3.88 (1H, m, 3.69-3.84 (1H, m, 2.34-2.35 (1H, m,
2.30-2.33 (1H mo,a sbludién (Blitertediake N(4)26.blz) 24. IGmmo et &ad4dalkd 7-

B (411 wor aphspYd): &S RiAtERY B0 CARY by Pk 2 - o one

The reaction mass was heated at reflux for 18 h. The reaction mixture was quenched with

10 water and evaporated the solvent under reduced pressure. The residue was diluted with
ethyl acetate (100 mL). The organic layer was washed with water (100 mL x 2), brine
solution (100 mL), dried over anhydrous Na,SO,4 and evaporated under reduced pressure
to get crude compound. The crude compound was purified by column chromatography
(Silica gel, 60-120 mesh) using ethyl acetate as mobile phase to give 8-phenyl-5,6-

15  dihydro-1H-pyrano[3,4-d]pyrimidine-2,4(3H,8H)-dione (3.0 g, 50.8%) as pale yellow
solid. LC-MS (M-H)" =243.2. 'H NMR (400 MHz, DMSO-d6): 8 ppm 11.10 (1H, s),
10.57 (1H, s), 7.42-7.39 (3H, m), 7.32 (2H, m), 5.32 (1H, s), 3.71-3.56 (2H, m), 2.38-2.27
(2H, m).

20  Preparation N
2,4-dichloro-8-phenyl-6,8-dihydro-5H-pyrano[ 3,4-d]pyrimidine

Cl
]

N

Cl N ©

A solution of Intermediate N(5) (2.0 g, 8.18 mmol) and catalytic amount of DMF
in POCls (10 vol.) was heated at reflux for 18 h. The excess of POCl; was evaporated
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To a solution of Internediate 0(4) (0.30 g, 1.12 mmol ) in ethanol was added
t BuOK (0.253 g, 2.2 mmol) followed by urea (0.135 g, 2.2 mmol ) at room

t emrper at We.20201031%¢ reacti on nass was heated at refl ux PoT/UBS01h/022kk6E
reaction m xture was quenched with water and evaporated the sol vent under
reduced pressure. The residue was diluted with ethyl acetate (100 nL). The
organic | ayer was washed with water (100 nL x 2), brine solution (100 niL),
dried over anhydrous Na2504 and evaporated under reduced pressure to get
crude conp he crude ound was ified b coI t ogr aphy
(511 o gor ihogtredisg Hatife: darRG e nyF palel e Stisnd e (ohg? o

8- (4-f 1 uor opheiqydous scﬁutﬁmdbd@)é@trr&tehfdwﬂﬁ/d’ﬂ@ﬂ@ée’ﬁatél(%]rﬂytiBW 'ﬂie%m&n@ﬂ?)"' 8H) - di one
(0.150 g, 40% . as pale y e||OMISO|Id LC N? 5) = 1H NVR (400 MHz,
DVBO- d6) :  6OTBHIT Hcr pvps (Wfﬁli‘e jith agpeogysaturpied FpHCE; é‘é)n?L §é> Be sejytion7 2o (24,
m, 5.34 (MSIOnﬁb; dri3d 86erdNafdof éhﬂevﬁﬂorat&ﬁnﬁ@rr@d&éd f)rlaﬂ,urerﬂ) glv% 2313d161ﬂbf,0 n .

Preparati on

2, 4-di chl or%DI@llQ’hﬁ PidihydeopHERyenald A gl iiding (B0 pyrdeh| b3own &lidy LGV ne CI

F 10A sol ut épLzlmbernedlate 0(5) (0.30 g, 11 mml) and catal ytic anount
of DMF in P (10 vol.) was heated at reflux for 18 h. The excess of
POC13 was evaporated under reduced pressure. The residue was poured in to
crushed icepa ﬁ%,ﬁgdﬁged for 15 mn. The aqueous solution was extracted with
et hyl acet at 50 . The conbi ned organic | ayer was washed with
aqueous saturaﬁs@kmaﬂemgmyB%phmyk6@ﬁﬂwﬁﬁxﬁépxmhﬁﬁﬂaﬁ%¢6m5®‘hﬂ?mﬁdrled over
Na2504 and evaporated under reduced pressure to give 2, 4-dichloro-

8- (4-fluorophenyl) -6, 8-di hydro- 5H—pyrHHo[3 4- d]pyrlnldlne (0.20 g, crude)
as brown liquid. LCGCM (MtH) + = 299. Q= rati on Ca
202-ch|oro-N—ethyI-8-(4-f|uoropheny{ﬂ$6J -dbhydro-SFprrano[S,4-d]pyrinidin
-4-am ne HNJ CI” °N

10

To a solution of Preparation N (2.1 g, crude) in acetonitrile was added
diisopropylethylamine (1.83 g, 14.2 mmol) followed by addition of methylamine
hydrochloride (0.96 g, 14.2 mmol) at room temperature. The reaction mixture was stirred
at room temperature for 18 h. The solvent was removed under reduced pressure and the

15  residue was purified by column chromatography (60-120 mesh) using 40% ethyl acetate
in pet-ether as mobile phase to give 2-chloro-N-methyl-8-phenyl-6,8-dihydro-5H-
pyrano[3,4-d]pyrimidin-4-amine (0.7 g, 35.7%) as off-white solid. LC-MS (M+H)" =
276.0. "H NMR (400 MHz, DMSO-d6): & ppm 7.49 (1H, m), 7.36-7.31 (3H, m), 7.25-
7.23 (2H, m), 5.45 (1H, s), 4.0 (1H, m), 3.79 (1H, m), 2.87 (3H, d, /=4.4 Hz), 2.55 (1H,

20 m), 2.44 (1H, m).

Preparation O

2,4-dichloro-8-(4-fluorophenyl)-6,8-dihydro-5H-pyrano[3,4-d Jpyrimidine
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To a solution of Preparation O (0.35 g, 11 nmmol) in nethanol was added

dii sopropylethylamne (0.30 g, 2 2 nmol) followed by addition of ethylam ne
hydr ochl owpDde12®313 g, 1.1 mmol) at room tenperature. Pha/USe@CORIRS M Xt ur e
was stirred at roomtenperature for 18 h. The sol vent was renoved under
reduced pressure and the 5 residue was purified by colum chronmat ography
(60-120 nesh) using 35%ethyl acetate in pet-ether as nobile phase to give
2-chl oro-N-et hyl-8-(4-fl uorophenyl) -6, 8-di hydro- 5Hpyr ano[ 3, 4-d] pyri m di n- 4-
amne (0.15 g, crude) as off-white soljd. LCM (MH)+ = 308.2.0. 10
Preparation b

2-chl oro- N-et hy1-8-(4-fl uorophenyl) - W
rimdin- 4-am ne F To a solution
met hanol was added 15dii sopropyl et Ryl aM nd
addi tion of ethyl nmethyl am ne hydrochl ori g
tenperature. The reaction m xture was st ¢d at roomtenperature for 18 h.
The sol vent was renoved under reduced preJSure and the residue was purified
by col unmm chromat ography (60-120 nmesh) usifng 40% et hyl acetate in pet-ether
as nobile phasel}ltor iyﬁaéjrhIoro-N—ethy1-8-(4-fIuorophenyl)-N—nethyI-6,8-
20dihydro-5kkpyraﬁ§%§ﬁ'- ﬁgyrinidin-4-anine (0.020 g crude) as off-white
solid. LG M (MtH) + = 322.¢&hyl 2-(PrimpaphdnyDr-Kaloxgagttde 2
2-ch|oro-8-(4-f|uorophenyl)-4-((R)-§bgbuokgpyrrolidin-l-yl)-6,8-dihydro-5k+
pyrano[ 3, 4- 25d]pyrimdine c)c,) 2

- 6, 8-di hydr o- 5H pyrano[ 3, 4-d] py
Preperation 0 (0.20 g, 0.61 mml) in
(0.172 g, 1 3 mmol) followed by
0.47 g, 0.81 mml) at room

F
5 To a cooled solution of 2-(4-fluorophenyl)-2-hydroxyacetic acid (5.0 g, 29.4
mmol) in ethanol was added con. H>SO4 (10 mL) over a period of 10 min. The reaction
mixture was heated at reflux for 5 h. The solvent was evaporated under reduced pressure
and the residue was diluted with ethyl acetate (25 mL). The organic solution was washed
with aqueous saturated NaHCOs (25 mL x 2), water (20 mL), brine solution (10 mL),

10 dried over anhydrous Na,SQO, and evaporated under reduced pressure to give ethyl 2-(4-
fluorophenyl)-2-hydroxyacetate (5.0 g, 90%) as crude compound (oily liquid). The crude
compound was taken to the next step without further purification. LC-MS (M+H,0)" =
216. 'H NMR (400 MHz, DMSO-d6):  7.43-7.46 (2H, m), 7.17-7.20 (2H, m), 6.11-6.13
(1H, m), 5.14 (1H, d, J= 5.20 Hz), 3.35-4.13 (2H, m), 1.12-1.15 (3H, m).

15
Intermediate O(2)

ethyl 4-(2-ethoxy-1-(4-fluorophenyl)-2-oxoethoxy)but-2-enoate
EtOOC\/\/O COOEt

F
To a solution of Intermediate O(1) (3.0 g, 15.1 mmol) in hexane was added silver
20 oxide (9.1 g, 39.3 mmol) followed by magnesium sulphate (1.8 g, 3.0 mmol) at room
temperature. The reaction mixture was heated at reflux for 1 h. The reaction mixture was

cooled to 0 °C and was added silver oxide (9.7 g, 39.9 mmol) followed by ethyl-4-
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FF To a solution of Preparation O (0.60 g, 2 1 mmvl) in nmethanol was
added dii sopropylethylamne (0.516 g, 4 6 mmol) foll owed by addition of

(R) -3- flwonroryrsmi dine (0.301 g, 2.2 mmol) at room t erpEstuza2266he
reaction mxture was 5stirred at roomtenperature for 18 h. The sol vent was
removed under reduced pressure and the residue was purified by pep-HPLC to
gi ve 2-chl oro-8-(4-fluorophenyl)-4-((R)-3-

quoropyrroIidi n- I-y1) 6, 8- di hydr o- 5H pyr anol[ 3, 4- d] pyri m dine (0.110 g, 40%
Isoner 0.109

D A PRRO e e daa g sl Sl bk s B T T 9920

(2H 10d, JiemBerd@reHa) 3 dys 35hd hrbtio masBwhBRIBr BNk 2 B of JickdnBe@A (1H m,
2.78 (1H, n), 2.04- 2.28 (2H, m. 0c2: 1H NVR (400 MHz, DMSO-d6): 6 ppm
7.19-7.33 (@Hh (@e;hte% an@wzs@@wqtmathymceta@ The filtrate wis, ev@pcnmec(qneler wjluced. 91- 4. 10
(2H, m, 3.75-3. 320 o),

7 2 t
2.01 (2H, oPresﬁ‘HeéO ?ﬁti‘yml%z f‘ﬂ?‘@‘ﬁf&r%‘ ﬁ?‘{ﬁ’% p@a‘ryr?a%axwﬁ@ Bt bioalt 39
ZthIorQ}S %?@E&uﬂyﬁ@h@ny@)MB(&mﬁaeﬁ;EE82 '"H NMR (400 MHz, CDCh%Pppm o
-fluoropyrrolidin ran rimdine <f<
To 5 sl ut | G-oftS Bk B0t om0 R ames 38 T o kbl 1, el Héhot Wad Hdded
dii sopropylﬁthmb qma*(gH(pjébGZOQ{Z)41@6@ppJ)= 6fg)ﬂ{£)owed by addition of (S)-3-
fluoropyrrolidine (0.301 g, 2.2 nmol) at roomtenperature. The reaction

m xture was stirred at roomtenperature for 18 h. The solvent was renoved
under reducggpEgssw® 5 and the residue was purified by pep-HPLC to give
2-chl or 0- 8- (4-fl uorophenyl) - %

f 1 uor opYftrol i di n- | - yathylg-@- e@ioﬁydr fB‘Hfofl?Wfa’Ho?[ gxogthgxphytprdath ne (0.102 g, 39%
| sonmer 1, 0.111 g, 40% I soner Zo@s off-whi teygelid. LCGM (MrH) + = 352.0.
0d1l: 111NVR (400 MHz, DMBO-d6): 6 ppm 7.36-V.36 (2H, m), 7.16(2H m, 5.50
(2H, d, J= 8.4 Hz), 5.35 (1H, s), 3.58-3. (7H, m, 3.24-3.34 (1H, m,
2.78 (1H, d, J= 8.4 10Hz), 2.04-2.28 (2H, . 0d2: 1H NWR (400 MHz,

DVSO-d6): 6 ppm 7.19-7.33 (2H, m), 7.15-7¥0(2H, m, 5.34 (1H m), 5.40 (
(1H, m, 3.91-4.10 (2H, M, 3.75-3.90 (2H,FmM, 3.69-3.75 (m 2H), 3.05 (2H,

t, J=5.20 kz), "120' aos:lc')lu(ti%rll_| of 1crjlterr‘r]1§diasté 8(5)'2(%.0 g, 9.6 mmol) in ethanol was added
palladium on carbon (10%, w/w) at room temperature. The reaction mixture was

hydrogenated under balloon pressure of hydrogen for 30 h. The reaction mass was
15  filtered through a bed of diatomaceous earth (Celite®) and washed with ethanol. The

solvent was removed under reduced pressure and the residue was purified by column

chromatography (Silica gel, 60-120 mesh) using 5% ethyl acetate in pet-ether as mobile

phase to give ethyl 4-(2-ethoxy-1-(4-fluorophenyl)-2-oxoethoxy)butanoate

(3.0 g, 63%) as oily liquid. LC-MS (M+H)" =313.2 'H NMR (400 MHz, CDCls): 3
20 ppm 7.29-7.46 (2H, m), 7.05-7.09 (2H, m), 4.84 (1H, s), 4.10-4.23 (4H, m), 3.59-3.63

(1H, m), 3.42-3.53 (1H, m), 2.47 (2H, t,J=7.6 Hz), 1.99 (2H, t, J= 7.6 Hz), 1.22-1.32

(6H, m).

Intermediate O(4)

25 ethyl 2-(4-fluorophenyl)-3-oxotetrahydro-2H-pyran-4-carboxylate
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15 Preparation P
2,4-Dichloro-7-(4-chl orophenyl) -6, 7-di hydro-5H cycl opent a[ d] pyri m di ne Cl

Cl I nt er e0i2at22108%91) 201- Chl or o- 4- cycl opent enyl benzene B(TAS2012/0226650 a 1 M
sol ution of 4-chl orophenyl) nmagnesi um brom de (149 ni, 149 nmol) was added
cycl opent anone (13.23 nL, 149 mmol ). The sol ution turned warm upon the
addition. The reaction m xture was stirred at reflux for 2 h. The reaction
m xture was 25 cooled to roomtenperature and quenched with 10 g of ice. 6N
hydrochl ori c acid solution was add g@til the precipitate dissol ved
conpletely. Ether was added. The organit’| ayer was separated and the
aqueous phase was extracted with ether.  Theoconbi ned organic extracts were
washed with saturated agueous sol uti or®of sodi um hydrogen sulfite,

sat urat ed aqueous sol ution of sodi um bi nate and water. The organic

| ayer was dried over anhydrous nagnesiu fate and filtered. The sol vent
was renoved in vacuum and the residue wasypurified by colum chromat ography
on silica gel to give 1-chloro-4- 5cycl opéntenyl benzene (20.0 g, 112 nmol,

Sy 80 2 RS bR MRy TR 00,
-2.61 (2H, BOKR.0% 19.miR])@P¢C.nJhe kartien medinatvers Pl@yed to come to room
102- (4- Chl o ORRENV! HGXGHEPENT RNPAE R tion mixture was quenched with water and
5  evaporated the solvent under reduced pressure. The residue was diluted with ethyl acetate
(200 mL). The organic layer was washed with water (100 mL x 2), brine solution (100
mL), dried over anhydrous Na,SO, and evaporated under reduced pressure to get crude
compound. The crude compound was purified by column chromatography (Silica gel,
60-120 mesh) using 50% ethyl acetate in petroleum-cther as mobile phase to give ethyl 2-
10 (4-fluorophenyl)-3-oxotetrahydro-2H-pyran-4-carboxylate (1.0 g, 55%) as oily liquid.
LC-MS (M+H)" =267.1. '"H NMR (400 MHz, DMSO-d6): & ppm 11.81 (1H, s), 7.22-
7.42 (2H, m), 7.12-7.20 (2H, m), 5.23 (1H, s), 4.22 (2H, q, J= 7.2 Hz), 3.87-3.88 (1H,
m), 3.69-3.84 (1H, m), 2.34-2.35 (1H, m), 2.30-2.33 (1H, m), 1.27 (3H, t, /= 7.2 Hz).

15  Intermediate O(5)
8-(4-fluorophenyl)-5,6-dihydro-1H-pyrano[3,4-d]pyrimidine-2,4(3H,8H)-dione

HN |

A

0" 'N
H

F
To a solution of Intermediate O(4) (0.30 g, 1.12 mmol) in ethanol was added #-
BuOK (0.253 g, 2.2 mmol) followed by urea (0.135 g, 2.2 mmol) at room temperature.

20  The reaction mass was heated at reflux for 18 h. The reaction mixture was quenched with
water and evaporated the solvent under reduced pressure. The residue was diluted with
ethyl acetate (100 mL). The organic layer was washed with water (100 mL x 2), brine
solution (100 mL), dried over anhydrous Na,SO,4 and evaporated under reduced pressure

to get crude compound. The crude compound was purified by column chromatography
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A mxture of formc acid (60 nL, 84 mmol) and hydrogen peroxide (15 nlL, 84
nmol ) was warnmed at 40C for 10 mn. The resulting solution was careful ly
added to we 20tw81974- cycl opent enyl benzene (15 g, 84 molPLTAISA@R/08166% ri ng.
The two-phase system 15was initially stirred at roomtenperature. After a
certain period of time, a spontaneous exotherm c reaction took place, and
the tenperature rose to about 50C. The reaction mxture was stirred at room
tenperature for 1 h. The LC/ M5 anal ysis of the reaction m xture shows the

The T bact| 0 I RELHE THEHUEHhan By s PUroh cauaect v 1 SoakbiriDea Sodi um

bi car bonat es 2Qihg@toUtH-pyrandEs, helqmmﬁdla@lda@}am)-albﬁa (K)Q@O"gl m%)rus Yhlgr e was
vi gorously shaken, The org&nlg ayer ,was sgﬁﬁrate and t he aqueous | ayer

was ext r act WHowiseh: t S D 53 |ne[éW1§ M2 MY o%e} WL H-EH over

anhydr ous nagnesiosm Qul §Hay. gsﬁrsa (31| rh)ewg(zﬁ h®), $04 vant) was-3 AneMes) i n vacuum
and the residue was purifi col um chronatography on silica gel to give

ed
2- (4- chﬂbrdbﬁ%ﬁﬁﬂf@%@@o%éﬁﬁﬁhéﬁe (5.7 g, 29.3 mml, 34.9 %yield) as a 25
colorless oil. LCM5 (MtH)+ = 195.2. 1H NWR (500 NPE, CDC13) 6 ppm 7.21 -
7.37 (2H, , 7.11 (2H, d, J=8.5 Hz), 3.25 (1H, dd, J=11.6, 8.5 Hz), 2.44
(2H, d, J=6lrereapyon Q@ 15 -2.31 (1H, m), 1.96 - 2.15 (3H, m, 1.78 - 1.95
(1H, m. Interne ) I ) openta [e] [l
G orazine 5 (%h%%cﬁ&o?&§(4 %erogﬁe 693 6‘%{&%9&5?{ pd@an%[gdA pwﬁfmnfé
2 (4- chIorophenyl)cyclopentanone (7.80Ch, 40 1 mol ) and
car boni socyanatidic chloride (7.61 g, ) was stirred at 58 Cin a
hi gh- pressure vessel for 1 h. The tenperlatute was raised to 130 C and the
reaction mxture was stirred 5for anm additional 2 h. After cooling to rt,
the reaction mxture solidified. The soligesidue was dissolved in ethyl
acetate and washed with saturated aqueou | uti on of sodi um bi carbonat e.
The organic | ayer was separated and the eous | ayer was extracted tw ce
with ethyl acetate. The conbined organic extracts were dried over anhydrous

sodiumsulfate and filtered. The solvent was renoved in vacuum and the oily
10 A solution of Intermediate O(5) (0.30 g, 1.1 mmol) and catalytic amount of DMF

in POCls (10 vol.) was heated at reflux for 18 h. The excess of POCl; was evaporated
under reduced pressure. The residue was poured in to crushed ice and stirred for 15 min.
The aqueous solution was extracted with ethyl acetate (50 mL x 3). The combined
organic layer was washed with aqueous saturated NaHCO; (50 mL x 2), brine solution

15 (50 mL), dried over Na,SO,4 and evaporated under reduced pressure to give 2,4-dichloro-
8-(4-fluorophenyl)-6,8-dihydro-5H-pyrano[3,4-d]pyrimidine (0.20 g, crude) as brown
liquid. LC-MS (M+H)" = 299.0.

Preparation Oa

20 2-chloro-N-ethyl-8-(4-fluorophenyl)-6,8-dihydro-SH-pyrano[3,4-d]pyrimidin-4-amine
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10resi due was purified by colum chromat ography on silica gel to provide
7-(4- chl orophenyl) -6, 7-di hydrocycl openta[ e] [ 1, 3] oxazi ne- 2, 4( 3H, 5H) - di one
(5.4 g, 2W04817vme8d97 51.1 %yield). LCGCM (MH)+ = 264. 2PCTHShINR 082569 MHz,
CDC13) 6 ppm 7.32 (2H, d, J=8.5 Hz), 7.12 (2H, d, J=8.5 Hz), 4.15 - 4.25
(1H, m, 2.56 - 2.93 (4H, m. 15Internedi ate P(4)

7- (4- Chl or ophenyl) -6, 7-di hydr o- 1H cycl openta [d]

pyrim di ne-2,4(3H,5H)-dione 0 Hyl o CI A solution of

(5.4 g, 2048 migy IoREHUEHT B RUamoh TN R AN (e @t 201836

ol ) was sdilsbpregllethyldi@fie @.30g,2. Dingldh) F5IRSUILE a@ESES citfllanfind. The formation
of white preci pht ate was observed during the heating. The sol vent S
removed in W4 mlfi%(Op]rlé\gr {td mmol) at room temperature. The reaction mixture was stirre

7- (4- chl or oph&sy thmpBratlroh Y&IR OTAdbobyeht @meﬁla&ed]umrlréaudédéﬁ«as%ué(aﬁdﬁﬂéH) di one
(4.9 g, 18.65 mol, 91 %yleld) as a off-white solid = 263. 2.
1H NVR (S00enie wonsoliehy e ypheiromgtogrophy (0-130mes) pring 357 f@wl(@ ateq,  J=8.5

HZ) 4.16 1(113'6‘[»etﬁier ay m@bl"}’e ﬂ'ﬂége to%w@% dnidto I\péthﬁ)8 (43Aubfophdidl)-8 3 didrls2H, d,

J=1.8 Hz), 1.7 5 (IH m. Preparation P
52, 4- Di chi d?yéarrmétdhoﬁrlmﬁd@pﬁéﬁyqe)(ﬂém endg) @y off sthite yolido gV AIPYY i di ne C
308.2.0.

10 Preparation Ob
2-chloro-N-ethyl-8-(4-fluorophenyl)-N-methyl-6,8-dihydro-5SH-pyrano[3,4-d]pyrimidin-

4-amine
.

N/|

PN

O

Cl N

F
To a solution of Preparation O (0.20 g, 0.61 mmol) in methanol was added

15  diisopropylethylamine (0.172 g, 1.3 mmol) followed by addition of ethylmethylamine
hydrochloride (0.47 g, 0.81 mmol) at room temperature. The reaction mixture was stirred
at room temperature for 18 h. The solvent was removed under reduced pressure and the
residue was purified by column chromatography (60-120 mesh) using 40% ethyl acetate
in pet-ether as mobile phase to give 2-chloro-N-cthyl-8-(4-fluorophenyl)-N-methyl-6,8-

20  dihydro-5H-pyrano[3,4-d]pyrimidin-4-amine (0.020 g crude) as off-white solid. LC-MS
(M+H)" =322.2.

Preparation Ocl and Oc2

2-chloro-8-(4-fluorophenyl)-4-((R)-3-fluoropyrrolidin-1-yl)-6,8-dihydro-5H-pyrano[3,4-
25 d]pyrimidine
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Cl A m xture of

7- (4-chl orophenyl) -6, 7-di hydr o- 1H cycl opent a[ d] pyri m di ne2, 4( 3H, 5H) - di one
(4.7 g, Wwog01wmesdoy, POCL3 (53.4 nmL, 573 mmol) and N, NdiPe@tusgéianpicehe
(18.26 m., 143 mvol) was heated at 110 C overnight. The reaction 10m xture
was poured into a beaker with ice. The inside walls of the reaction vessel
was washed with DCM As soon as the ice conpletely nelted, the organic

| ayer was separated and the aqueous |ayer was extracted with DCM The

conbi ned organic extracts were dried over anhydrous sodi um sul fate and
filtered. The solvent was remowed in vacuum and the residue was purified by
col um chromat ography on siljc gel to provi d&

2, 4-di chl oro-7-(4-chl or ophenyd , 7-di hydr o- 5H®Yycl openta[ d] pyri m dine (1.2
g, 4.01 mol, 22.39 %yield)./ 5 (M+H) + = 298 Q. 1H NVMR (500 MHz, CDC13)
6 ppm 7.41 - 7.99 (2H, m, O A 41 (1H t, J=8.4 Hz),
2.94 - 3.18 (2H, m, 2.73C(/ILH,\. 15 - 2.33 (1H, m). 20
Preparation Pa

2- Chl or o- 7- (4-chl oropheny1l) - N,
din-4- amne N Cl A1soRy
2, 4-di chl oro-7-(4-chl orophenyl) - @, npent al d] pyri m di ne (200
ng, 0.668 mmol) and excess dinethylamne (3.34 nL, 6.68 mMmuol) in MeOH (4
m.) was stirred Tata swotutiboof B@pavation ANe0sm M anholviasmetbaml ees ddded’acuum and t he

crude prod t was rifie ma lica gel to
5afford 2-¢ 158?r8pﬁ°ptt{413131r?|eg9 g%lﬁn%%}f’u r?mf{ﬁ &lgﬁ %Bﬁ?@dj%%fc%gli{iédr 0- 5H
(cyc :_lg)pe nt a[ﬂi]omﬁyhmldihmo%oa@ e n{rR8) &Goord tedibBrafii®| Theddadbofayitele thjas LC- M5

M+H) + 308.1. Preparatio
102- Chl of o- %lﬂeﬁatcfﬁwgﬁ%m%wi)fovﬁ(hs e g1 P D R PR ISR eG4 BT hy dir o- 5H-
cycl opent a[ ghlpiyd retiigh Vi@ plafified by pep-HPLC to give 2-chloro-8-(4-fluorophenyl)-4-((R)-3-

fluoropyrrolidin-1-yl)-6,8-dihydro-5H-pyrano[3,4-d]pyrimidine (0.110 g, 40% Isomer 1,

0.109 g, 40% Isomer 2) as off-white solid. LC-MS (M+H)" = 352.0.

Ocl: 'H NMR (400 MHz, DMSO-d6): 3 ppm 7.36-7.36 (2H, m), 7.16 (2H, m), 5.50 (2H,
10 d,J=28.40 Hz), 5.35 (1H, s), 3.58-3.98 (7H, m), 3.24-3.34 (1H, m), 2.78 (1H, m), 2.04-

2.28 (2H, m).

Oc2: 'H NMR (400 MHz, DMSO-d6): 8 ppm 7.19-7.33 (2H, m), 7.15-7.20 (2H, m), 5.34

(1H, m), 5.40 (1H, m), 3.91-4.10 (2H, m), 3.75-3.90 (2H, m), 3.69-3.75 (2H, m), 3.05

(2H, t, J=5.20 Hz), 2.01 (2H, d, /= 8.0 Hz).

5H cycl opent a[ d] pyrim

15
Preparation Odl and Od2
2-chloro-8-(4-fluorophenyl)-4-((S)-3-fluoropyrrolidin-1-y1)-6,8-dihydro-5H-pyrano[3,4-
d]pyrimidine
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N C A sol ution of

2,4-di chl oro-7-(4-chl orophenyl) -6, 7-di hydro-5Hcycl opent a[ d] pyri m di ne (325
ng, 1. 085wornni2y103347et hyl - N-i sopr opyl propan- 2- ani ne 15( 0P@ZAISR112/022642 rmol )
and 3, 3-difluoroazetidine, HClL salt (281 ng, 2.170 mmol) in MeOH (5 nL) was
stirred at rt for 1 h. The solvent was renoved in vacuum and the crude
product was purified by colum chromatography on silica gel to afford

2-chl oro-7-

(4- chlorophenyl) 4-

pyrinidine (70 ng sgﬁ]f@‘? uﬁ&%gﬁ@@'%’?él\ﬁ‘}%l) LI’GDI\IEQDPI//I’I' A g)é(él (ipeg':)a[ .

Preparati Ondlﬁﬁpropylethylamme (0.516 g, 4.6 mmol) followed by addition of (S)-3-

2- Chl 7-(4-chl 1) - N-net hyl- 6, 7- di hydr o- 5H I tald di n-
4- ami (r)]reo uoé:pyrr(()) ne &%%Igu% 2 gt.ﬁmgi/at room tenIperaturrg The rgg/cglor? Pn?xr‘lcur%[wa]s pyrim din

2, 4-di chl ors@m%dﬁﬂnslhlt@ﬁ@pmw&)m@l 7Fh@'s$1¥éiﬁ%§%%%%@ﬂﬁi@£@ﬂ&ﬂewfekm@| ne (300
ng, 1.001 mml , methanam ne, HCL salt (135 3 mmmol ) and DI PEA

(0.700 m, erﬁﬁﬁwgqumumféwxwprﬁBLml‘sq% IIII@@ 8a(t4 fILtOYQPé?nbéb“ HSh3- 5 The

sol vent V\’asﬂdo%ﬂ%%ﬁdmrl ﬂﬁ@@%‘iﬂyﬁﬂﬂsﬁl Iﬂ?raﬁ& gdenprasuat (VR PYodfigtky col um
chromat ography on silica gel to

2-chl oro-7-44 %H@%dm?l%ﬂf Wbttﬁh@OiLdGL@—MS (M+H)" = 352.0.

di hydr o-5H h 0 I %
) oy oS G Rak My S g e A0 S5

2, 4-Diohl orcb#mm G35 I Udrsa BHsnyay (781, T.ch. WydiFo(SHmyd Thpental dpgyri m di ne

I @ déﬁ %ﬁ
7 (3, 4- Iopheny én)7 di hydrocycl opent al e] [ 1, 3] oxazi ne- 2, 4( 3H, 5H) - di on
0d2: '"H NMR (400 MHz, DMSO-d6): 3 ppm 7.19-7.33 (2H, m), 7.15-7.20 (2H, m), 5.34

(1H, m), 5.40 ( (1H, m), 3.91-4.10 (2H, m), 3.75-3.90 (2H, m), 3.69-3.75 (m, 2H), 3.05
(2H, t, J = 5.20 Hz), 2.01 (2H, d, J = 8.0 Hz).

15 Preparation P
2,4-Dichloro-7-(4-chlorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine

Cl
N ’d
N
Cl N
Cl
Intermediate P(1)
20 1-Chloro-4-cyclopentenylbenzene

W

To a 1 M solution of 4-chlorophenyl)magnesium bromide (149 mL, 149 mmol)
was added cyclopentanone (13.23 mL, 149 mmol). The solution turned warm upon the
addition. The reaction mixture was stirred at reflux for 2 h. The reaction mixture was

25  cooled to room temperature and quenched with 10 g of ice. 6N hydrochloric acid solution
was added until the precipitate dissolved completely. Ether was added. The organic layer

was separated and the aqueous phase was extracted with ether. The combined organic
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o Hyl oo 15F A solution of 2-(3,4-difluorophenyl)cycl opentanone,
(prepared in the manner of Internediate P(1) and P(2)) (1.5 g, 7.65 mmol)
and car bowp=oryms®ri di c chloride (1.129 g, 10.70 mmol) wag/tstéroement 58 C
in a high-pressure vessel for 1 h. The tenperature was raised to 130 C and
the reaction mxture was stirred for an additional 2 h. After cooling to
rt, the reaction mxture solidified. The solid residue was dissolved in

et hyl acetate and washed vvith sat ur at ed aqueous sol ution of sodium

bi carbonat e. The organj c ted d th ueous. | ayer was
extracted tWI8ES Wt aét‘ aﬁ%&?a&?ia 8d18?lg]§ﬁ‘g§ene§?fﬁt%ct s were
dried over saﬂlhat@tr@msm@dlhum @éb(ﬂlﬂﬁl&)l@f%nﬁtb hﬁcewer Tho@r&alcvanrt wwagicd renoved

in vacuum and the oil resi due was ri fied by colum chromat ography on
silica gel 6" ?ﬂl}%@qoa%r%agnesmm sulfate andD tu Itered. %e sdllvent was removed in Vacugum aPn y

7- (3, 4-di Tl yorQprbePurBied bd oML B EhRRARE RN Eifich 31 © 1n@ﬁ@r6(43H 5H) - di one
(1(059 3.96 mol Sl)urbe 52Ileld asa{%h?t)g&slcdg% G H NVR (500 MHz,

CDC13) 6 ppicBpadenylianzepe @)0 g 714 o}, g5 Ygyield) ay peiorlegs gil. Hz§—M% MF¥H)" 7. 05
(1H m, 6. B§3792 61}1915 1(:5b0MHz D&)Bémgﬁﬂ( Ho @h; m? -85 (1HZ) Bed 2H M
0.78 - 0.86 10(2ZH, nt er medi at'e

7-(3,4-Di f IhM@ﬁheﬁ,yZlﬁ-ﬁZ a+ @Hhydr20 114 B@Hopent a[ d] pyri mi di ne- 2, 4( 3H, 5H) - di
one 0 F 15A solution of

7-(3,4-di fluorophenyl)-6, 7-di hydrocycl opental e] [ 1, 3] oxazi ne-

2, 4( 3H, 5H) -ldiconedi{td P@Y» g, 3.96 mmol ) in concentrated ammoni um hydroxi de
(0. 154 3.96 nmmol ) was stir at . 100 C.in hi gh- pressure vessel (75
m.) forﬂ% h. The formation o? (J\if\ﬁg{oéo%?@&cﬁl?pﬂ%n%s observed during the

heating. The sol vent was renoved i nOvacuumto provide

20cycl opent a[ d] pyri m di ne- 2, 4( 3H, »—Cl. 046 g, 3.96 mml, 100 %
yield) as a off- white solid. LC (MHtH+ = 265.2. Preparation Q
2, 4- Di chl or o- 7- (8Bmiktate bf fvompbRgd il 634 maiohydd by &bkaypetorjpient adnd] $yri m di ne

mmol) was warmed at 40°C for 10 min. The resulting solution was carefully added to 1-
chloro-4-cyclopentenylbenzene (15 g, 84 mmol) under stirring. The two-phase system

15  was initially stirred at room temperature. After a certain period of time, a spontaneous
exothermic reaction took place, and the temperature rose to about 50°C. The reaction
mixture was stirred at room temperature for 1 h. The LC/MS analysis of the reaction
mixture shows the disappearance of the starting material and the formation of the product.
The reaction mixture was quenched by careful addition of a saturated sodium bicarbonate

20  solution. Ether was added and the reaction mixture was vigorously shaken. The organic
layer was separated and the aqueous layer was extracted with ether. The combined
organic extracts were dried over anhydrous magnesium sulfate and filtered. The solvent
was removed in vacuum and the residue was purified by column chromatography on
silica gel to give 2-(4-chlorophenyl)cyclopentanone (5.7 g, 29.3 mmol, 34.9 % yield) as a

25  colorless oil. LC-MS (M+H)" =195.2. '"H NMR (500 MHz, CDCl) & ppm 7.21 - 7.37
(2H, m), 7.11 (2H, d, J=8.5 Hz), 3.25 (1H, dd, J=11.6, 8.5 Hz), 2.44 (2H, d, /=6.1 Hz),
2.15-2.31(1H, m), 1.96 -2.15 (3H, m), 1.78 - 1.95 (1H, m).

Intermediate P(3)
30 7-(4-Chlorophenyl)-6,7-dihydrocyclopentale][ 1,3 ]oxazine-2,4(3H,5H)-dione
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F A m xture of

7-(3,4-di fl uorophenyl) -6, 7-di hydro-/ H cycl opent a[ d] pyri m di ne2, 4(3H, 51i ) - di
one (500 wp,202/®327mol ), POC13 (5644 [IL, 60 6 nmol) amdT/US2012/022665

N, Ndi mret hyl aniline (1931 p.L, 15.14 mmvl) was heated at 120 C overni ght.
The reaction 5m xture was poured into a beaker with ice. The inside walls
of the reaction vessel was washed with DCM As soon as the ice conpletely
nelted, the content of the beaker was placed into a separatory funnel The
organi c | ayer was separated and the agueous | ayer was extracted with DCM
The conbi ned organic extracts were drijed over anhydrous sodi um sul fate and
filtered. The solvent was renoved iHNV3
by col unm chronmat ography on silica ghj Q/provide 2,4-dichloro-7-(3, 4-

di fI uor opheny1) - 6, 7- di hydr o- 54 cycPopént ald] pyri mi di ne (446 ng, 1.481 mol,
78 %yield). LCM5 (MtH)+ = 301.1. Prepar
152-Chl oro-7-(3, 4-di fl uor ophenyl) - N, N- di
pyrimdin- 4-amine -.. N F A sol uti oy, of
2, 4-di chl oro-7-(3, 4-difluorophenyl)-6, 7-di hy
(446 ny, 1.481 mrullyticand?2éicklssphiénybtyvidpanemae (28@220Mmma) add 44 mmol ) in

MeOH (6 nlL) s.stirred rt m n.. The solveni was .renoved in vacuum
and the or bepisuet it (Hha Ty RBPUIE SRORREbS BAHSERESH ca gel
to afford vessel for 1 h. The temperature was raised to 130 °C and the reaction mixture was stirred
2-chloro-7-(3,4-difl uorophenyl)-N, N-di net hyl-6, 7-di hydr o- SHcycl opent a[ d] pyr
i ni di n- 4> anhE" %(d%&@nﬂ&,h- o@fieffO%H%@ rige Eeaghap TRy Soll_lé%ﬁé ?m%ﬁ = 310. 2.
Prepar at i onre{ihucdvas@MsOIk &t ife hgl acetate and washed with saturated aqueous solution of
,4-d|f|uorophenyl)-N—netq¥l- ,Z-dlhydro-SH-gyc | op enta [d] pyrim din-4-

c

sodiun biCarbonate. and the aqueous layei was

organic layer was separate
extracted twice with ethyl acetate. The combined organic extracts were dried over
anhydrous sodium sulfate and filtered. The solvent was removed in vacuum and the oily

10 residue was purified by column chromatography on silica gel to provide 7-(4-
chlorophenyl)-6,7-dihydrocyclopentale][1,3]oxazine-2,4(3H,5H)-dione (5.4 g, 20.48
mmol, 51.1 % yield). LC-MS (M+H)" =264.2. "H NMR (500 MHz, CDCl;) & ppm 7.32
(2H, d, /=8.5 Hz), 7.12 (2H, d, /=8.5 Hz), 4.15 - 4.25 (1H, m), 2.56 - 2.93 (4H, m).

15  Intermediate P(4)
7-(4-Chlorophenyl)-6,7-dihydro-1H-cyclopenta[d|pyrimidine-2,4(3H,5H)-dione
(0]

Cl
A solution of 7-(4-chlorophenyl)-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-

2,4(3H,5H)-dione (5.4 g, 20.48 mmol) in concentrated ammonium hydroxide (59.8 mL,
20 1536 mmol) was stirred at 100 °C in a high-pressure vessel for 6 h. The formation of

white precipitate was observed during the heating. The solvent was removed in vacuum

to provide 7-(4-chlorophenyl)-6,7-dihydro-1H-cyclopenta[d|pyrimidine-2,4(3H,5H)-

dione (4.9 g, 18.65 mmol, 91 % yield) as a off-white solid. LC-MS (M+H) =263.2. 'H

NMR (500 MHz, DMSO-ds) 6 ppm 7.37 (2H, d, /=8.2 Hz), 7.19 (1H, d, J/=8.5 Hz), 4.16
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am ne NH 5F A sol ution of

2,4-dichloro-7-(3, 4-difluorophenyl)-6, 7-di hydr o- 5Hcycl opent a[ d] pyri m di ne
(421 ng, WO30R/wedl7), net hanam ne, HCL (283 ny, 4.19 mmpCr/tsad2DbiER (1. 465
m., 8.39 mmol) in nethanol (10 nL) was stirred at rt for 1 h. The sol vent
was renoved in vacuum and the crude product was purified by colum
10chr omat ography on silica gel to afford

2-chl oro-7-(3, 4-di fl uorophenyl) - N-net hyl-6, 7-

di hydr o- St Ch 0pent AL Bynbm e A 0 1Bk 191 % 3L 0L us i 2 %0

152, 4-di chl@y.o-7- (4-(trifluoromet hoxy) phenyl) -6, 7-di hydro-5H-cycl openta[d] p
yrimdine CI OCF3 Internediate R(1)
1-cycl opentenyl-4-(trifl uoronet hoxy)benzene

Preparation P

5 2,4-Dichloro-7-(4-chlorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
Cl
N* |
Cl /I\\N
Cl

A mixture of 7-(4-chlorophenyl)-6,7-dihydro- 1 H-cyclopenta[d]pyrimidine-
2,4(3H,5H)-dione (4.7 g, 17.89 mmol), POCI; (53.4 mL, 573 mmol) and N,N-
dimethylaniline (18.26 mL, 143 mmol) was heated at 110 °C overnight. The reaction

10 mixture was poured into a beaker with ice. The inside walls of the reaction vessel was
washed with DCM. As soon as the ice completely melted, the organic layer was
separated and the aqueous layer was extracted with DCM. The combined organic extracts
were dried over anhydrous sodium sulfate and filtered. The solvent was removed in
vacuum and the residue was purified by column chromatography on silica gel to provide

15  2,4-dichloro-7-(4-chlorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine (1.2 g, 4.01
mmol, 22.39 % yield). LC-MS (M+H)" =299.0. 'H NMR (500 MHz, CDCls) & ppm
7.41 -7.99 (2H, m), 7.09 (2H, d, /=8.5 Hz), 4.41 (1H, t, /=8.4 Hz), 2.94 - 3.18 (2H, m),
2.73 (1H, dt, J/=8.9, 4.5 Hz), 2.15 - 2.33 (1H, m).

20  Preparation Pa
2-Chloro-7-(4-chlorophenyl)-N,N-dimethyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-

amine

\N/
N/

PN |

Cl N

Cl
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20(4-(trifluoromet hoxy) phenyl ) magnesi um brom de was reacted in the manner
of Internediate P(1l) to give 1-cyclopentenyl-4-(trifluoronmethoxy)benzene.

I nt er redisioeoR(1@32972- (4- (trifl uoromet hoxy) phenyl ) cycl opentrarsene/02665

1-cycl opentenyl-4-(trifl uoronet hoxy)benzene was reacted in the manner of
Internediate P(2) to give 2-(4-(trifluoronmethoxy)phenyl)cycl opentanone. 5
Internedi ate R(3)

7-(4-(trif|uoronethoxy)phenyl) 6, 7- di hydrocycl opent al e] [ 1, 3] oxazi ne- 2, 4( 3H,

S e O ST Ry 4o BT L Gegy ) cve! opent anone vas

7-(4-(triflyoropemi awmmmwao m@, 07668 mmol) and excess dimethylamine (3.34 mL,

di hydrocycl o enta %4% xazi ne- 2, 4& H,? H) -di.one. Internmediate R(4)
7-(4-(triflUBme >h18>%‘§3 hipk) W8S sHrgf AL FS 39 piky Ehopbay HITBYLYCHIRI ne- 2, 4(3
H, 5SH) - 15di @gud andWESrude product was purified by column chromatography on silica gel to

5 afford 2-chloro-7-(4-chlorophenyl)-N,N-dimethyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-amine (98 mg, 0.318 mmol, 47.6 % yield). LC-MS (M+H)" =
308.1.

Preparation Pb
10 2-Chloro-7-(4-chlorophenyl)-4-(3,3-difluoroazetidin-1-yl)-6,7-dihydro-5H-
cyclopenta[d|pyrimidine

Cl
A solution of 2,4-dichloro-7-(4-chlorophenyl)-6,7-dihydro-5H-

cyclopenta[d|pyrimidine (325 mg, 1.085 mmol), N-ethyl-N-isopropylpropan-2-amine

15  (0.945 mL, 5.42 mmol) and 3,3-difluoroazetidine, HCl salt (281 mg, 2.170 mmol) in
MeOH (5 mL) was stirred at rt for 1 h. The solvent was removed in vacuum and the
crude product was purified by column chromatography on silica gel to afford 2-chloro-7-
(4-chlorophenyl)-4-(3,3-difluoroazetidin-1-yl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine
(70 mg, 0.197 mmol, 18.12 % yield). LC-MS (M+H) = 356.1.

20
Preparation Pc

2-Chloro-7-(4-chlorophenyl)-N-methyl-6,7-dihydro-5 H-cyclopenta[dpyrimidin-4-amine
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7-(4-(trifluoromethoxy)phenyl)-6, 7-di hydrocycl opentale][1, 3] oxazi ne2, 4(3H, 5
H) - di one was reacted in the manner of Internediate P(4) to provide 7-(4-
(trifl uorsoebirongldphenyl) - 6, 7- di hydr o- 1H- cycl opent a[ d] ppcirsdiinm263 ( 3H, 5H)
-dione. 20 Preparation R
2,4-dichloro-7-(4-(trifluoronethoxy)phenyl)-6, 7-di hydro-5H cycl opent a[ d] pyr
i mdine OCF3
7-(4-(trifluoromethoxy)phenyl)-6, 7-di hydro- 1H cycl opent a[ d] pyri m di ne2, 4( 3H

5H) di one was reacted in the nmanner of Preparation P to provide

4-di chl oro-7-

(4 (trifluoronethoxy)phenyl)-6, 7-di hy
pink solid. 5 LCGCMs (MtH) + = 349.2. 1H
dd, J=2.0, 7.7 Hz), 7.25 (2H, d, J&7.
(1H, ddd, J= 3.8, 9.1, 16.9 Hz), 3.09-3.0
2.27-2.22 (1H m. Preparation Ra
102- Chl or o- N- et hy1-7- (4- (trifl uoronet hoxy)phenyl) -6, 7-di hydro- 5H
cycl opent a[ d] pyri mi di n-4-anmine NH 0-CF3 A §blution of
2 401 chl or 0. 7 (il o draQr o DOBIRININ s Tl sk S
cycl openta[d] pyri m dine (200 ng, net hanam ne (0. 286 i,
0.573 15 mc pm’qa w}p@rﬁm(@erfﬁw masl @,Qhrrlmeld raqthfmﬁmfr@rH@l flt (Peng@0P8nt  was
renoved in
2- chl or o- NME%ﬁ;él%‘,_l ?El) 4- {0?;0'@ lor omet ?112) %Ap%}elrggﬁmévasimdﬁﬁ aélftgorSslglcnfllgl opent a[d
] pyri mi di n-Hheanivaes W8 20mewg(d ir0vagdon pmdihe crid@ plslydt elag purifle@byBolpviaH) + = 343. 9.

20 Preparat a{?@ va

2ol of o NSty e ict ESldp STREY RS BT k og e Vg g T
d1hydr0 SH-cyclopenta[d]pyrimidin-4-amine (101 mg, 0.343 mmol, 34.3 % yield). LC-
MS (M+H)" = 294.2.

H cycl openta[d] pyri mdine as a
(500 MHz, CD30D) 6 ppm 7.31 (2H,
4.56 (1H, t, J=8.8 Hz), 3.15
1H m, 2.81-2.72 (1H, m,

10 Preparation Q
2,4-Dichloro-7-(3,4-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine

Cl
N ‘el
BNy
Cl N
F
F
Intermediate Q(1)
7-(3,4-Difluorophenyl)-6,7-dihydrocyclopentale][ 1,3 Joxazine-2,4(3H,5H)-dione
O
HN
0~ 0O
F
15 F

A solution of 2-(3,4-difluorophenyl)cyclopentanone, (prepared in the manner of
Intermediate P(1) and P(2)) (1.5 g, 7.65 mmol) and carbonisocyanatidic chloride (1.129 g,
10.70 mmol) was stirred at 58 °C in a high-pressure vessel for 1 h. The temperature was

raised to 130 °C and the reaction mixture was stirred for an additional 2 h. After cooling

108



cycl opental[d] pyri mdin-4-amne  0-CF3 A sol ution of
2,4-dichloro-7-(4-(trifluoronethoxy)phenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri
m di ne (200 20/10829373 nmol ), and et hanam ne (0.286 ni, @CIAB20m0RI665 N MeOH
(2 nm.) was stirred at rt for 1 h. The solvent was renoved in vacuum and the
5crude product was purified by colum chromat ography on silica gel to
afford 2-chl oro-N

ethyl-7-(4-(trifluoronethoxy)phenyl)-6, 7-di hydro-5H cycl opentald] pyrim din-

0
écam ne ( 190 rtrTHle react51c:))’n1m1xture éol1d1ﬁec4) )i"lhe so(pd resmg:le was ghssokged in et%yl8acetate g paration

102- Chl or o-wash&d withlkdtdraked @@yeeﬁsu sdluﬂoaoﬁ/sbhmﬁmléaﬂednmef e bpaRit M&N\)f@henyl) -6,7
-di hydro-5H cycl opent a] d] pyri m di ne FeF 0 -CFSAsolﬁé
2, 4- di chl or%?pafateﬁar(w? fAUSOSIREE W&%(%“i&ﬁté%ﬁ)’il?e Bitlethylqgefpls- She com ined

cycl opent a Shayd éxrﬁla@tg RRre(d#28 o V8 anBydfkB sHTTBh hulfade §rdciu{e}édo maaZ@idndivae, HCL
salt (186 ng, 151.4 mml) and DI PEA (0.500 m, 86 mmol) in MeOH (3 nl)

was stiry ede@evedn W%ﬁ“ul;'[l agd he ol gesidiie e Pusiies Wéﬁwvwhrqmw%wand t he
crude produgficaWastoRivide 232X 16QLMRY1)-6,7-dihydrocyclopenta[e][ 1,3 ]oxazine-

2,4(3H,5H)-dione (1.05 g, 3.96 mmol, 51.8 % yield) as a white solid.

'H NMR (500 MHz, CDCl) & ppm 8.16 (1H, br s), 7.15 (1H, dt, /=10.0, 8.3 Hz), 6.97 -

7.05 (1H, m), 6.88 - 6.95 (1H, m), 2.80 - 2.90 (1H, m), 2.61 - 2.78 (2H, m), 0.78 - 0.86
10  (2H, m).

Intermediate Q(2)
7-(3,4-Difluorophenyl)-6,7-dihydro- 1 H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione

O
HN |
=
F
15 A solution of 7-(3,4-difluorophenyl)-6,7-dihydrocyclopentale][1,3]oxazine-

2,4(3H,5H)-dione (1.05 g, 3.96 mmol) in concentrated ammonium hydroxide (0.154 mL,
3.96 mmol) was stirred at 100 °C in a high-pressure vessel (75 mL) for 6 h. The
formation of white precipitate was observed during the heating. The solvent was
removed in vacuum to provide 7-(3,4-difluorophenyl)-6,7-dihydro-1H-

20 cyclopenta[d|pyrimidine-2,4(3H,5H)-dione (1.046 g, 3.96 mmol, 100 % yield) as a off-
white solid. LC-MS (M+H)" =265.2.

Preparation Q
2,4-Dichloro-7-(3,4-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine
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chromat ography on silica gel to afford
2-chloro-4-(3,3-difluoroazetidin-I-yl)-7-(4-
(trifluorsoebironglddphenyl) - 6, 7- di hydr o- 5H- cycl opent a[ d] ppcirfsdiinm2368s4 ny,
0.601 mmol, 84 %yield). LGCM (MH)+ = 406.0. 20 Preparation Rd
2-Chl oro-N, N-di met hy1-7-(4-(trifluoromethoxy)phenyl)-6, 7-di hydro-5H
cyclopenta[d] pyrimdin-4-amne N 0-CF3 A solution of
2,4-dichloro-7-(4-(trifluoromethoxy)phenyl)-6, 7-di hydro-5H
5cycl opent a[ d] pyri m di ne (250 ng, O. 7&6 mol ) and di net hyl am ne (0.716 ni,
1.432 mmol ) in MeOH (2 nL) was stirred at rt for 1 h. The sol vent was
renoved i n vacuum and the crude prow Was purified by colum
chromat ography on silica gel to aff/bg »
chl oro- N, N-di net hy1- 7- (4- (trifl udromét ho
[d] pyri m di n-4-am ne (250 ng, 0.699 mol
10358. 0. Preparation Re
4- (Azetidin-1-yl)-2-chloro-7-(4-(trifluoroh
cycl openta[d] pyrimdine ON

A mixture of 7-(3,4-difluorophenyl)-6,7-dihydro-/ H-cyclopenta[d]pyrimidine-

2,4(3H,5H)-dione (500 mg, 1.892 mmol), POCl; (5644 uL, 60.6 mmol) and N,N-
dimethylaniline (1931 pL, 15.14 mmol) was heated at 120 °C overnight. The reaction

) phenyl) -6, 7- di hydr o- 5Hcycl opent a
¥8 %yield). LCM (MH) + =
F

et hoxy) phenyl) - 6, 7- di hydr o- 5H

5 mixture was poured into a beaker with ice. The inside walls of the reaction vessel was
washed with DCM. As soon as the ice completely melted, the content of the beaker was
placed into a separatory funnel. The organic layer was separated and the aqueous layer
was extracted with DCM. The combined organic extracts were dried over anhydrous
sodium sulfate and filtered. The solvent was removed in vacuum and the residue was

10 purified by column chromatography on silica gel to provide 2,4-dichloro-7-(3,4-
difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine (446 mg, 1.481 mmol, 78 %
yield). LC-MS (M+H)" =301.1.

Preparation Qa
15 2-Chloro-7-(3,4-difluorophenyl)-N,N-dimethyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-
4-amine
~ N/
g

A

Cl N

=
A solution of 2,4-dichloro-7-(3,4-difluorophenyl)-6,7-dihydro-5H-

cyclopenta[dpyrimidine (446 mg, 1.481 mmol) and excess dimethylamine (2.222 mL,

20  4.44 mmol) in MeOH (6 mL) was stirred at 1t for 30 min. The solvent was removed in
vacuum and the crude product was purified by column chromatography on silica gel to
afford 2-chloro-7-(3,4-difluorophenyl)-N,N-dimethyl-6,7-dihydro-5 H-
cyclopenta[d]pyrimidin-4-amine (146 mg, 0.471 mmol, 31.8 % yield). LC-MS (M+H)"
=310.2.
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150- CF3 A sol ution of

2,4-dichloro-7-(4-(trifluoronethoxy)phenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri
m di ne ( 280 20p/10829716 nmol ) and azetidine (82 ny, 1.432PawaiSpon2023¢edH (3
m.) was stirred at rt for 1 h. The solvent was renoved in vacuum and the
crude product was purified by colum chromatography on silica gel to afford
4- (azeti din-

201-yl)-2-chloro-7-(4-(trifluoronmethoxy)phenyl)-6, 7-di hydro-5H cycl openta[ d
]pyrimdine (238 ng, 0.644 mmol, 90 %yield). LCGM (MH+ = 371. 2.
Preparation S

2, 4- Di chl or pregardebodi f 1 uor ophenyl) - 6, 7- di hydr o- 5H-cycl opent a[ d] pyri m di ne

Cl Internmediate S(1) (1S, 2R)-2-(3,5-Difluorophenyl)cycl opentanol HO F
A flask was ¢hd -a-<%ﬁ#ﬁw@wﬁﬁ’m@?ﬁéﬁ%%@ﬁwl)aman{@ﬁyraald(%g m., 149
mol ) and copper (I) iodide (1.901 g, 28i®8 Mol ). To this reaction m xture,
6- oxabi cycl o[ 3. 1. 0] hexane (12.53 g, 149 mmol) dissolved in THF (25 nL) was
added 10 dropw se. The reaction m xtiNHe warned upon the addition of the
epoxi de. The reaction was stirred at-«{ for 2 h at rt. The reaction m xture
was quenched by the addition of a s 'W of amoni um chl ori de. Ether was
added and the organic layer was aotTacted, dried (Na2SO4) and concentrat ed.
The crude product was purified by col urmrorrat ography on silica gel to

afford (1S, 2R)-2-(3,5-difluorophenyl)cyd ent anol (26.5 15g, 134 nmol, 90
% vyield).
5 F
A solution of 2,4-dichloro-7-(3,4-difluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (421 mg, 1.398 mmol), methanamine, HCI1 (283 mg, 4.19 mmol)
and DIPEA (1.465 mL, 8.39 mmol) in methanol (10 mL) was stirred at 1t for 1 h. The
solvent was removed in vacuum and the crude product was purified by column
10 chromatography on silica gel to afford 2-chloro-7-(3,4-difluorophenyl)-N-methyl-6,7-
dihydro-5H-cyclopenta[d[pyrimidin-4-amine (154 mg, 0.521 mmol, 37.2 % yield). LC-
MS (M+H)" = 296.2.

Preparation R
15 2,4-dichloro-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-cyclopenta[d ]pyrimidine
Cl
N ’

Py

Cl N

OCF,4

Intermediate R(1)

1-cyclopentenyl-4-(trifluoromethoxy)benzene

20 (4-(trifluoromethoxy)phenyl)magnesium bromide was reacted in the manner of

Intermediate P(1) to give 1-cyclopentenyl-4-(trifluoromethoxy)benzene.

Intermediate R(2)
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1H NVR (500 MHz, CDCl13) 6 ppm 6.72 (2H, dd, J=8.7, 2.0 Hz), 6.50 - 6.63
(1H, m, 2.97 (1H, br s), 2.78 (1H, d, J=10.1 Hz), 1.96 - 2.15 (2H, m,
1.66 - 1.86202H0329y, 1.53 - 1.65 (2H, m). 20I nternedi at @CHUBRP012/022665
2-(3,5-Di fluorophenyl)cycl opentanone 0 116 To a sol ution of

(1S, 2R)-2-(3, 5-di fl uorophenyl ) cycl opentanol (6 g, 30 3 nmmol) in CH2Cl2 (150
m.) was added Dess-Martin periodinane (15.41 g, 36.3 mmol ). The reaction
m xture was stirred at rt for 3 h. The reaction m'xture was diluted with
di chl or onet hane and queng e(gcz '\'/{}fgth t ﬁd hon of 1 NaOH. The organic

| ayer was 5col | ected, drired ((NAYSHEOZNATY Wéﬂﬂple%f“éoé‘e The crude product
was purified by colum chromatograghy on silica gel to afford
2-(3,5-difluorophenyl)cycl opent a 65 g, 24.29 mmol, 80 %yield).
LC- M5 (MHH) + = 197.0. 1H NMR (50 ®F:6 ppm 6.70 (2H, d, J=6.7 Hz),
6.52 - 6.67 (1H, m, 3.17 - 3.33 ,233-256(2Hn)206 -2.26
(2H, m, 2.01 (]lkbyck&ﬂentelg]l.4—(t71,ﬂu6roﬁleirl'lb){y)bén28& wdkhkachx is Jhe niindrif er medi at e

S(3) (3 S tpor anhenktd s o fodh YA pcuclionSlt Bcfhhbne 3

2- (3, 5-di fl uorophenyl)cycl opentanone (4.765 g, 24.29 mml) and
15car boni soc%/ana |d|% chloride (4.61 g, 43 7 mol) was heated at 58C for 1
h and at 1 ermediate R

7-(4-(trifluoromethoxy)phenyl)-6,7-dihydrocyclopenta[e][1,3]oxazine-2,4(3H,5H)-dione
O
HN |
0~ O

OCF,
2-(4-(trifluoromethoxy)phenyl)cyclopentanone was reacted in the manner of
10 Intermediate P(3) to provide 7-(4-(trifluoromethoxy)phenyl)-6,7-
dihydrocyclopenta[e][1,3]oxazine-2,4(3H,5H)-dione.

Intermediate R(4)
7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro- 1H-cyclopenta[d Jpyrimidine-2,4(3H,5H)-
15 dione
O
HN |

OCF,
7-(4-(trifluoromethoxy)phenyl)-6,7-dihydrocyclopenta[e][ 1,3 ]oxazine-
2,4(3H,5H)-dione was reacted in the manner of Intermediate P(4) to provide 7-(4-
(trifluoromethoxy)phenyl)-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione.
20
Preparation R

2,4-dichloro-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-cyclopenta[d ]pyrimidine
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C for 2 h. Upon cooling to roomtenperature, the reaction m xture was

di ssolved in ethyl acetate and washed wi th saturated agueous sol ution of
sodi um biwaerbom@s®7 The organi c | ayer was separat ed andPChaSagumesss | ayer
was extracted with ethyl acetate. The conbi ned organic extracts were dried
over anhydrous magnesium sulfate and filtered. 20 The sol vent was renoved
in vacuum and the residue was purified by colum chromatography on silica
gel to give 7-(3,5-difluorophenyl)-6, 7-

di hydrocycl opentaf e] [ 1, 3] oxazi ne-2, 4(3H, 5H) -di one (700 ngy, 2.64 nmol, 10.87
%yield). LGCMS (MtH) + = 266.1. 1H NNMR (500 MHz, CDC13) 6 ppm 8.79 (1H, br
s), 6.68 - 6.86 (3H, mM, 4.22 (1H, bf 3 2.87 (1H, dt, J=7.0, 4.4 Hz),
2.63 - 2.82 (2H, m, 252.15 (1H, bﬂ\ﬁi ternedi ate S(4)

7- (3, 5-Di f | uor opheny1) -6, 7- di hydrd- 1 cydl opent a [d]

pyri m di ne- 2, 4( 3H, 5H) - di one F gol\ut i on of

7-(3,5-di fl uorophenyl) -6, 7-di hydrocycl opeayal e] [ 1, 3] oxazi ne2, 4( 3H, 5H) - di one
(700 ng, 2.64 mmol) in concentrated amoni %thydroxi de (50 nmL, 1284 mmol)
was heated at 100C in a high-pressure (350 1) vessel overnight. The

% gagti on m xt urE4waElue b APes NS Bahy dbad-tytlopesbidipytiighye crude

di f | uor opheh§ @3B0 Zienenyrd ractedinthe mapres eaT a3t A QiHyid 24-dichI8iy T-di one
(740 ng, 2.@QuiMmBlomciRRy PhdyBLeh-dink-GroMpi-¢ iita Aidine KrERA RLion S

102, 4- Di chl @80- 7-(3, 5- dl},)rﬁlhuc{?ophenklg - 6, ?Mgc{ﬁﬁzv)d[?g)&gl-l- cycl opent af d; };yri m din
e Cl FS5S LC-MS&MIrHY io#%3 H NMR (500 MHz, CD30OD) 6 ppm 7.31 (2H, dd, J =2.0, 7.

7-(3,5-difl 6, T dli r 1H d L di , 5H) - di

8 e i S e L VO L - SR
heated in r.et-d0aVe.at), 2802C21( B4, ), R.27-P1¥e (Hdaot i on mi xture was poured into
i ce.

Preparation Ra
10 2-Chloro-N-methyl-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-amine
NH
N7
Py

Cl N

O-CF;
A solution of 2,4-dichloro-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (200 mg, 0.573 mmol), and methanamine (0.286 mL, 0.573
15  mmol) in MeOH (5 mL) was stirred at rt for 1 h. The solvent was removed in vacuum to
afford crude 2-chloro-N-methyl-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-amine (220 mg, 0.640 mmol, 112 % yield). LC-MS (M+H)" =
343.9.

20  Preparation Rb

2-Chloro-N-ethyl-7-(4-(trifluoromethoxy )phenyl)-6,7-dihydro-5H-

cyclopenta[d]pyrimidin-4-amine
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150nce ice nelted, the product was extracted w th dichl oronethane. The
conbi ned organic extracts were dried over anhydrous magnesi um sul fate and
filtered whhe12s0B29ent was renoved in vacuum and the resipduasaaz/opsss fi ed by
col um chr omat ography on silica gel to give

2, 4-di chl oro-7-(3,5-difluorophenyl)-6, 7-di hydro-5H cycl opent a[ d] pyri m di ne
(200 ng, 0.664 mmol, 23.72 %yield). LCM (MH) + = 301.0. 20 Preparation
Sa 2-Chl oro-7-(3,5-difluorophenyl)-Nnmethyl-6, 7-di hydro-5H

cycl openta[d] pyrimdin-4-amne \N F A solution of

2, 4-dichloro-7-(3,5-difluorophenyl) 6, 7-di hydro-5H cycl openta[ d] pyri m di ne
(200 ng, 0.664 mmol) and net hanam neNE0. 664 nm., 1.328 mmmol) in MeOH (3 nl)
was stirred at rt for 1 h. The sol yg Mas renoved in vacuum 5and the crude
product was purified by colum chr qaﬂ!:}aphy on silica gel to give 2-

chl oro-7-(3,5-difluorophenyl)-N- W1l- 6\ 7- di hydr o-5H cycl opent a

[d] pyri mdin-4-amne (60 ng, 0.203 mol ,.5 %yield). LCGM (MH) + =

296. 1. Preparation T
O-CF;

A solution of 2,4-dichloro-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (200 mg, 0.573 mmol), and ethanamine (0.286 mL, 0.573 mmol)
in MeOH (2 mL) was stirred at rt for 1 h. The solvent was removed in vacuum and the

5 crude product was purified by column chromatography on silica gel to afford 2-chloro-N-
ethyl-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidin-4-amine
(190 mg, 0.531 mmol, 93 % yield). LC-MS (M+H)" = 358.2.

Preparation Rc

10 2-Chloro-4-(3,3-difluoroazetidin- 1-yl)-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine

F

O-CF;
A solution of 2,4-dichloro-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-
cyclopenta[d|pyrimidine (250 mg, 0.716 mmol), 3,3-difluoroazetidine, HCI salt (186 mg,
15  1.432 mmol) and DIPEA (0.500 mL, 2.86 mmol) in MeOH (3 mL) was stirred at rt for
1.5 h. The solvent was removed in vacuum and the crude product was purified by column
chromatography on silica gel to afford 2-chloro-4-(3,3-difluoroazetidin-1-yl)-7-(4-
(trifluoromethoxy)phenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine (244 mg, 0.601
mmol, 84 % yield). LC-MS (M+H)" = 406.0.
20
Preparation Rd
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102, 4-Dichl oro-7-(3,4,5-trifluorophenyl)-6, 7-di hydro-5H-cycl openta[ d] pyri m
dine C Internediate T(1) (1S,2R)-2-(3,4,5-Trifluorophenyl)cycl opent anol
HO F 15Towe 201251082931 on of nagnesium (2.88 g, 118 mmol) PATISR01RDIB6FL) was
sl ow y added 5-brono-1, 2, 3-trifluorobenzene (25 g, 118 mmol ). After the
addition, the reaction m xture was heated at reflux for 2 h. To this
reaction m xture, copper (l) iodide (1.506 g, 7.91 nmmol) and

6- oxabi cycl o[ 3. 1. 0] hexane (9.93 g, 118 nmol ) dissolved in THF (20 nmL.) were

added dropw se. ion rmed upon the ition, of the
epoxi de. 20 The }gj‘é %IR’ ﬂg;fl e 5§)pgelﬁ’%éqﬁag‘yér? “reaction
m xture was quenched by the a@dlobblﬁﬁ[d@fynﬁn(ﬁﬁlmﬁﬂim of anmoni um chl ori de.
Et her was added and the organic Iayer/vvas col l ected, dried (Na2SO»4) and
concentrated. The crude product was Purified by colum chromatography on

silica gel to give (1S, 2R) -2-(3, 4B§\ uor ophenyl ) cycl opent anol (20.2 g,

93 mmol, 79 %vyield). (500 MHz, CDCl13) 6 ppm6.79 - 7.02
(2H, m, 4.10 - 4.21 (1H, m, : 5(1H, m, 2.08 - 2.24 (2H, m,
1.75 - 1.93 (2H, m, 1.50 - 1.75(2H m/—\nternedi ate T(2)
2-(3,4,5-Trifluorophenyl)cycl opent anone 5 10To a sol ution of

(1S,2R) -2-(3,4,5-trifluorophenyl)cycl opentianol (1 g, 4.63 nmmol) in CH2C12
(20 m.) was added Dess-Martin periodi nane Q?CE%54 g, 5.55 mmol). The

reaction m xture sstl rgcgc t rt for. 1 eaction was djluted with
di chl or omet hane ‘A tk?ﬂé’iﬁéﬁ @?rf’ﬂ (ﬁﬁglﬂéla’é?ﬁefliﬁ’ BFGHYB&’FK@%O‘F e organic
layer wes calklopedigdjpydimidect (QN&&@@?l@ﬁﬂos ant@Rkihglagtne (O1es anyda3pr oduct was
purified by col um chr grmat ogr aphy

mmol) in MeOH (2 mL) was stirréd at rt for 1 h. The solvent was removed in vacuum

and the crude product was purified by column chromatography on silica gel to afford 2-

chloro-N,N-dimethyl-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-

cyclopenta[d]pyrimidin-4-amine (250 mg, 0.699 mmol, 98 % yield). LC-MS (M+H)" =

10 358.0.

Preparation Re
4-(Azetidin-1-yl)-2-chloro-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-
cyclopenta[d|pyrimidine

15 O-CF;

A solution of 2,4-dichloro-7-(4-(trifluoromethoxy )phenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (250 mg, 0.716 mmol) and azetidine (82 mg, 1.432 mmol) in
MeOH (3 mL) was stirred at rt for 1 h. The solvent was removed in vacuum and the
crude product was purified by column chromatography on silica gel to afford 4-(azetidin-

20 1-yD)-2-chloro-7-(4-(trifluoromethoxy)phenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
(238 mg, 0.644 mmol, 90 % yield). LC-MS (M+H)" = 371.2.
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150n silica gel to afford 2-(3,4,5-trifluorophenyl)cycl opentanone (310 ny,
1.447 mmol, 31.3 %yield). LCMS (MtH)+ = 215.1. Internediate T(3) 743,4,5
- Tri f | uorvwphereyiny298, 7- di hydrocycl openta [e] [1,3 ] oxaziPo@AB2612/022665
(3H, 5H) -di one 0 20 A m xture of
2-(3,4,5-trifluorophenyl)cycl opentanone (2 g, 9.34 nmmol) and

car boni socyanatidic chloride (1.773 g, 16.81 mvpl) was heated at 58C for 1
h and at 130 C for 2 h. Upon cooling to roomtenperature, the reaction

m xture maspdissolygd in ethyl acetate and washed with saturated agueous
sol ution of "$8H* bi car bonate. The 25organic | ayer was separated and the
aqueous | ayer vesDexidr&el(8d-diidorophtdN)-6,2eeHyatoes H-topesifphyiaddias gani ¢
extracts were dried over anhydrous nqgnesiun1sulfate and filtered. The

sol vent was renoved in vacuum and thg resi due was purified by colum
chromat ography on silica gel to givg® ,4,5-trifluorophenyl)-6, 7-

di hydrocycl opental e][ 1, 3] oxazi ne-2, 4( 3 -dione (1.227 g, 4.33 mol, 46.4
%yield). 5 LCGM (MH) + = 284.0.C1 nthermidi ate T(4) 7-(3
,4,5-Trifluorophenyl)-6, 7-di hydro- 1H cy
[d] pyrimdine-2,4(3H 5H) -dione 0 F 10A s
7-(3,4,5-trifluorophenyl)-6, 7-di hydroc
2,4(3H,5H)-dione (1.23 g, 4.34 nmol) in concentrated amoni um hydroxi de (75
mL, 1926 mol) JRSTHIHESH At 100C in a high-pressure (350 nl) vesse
overnighg. The reaction mﬁgpgyg{m@qng@ggggnﬂﬁgc@9&@@@1rated in vacuumto
give crude 743,4,5- trifluorophenyl)-6, 7-di hydro- 1H cycl openta

[ d] pyri m di ne-2,4(3H,5H)-dione (1.3 g, H@sblS mol , 106 %yield). LCM

(MrH) + = 283. 0. .

F

| opent al e] [ 1, 3] oxazi ne-

A flask was charged with (3,5-difluorophenyl)magnesium bromide (149 mL, 149
mmol) and copper (I) iodide (1.901 g, 9.98 mmol). To this reaction mixture, 6-
oxabicyclo[3.1.0]hexane (12.53 g, 149 mmol) dissolved in THF (25 mL) was added
10 dropwise. The reaction mixture warmed upon the addition of the epoxide. The reaction
was stirred at rt for 2 h at rt. The reaction mixture was quenched by the addition of a
solution of ammonium chloride. Ether was added and the organic layer was collected,
dried (Na;SOy) and concentrated. The crude product was purified by column
chromatography on silica gel to afford (1S,2R)-2-(3,5-difluorophenyl)cyclopentanol (26.5
15 g 134 mmol, 90 % yield).
'H NMR (500 MHz, CDCl:) & ppm 6.72 (2H, dd, J=8.7, 2.0 Hz), 6.50 - 6.63 (1H, m),
2.97 (1H, brs), 2.78 (1H, d, /=10.1 Hz), 1.96 - 2.15 (2H, m), 1.66 - 1.85 (2H, m), 1.53 -
1.65 (2H, m).

20 Intermediate S(2)

2-(3,5-Difluorophenyl)cyclopentanone
O
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Preparation T

2,4-Dichloro-7-(3,4,5-trifluorophenyl)-6, 7-di hydro-5H cycl openta[ d] pyri m di
ne Cl 20wo=x012umos2n of PCT/US2012/022665
7-(3,4,5-trifluorophenyl)-6, 7-di hydro- 1H cycl opent a[ d] pyri m di ne-
2,4(3H,5H)-dione (1.3 g, 4.61 mmol) in phosphoryl trichloride (5 nL, 54 6
nmol ) was heated in mcrowave at 110 C for 1 h. The reaction was repeated
with an additional 800 ng of the starting mat eri al . The reaction m Xt ures

was poured |nto nd c C
extracted with Oc"hslO 18%€ﬁgr%§?qﬁg dgfg ‘?pﬁglgﬁ ‘a%pﬁn gtj gm\‘ﬁ\gﬁéndrl ed
over anhydroMsCagnas) way sddell @les-Maginfpetié @i (151418;, SQB\ﬁﬂﬂdil) Vigte renoved in

vacuum and t he resi due was purifjed by columm chromatography on silica gel
to gl ve reaction mixture was stlrred at rt for 3 h. ¥he reaction mixture was dquteé? w¥th 9

2, 4-di chl Or(ﬁclﬂor()ﬁleﬁa@'atnﬁlqﬁ&ﬂéﬁémmm}f 3 dior/ofdi WL OPE &Iﬂe@ygahi@wa; *bd] pyri m di
ne (498 ny 561 mmol % yi el dé LC- M5 (MHH) + = 313. 5 Preparation

Ta 2- cm%roQONe%é de(?iae%ma@ Qomfmtrﬁ Br BWH%WQ@CVWEH w@%b:sf-@ ¥9e | op enta

[d] pyri m di \) sol b AN i
2 4-di chl o réglr(%}na(t%ﬂﬁg o :}Ifﬂfc? é%ﬁbo ph(%argy ]S?)[ﬂ d?lfluorop erg/ Jeye ol_Eentanone( 765 g,

cycl opent a[ }39ymingd, 89 %eYIQMD&(E@/IS MBBY =rﬁ9610} HWMﬁ(PihMﬁm @eChLd BB i,
3.12 | t
wasobser vel® RSNt T SREUEE Fhhef Farin (B b5t R BAERS AT ver e

added to the. 2@tk more.ofi Hudde Jaht.7,16. X He), t.8acH, bns)nas conpl ete. The sol vent
was renpved in vacuum and the 15 residue was purified by colum

chromat ography on silica gel to give 2-chloro-7-(3,5-

di f1 uorophenyl) -Ihiem&tdhyels@) 7-di hydr o- 5H cycl opent a[ d] pyri m di n-4-am ne (60
ng, 0.203 mol

202- Chl or 0- 4- (%@9 &if%% %h’i%éﬁ‘fﬁc)%wkgtaﬂ gjl%a%“‘i 5 4&%@%&%&?) 6, 7- di

hydr o- 5H cycl opent a[ d] pyrl m di ne
HN |
0”0

F
A mixture of 2-(3,5-difluorophenyl)cyclopentanone (4.765 g, 24.29 mmol) and
15  carbonisocyanatidic chloride (4.61 g, 43.7 mmol) was heated at 58°C for 1 h and at 130
°C for 2 h. Upon cooling to room temperature, the reaction mixture was dissolved in
ethyl acetate and washed with saturated aqueous solution of sodium bicarbonate. The
organic layer was separated and the aqueous layer was extracted with ethyl acetate. The
combined organic extracts were dried over anhydrous magnesium sulfate and filtered.
20  The solvent was removed in vacuum and the residue was purified by column
chromatography on silica gel to give 7-(3,5-difluorophenyl)-6,7-
dihydrocyclopentale][1,3]oxazine-2,4(3H,5H)-dione (700 mg, 2.64 mmol, 10.87 %
yield). LC-MS (M+H)" =266.1. 'H NMR (500 MHz, CDCl3) & ppm 8.79 (1H, br s),
6.68 - 6.86 (3H, m), 4.22 (1H, br s), 2.87 (1H, dt, /=7.0, 4.4 Hz), 2.63 - 2.82 (2H, m),
25  2.15(1H, brs).

Intermediate S(4)
7-(3,5-Difluorophenyl)-6,7-dihydro-1 H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione
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A sol ution of
,4-dichloro-7-(3,4,5-trifluorophenyl)-6, 7-di hydr o- 5Hcycl opent a[ d] pyri m di n
(100 nogwooe1®3mol ), DI PEA (0.066 nL, 0.376 mmol) an®CT/US2012/022665
3-difluoropyrrolidine, HCL salt (45.0 ng, 0.313 mmvl) were stirred at rt
r 1 h. The solvent was renoved in vacuum and the residue was purified by
ol um chromat ography 5 on silica gel to give

2-chl oro-4-(3,3-difluoropyrrolidin-1-y1)-7-(3,4,5-trifluorophenyl)-

6, 7- di hydr o- 5F+cyc|openta[d]pyr|nldlge (105 ng, 0.269 mol, 86 %yield).
LCGM5s (MHH)+ = 390.0. Preparation Tc
102- Chl or 0- 4- (3, 3-di fl uoroazeti di
dro-5H cycl opent a[ d] pyri m di ne FQB\N|
2, 4-di chl oro-7-(3, 4, 5-trifl uoroph€ny}) - 6) 7- di hydr o- 5H
cyclopenta[d]pyrlnldlne (100 ny, 0.313 ), DIPEA (0.109 nL, 0.627 nmmol)
and 153, 3-di fl uoroazetidine, HCL salt ( , 0.345 mmol) were stirred at

rt for 1 h. The solvent was renmoved i nFvacuum and the residue was purified

b | h

Y chror oras (503N Bt 2 s e n -6 2 o Y Redonepinlsdi Sieriy - 6, 7-

?Il\/mfl?r o- 5;%41(8 Hoygzomlia@{e@w?g m&hrﬂﬁol() #0 Borl¥BntrabedZafin siih hy&#9xide soedrd) . LG MS
= reparatl o

2, 4- Di chl or b37 mmolywes lfem%%%e%w) high-pregrurs /g PO bV esyd eygRisha ' dFpyri ni di ne

Cl 5 reaction mixture was cooled and concentrated in vacuum to give crude 7-(3,5-
difluorophenyl)-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione (740 mg,
2.80 mmol, 106 % yield). LC-MS (M+H)" =265.0.

2
e
3,
f

c

7-(3,4,5-trifluorophenyl)-6, 7-di hy
sol ution of

Preparation S

10 2,4-Dichloro-7-(3,5-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d|pyrimidine
Cl
N ’d
N
Cl N
F
F

A solution of 7-(3,5-difluorophenyl)-6,7-dihydro-1H-cyclopenta[d]pyrimidine-
2,4(3H,5H)-dione (740 mg, 2.80 mmol) in phosphoryl trichloride (7.691 mL, 84 mmol)
was heated in microwave at 110 °C for 1 h. The reaction mixture was poured into ice.

15  Once ice melted, the product was extracted with dichloromethane. The combined organic
extracts were dried over anhydrous magnesium sulfate and filtered. The solvent was
removed in vacuum and the residue was purified by column chromatography on silica gel
to give 2,4-dichloro-7-(3,5-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d|pyrimidine
(200 mg, 0.664 mmol, 23.72 % yield). LC-MS (M+H)" = 301.0.

20
Preparation Sa

2-Chloro-7-(3,5-difluorophenyl)-N-methyl-6,7-dihydro-5H-

cyclopenta[d]pyrimidin-4-amine
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Internediate U(1l) 1-Cycl opentenyl-2, 4-difluorobenzene F 5To a 0.497M
solution of (2,4-difluorophenyl)nmgnesiumbromde (32.4 g, 149 mmol) in THF
at 0C waswoarefwbioy added cycl opentanone (13.23 nl, 149pewaispoi2iopmsnst he end
of the addition, the reaction m xture was heated at reflux for 2 h. lce (10
g) and 6N aqueous hydrochloric acid were added. The reaction m xture was
extracted with ether. The conbi ned organic extracts were washed with a

sat urated aqueous sol ution of 10sodi um hydrogen sulfite, a saturated
aqueous sol ution of sodium bi carbonate and water. The organic |ayer was
dried over anhydrous magnesi um sul fatel and filtered. The sol vent was
renoved i n vacuum and the residue ;i fied by colum chromat ography on
silica gel to give 1-cycl opentenyl- | uor obenzene (7.064 g, 39.2 mol,
26.3 % yield) as colorless oil. L&My{™M1-1)+ = 181.0. 1H NMR (500 MHz,
CDC13) 6 ppm7.22 - 7.31 15(1H, m, 6. 8.85 (2H, m, 6.26 - 6.31 (1H

m, 2.68 -2.74 (2H, m, 2.51 -2.58 (2H, 93 - 2.02 (2H, m.
Internmediate U(2) 2-(2,4-Dfluorophenyl | opent anone F 0O A m xture
of 90% formc acid (26.4 nL, 689 muol) 'and 30% hydr ogen peroxide (6.0 niL,
39.2 mmol ) was wassmibnal 240feH @b6-710,srdifluordftenylpsaldiiydep-sml uti on was

careful ly added t -cycl.op enyl-2 4-djfl uorobenzen . 064 39 2 mmol)
under stir r‘?yﬁfffpe“fﬁ@]}’%’ﬂ%‘léﬂﬁaégé g’?sqlg?zﬂ IV\H%]I) ??#@th?qa?l%et(srﬁ% Hﬁatl 3 g Hom
t enper at ur emmébf) i€ Me®HC@ Mk whs stirred at rt for 1 h. The solvent was removed in vacuum

5 and the crude product was purified by column chromatography on silica gel to give 2-

chloro-7-(3,5-difluorophenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[d|pyrimidin-4-amine
(60 mg, 0.203 mmol, 30.5 % yield). LC-MS (M+H)" = 296.1.

Preparation T
10 2,4-Dichloro-7-(3,4,5-trifluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
Cl
N ‘s

Py

Cl N

Intermediate T(1)
(1S,2R)-2-(3,4,5-Trifluorophenyl)cyclopentanol

15 To a suspension of magnesium (2.88 g, 118 mmol) in THF (110 mL) was slowly
added 5-bromo-1,2,3-trifluorobenzene (25 g, 118 mmol). After the addition, the reaction
mixture was heated at reflux for 2 h. To this reaction mixture, copper (I) iodide (1.506 g,
7.91 mmol) and 6-oxabicyclo[3.1.0]hexane (9.93 g, 118 mmol) dissolved in THF (20 mL)
were added dropwise. The reaction mixture warmed upon the addition of the epoxide.

20  The reaction was stirred at rt for 2 h at rt. The reaction mixture was quenched by the

addition of a solution of ammonium chloride. Ether was added and the organic layer was
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period of tinme, a spontaneous exotherm c reaction took place, and the
tenperature rose to about 50C. The reaction m xture was stirred at room

t emrper at Wwe 2bv10229h. The reaction m xture was quenched pgTase@kobk26asidi ti on
of a saturated sodi um bi carbonate sol ution. Ether was added and the content
of the separatory funnel was vigorously shaken. The 5organic | ayer was
separated and the aqueous | ayer was extracted with ether. The conbi ned
organi c extracts were dried over anhydrous nagnesium sul fate and filtered.
The sol vent S nmo i 0. vacuum and  t resi due was pur.ifjed by colum
chr omat ogr a‘iﬁQ@Ct%cL. ﬁg?ﬁlﬁ‘%aé@% Fnq Gngnyacs. ?]ge %uqsﬁ pfr?(ﬁ‘(ﬂ' ‘8%%1‘%‘5’9?% h&&qlﬁ%‘é nt anone
(3.503 g, Ilohr&atoarmihy oASilla Yeixd give) 1 SR )C0(308 4-@FRoRiphenyb&ydMpeftMidt) + = 195. 2.
1H NWR (500 _1QMHz, CDCL3) 6 ppm 7.08 (1H, td, J=8.4, 6.4 Hz), 6.76 - 6.86
(2H m, 3.@9-2@1.9-{3,1116@}’73:/1@.6%,- 8.9 Hz), 2.42 -2.53 (2H, n), 2.28 -2.39 (1H,
m, 2.13 - 1 RRR(Gbb Mz cbc%@apﬁm%@%%z @1, mb,At@r-nedi @irempJo3)k - 2.01 _
157-(2,4-D fl uor ophenyéz- 6, 7- di hydrocycl openta[e] [ 1, 3] oxazi ne- 2, 4( 3H, 5H) - di
one 0 P A GHxmurld8of2. 2L @H, m),dﬁ5l-do%&féﬁemgll)%)ydl-ﬁr{éﬂtl’ahone (1.014 g, 5.17
mol ) and 50% wt. carboni socyanatidic chloride solution in toluene (1.963
g, 9.30 mmol) was heated at 58 C for 1 h and at 120C for 3 h. The reaction
m xture was di sdotewedisteT@ hyl 20 acetate and washed with an aqueous

sol ution of sodi um bi carbo ) r i s separated and the
aqueous | ayer was extract eg%ﬁgtshﬂgﬁﬁ%pggg@?ﬁl@ég%%%corrbi ned organic
extracts were dried over anhydrous magné&si um sul fate and filtered. The

sol vent was renoved in vacuum and the res)dge was purified by colum
chromat ography on silica gel to giVe

7-(2,4-difluorophenyl)-6, 7-di hydroc ent a[e] [1, 3] oxazi ne-

252, 4(3H,5H) -di one (499.3 ny, 1.888 myol, 36.4 %yield) as brown solid.
LC-MS (M+H) + = 266.2. 1FINWVR (500 MHzF CDC13) 6 ppm 8.19 -8.64 (1H, m,

7.10 (1 td, J=8..5, AROATR 1< 4, n,
2.79 - 126 92 ( 1H,T% ,01“%91:;8%)522 .R% (?’5 k) tﬁr%g %Oél%gﬁl)%}ﬁ?&éﬁ% ! (ngéé“.%g ,n(%%, 6.7
Hz) . | nter medithtl (R m)) Wag Rld4d DesstNlartn opriraiinpty €25353-gdb h§ dmepll Hheycl op enta
[d]l pyrimdi Jégc-ti%n %11)(‘[%1]6"\)5’&'5')5‘[]9&92{?% fgr 1 h. The reaction was diluted with dichloromethane

and quenched with the addition of 1 N NaOH. The organic layer was collected, dried

(Na,S0,) and concentrated. The crude product was purified by column chromatography
15  onsilica gel to afford 2-(3,4,5-trifluorophenyl)cyclopentanone (310 mg, 1.447 mmol,
31.3 % yield). LC-MS (M+H) =215.1.

Intermediate T(3)
7-(3.,4,5-Trifluorophenyl)-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione
O
HN |
o~ O
=
20 F F

A mixture of 2-(3,4,5-trifluorophenyl)cyclopentanone (2 g, 9.34 mmol) and
carbonisocyanatidic chloride (1.773 g, 16.81 mmol) was heated at 58°C for 1 h and at 130
°C for 2 h. Upon cooling to room temperature, the reaction mixture was dissolved in
ethyl acetate and washed with saturated aqueous solution of sodium bicarbonate. The

25  organic layer was separated and the aqueous layer was extracted with ethyl acetate. The
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F 5A m xture of 2-(2,4-difluorophenyl)cycl opentanone (1.014 g, 5.17 nmol)
and 50% wt. carboni socyanatidic chloride solution in toluene (1.963 g, 9.30
nmol ) waswbeat2z@3zmy 58 C for 1 h and at 120C for 3 h. Tir€eTriSa@2ioeas63r Xt ur e
was dissolved in ethyl acetate and washed wi th an aqueous sol uti on of

sodi um bi carbonate. The organic | ayer was separated and the aqueous | ayer
was extracted with ethyl acetate. The conbi ned 10organi c extracts were

dri ed over anhydrous nagnesium sulfate and filtered. The sol vent was

g Ie |rrID\é Sd 9 :3 P (}t{%ﬁ)gr}%g] é)?g%gicteggacrtse\%rg Hrelecw)av%r En"flg/hrfo{ls? rcrilagn%sigr%l s%illrg{e grt]dr t?lge%d(.)g raphy on
-(2, 4-di sORba erfovéd 6 Vi ahird @y Cthe R i ¥adluma2, , - di one
7- (2, 4- di f I irsopbenyal efoved i Wi dim eyciho peituale] pukifidll exaaluma?2, 4( 3H, 5H) - d
(499.3 ny, 1.883 nw%], 36.4 %yield) as hrown solid. LCM (MH) + = 265. 1.
15 Prepar at§ gtpgraphy on silica gel to give 7+(3,4,5-tritluorophenyl)-6,7-

é i 4- Ei X hi olr&?)?dr&c%cf p&hitd[bp0s18RAeRYLA(3 8,570 AidY dr 279 QY Ghnedd. atdliayy i m di ne
sol ution of
7- pheny|2 6, FedYB{MiB) 17| opent a[ d] pyri mi di ne- 2, 4(3H, 5H) - 20di one (248.5
ng, 0.940 mmol ) in phosphoryl trichloride (10 nL) was heated in m crowave
at 130 C for 2 h. The reaction m xture was poured in a beaker with ice.
Once ice nelt ed Intereedtobdet was extracted with di chl oromet hane. The
conbi ned or gam & sE BpReniBler-Gih | &Y- 1916/ AR Ui TRENGSIER SHbfat € and
filtered. The@§ Tiventll S} nﬁve@yﬁﬂ va@ﬁﬁﬁ1aAgﬁﬁﬁelres?dgéﬁags pfrified by
col um chr omat ography on silica gel
2, 4-di chl or o- 7- phenyl - 6, 7- di hydr o-
9599 as light brown solid. LG M (

opent a[ d] pyri m di ne (267.9 ng,
301.1. Preparation Ua

10 A solution of 7-(3,4,5-trifluorophenyl)-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-
2,4(3H,5H)-dione (1.23 g, 4.34 mmol) in concentrated ammonium hydroxide (75 mL,
1926 mmol) was heated at 100°C in a high-pressure (350 mL) vessel overnight. The
reaction mixture was cooled and concentrated in vacuum to give crude 7-(3,4,5-
trifluorophenyl)-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione (1.3 g, 4.61
15 mmol, 106 % yield). LC-MS (M+H)" =283.0.

Preparation T

2,4-Dichloro-7-(3,4,5-trifluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine

Cl
N ’d
BNy
Cl N
F
ok
20 A solution of 7-(3,4,5-trifluorophenyl)-6,7-dihydro-1 H-cyclopenta[d]pyrimidine-

2,4(3H,5H)-dione (1.3 g, 4.61 mmol) in phosphoryl trichloride (5 mL, 54.6 mmol) was
heated in microwave at 110 °C for 1 h. The reaction was repeated with an additional 800
mg of the starting material. The reaction mixtures was poured into ice and combined.

Once ice melted, the product was extracted with dichloromethane. The combined organic
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52-Chl oro-7-(2, 4-di fl uorophenyl)- N net hyl-6, 7-di hydro-5H cycl opent a
[d]pyrimdin-4- amne NH F To a solution of

2, 4- di chlwoaei2/102294- di f | uor ophenyl) - 6, 7- di hydr o- 5Hcycl opemttspappyohin di ne
(267.9 ng, 0.890 mmol) in methanol (5 nm) was added a 2M 10 sol uti on of

met hyl am ne in nmethanol (0.890 mL, 1.779 mmol ). The reaction m xture was
stirred at roomtenperature overnight. The solvent was renoved in vacuum
and the residue was partitioned between ethyl acetate and water. The
organi c |l ayer was separated and the aqueous,. | a was extracted with ethyl
acotate. THERINBERAHCHPYRANE Gt PASS MLy APLESOE, T ar'ols magnesi um
sul fate ?ndrgﬁfgbédaﬁ feﬁbuumﬁd sl readte wuﬁ@uﬁﬁmlagldrﬁh cll;éorﬂaa@gi_amy@gdﬂw gell esi due
was purified by colum chromat ography on silica gel to give 2-

chl or o- 7- ( 2048i%4-dighgfnehy ) I %&phw%é%d&wﬁvaﬁ%@we%ﬁd&y@m@ne

[d] pyrim di @odnan 56 oh8r386.990yicl).624-Meeli+H7 0= 2180.yi el d) as brown solid.
LCGMs (MHH) + = 296.1. Preparation V

202, 4- dixhl or o- 7- met hyl - 7- phenyl - 6, 7- di hydr o- 5H cycl opent a[ d] pyri ni di ne C
| nt er medi at g.o¥hhlio2rsret hyl - 2- phenyl cycl opent anone To a slurry of 60%
NaH (125 ng, 3.12 nmmol) in DME (3571 pL) at 0 C was added o

2- pheny! cycRdpeerpdnaréy 5004 Aurifl®rapherb.y-dihxgiteet /-syglenentabdIpormifin:4-Mel (898
pL, 514.36 mmol) was added, and the sgluytion heated to reflux for 2h. The
reaction was poured onto ice and extracted 3 tinmes into Et20. The organic
extracts were washed with brine, drigg, over MgSO4, filtered and
concentrated in vacuo. Applied to Sillica gel and eluted with an Et 0Ac/ Hex
gradient to afford 2-nethyl-2-phenyNTy entanone (401.7 ng, 2.305 mol,
73.9 %yield).LGM (MH) + = 175.3 (500 MHz, CDC13) 6 10ppm 7.29 -
7.37 (4 H m, 7.20 - 7.24 (1 H m, 1 H dt, J=12.51, 6.26 Hz), 2.34
(2

10 A solution of 2,4-dichloro-7-(3,4,5-trifluorophenyl)-6,7-dihydro-5 H-
cyclopenta[d|pyrimidine (498 mg, 1.561 mmol) and methanamine (1.561 mL, 3.12
mmol) in MeOH (10 mL) was stirred at rt for 1 h. Incomplete reaction was observed.
Additional portions of methanamine (1.561 mL, 3.12 mmol) were added to the reaction
mixture until the reaction was complete. The solvent was removed in vacuum and the

15  residue was purified by column chromatography on silica gel to give 2-chloro-7-(3,5-
difluorophenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (60 mg,
0.203 mmol, 30.5 % yield). LC-MS (M+H)" = 314.0.

Preparation T

20 2-Chloro-4-(3,3-difluoropyrrolidin-1-yl)-7-(3,4,5-trifluorophenyl)-6,7-dihydro-5 H-
cyclopenta[d]pyrimidine

122



H t, J=7.63 Hz), 1.82 - 2.05 (3 H m, 1.38 (3 H s). Internediate V(2)

7- et hyl - 7- phenyl - 6, 7- di hydrocycl op enta [e] [1, 3]

oxazi ne- 2v0(28t3/198%97di one 0 15 Conbi ned PCT/US2012/022665

2- met hyl - 2- phenyl cycl opent anone (Internediate V(1) (705.5 ng, 4.05 nmol)
and car boni socyanatidic chloride (1700 ng, 8.06 muol ), flushed with N2, and
sealed in a sealed tube. Heated at 58 Cfor 1 h, then 130 C for 1.75 h. Let
cool tort. Carefully opened the tube (HCl), and dissolved the residue in

Et OAc. Partitioned with Na H and ext times into EtOAc.
Washed combi ned %?%‘&Wflé’fgggije}g%‘g%f(ﬁﬁg)?‘ﬂzéom ‘P‘T“@(%%g%;@ﬁy%&é 4, filtered, and
con(éegtA r ;’ihe e@clopeﬁtqg}éb@nmm@cteob ?@mdjgshﬂug I?Iﬂﬂl?i@ (6!056@@ 93176 mardehtt ed wi th
an t C xane radl e or - pe

di hydrocyc|%%)é}ﬂua{0@yl[rqhd31]eo&1 Pl 420 mesfl 3t HmDoWFéeftzr@%awé@rd)fL@hes (M+H)+ =

244. 1. 1FI NMRchEORA r%@ved%ﬁm@n@ﬂ@r&ﬂ%@% Hbﬁrlftérdb %ol)umn%hl%%la'to 7&@? (2 :
m, 7.26 - 257.30 (3 H,

221 - & 2901)(slhqa| gelntj) give. 26cgﬂc(r34|-_q3 3§§1ﬂuqr<myérph@a1 IGXIE%W é,)i—trlﬂuorophenyl)

7-net hyl - 7- 6)471% hrofisé’c@lctpéﬁitamp%‘fnﬁaﬁﬁe{1@911%”6@695Qﬂxwfsﬁ%?iem 2e 48
H, 5H) - di one To sol

7- met hyl - 7- %@MF—”@O? d| hydr ocycl opent a[ e] [ 1, 3] oxazi ne-2, 4(3H, 5H) - di one
(420 ny, 1.727 mmol) was added concentrated Amoni um HydrOX| de (4706 p.L,
121 mol ) in a seal ed tube. The tube was heated for 4h at 80 C. Cooled to
rt. RenovedPrieheagal fkent under a stream of N2. Loaded the residue onto

Silica gl and ehiked i hih, o EHAC 11259 SRR Sfent 6 SR 51

7- met hyl-
10cycl opent a[ d] pyri m di ne- 2, 4( 3ley8bentd| Opyeiniid®8 ng, 1.209 mmol, 70.0 %
yield). LG M5 (MrH)+ = 243.1. Preparation V

A solution of 2,4-dichloro-7-(3,4,5-trifluorophenyl)-6,7-dihydro-5H-

cyclopenta[dpyrimidine (100 mg, 0.313 mmol), DIPEA (0.109 mL, 0.627 mmol) and

15  3,3-difluoroazetidine, HCI salt (44.7 mg, 0.345 mmol) were stirred at rt for 1 h. The
solvent was removed in vacuum and the residue was purified by column chromatography
on silica gel to give 2-chloro-4-(3,3-difluoroazetidin-1-yl)-7-(3,4,5-trifluorophenyl)-6,7-
dihydro-5H-cyclopenta[d]pyrimidine (105 mg, 0.279 mmol, 89 % yield). LC-MS
(M+H)" =376.0.

20
Preparation U

2,4-Dichloro-7-(2,4-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine
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2, 4-di chl oro- 7- et hyl - 7- phenyl - 6, 7- di hydr o-5H cycl openta[ d] pyri m di ne Cl
15 Di ssol ved

7- met hy 1-wopheymp3298, 7- di hydr o- 1H cycl opent a[ d] pyri m di n@2TAS3H2BRP66li one
(48.2 ng, 0.199 nmol) in POC13 (742 pL, 7.96 mmol) and placed in a

m crowave vial. Heated the reaction for |h at 120 Cin the m crowave.
Cooled to rt, and poured into ice. As soon as the ice nelted, extracted 3
times into EtOAc. Dried over 20 My504, filtered, and concentrated in vacuo.
A qui ck Et OAc/ Hex SG col umm provi ded
2, 4-di chl oro-7-nmet hyl- 7- pheny1- 6, 7-di
ng, 0.154 mmol, 78 %yield).LC M (MH
252-chl or o- N- et hy1- 7- net hy1- 7- phen}//lJ\\G
4-am ne NH To a solution of” N
2, 4-di chl oro- 7- et hy1- 7- pheny1- 6, 7- di hyd
(Preparation V) (43.1 ng, 0.154 mml) in
solution of 2M Ethylam ne (386 [IL, 0.772 pl ) diluted with 390 uL 5MeOH
(overall reactionis .1Min 1:1 THF/ MeOH). Let stir at rt. Renoved the

sol vent and subjlsetrediatdié(lpesi due to a Silica gel colum wi th an Et OAc/ Hex
gradient to afford 2- .

chl or o- N- et hy1- 7- et hy1- 7- pHemfPEM e I 8iNZSPE| opent a[ d] pyri mi di n- 4- am
ine (38.0 ng, 0.132 mvol, 86 % yield) R 10 Preparation W

2, 4-dichloro-7-allyl-7-phenyl -6, 7-di .@. 1+ cycl openta[ d] pyri m di ne Cl
| nt er medi ate W 1) ‘

5 To a 0.497M solution of (2,4-difluorophenyl)magnesium bromide (32.4 g, 149

Iydr 0- 5H cycl openta[ d] pyri m di ne (43.1

279.1. Preparation Va

di hydr o- 5H cycl opent a[ d] pyri m di n-
F

Hcycl opent a[ d] pyri m di ne
(772 pL) at rt was added a

mmol) in THF at 0°C was carefully added cyclopentanone (13.23 mL, 149 mmol). Upon
the end of the addition, the reaction mixture was heated at reflux for 2 h. Ice (10 g) and
6N aqueous hydrochloric acid were added. The reaction mixture was extracted with
ether. The combined organic extracts were washed with a saturated aqueous solution of

10 sodium hydrogen sulfite, a saturated aqueous solution of sodium bicarbonate and water.
The organic layer was dried over anhydrous magnesium sulfate and filtered. The solvent
was removed in vacuum and the residue was purified by column chromatography on
silica gel to give 1-cyclopentenyl-2,4-difluorobenzene (7.064 g, 39.2 mmol, 26.3 % yield)
as colorless oil. LC-MS (M+H)" =181.0. 'H NMR (500 MHz, CDCl3) & ppm 7.22 - 7.31

15  (1H, m), 6.75 - 6.85 (2H, m), 6.26 - 6.31 (1H, m), 2.68 - 2.74 (2H, m), 2.51 - 2.58 (2H,
m), 1.93 - 2.02 (2H, m).

Intermediate U(2)
2-(2,4-Difluorophenyl)cyclopentanone

F
F

20 o
A mixture of 90% formic acid (26.4 mL, 689 mmol) and 30% hydrogen peroxide
(6.0 mL, 39.2 mmol) was warmed at 40°C for 10 min. The resulting solution was
carefully added to 1-cyclopentenyl-2,4-difluorobenzene (7.064 g, 39.2 mmol) under

stirring. The two-phase system was initially stirred at room temperature. After a certain
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2-al | y1- 2- phenyl cycl opent anone 15

V(1) was utilized with ally' brom de to obtain 2-
al | y1- 2- pNerzgixnsisopent anone. I nternedi ate W 2) PCT/US2012/022665

207-al 1 y1- 7- phenyl

The nethod of Internediate V(2) was utilized to obtain
7-allyl-7-phenyl-6,7- di hydrocycl opentale][1, 3] oxazi ne-2, 4(3H, 5H) - di one.

1H NMR (500 MHz, CDCL3) 6ppm806(1H br s.), 7.23 - 7.43 (5 H, r‘r)

2.73 - 2.87%

5.59 - 5.72 eélgd PHIIH? asgo_ré%neg%fxg}_ler(ngc ﬁact?ﬁn tooj< é%pe Qng I?fgtelelgerﬁureﬁ:j%se(to

The procedure of Internediate

-6, 7-di hydrocycl openta[ e] [ 1, 3] oxazi ne- 2, 4( 3H, 5H) - di one

m,

| nt er medi at&oM(3yC.7Th ﬂe}(clroﬁnﬂﬂﬁfby\llas@tl&e(ﬂdth&(dﬁ @mbbtaiyEfor 0. &RE eeabtetnpyr i m
di ne- 2, 4(3H, 5H) - di one Q é% ?(PE t ho I ntermediate V(3) was utilized
yga otul a dition

to obtain Tn§PF9TaW@HH

5

10

15

20

25

ofa saturated sodum bicar onate solut10n
Ether was added and the content of the separatory funnel was vigorously shaken. The
organic layer was separated and the aqueous layer was extracted with ether. The
combined organic extracts were dried over anhydrous magnesium sulfate and filtered.
The solvent was removed in vacuum and the residue was purified by column
chromatography on silica gel to give 2-(2,4-difluorophenyl)cyclopentanone (3.503 g,
17.85 mmol, 45.5 % yield) as colorless oil. LC-MS (M+H)" =195.2. 'H NMR (500
MHz, CDCls) & ppm 7.08 (1H, td, /=8.4, 6.4 Hz), 6.76 - 6.86 (2H, m), 3.42 (1H, dd,
J=12.2, 8.9 Hz), 2.42 - 2.53 (2H, m), 2.28 - 2.39 (1H, m), 2.13 - 2.23 (1H, m), 1.86 - 2.10
(2H, m).

Intermediate U(3)
7-(2,4-Difluorophenyl)-6,7-dihydrocyclopentale][ 1,3 Joxazine-2,4(3H,5H)-dione

A mixture of 2-(2,4-difluorophenyl)cyclopentanone (1.014 g, 5.17 mmol) and
50% wt. carbonisocyanatidic chloride solution in toluene (1.963 g, 9.30 mmol) was
heated at 58 °C for 1 h and at 120°C for 3 h. The reaction mixture was dissolved in ethyl
acetate and washed with an aqueous solution of sodium bicarbonate. The organic layer
was separated and the aqueous layer was extracted with ethyl acetate. The combined
organic extracts were dried over anhydrous magnesium sulfate and filtered. The solvent
was removed in vacuum and the residue was purified by column chromatography on
silica gel to give 7-(2,4-difluorophenyl)-6,7-dihydrocyclopentale][ 1,3 ]oxazine-
2,4(3H,5H)-dione (499.3 mg, 1.883 mmol, 36.4 % yield) as brown solid. LC-MS
(M+H)" =266.2. 'HNMR (500 MHz, CDCl:) & ppm 8.19 - 8.64 (1H, m), 7.10 (1H, td,
J=8.5, 6.3 Hz), 6.78 - 6.92 (2H, m), 4.36 - 4.49 (1H, m), 2.79 - 2.92 (1H, m), 2.59 - 2.78
(2H, m), 2.08 (1H, ddd, J/=9.3, 6.9, 6.7 Hz).
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di hydr o- 1H-cycl opent a[ d] pyri m di ne-2, 4(3H, 5H) -di one. LG M5 (M+H) + = 269. 1.
Preparati on W152, 4-di chloro-7-allyl-7-phenyl -6, 7-di hydro-5H

cycl opentwpapryrsasirdi ne Cl The net hod of Prepar &Cirars20i2mess6tised t o
obtain 2,4-dichloro-7-allyl-7-phenyl- 6, 7-di hydro-5H

cycl openta[ d] pyri mdine. LCM5 (MtH)+ = 305.0. 20 Preparation W
2-chloro-N-ethyl-7-allyl-7-phenyl-6, 7-di hydro-5H- cycl opent a[ d] pyri m di n-4-a
mne NH Uilizing the procedure for Preparation Va,
2-chloro-N-ethyl-7-allyl-7-phenyl-6, 7-

di hydr o-5H-cycl opent a[ d] pyri m di n- 4-am ne was obtained. LCGM (M-H) + =
314.1. 5 Prepar ahte@iedite U4) . o

2 o o B bR PER s S LA S e 300k gy m i me

O
HN |

PN

N
N F

=
5 A mixture of 2-(2,4-difluorophenyl)cyclopentanone (1.014 g, 5.17 mmol) and
50% wt. carbonisocyanatidic chloride solution in toluene (1.963 g, 9.30 mmol) was
heated at 58 °C for 1 h and at 120°C for 3 h. The reaction mixture was dissolved in ethyl
acetate and washed with an aqueous solution of sodium bicarbonate. The organic layer
was separated and the aqueous layer was extracted with ethyl acetate. The combined
10 organic extracts were dried over anhydrous magnesium sulfate and filtered. The solvent
was removed in vacuum and the residue was purified by column chromatography on
silica gel to give 7-(2,4-difluorophenyl)-6,7-dihydrocyclopentale][ 1,3 ]oxazine-
2,4(3H,5H)-dione (499.3 mg, 1.883 mmol, 36.4 % yield) as brown solid. LC-MS
(M+H)" =265.1.
15
Preparation U
2,4-Dichloro-7-(2,4-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine
Cl
NZ

Py

CI” N F

=
A solution of 7-phenyl-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-
20 dione (248.5 mg, 0.940 mmol) in phosphoryl trichloride (10 mL) was heated in
microwave at 130 °C for 2 h. The reaction mixture was poured in a beaker with ice.
Once ice melted, the product was extracted with dichloromethane. The combined organic
extracts were dried over anhydrous magnesium sulfate and filtered. The solvent was

removed in vacuum and the residue was purified by column chromatography on silica gel
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3-i 0do- 4, 4-di met hoxyt etrahydro-2Hpyran 11 5 | 10kJ The m xture of
tri met hoxynmet hane (82 nL, 745 mmol) and di hydro-2H pyran4(3H)-one (14.92 g,
149 mmol )weasixwstsed to 4 C. Added diiodine (37.8 g, l4ecmruski12iomebdt s and
keep the tenperature between 4 C and 5 C. The reaction m xture was stirred
at 4 Cfor 10 mn. Cooling bath was renoved, stirred at 28 C for 10 mn.
The m xture 15was cooled to 10 C and stirred for 10 mn, and then stirred
at RT for 1 h. The reaction m xture was diluted with CH2Cl12 and

i xea | ayer & ehrel Learar e UG ooyt IgeP RS el TR el W oo

The conbi ned 1ighgabBWE sdlRly e/IC-vasMvaphedomit h brine, dried over Na2SO4 and
concentrated. The crude product was purified by colum 20chromat ography on
silica gel to give 3-iodo-4, 4-di net hoxyt etrahydro-2H pyran (33.05 g, 121
nol , 82% yp,%,d},;,onlﬁ,NNR (500 M—lz CDC13) 6 ppm4 24(1 H t, J=2.29 Hz),
3.93-402% m }) HdJ244Hz)324
(3 H s)5 3.26hoso-f(2, é)dlﬂ@r@éel(yp Irlrmeéitvl 6 -fhhsdso 5@ Cyalomal}a dipytpgidim4+i " g,
J=14.34, 2.44 Hz) Internmediate X(2) amine

53- (3, 5-di f | uorophenyl ) di hydr o- 2H pyr an- 4(3H)-one F To a m xture of
(1R, 2R) - 2- am nocycl ohexanol hydrochl ONide (0.418 g, 2.76 mmol ), nickel (I1)
chl ori de hexahydrate (0.328 g, 1. 37% and 3,5- difluorophenyl boronic

acid (6.53 g, 41.3 mml) was added in THF (55.1 nL, 1055.1 mol) at

10 C dropwi se under N2. After addict e Fixture was stirred at 10 C for
20 mn. 2-Propanol (113 nL) (previ ously b ed by N2) was added at 0 C and
then the m xture was stirred at RT for 1 n. 3-iodo-4,

4- di met hoxyt et r ahydr o- 2H pyran (Preparati X1) (7.5 g, 27.6 mol). in THF
was added dropw se and the m xture was heatled at 60 C overnight. The

reaction m xtur | ce add i) gl 15 ,until acidic and
stirred for 10 0nal X 1%8%1?} Q{Cg r?%l@gg afgz SHYE %PEt OAc and the
organi c | ay@/i‘clo‘paﬁa [WipsHetivg (267. @mgn@w{n@lmnmmﬂﬂmmﬂ efimLYtves adelsd slo® was
purlflem qu tttﬁromatto ra
s 5t Y BB rems iy Byt beDregTadpbe T Aol Ehefacsioniviives oy 4 o
yield). 1H SMIMBd éﬁ@&n%ﬂper@@%&rm@hpmﬁbﬁoﬂ&t Mﬂremlw&l ddacdimlhdtge 2 H) 6. 62
- 6.75 (m 1 H 4.21 (dd, J=11.44, 5.65 Hz, H%‘

residiie was partitionéd between ethyl acetate and water. The orgamc layer was separated

and the aqueous layer was extracted with ethyl acetate. The combined organic extracts

were dried over anhydrous magnesium sulfate and filtered. The solvent was removed in

15  vacuum and the residue was purified by column chromatography on silica gel to give 2-
chloro-7-(2,4-difluorophenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine
(184.6 mg, 0.624 mmol, 70.2 % yield) as brown solid. LC-MS (M+H)" = 296.1.

Preparation V

20 2,4-dichloro-7-methyl-7-phenyl-6,7-dihydro-SH- cyclopenta[d]pyrimidine
Cl
N7
/m “
Cl N
Intermediate V(1)
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204.01 (m 2 H 3.76 (dd, J=8.55, 6.10 Hz, 1 H 2.60 -2.75 (m 1 H) 2.48
-2.60 (m 1 H Internediate X(3) 8-(3 ,5-difluorophenyl)-7, 8-di hydropyrano
[ 3,4-¢e] [Wwp20i2/103m2i ne-2,4 (3H,5H)-dione 0 FF 25The m PrursS2ai/032663,

5-di fl uorophenyl) di hydro-2H pyran-4(3H)-one (Preparation X2) (800 ny, 3.77
mol ) and car boni socyanatidic chloride (557 ng, 5.28 mmol) was heated in a
seal ed bottle at 55 C for 1 h and then at 130 C for 2 h. The m xture was
cooled to RT. Partition between Et OAc and saturated NaHCO3 sol ution.
Extracted with EtOAc(x 3 tines ned organi c | ayers was washed
with brine, dried over Na2SO4~ % lgﬂﬁggﬁﬁF(Fﬁﬂamﬁﬁe crude product was
purified by columm chromatography on 5sM™Nica gel to give

8- (3,5-di fluorophenyl)-7, 8-di hydropyrgngf 3, 4-¢e] [ 1, 3] oxazi ne-

2,4(3H,5H) -dione (230 ng, 0.818 mmI? 210,69 %yield). LCGM (MH + = 282.0.
1H NWR (500 MHz, CDC13) 6 ppm 8.94 (br, 1H 6.85- 7.01 (m 2 H 6.81
(tt, J=8.81, 2.17 Hz, 1 H 4.70 (d, J=16.56 Hz, 1 H 4.49 (dd, J=15.56,

2.14 Hz, 1 H 4.03 -4. 12(%n] 2 H 3.68 (br. s., 1 FQ 10 I ntermedi ate X(4)
8- (3, 5- di f | uor opierijuryy. of W@NH@@@@HM%W) nAPME (3571 uL) at 0 °C was

-d] pyri m di pRs@s- éfléll}_’ilc 138 &t’ta‘ﬁ@@e (@OO ;EE% ) fﬁhfélfe AQfer stlrrlng for 1h, Mel (898 uL,

8- (3, 5-di fl uorophenyl 7p di hydr opyr ano[ 3 3] oxazi ne-

2, 4(3H, 5H) - m?cﬁrmmel?wpwdam and ﬂmp(uzsmhwgsd t@f@lls f@ﬁﬂil Fharﬂactmvmm um
hyd'éloéll\gg é@%ﬁ? o%voéllg% iﬁl?d e§tr£@3@& 9’[111[1& 1%0%%.e@h(p@rtg£dicee}3%§ts Q%?etxggh@&wﬁp Cfor 4
8-(3,5-dif bemeabtedro)ydr)MgS@l cﬂiilthly:daml dadeqpymad af vacBe.dipplicil ne Siilipeg] 4(BH, 5H) - di o

gg 1( i91 g, elutec? ah nHElOAcgﬁe &X&@At% af\f\é}dﬁr}n&\@ A- 2ups11%gylgyclop§ntallb(f;e %1(7M+H) =
mg, 2.305 mmol, 73.9 % yield).LC-MS (M+H) = 175.1. '"H NMR (500 MHz, CDCLs) &
10 ppm 7.29-7.37 (4 H, m), 7.20 - 7.24 (1 H, m), 2.54 (1 H, dt, /=12.51, 6.26 Hz), 2.34 (2
H,t, /~7.63 Hz), 1.82 - 2.05 (3 H, m), 1.38 (3 H, s).

Intermediate V(2)
7-methyl-7-phenyl-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione
O
]
o~ O

15
Combined 2-methyl-2-phenylcyclopentanone (Intermediate V(1) (705.5 mg, 4.05

mmol) and carbonisocyanatidic chloride (1700 mg, 8.06 mmol), flushed with N2, and
sealed in a sealed tube. Heated at 58 °C for 1 h, then 130 °C for 1.75 h. Let cool to rt.
Carefully opened the tube (HCI), and dissolved the residue in EtOAc. Partitioned with
20  NaHCO3 (aq), and extracted 3 times into EtOAc. Washed combined organic layers with
brine, dried over MgSO4, filtered, and concentrated in vacuo. Loaded the residue onto
Silica gel and eluted with an EtOAc/Hexane gradient to afford 7-methyl-7-phenyl-6,7-
dihydrocyclopenta[e][1,3]oxazine-2,4(3H,5H)-dione (43% yield)LC-MS (M+H) =
244.1. "H NMR (500 MHz, CDCl3) 8 ppm 8.12 (1 H, br. s.), 7.32 - 7.38 (2 H, m), 7.26 -
25 730 (3H,m),2.69-2.75((2H, m),243-2.52(1H,m),2.21-2.29 (1 H, m), 1.68 (3 H,

s).
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20 Preparation X
2,4-dichloro-8-(3,5-difluorophenyl) -7, 8-di hydro-5H pyrano[ 4, 3-d] pyri m di ne
c WOThe/mB297ur e of PCT/US2012/022665

8- (3, 5-di fluorophenyl)-7, 8-di hydro- 1H pyrano[ 4, 3-d] pyri m di ne2, 4(3H, 5H) -di o
ne (Internediate X(4)) (191 ng, 0.682 mmol) and POC13 (1906 [IL, 20.45
nmmol) in a mcrowave vial was heated by mcrowave at 100 C for 2.5 h. The
m xture was poured on ice, as long as ice was nelted, extracted with EtOAc
(x3 tinmes), washed 5 with brine, dried over Na2SO4 and concentrated. The
crude product was purified by colum chromatography on silica gel to give
2, 4-di chl or o- 8- Gﬁmﬁm&ﬁﬁdugoophenyl) 7, 8- di hydro- 5H—pyrano[4 3-d] pyri mdi ne
(117 ng, 0.369_mmol, 54.1 % 1. 1H NVR (400 MHz,
CDC13) 6 ppm 6./6Esthylg: Igli 1@%'@3 fOAHWC{XE@Qﬁi P?H?“din% 4Gt %01@3 (m 1 H
4.13 -4.27 (m 2 H 4.10 (t, J=4.03 Hp 1 H) 10 Preparation Xa

2-chl oro-8-(3,5-di fl uorophenyl) - N-eth 8- di hydr o- 5H pyrano[ 4, 3-d] pyrimd
in-4- amine LNH FF 15The ni xture of"H 4 ine (406 [IL, 0.812 nmmol),

2, 4-di chl oro-8-(3,5- difluorophenygf~{-8=di_hydro-5H pyrano[ 4, 3-d] pyri m di ne
(Preparation X) (117 ng, 0.369 mmol) amd D}EA (161 [IL, 0.922 mmol) in THF
(1845 pL) was stirred at RT for 2 h. The ture was concentrated and
purified by colum chromatography on siliTx gel to give 2- chloro-8-(3,

5-di f | uay opheny a in-4- 20

am ne ( 25{)4 ny, ]1)039'“5&% W&hﬂg_}ﬁg}wll el %?ydl?{%% { 'C\Efrw?’ Og)afg% ZioZy(rﬁl_:gglﬂgar ation 'y

2, 4- di chl ordei8-(¢3) medi. 727unmolph@myclbed ZoBentiatpddkrombumyainadide, (37@ igyr i m di ne
121 mmol) in a sealed tube. The tube was heated for 4h at 80 °C. Cooled to rt. Removed

the solvent under a stream of N2. Loaded the residue onto Silica gel and eluted with an
EtOAc/Hexane gradient to afford 7-methyl-7-phenyl-6,7-dihydro-1H-

10 cyclopenta[d]pyrimidine-2,4(3H,5H)-dione (293 mg, 1.209 mmol, 70.0 % yield). LC—
MS (M+H)" = 243.1.

Preparation V
2,4-dichloro-7-methyl-7-phenyl-6,7-dihydro-5H- cyclopenta[d]pyrimidine
Cl

15
Dissolved 7-methyl-7-phenyl-6,7-dihydro-1H-cyclopenta[d]pyrimidine-
2,4(3H,5H)-dione (48.2 mg, 0.199 mmol) in POCI3 (742 uL, 7.96 mmol) and placed in a
microwave vial. Heated the reaction for 1h at 120 °C in the microwave. Cooled to rt,
and poured into ice. As soon as the ice melted, extracted 3 times into EtOAc. Dried over
20  MgSO04, filtered, and concentrated in vacuo. A quick EtOAc/Hex SG column provided
2,4-dichloro-7-methyl-7-phenyl-6,7-dihydro-SH-cyclopenta[d]pyrimidine (43.1 mg,
0.154 mmol, 78 % yield).LC-MS (M+H)" =279.1.

Preparation Va

25 2-chloro-N-ethyl-7-methyl-7-phenyl-6,7-dihydro-SH-cyclopenta[d Jpyrimidin-4-amine
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Cl Internediate Y(2) 3-(3,4-difluorophenyl)dihydro-2H pyran-4(3H)-one F
0 53, 4-di fl uorophenyl boronic acid was reacted as described in Internediate
X(2) withwB-20dio32974- di net hoxyt et rahydr o- 2H pyran (| nt ePecgdiSatie/oX{68j) to
give 3-(3,4- difluorophenyl)di hydro-2H pyran-4(3H)-one (Internediate Y(2)).
1H NWR (500 MHz, CDC13) 6 ppm7.03 - 7.22 (m 2 H 6.95 (ddd, J=6.33, 4.20,
1.98 Hz, 1 H 4.17 - 4.32 (m 2 H 3.96 (ddd, J=11.52, 9.84, 3.97 Hz, 1 H
3.91 (dd, J=11.44, 109.00 Hz, 1 H) 3.77 (dd, J=8.85, 5.80 Hz, 1 H 2.63 -
2.76 (m 1 H 2.49 - 2.62 (m 1 H).)\nterrredi ate Y(3) 8-(3

, 4-di fl uor opheny1) -7, 8-di hydropyrano 8, 4-e] [1,3 ] oxazine-2,4

(3H,5H) -dione 0 153-(3,4-difluorophg di hydr o- 2H pyr an-4( 3H) - one
(Internmediate Y(2)) was reacted as dds w inIntermediate X(3) with

car boni socyanatidic chloride to gi¥ (3= 4-difluorophenyl)-7,

8-di hydropyrano [3,4-e] [1,3] oxazine-2,4 , 5H)-dione (Internediate Y(3)).
LCM5 (MHH) + = 282. 1. 1H NWR (500 MHz, C ) 6 ppm7.08 - 7.20 (m 3 H)
4.67 (d, J=15.26 Hz, 1 H 4.46 (dd, J=15.56, 2.14 Hz, 1 H 3.98 -4.10 (m
202 H) 3. 67 (br.Tosasolulibh of 2,4-dichloro-7-methyl-7-phenyl-6,7-dihydro-5H-

cyclopenta[d]pyrimidine (Preparation V) (43.1 mg, 0.154 mmol) in THF (772 pL) at rt
was added a solution of 2M Ethylamine (386 puL, 0.772 mmol) diluted with 390 uL
5 MeOH (overall reaction is .1M in 1:1 THF/MeOH). Let stir at rt. Removed the solvent

and subjected the residue to a Silica gel column with an EtOAc/Hex gradient to afford 2-
chloro-N-ethyl-7-methyl-7-phenyl-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-amine (38.0
mg, 0.132 mmol, 86 % yield).

10 Preparation W
2,4-dichloro-7-allyl-7-phenyl-6,7-dihydro-SH- cyclopenta[d]pyrimidine
Cl
N™ X
| ~
Cl N X

Intermediate W(1)

2-allyl-2-phenylcyclopentanone

—
0]
15
The procedure of Intermediate V(1) was utilized with allyl bromide to obtain 2-
allyl-2-phenylcyclopentanone.
Intermediate W(2)
20 7-allyl-7-phenyl-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione
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I nternmedi ate Y(4)

8- (3, 4-di fl uorophenyl)-7, 8-di hydro- 1H pyrano[ 4, 3-d] pyri m di ne- 2, 4(3H, 5H) - di
one o0 HyIwQIN0td/10387( 3, 4- di f | uor ophenyl) - 7, 8- di hydr opyr amoT[US2¢28p26p1, 3]
oxazine-2,4(3H,5H)-dione (Intermediate Y(3)) was reacted as described in
Internediate X(4) w th amoni um hydroxide to give 8-(3 ,4

-di fl uorophenyl)-7, 8- dihydro-1H pyrano [4,3 -d]pyrimdine2, 4(3H, 5H)-di one
(Internmediate Y(4)). LCGMS (MH = 279.1. 10 Preparation Y

2, 4-di chl oro-8-(3, 4-difluorophenyl) -, 8-di hydro-5H pyrano[ 4, 3-d] pyri m di ne
c

2, 4-di chl oro-8- (3, 4-di fl uor ophenyIyn
(Internediate Y(4)) was reacted asgd\e
give 2,4- 0”0
15dich|oro-8-(3,4-dif|uorophenyl)-7,8-d' §r o- 5H pyr anol[ 4, 3-d] pyri m di ne
(Preparation Y). LC- M5 (M+HH) 317. 1. reparati on Ya

2-chloro-8-(3,4 dlfluorophenyl) N-et hyl-7, 8- dlhgdro 5H—gyrano[4 3-d] pyrimd
i n-4- 20anmi ne  The method of Intermediate V(2) was utilized to obtain 7-allyl-7-phenyl-6,7-

dihydrocyclopenta[e][1,3]oxazine-2,4(3H,5H)-dione.

'H NMR (500 MHz, CDCl) & ppm 8.06 (1 H, br. s.), 7.23 - 7.43 (5 H, m), 5.59 - 5.72 (1
5 H,m,J=17.09,9.99, 7.21, 7.21 Hz), 5.08 - 5.23 (2 H, m), 2.73 - 2.87 (2 H, m), 2.63 - 2.71

(2H, m),2.38-2.49 (2 H, m)

i hydr o- 5H pyr ano[ 4, 3-d] pyri m di ne
.ei\in Preparation X with POCl3to

Intermediate W(3)
7-allyl-7-phenyl-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione
@)
e
0] H X
10
The method of Intermediate V(3) was utilized to obtain 7-allyl-7-phenyl-6,7-
dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione. LC-MS (M+H)" = 269.1.
Preparation W
15 2,4-dichloro-7-allyl-7-phenyl-6,7-dihydro-SH- cyclopenta[d]pyrimidine
Cl
N~
P
Cl N X

The method of Preparation V was used to obtain 2,4-dichloro-7-allyl-7-phenyl-
6,7-dihydro-5H- cyclopenta[d]pyrimidine. LC-MS (M+H)" = 305.0.

20  Preparation Wa
2-chloro-N-ethyl-7-allyl-7-phenyl-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-amine

131



LNH
2,4-dichloro-8-(3, 4-difluorophenyl) -7, 8-di hydro-5H pyrano[ 4, 3-d] pyri m di ne
(Prepar atworroi?)108m3 reacted as descri bed in Preparati onPga/useeia/oetehainam ne
to give 2-
chl oro-8-(3, 4-di fl uorophenyl)-Net hyl-7, 8-di hydro-5H pyrano[ 4, 3-d] pyri m din
-4-amne 5 (Preparation Ya). LGMs (MtH)+ = 326.1. Preparation Yb
2-chl oro-4-(3, 3-di fluoroazetidin-I-yl)-8-(3, 4-di fl uorophenyl)-7, 8-di hydro-5
H-pyrano [4,3 - d]pyrimdine F(F N 10 15

4-di chl oro- 8- (3, 4- d|fluoropheny172?“8 di hydr o- 5H pyrano[ 4, 3-d] pyri mi di ne
(Preparatlon Y) was reacted as desc jed~i n Preparation Xa with
3, 3-difluoroazetidine, HCL to give
2-chl oro-4-(3, 3-di fl uoroazeti di n-¢I< 8
- pyrano[ 4, 3-d] pyri m di ne (Preparatlon Yh
Preparation Yc
2-chl oro-8-(3, 4-di fl uorophenyl) - N-net hy1-7, 8-di hydr o- 5H pyrano[ 4, 3-d] pyrim
di n-4- am ne NHtilizing the procedure for Preparation Va, 2-chloro-N-ethyl-7-allyl-7-phenyl-6,7-

dihydro-5H-cyclopenta[d]pyrimidin-4-amine was obtained. LC-MS (M+H)" =314.1.

3,2 di f|l uorophenyl) -7, 8-di hydr o5H
LC- VB (MrH) + = 374. 1.

5  Preparation X
2,4-dichloro-8-(3,5-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d [pyrimidine

Intermediate X(1)
3-i0do-4,4-dimethoxytetrahydro-2H-pyran

10 ©

The mixture of trimethoxymethane (82 mL, 745 mmol) and dihydro-2H-pyran-
4(3H)-one (14.92 g, 149 mmol) was cooled to 4 °C. Added diiodine (37.8 g, 149 mmol)
in lots and keep the temperature between 4 °C and 5 °C. The reaction mixture was stirred
at 4 °C for 10 min. Cooling bath was removed, stirred at 28 °C for 10 min. The mixture

15  was cooled to 10 °C and stirred for 10 min, and then stirred at RT for 1 h.

The reaction mixture was diluted with CH,Cl, and cooled in ice water. Slowly
quenched with saturated Na,S,03 solution. The mixed layers were separated. The
aqueous layer was extracted with CH2CI2. The combined organic layer was washed with
brine, dried over Na2S04 and concentrated. The crude product was purified by column

20  chromatography on silica gel to give 3-iodo-4,4-dimethoxytetrahydro-2H-pyran (33.05 g,
121 mmol, 82 % yield). '"H NMR (500 MHz, CDCl;) & ppm 4.24 (1 H, t, J=2.29 Hz),
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2, 4-di chl oro-8-(3, 4-di fl uorophenyl)-7, 8-di hydr o- 5H pyrano[ 4, 3-d] pyri m di ne
(Preparation Y) was reacted as described in Preparation Xa wi th nethanam ne
to give 2wW0 2012/103297 PCT/US2012/022665

chl oro-8- (3, 4-di fl uorophenyl) - N-net hyl-7, 8-di hydr o- 5H pyrano[ 4, 3-d] pyri m di
n-4-amne 5 (Preparation Yc). LCMs (MtH) + = 312.3. Preparation Z
2,4-dichloro-8-(4-(trifluoronethyl)phenyl)-7, 8-di hydro-5H pyrano[ 4, 3-d] pyri
mdine CI  CF3 10l nternedi ate Z(2)

o (e uor DL RT RO R B A O B ARy B s e T haw3n @

| nt er medi atie, (233 WH,Rd3=4@802. M Az meihexyd, ety elnoHZH pyran

(I nt er medi at e X(1)) to give 3-(4- 15

(trifluoronethyl)phenyl)di hydro-2H pyran-4(3H)-one (Internmediate 2Z(2)). 1H
NVR (500 MHz, C@Q@ﬁﬂed@tmgg7 61 (m J 8 24 Hz, 2 H) 7.37 (m J=7.93 Hz, 2

H 4.26 (dd, J=11.44 93 1 H 2.49 - 2.64 (m 1 H -4.05
(m 2 H)5 3.82 -3.93 (m3 03, jq)hﬂgOl@ghQndelgg_dr()ﬁ]H pyran-4(3H)-one
F
O
F
O

To a mixture of (1R,2R)-2-aminocyclohexanol hydrochloride (0.418 g, 2.76
mmol), nickel(IT) chloride hexahydrate (0.328 g, 1.378 mmol) and 3,5-
difluorophenylboronic acid (6.53 g, 41.3 mmol) was added NaHMDS in THF (55.1 mL,
10 55.1 mmol) at 10 °C dropwise under N,. After addition, the mixture was stirred at 10 °C
for 20 min. 2-Propanol (113 mL) (previously bubbled by N2) was added at 0 °C and then
the mixture was stirred at RT for 10 min. 3-iodo-4, 4-dimethoxytetrahydro-2H-pyran
(Preparation X1) (7.5 g, 27.6 mmol). in THF was added dropwise and the mixture was
heated at 60 °C overnight. The reaction mixture was cooled in ice bath, added 1.0 HCI
15  until acidic and stirred for 10 min. Concentrated in vacuum. Extracted with EtOAc and
the organic layer was washed with brine and concentrated. The residue was purified by
column chromatography on silica gel to give 3-(3,5-difluorophenyl)dihydro-2H-pyran-
4(3H)-one (1.6 g, 7.54 mmol, 27.4 % yield). "H NMR (500 MHz, CDCL) & ppm 6.78
(dd, J=8.24,2.14 Hz, 2 H) 6.62 - 6.75 (m, 1 H) 4.21 (dd, J=11.44, 5.65 Hz, 2 H) 3.85 -
20  4.01 (m,2 H) 3.76 (dd, J=8.55, 6.10 Hz, 1 H) 2.60 - 2.75 (m, 1 H) 2.48 - 2.60 (m, 1 H)

Intermediate X(3)
8-(3,5-difluorophenyl)-7,8-dihydropyrano[3,4-¢][ 1,3 Joxazine-2,4(3H,5H)-dione

25 The mixture of 3-(3, 5-difluorophenyl) dihydro-2H-pyran-4(3H)-one (Preparation
X2) (800 mg, 3.77 mmol) and carbonisocyanatidic chloride (557 mg, 5.28 mmol) was
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20 Internediate Z(3)

8-(4-(trifluoronethyl)phenyl)-7, 8-di hydropyrano[ 3, 4-¢e][1, 3] oxazine-2,4(3H,5
H) - di one WO 2023103297 PCT/US2012/022665
3-(4-(trifluoronethyl)phenyl)di hydro-2H pyran-4(3H)-one (Internediate Z(2))
was reacted as described in Internediate X(3) with carboni socyanatidic
chloride to give

58-(4-(trifluoronethyl)phenyl)-7, 8-di hydropyrano[3 4- e] [ 1, 3] oxazi ne- 2, 4( 3H,

5H) - dlone(lnt r medi 3 o m9 47 (br. s.,
Ty 7ng hepleda TR Bt 35 o Mhnd R f =g T e ARG, 1 1y
4.( 4)2 - 4. 57coored td R P4rtifidn betdecdE O ard fturded Nall00; s@ution] Efractdll witier medi at e
Z(4 . ) . ) . .
8- (4- (trif1HOVSHet WPPy bridRyayRehorgity ygs 1R Bytah it PEnurBst 0¥ di ne- 2, 4( 3H
, 5H) - di onenfsblydnd concentrated. The crude product was purified by column chromatography on
5  silica gel to give 8-(3,5-difluorophenyl)-7,8-dihydropyrano[3,4-¢][ 1,3 Joxazine-

2,4(3H,5H)-dione (230 mg, 0.818 mmol, 21.69 % yield). LC-MS (M+H) =282.0. 'H

NMR (500 MHz, CDCls) 8 ppm 8.94 (br, s., 1 H) 6.85 - 7.01 (m, 2 H) 6.81 (tt, J=8.81,

2.17 Hz, 1 H) 4.70 (d, J=15.56 Hz, 1 H) 4.49 (dd, J=15.56, 2.14 Hz, 1 H) 4.03 - 4.12 (m,

2 H)3.68 (br. s., 1 H)

10
Intermediate X(4)
8-(3,5-difluorophenyl)-7,8-dihydro- 1H-pyrano[4,3-d]pyrimidine-2,4(3H,5H)-dione
O
‘88
F F

The mixture of 8-(3,5-difluorophenyl)-7,8-dihydropyrano[3,4-¢][1,3]oxazine-
15  2,4(3H,5H)-dione (Preparation X3)(230 mg, 0.818 mmol) and ammonium hydroxide
(2229 uL, 57.3 mmol) in a sealed bottle was heated at 80 °C for 4 h. Blowed by N2
overnight to get 8-(3,5-difluorophenyl)-7,8-dihydro-1H-pyrano[4,3-d]pyrimidine-
2,4(3H,5H)-dione (191 mg, 0.682 mmol, 83 % yield) which was used as is.
LC-MS (M+H)" =281.1.
20
Preparation X
2,4-dichloro-8-(3,5-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d [pyrimidine
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ON H CF3
8-(4-(trifluoronethyl)phenyl)-7, 8-di hydropyrano[ 3, 4-¢e][1, 3] oxazine-2,4(3H,5
H) - 15di owe 20ixmoenedi ate Z(3)) was reacted as descri be@Cirruskomoeivedli at e
X(4) with anmmoni um hydroxide to give
8-(4-(trifluoronethyl)phenyl)-7, 8-di hydro- 1H pyrano[ 4, 3-

d] pyri m di ne-2,4(3H,5H)-dione (Internediate Z(4)). LCGMs (MH + = 313. 1.
Preparation Z _ _

202, 4-di chi o 0- & (4 (L fr5 4R RN RPN By B B, DI S el 4 3- T py
8- (4- (trifluguorsethiydn:phemyddiaté X840 1oy did 6 bRE piioanal #081A]1 pog Lmizdisse2, 4( 3H,

5H)-dione (Internediate Z was reacted as described i Preparati on X
WH% h POC1 3(1f16103i ipd microwave( \ﬂl;l)was heated by microwave at 100 °C for 2.5 h. T{le r%%(ture

2, 4-di chl orgasGrolfd Gh fidef ésugﬁgﬁﬁéefw&s)tﬂé]@ﬂy&)racze&wﬁi PYONQx D by wasabdt, 3-
5d] pyri m di ne (Preparation LC- M5 (W = 9.1. Preparation Za

- : . ( MHH) + 34
2- chi or o* N-Vidh bie. ér_le(dzp-veltlﬂ%zﬁbw}dme%grﬁty%thWdeprOwawmfléeﬂsw pyrano [4,3
-d] pyrim digimdtcRhREerk on silica gel to give 2,4-dichloro-8~(3,5-difluorophenyl)-7,8-

dihydro-5H-pyrano[4,3-d]pyrimidine (117 mg, 0.369 mmol, 54.1 % yield).
LC-MS (M+H)"=317.1. '"H NMR (400 MHz, CDCls) § ppm 6.66 - 6.91 (m, 3 H) 4.87
-5.01 (m, 1H)4.70 -4.83 (m, 1 H) 4.13 -4.27 (m, 2 H) 4.10 (t, J=4.03 Hz, 1 H)

10
Preparation Xa
2-chloro-8-(3,5-difluorophenyl)-N-ethyl-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidin-4-
amine
15 The mixture of ethanamine (406 uL, 0.812 mmol), 2,4-dichloro-8-(3,5-

difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine (Preparation X)(117 mg, 0.369
mmol) and DIEA (161 pL, 0.922 mmol) in THF (1845 uL) was stirred at RT for 2 h. The
mixture was concentrated and purified by column chromatography on silica gel to give 2-
chloro-8-(3, 5-difluorophenyl)-N-ethyl-7, 8-dihydro-5H-pyrano [4, 3-d] pyrimidin-4-

20  amine (104 mg, 0.319 mmol, 87 % yield). LC-MS (M+H)" = 326.1.

Preparation Y

2,4-dichloro-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d [pyrimidine
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10CF3

2,4-dichloro-8-(4-(trifluoronethyl)phenyl)-7, 8-di hydro-5H pyrano[ 4, 3-

d] pyri m dvoeo(2Anaar ati on Z) was reacted as described i RCPrSpararicoh Xa

wi th ethanam ne to give

2-chl oro-N-ethyl -8-(4-(trifluoronethyl)phenyl)-7, 8-di hydro-5H pyrano[ 4, 3-
d] pyri mdin-4-amne (Preparation Za). LCM5 (MrH) + = 358.1. 15 Preparation
Zb

2-chl oro-N-met hyl -8-(4-(trifluoromethyl ?phenyl) -7, 8-di hydr o- 5H pyr ano[ 4, 3-
dlpyrimdin-4-amine NH CF3 ¢
2,4-dichloro-8-(4-(trifluoronethyl)pheayt>4g, 8- di hydr o- 5H pyrano] 4, 3-
d] pyri mdine (Preparation Z) was reagr\\ed as)described in Preparation Xa
wi th nmet hanam ne to give C” N
2-chl oro-N-met hy1-8-(4-(trifluoromethyl);g
pyrano[ 4, 3-d] pyri m di n-4-am ne (Preparat
Preparation Zc F
2-chloro-N-((R)-1-cycl opropyl ethyl)-8-(4-Ftrifluoronethyl)phenyl)-7, 8-di hyd
ro- 5Hpyr ano[ 4, 3-d] pyri m di n-4-am ne 10CF3
2, 4- di chl or o- 8- (lateyniqdiatq Yi@p onet hyl ) pheny1l) - 7, 8- di hydr o- 5H pyr ano[ 4, 3-
d] pyrimdine (Preparatipm ZyifeS . < Hdl_gg, g 1,4 Preparation Xa
with (R -1- cycl opropyl je)t@ﬁfgém ngﬁ&ag%ﬁ?(gggi ve ﬁM@ﬁ%héq
2-chl oro- N4R) - 1- cycl opr opyl et hyl ') - 8,(4-
(trifluoronethyl)phenyl)-7,8-di hydrqg-5
(Preparation Zc). LC-Ms (MHH) + = 38877
4- (2-chl oro-4- (et hyl am no) -7, 8-di ht cci)r 0- 5H pyrano[ 4, 3-d] pyri m di n- 8-yl ) benzo
nitrile

5 3.,4-difluorophenylboronic acid was reacted as described in Intermediate X(2) with

yl)-7,8-di hydro-5H 5
Zb). LC-M5 (MHH)+ = 344. 1.

3-i0do-4,4-dimethoxytetrahydro-2H-pyran (Intermediate X(1)) to give 3-(3.,4-

difluorophenyl)dihydro-2H-pyran-4(3H)-one (Intermediate Y(2)).

'H NMR (500 MHz, CDCl3) & ppm 7.03 - 7.22 (m, 2 H) 6.95 (ddd, J=6.33, 4.20, 1.98

Hz, 1 H)4.17 - 4.32 (m, 2 H) 3.96 (ddd, J=11.52, 9.84, 3.97 Hz, 1 H) 3.91 (dd, J=11.44,
10 9.00 Hz, 1 H) 3.77 (dd, J=8.85, 5.80 Hz, 1 H) 2.63 - 2.76 (m, 1 H) 2.49 - 2.62 (m, 1 H).

Intermediate Y(3)
8-(3,4-difluorophenyl)-7,8-dihydropyrano[3,4-¢][ 1,3 Joxazine-2,4(3H,5H)-dione

15 3-(3,4-difluorophenyl)dihydro-2H-pyran-4(3H)-one (Intermediate Y(2)) was
reacted as described in Intermediate X(3) with carbonisocyanatidic chloride to give 8-
(3,4-difluorophenyl)-7,8-dihydropyrano[3,4-e][1,3]oxazine-2,4(3H,5H)-dione
(Intermediate Y(3)). LC-MS (M+H)" =282.1. '"H NMR (500 MHz, CDCl;) § ppm 7.08
-7.20 (m, 3 H) 4.67 (d, J=15.26 Hz, 1 H) 4.46 (dd, J=15.56, 2.14 Hz, 1 H) 3.98 - 4.10 (m,

20 2H)3.67 (br. s., 1H).
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LNH ON Internedi ate AA(2) 4-(4-oxotetrahydro-2H pyran-3-yl)benzonitrile ON
54- cyanophenyl boronic acid was reacted as described in Internediate X(2)

wi th 3- iwoaer/uw3ni net hoxyt et rahydr o- 2H pyran (I nt er nedip@TraSX{12)02266H gi ve
4- (4- oxot et rahydr o2H pyran- 3-yl ) benzonitrile (Internediate AA(2)). LC M5
(MtH) + = 202.1. 1H NWR (500 MHz, CDC13) 6 ppm 7.66 (d, J=8.24 Hz, 2 H) 7.38
(d, J=8.55 Hz, 2 H 4.23 - 4.31 (m 2 H 3.94- 402 (m 2 H 3.8 - 3.92
(m 1 H 2.55- 2.65(m 1 H 2.52 (t, J=5.80 Hz, 101 H). Internediate
AA(3) 4-(2,4-di oxo-2,3,4,5 ,7, 8-hexahydropyrano [3 ,4-e] [1,3 ]
oxazin-8-yl)b enzonitrile O ON

154- (4- oxot et r ahp@dinged2id pyn an- 3-yl ) benzonitrile (Internmedi ate AA(2)) was
react ed as degey L BB oropntnmh R B Lt ncth S s AR BN S BV PRRL G ot ori e
4- (2, 4-di oxo02, 3,4,5,7, 8- hexahydropyran@[S 4-e][ 1, 3] oxazi n-8-yl)benzonitrile
(I'nternedi ate AA(3)) LCGMs (MHH) + = .. 1H NMR (400 MHz, CDC13) 6 ppm
7.57 - 7.78 (m 2H) 7.41 - 751(hii\|2| @.61 - 4.75 (m 1H) 4.50 (dd,
J=15.49, 2.14 Hz, 1 H) 4.04 -4.20 (@ .78 (br. s., 1 H. Internediate
AA(4)

5 8-(3,4-difluorophenyl)-7,8-dihydropyrano[3,4-¢][ 1,3 Joxazine-2,4(3H,5H)-dione
(Intermediate Y(3)) was reacted as described in Intermediate X(4) with ammonium
hydroxide to give 8-(3,4-difluorophenyl)-7,8-dihydro-1H-pyrano[4,3-d]pyrimidine-
2,4(3H,5H)-dione (Intermediate Y(4)). LC-MS (M-H) =279.1.

10 Preparation Y
2,4-dichloro-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d [pyrimidine

2,4-dichloro-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d |pyrimidine
(Intermediate Y(4)) was reacted as described in Preparation X with POCls to give 2,4-
15  dichloro-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine (Preparation
Y). LC-MS (M+H)" =317.1.

Preparation Ya

2-chloro-8-(3,4-difluorophenyl)-N-ethyl-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidin-4-

20 amine
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54- (2, 4-di oxo- 2, 3, 4,5, 7, 8- hexahydr o- 1H pyrano[ 4, 3-d] pyri m di n- 8-yl ) benzoni t
rile 0O 0O NH ON 4-(2,4-dioxo-2,3 ,4,5,7, 8-hexahydropyrano [3 , 4-e]
[1, 3] oxawOre®/wb)benzonitrile (I nternedi ate AA(3)) wasPCeaS2@Ed/ 022565
described in Internediate X(4) with amoni um hydroxi de to give

4- (2, 4-di oxo-2,3,4,5,7, 8-hexahydro-1H pyrano [4,3 -d] pyrimdin-8- 10
yl)benzonitrile (Internediate AA(4)). LCM5S (MH+ = 270.2. Preparation AA
4- (2, 4-di chl oro-7, 8-di hydr o- 5H pyrano[ 4, 3-d] pyri m di n-8-yl )benzonitrile C
ON

154- (2, 4-di oxo- 2, 3,4, 5,7, 8-hexahydr oLlH— pyrano[ 4, 3-d] pyri m di n- 8-yl ) benzoni
trile (Internmediate AA(4)) was reactediHas described in Preparation X with
POC13 to give 4- _

(2, 4-di chl oro-7, 8-di hydr o- 5H pyr ano[:é, 3k d] pyri m di n-8-yl)benzonitrile
(Preparation AA). LCGM5 (MHH) + = S Preparati on AAa

4-(2-chl oro-4-(ethyl am no) -7, 8-di hydro- 5k pyrano[ 4, 3-d] pyri m di n- 8-yl ) benzo
nitrile LNH

F

2,4-dichloro-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d |pyrimidine
(Preparation Y) was reacted as described in Preparation Xa with ethanamine to give 2-
chloro-8-(3,4-difluorophenyl)-N-ethyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine
5  (Preparation Ya). LC-MS (M+H) =326.1.

Preparation Yb
2-chloro-4-(3,3-difluoroazetidin-1-y1)-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-
d]pyrimidine

2,4-dichloro-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidine
(Preparation Y) was reacted as described in Preparation Xa with 3,3-difluoroazetidine,
HCl1 to give 2-chloro-4-(3,3-difluoroazetidin-1-yl)-8-(3,4-difluorophenyl)-7,8-dihydro-
SH-pyrano[4,3-d]pyrimidine (Preparation Yb). LC-MS (M+H)" =374.1.
15
Preparation Yc
2-chloro-8-(3,4-difluorophenyl)-N-methyl-7,8-dihydro-SH-pyrano[4,3-d]pyrimidin-4-

amine
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2

4- (2, 4-di chl oro-7, 8-di hydr o-5H pyrano[ 4, 3-d] pyri m di n-8-yl )benzonitrile

(Preparation AA) was reacted as described in Preparation Xa wth ethanam ne
to give 4wW0 2012/103297 PCT/US2012/022665

(2-chl oro-4- (et hyl am no) - 7, 8- di hydr o- 5H pyr ano[ 4, 3-d] pyri m di n- 8-yl ) benzoni
trile 5 (Preparation AAa). LCGMS (MrH)+ = 315.1. Preparation AB
2,4-dichloro-8-(4-(trifluoronethoxy)phenyl)-7, 8-di hydro-5H pyrano [4, 3
-d]pyrimdine C OCF3 OCF3 The procedure of Internediate X(2) was utilized
with 4- 15(trifluoronet hoxy)phenyl boronic acid to obtain

3-(4-(trifluoronet hoxy)phenyl ) di hydr ONH2 H- pyran-4(3H)-one. 1H NWVR (400 MHz,
CDC13) 6 ppm 7.29 (2 H, d, 705Hzr3,7 %-725(2H m, 4.23 - 4.32 (2
H m, 3.91 - 4.04 (2 H m, 3.84 (1 Hldd J=8.81, 6.30 Hz), 2.66 - 2.77
(1H nm, 2.56 - 2.63 (1 H m |r€n e AB(3)
8-(4-(trifluoronethoxy)phenyl)-7,8-di hydrQpyrano [3,4-e] [1,3 ] oxazine-2,4
(3 H 5H) -dione O OCF3

F

2,4-dichloro-8-(3,4-difluorophenyl)-7,8-dihydro-5H-pyrano[4,3-d |pyrimidine
(Preparation Y) was reacted as described in Preparation Xa with methanamine to give 2-
chloro-8-(3,4-difluorophenyl)-N-methyl-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine
5  (Preparation Yc). LC-MS (M+H) =312.3.

Preparation Z
2,4-dichloro-8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-5H-pyrano[4,3-d Jpyrimidine
Cl
N* O

Py

Cl N

CF;

10 Intermediate Z(2)
3-(4-(trifluoromethyl)phenyl)dihydro-2H-pyran-4(3H)-one

CF
o 3

(@)
4-(trifluoromethyl)phenylboronic acid was reacted as described in Intermediate
X(2) with 3-i0do-4,4-dimethoxytetrahydro-2H-pyran (Intermediate X(1)) to give 3-(4-
15  (trifluoromethyl)phenyl)dihydro-2H-pyran-4(3H)-one (Intermediate Z(2)).
'H NMR (500 MHz, CDCl3) & ppm 7.61 (m, J=8.24 Hz, 2 H) 7.37 (m, J=7.93 Hz, 2 H)
4.26 (dd, J=11.44, 595 Hz, 2 H) 3.93 - 4.05 (m, 2 H) 3.82 - 3.93 (m, 1 H) 2.64 - 2.81 (m,
1 H)2.49 - 2.64 (m, 1 H)

20 Intermediate Z(3)

139



5The procedure of Internediate X(3) was utilized to obtain 8-(4-
(trifluoronethoxy)phenyl)-7, 8-di hydropyrano[ 3, 4-e] [ 1, 3] oxazi ne-2, 4(3H,5H)-d
i one. 1HWORO(250829WHz, DMSO d6) 6 ppm 11.98 (1 H, s), 7PE2/US201R4022865 J=8. 55
Hz), 7.37 (2 H d, J=7.93 Hz), 4.45 - 4.51 (1 H m, 4.36 (1 H dd,
J=14.95, 2.14 Hz), 4.00 -4.08 (2 H m, 3.82 (1 H dd, J=10.68, 3.36 Hz).
10 Internmedi ate AB(4) 8-(4-(trifluoronethoxy)phenyl)-7,8-di hydro-1H pyrano
[4,3 -d] pyrimdine-2,4(3 H,5H) - dione OCF3 15The procedure of Internedi ate

X(4) was utiljzed to opbtain 8-(4-. . .

(et vor orbtd e phind- it atismimnesy did ploszing ARt R, a( 31 51

-dione. LGMs (MtH)+ = 329.0. Preparathon AB

2,4-dichloro-8-(4-(trifluoromethoxy) ﬁ nyl) - 7, 8- di hydr o- 5H pyrano[ 4, 3-d] pyr

imdine C OCF3 The procedtife eparation X was utilized to

obtain 2, 4-di chl or o- 8- (4- g

(trifluoronethoxy)phenyl)-7, 8-di hydor 0o- 5H- pyr ano[ 4, 3-d] pyri m di ne. LC- M5

(MtH) + = 5365.0. Preparati on ABa

2-chl oro- N-net hyl - 8- (4-(trifl uoronethox nyl) -7, 8-di hydro- 5H pyrano[ 4, 3-

d] pyri m di n-4-am ne oF
3

3-(4-(trifluoromethyl)phenyl)dihydro-2H-pyran-4(3H)-one (Intermediate Z(2))
was reacted as described in Intermediate X(3) with carbonisocyanatidic chloride to give
S 8-(4-(trifluoromethyl)phenyl)-7,8-dihydropyrano[3,4-e][1,3Joxazine-2,4(3H,5H)-dione
(Intermediate Z(3)).
'H NMR (500 MHz, CDCls) 8 ppm 9.47 (br. s., 1 H) 7.58 - 7.75 (m, 2 H) 7.42 - 7.55 (m,
2H)4.68 (d, J=15.56 Hz, 1 H) 4.42 - 4.57 (m, 1 H) 4.03 - 4.22 (m, 2 H) 3.79 (br. s., 1 H)

10 Intermediate Z(4)
8-(4-(trifluoromethyl)phenyl)-7,8-dihydro- 1H-pyrano[4,3-d]pyrimidine-2,4(3H,5H)-
dione
HN | 0]
o)\ N
H
CF3

8-(4-(trifluoromethyl)phenyl)-7,8-dihydropyrano[3,4-¢][ 1,3 ]oxazine-2,4(3H,5H)-
15  dione (Intermediate Z(3)) was reacted as described in Intermediate X(4) with ammonium
hydroxide to give 8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-1H-pyrano[4,3-
d]pyrimidine-2,4(3H,5H)-dione (Intermediate Z(4)). LC-MS (M-H) =313.1.

Preparation Z

20 2,4-dichloro-8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidine
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NH 100CF3 To a sol ution of
2,4-dichloro-8-(4-(trifluoronethoxy)phenyl)-7, 8-di hydro-5Hpyrano[ 4, 3-d] pyri
m di ne ( Aweparzmoszn AB) (80.7 ng, 0.221 mml) in MeOH (22TMSpi)22685 added
met hyl am ne (1000 [IL, 2.0 mmol) (2Min THF). The reaction was allowed to
stir overnight. Renoved the solvent and applied to silica gel, eluting with
an Et OAc/ Hex 15 gradient to afford

2-chl oro-N-nmet hyl-8-(4-(trifluoromethoxy)phenyl)-7, 8-di hydro- 5Hpyrano[ 4, 3-d
]pyrimdin-4-amne (69.8 ng, 0.194 mvol, 88 %yield).LCM (MH)+ = 360.0.
Preparati on ABb ci
202-chloro-4-((R)-3-fluoropyrrolidi nyEW
, 8-di hydro-5H pyrano [4,3 -d]pyrintggné
2,4-dichloro-8-(4-(trifluoronmethox¥)ph¥nyX)-7, 8-di hydro-5Hpyr anol 4, 3-d] pyri
m di ne (Preparation AB) (56.4 ng, 0.154 px
DI PEA (67.4 [IL, 0.386 mmol ), then solid | - 3-fl uoropyrrolidine, HClL
5(21.34 ng, 0.170 mmol ). The reaction wasyallowed to stir at rt. Renoved
the solvent and applied to silica gel. Elurgd with a EtO0Ac/Hex gradient to
afford the diasterioneric mxture

2- chl or 0- 4- ( ( R) -83«4f(trifbooymethrydiphetiyh-718-gihydrg-1{4pyrano 4.3 -dinyomediloxy ) pheny1) - 7, 8

- di hydro- ranol 4, 3- i.m.di.ne 6 ' o

yield).LC %@K}Hﬁh&loﬁleiﬁg&li‘[%ggggsgrggcit%dna lésc%bé]d?’l% P%E%ahor? R with

2, 4- Di chl orROGk phgvy L4516 ofp-8-# etrifmhyotredgipinaz D17, ddih@lro-SH-pyrano[4,3-
5  d]pyrimidine (Preparation Z). LC-MS (M+H)" = 349.1.

8- (4-(trifl uoromethoxy)phenyl)-7

Preparation Za

2-chloro-N-ethyl-8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-SH-pyrano[4,3-d]pyrimidin-

4-amine
LNH
N* | O
Cl)\\N
10 CF,
2,4-dichloro-8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-5H-pyrano[4,3-
d]pyrimidine (Preparation Z) was reacted as described in Preparation Xa with ethanamine
to give 2-chloro-N-ethyl-8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-5H-pyrano[4,3-
d]pyrimidin-4-amine (Preparation Za). LC-MS (M+H)" = 358.1.
15

Preparation Zb
2-chloro-N-methyl-8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-5H-pyrano[4,3-

d]pyrimidin-4-amine
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151 nternedi ate AC(1)

8- Phenyl-5, 6, 7, 8-t et rahydr o- 2H benzo[ e] [ 1, 3] oxazi ne-2, 4(31])-dione O A
sol uti on w0 2812pt08297| cycl ohexanone (1.500 g, 8.61 mmol) &0QW/US2012/022665

car boni socyanatidic chloride (0.966 nL, 12 nmmol) was stirred at 58 Cin a
hi gh- pressure vessel (75 nL) for 1 h. The tenperature was raised to 130C
and the reaction mxture was stirred for 2 h. After cooling to room
tenperature, the reaction mxture solidified. 5The solid residue was

di ssolved in ethyl acetate and washed with saturated aqueous solution of
sodi um bi carbonate. The organic | ayer Wes separated and the aqueous | ayer
was extracted twice wth ethyl acetatgs conbi ned organic extracts were
dried over anhydrous sodiumsulfate and |filTered. The sol vent was renoved
in vacuum and the oily residue mascpg?N rgd by col um chronmat ogr aphy on
silica gel to provide 8-phenyl-5,6,7, 8-
10t et r ahydr o- 2H benzo[ e] [ 1, 3] oxazi ne- 2, 4f
19.62 %yield) as white solid and
4a-pheny1-4a,5,6,7-tetrahydro-2H—benzo[e][C]_:é
ng, 3.04 mol, 35.3 %yield) as white solid.
8- pheny! - 5, 6, 7, &4 gihiaye{Oaihoanany iyl Bh-d0yasiepZed(3k) - di one. LC MBS
(MtH + = 15 244.1. 1H ka(i?oo N+t§y%%tf%§ 6.g%n18.65%£§g, br s), 7.22
-7.38 (3H, Hpyrimidpg (Breparatpn(Z)pyas fRactedapdesqriped in Prepaeation Xayith 2 39" - 2. 63 (2H,
?,842.( ;—a (]&)Ihkthgggﬁine t-b:g’kv?b gachl%r&N—rﬁetﬁ’yl—83(4J(trl'f|17u)orongeﬂg/f)phen%/1)97§8—éliiiﬁiro—'ﬁ{,— 1.52 -
4a- phenyl - 4vr8bt Fdipgtimidin dreuieHPrepetpel )1 LEH MSMiD- 2 34¢.31] ) - di one. LC- MBS
(MtH) + 20 = 244.1. 1H NWR (500 MHz, CDC13) 6 ppm 7.66 (1H, br s), 7.40 -
7.46 (2H, m, 7.29 - 7.39 (3H, m, 5.99 - 6.06 (1H, m, 2.37 (1H, ddd,
J=14.0, 3. 4Preparutiodedc 2.10 -2.29 (3H, m, 1.54 - 1.64 (1H, n), 1.21 - 1.36

556 Phenyl 5. 60 B TR Sy APBgOY S LB preyp gy & v

pyrano[4,3-d]pyrimidin-4-amine

r¥a

)-dione (415.0 ng, 1.689 mol,

3] oxazi ne2, 4(3H) -di one (746.4

HN J
NZ | o)

m/iQN
CF4

10
2,4-dichloro-8-(4-(trifluoromethyl)phenyl)-7,8-dihydro-5H-pyrano[4,3-
d]pyrimidine (Preparation Z) was reacted as described in Preparation Xa with (R)-1-
cyclopropylethanamine, HCI to give 2-chloro-N-((R)-1-cyclopropylethyl)-8-(4-
(trifluoromethyl)phenyl)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-4-amine
15  (Preparation Zc). LC-MS (M+H) =398.2.

Preparation AAa

4-(2-chloro-4-(ethylamino)-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidin-8-yl)benzonitrile
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A sol ution of

8- phenyl-5, 6, 7, 8-tetrahydr o- 2H benzo[ e] [ 1, 3] oxazi ne-2, 4(31])-dione (415.0
ng, 1. 706worei2108297concentrated anmoni um hydroxi de (35 RCT/UB2@2/00mmb5 was
stirred at 100 Cin a high-pressure vessel (75 nL) for 6 h. The fornmation
of white precipitate was observed during the heating. The LC/ M5 anal ysis
of the filtrate shows the presence of the product with the desired nass
(MtH) = 243.20. The solvent was renoved in vacuumto provide

8- phenyl-5, 6, 7, 8-t etrahydroqui nazol i ne-2, 4(1H, 31] ) -di one (435 ngy, 1.706
mmol, 100 %yield) as off-white solid. LCM5 (MtH) + = 243.2. 1H 5 NWR (500
MHz, DMSO - d6) 6 ppm 10.2 (2H, br. s.NH 7.34 (2H, t, J=7.5 Hz), 7.26 (1H,
t, J=7.3 Hz), 7.14 (2H, d, J=7.3 Hz), A.80 ng br. s.), 2.32 -2.43 (1H,
m, 2.15 (1H, ddd, J=16.9, 10.5, 6.1'\i—|z)| 1793 -2.04 (1H m, 1.67 - 1.75
(1H, m, 1.56 (1H, ddd, J=7.8, 5.2¢238 P&Y, 1.36 (1H dt, J=13.1, 2.7 Hz).
10 Preparation AC 2, 4-Di chl oro- 8- phenyl -5,i6, 7, 8-t et rahydr oqui nazol i ne Cl

A m xture of 8-phenyl-5,6,7,8-tetrahydro azol i ne-2, 4(1H, 31]) - di one
(233.1 ng, 0.962 mmol ), phosphorus oxychbag# de (2798 pL, 30 0 nmol) and

N, N- 15di nethyl aniline (933 [EL, 7.36 nmmoll, was heated at 110 C in a capped
vial overnight. The reaction m xture was poured into a beaker with ice and
the inside of thﬁteﬁﬁﬂﬁ&é@ﬁ(z\)essel was washed w th di chl oronethane. As soon
as the ice conpletely ne Co nt of the beaker was placed into a
separatory funnel The oréa@ Oéo?g%ﬁr%\ﬁgp’éré‘béryé)tb%zo%rget he aqueous | ayer was
extracted with dichl oronethane. The conbinegh 200rganic extracts were dried
over anhydrous sodi um sul fate and f§ @ The sol vent was renoved in
vacuum and the residue was purifie #eof unn chr onat ography on silica gel

83% as yellowoil. LC-MS (MrH) + =@79.1. 1H NVR (500 MHz, CDC13) 6 ppm
(71&8 (2 ) = 1-'5 6 ;Z%cya%o(%gn t?)]fgt?c ach \%gfs Iy g'clzled as descr1bc§?d5 in Interme%mte ng) w1tl;%) 4.23
i0do-4,4-dimethoxytetrahydro-2H-pyran (Intermediate X(1)) to give 4-(4-oxotetrahydro-
2H-pyran-3-yl)benzonitrile (Intermediate AA(2)). LC-MS (M+H)" =202.1. 'H NMR
(500 MHz, CDCIl3) 6 ppm 7.66 (d, J=8.24 Hz, 2 H) 7.38 (d, J=8.55 Hz, 2 H) 4.23 - 4.31
(m,2H)3.94-4.02 (m, 2 H) 3.85-3.92 (m, 1 H) 2.55 - 2.65 (m, 1 H) 2.52 (t, J=5.80 Hz,

10 1H).
Intermediate AA(3)
4-(2,4-diox0-2,3,4,5,7,8-hexahydropyrano[ 3,4-¢][ 1,3 Joxazin-8-yl)benzonitrile
O
HN | O
04]\0
CN
15 4-(4-oxotetrahydro-2H-pyran-3-yl)benzonitrile (Intermediate AA(2)) was reacted

as described in Intermediate X(3) with carbonisocyanatidic chloride to give 4-(2,4-dioxo-
2,3,4,5,7,8-hexahydropyrano[ 3,4-¢][ 1,3 ]oxazin-8-yl)benzonitrile (Intermediate AA(3)).
LC-MS (M+H) =271.1. 'H NMR (400 MHz, CDCls) & ppm 7.57 - 7.78 (m, 2 H) 7.41 -
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25(1H, m, 2.72 -2.82 (1H, m, 2.10 - 2.22 (1H m, 1.97 -2.06 (1H, m,
1.76 - 1.93 (2H, m. Preparation ACa

2- Chl or o-Woebtwio3d7 et hyl - 8- phenyl -5, 6, 7, 8-t et r ahydr oquipaaasker/0226asri ne To
a solution of 2,4-dichloro-8-phenyl-5,6,7,8-tetrahydroqui nazoline (53.9 ny,
0.193 mml ) in nethanol (1 nL) was added N nethyl et hanam ne (0.033 ni,
0.386 mml ). The reaction m xture was stirred at roomtenperature for 2 h.
The solvent was 5 renoved in vacuum and the residue was purified by colum
chronatogr 0 ca

2 chl or o-n ORGP AnTHE Tigh PR dAgh Y608 171549 &y A BAN4 20 Ph2 B ne
(42.9 nyg, Q3m§@rnmnﬂﬂ)72 9 @6y|eld) as colorless oil. LCGM (MtH) + = 302. 2.
1H NWR (500 MHz, CDC13) 6 ppm 7.25 (2H, t, J=7.5 Hz), 7.13 - 7.20 (1H, m,
7.01 (2H, d, J=7.3 Hz), 4.06 -4.14 (1H, m, 3.42 - 3.53 (2H, m, 3.05 (3H,
s), 2.56 - 2 74]£@hhmmieAR, 7 - 2 27 10(1H, m, 1 76 - 1.89 (2H m, 1.52 -
1.64 (1H reparatl

2-Chl or o 8- phé'n(yM @0@ ?/35 5Bt h@ﬁbfﬂf@ﬁﬁr%% 4.$dl pymswlrr-rﬁwﬂ)lawo’aﬁrﬂe

2, 4-di chl oro- 8- phenyl -5, 6, 7, 8-t etrahydgoqui nazoline (51.9 ng, 0.186 mmol),
ammoni um chloride (13.0 ng, 0.243 mmol]] and zinc (130 ng, 1.988 mml) in
acetone (0.75 nL) and water (0.75 nHN ated at 90 Cwith stirring for
2 h. The reaction mxture was filt gh a short plug of diatomaceous
earth (Celitec)). The solvent was renoyed|in vacuum and the residue was
partitioned between 20 di chl or onet hane ter. The organic |ayer was
separated and the aqueous | ayer was extr d with dichl oronethane. The
conbi ned organic extracts were dried over Janhydrous magnesi um sul fate and
filtered. The solvent was renoved in vacufith and the residue was purified by

col um chromat ogr aph Vi 0= 85 n
5,6,7, 8- tetrahyg%@gh%naz%ﬁlhépggﬁsﬁw%d”%@ g@% P§ wgbgﬁnsJ%?%rl as white
solid. LG @PevBSdialdtAD®B)wad4éacted ai&bsbﬂmd(lﬁﬁﬁerfvhﬂlatew@l@ﬁh gmppmu@. 39 (1H,
s), 7.27 ( 2hH droxide‘]to glve 4-(2,4-diox0-2,3,4,5,7,8-hexahydro-1H-pyrano[4,3-d]pyrimidin-8-

10  yl)benzonitrile (Intermediate AA(4)). LC-MS (M-H)" =270.2.

Preparation AA
4-(2,4-dichloro-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-8-yl)benzonitrile
Cl
N* O

Py

Cl N

CN
15 4-(2,4-diox0-2,3,4,5,7,8-hexahydro-1H-pyrano[4,3-d]pyrimidin-8-yl)benzonitrile
(Intermediate AA(4)) was reacted as described in Preparation X with POCls to give 4-
(2,4-dichloro-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidin-8-yl)benzonitrile (Preparation
AA). LC-MS (M+H)" =306.1.

20  Preparation AAa
4-(2-chloro-4-(ethylamino)-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidin-8-yl)benzonitrile
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Hz), 7.16 - 7.23 (1H, m, 6.95 (2H, d, J=7.3 Hz), 4.21 (1H t, J=6.0 Hz),
2.72 -2.91 (2H, m, 2.14 - 2.26 (1H, m, 1.95 -2.06 (1H, m, 1.81 - 1.93
(1H, nm, WO2012/1032981 (1H, m). Preparation AD PCT/US2012/022665

52, 4-di chl or o- 8- (4-fl uorophenyl)-5, 6, 7, 8-t et rahydr oqui nazol i ne Cl

I nt er redi at e AD( 1)

8- Phenyl-5, 6, 7, 8-t et rahydr o- 2H benzo[ e] [ 1, 3] oxazi ne-2, 4(31])-dione 0 10F
2- (4-f 1l uorophenyl)cycl ohexanone and car boni socyanatidic chloride (0.966 niL,
12 mmol) was reacted as in Internediate AC(1) to provide

8- (4-fluorophenyl)-5, 6,7, 8- 12

t et rahydr o- 2H benzo[ e] [ 1, 3] oxazi ne- 2,

19.62 %yield) as white solid and
4a- (4-fl uorophenyl)-4a, 5,6, 7-tetrahy o|'H-
15benzo[ e] [ 1, 3] oxazi ne- 2, 4(31]) - di gre (7264 ng, 3.04 mml, 35.3 %yield)
as white solid.
8- (4-fluorophenyl)-5, 6,7, 8-tetrahydro-2 zo[e][1, 3] oxazi ne-2,4(31])-dion
e. LCGM5 (MFH) + = 262.1. 1H NMR (500 MHz DC13) 6 ppm 9.61 (1H, br s),
7.10 (2H, dd, J=5.0,8.5 Hz), 6.98 (2H, app t, J= 8.5 Hz), 3.77 (1H t, J=
4.9 Hz), 2.38 - 2.53 (2H, m, 202.16-2.07 (1H, m, 1.87 - 1.62 (3H, m.

| nt er medi at e AD(42]2,4-dichloro-7,8- dlhydro 5H-pyrano[4,3- d]pyr1m1d1n 8-yl)benzonitrile

8-(4-fluoro henyl&lgk6 7,8-te dr oqui hazol i ne- % H, 31] ) -di.one

A sol uti on GFePE@Eon AN FpbIsAL excTieeIng TERIFAIgR 4 Y Thap R BUTQYTf 3]

oxazi nez, 4(@%lm&lﬂqaﬁyl‘dﬂﬁloi/f@(‘cﬁﬁdrd -SHiphRns@INEHyRhidinng- ?F)B’Hﬁ%rﬁthﬁ: AC(2) to

provi de 8-(4- fluorophenyl 7,.8-t et rahydroqui nazol I ne- 2, 4( 1H, 3H) - di one.
LC- MBS ( MH_D(_Ere@aI?gQ_n éAa)S LC-MS (M+H) =315.1.

BH) - di one (415.0 ny, 1.689 mol,

Preparation AB
2,4-dichloro-8-(4-(trifluoromethoxy)phenyl)-7,8-dihydro-5SH-pyrano[4,3-d]pyrimidine
Cl
N 0
)l\ “
Cl N

OCF,
10
Intermediate AB(2)
3-(4-(trifluoromethoxy)phenyl)dihydro-2H-pyran-4(3H)-one

0]

OCF,
The procedure of Intermediate X(2) was utilized with 4-

15  (trifluoromethoxy)phenylboronic acid to obtain 3-(4-(trifluoromethoxy)phenyl)dihydro-
2H-pyran-4(3H)-one. 'H NMR (400 MHz, CDCls) 8 ppm 7.29 (2 H, d, J=7.05 Hz), 7.19
-7.25(2H, m),4.23-4.32(2H, m),3.91-4.04 (2H, m), 3.84 (1 H, dd, /=8.81, 6.30
Hz), 2.66 -2.77 (1 H, m), 2.56 - 2.63 (1 H, m)
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Preparation AD

2,4-di chl oro-8-(4-fl uorophenyl)-5, 6,7, 8-tetrahydroqui nazoline C F

A m xt ur ewof2012/103297 PCT/US2012/022665

8- (4-fluorophenyl)-5, 6, 7, 8-tetrahydroqui nazol i ne-2, 4(1H, 311) - di one 10was
reacted in the manner of Preparation AC to provide

2, 4-di chl oro-8-(4-fluorophenyl)- 5,6, 7, 8-tetrahydroqui nazol i ne, which was
not characterized at this step. Preparati on ADa

2- Chl oro-N-et hyl1-8-(4-fluorophenyl)-N nethyl-5,6,7, 8-tetrahydroqui nazolin-4
-amne ----- ,,,.- N 15F A sol ution of

2, 4-di chl or o- 8- (Ifhelfnllddcm@gbgr)yl) 5,6,7, 8- tetrahydroqui nazol i ne (115 ny,

0. 387 nmol ) grfixcess N- hIetE&amne 0332 3. 87 mmol |n MeOH (2
m) was sti % e 0r9%¥w§¥ﬁ@ﬂb¥ dreY Py RaOlaiHre] lﬁl%xa%m véhttadsdicBtoved in
vacuumto afford

2-chl oro- N-et hyl - 8- (4-fl uorophenyl) - N- | -5, 6,7, 8-tetrahydroqui nazolin-4
- amne (124 ng, 0.388 nmol, 100 %Eﬁ/\el ). oI_C-l\/B(l\/HrI—l)+ 320. 2.

Preparati on ADb

52- Chl or 0- 8- (4-fl uorophenyl) - N, N—d| met hyl 5,6, 7, 8-tetrahydroqui nazol i n-4-am
ine -..... N. -

OCF,
5 The procedure of Intermediate X(3) was utilized to obtain 8-(4-
(trifluoromethoxy)phenyl)-7,8-dihydropyrano[3,4-¢][1,3]oxazine-2,4(3H,5H)-dione.
'H NMR (500 MHz, DMSO-ds) & ppm 11.98 (1 H, s), 7.52 (2 H, d, J=8.55 Hz), 7.37 (2
H, d, J=7.93 Hz), 4.45 - 4.51 (1 H, m), 4.36 (1 H, dd, /=14.95, 2.14 Hz), 4.00 - 4.08 (2 H,
m), 3.82 (1 H, dd, /=10.68, 3.36 Hz).

10
Intermediate AB(4)
8-(4-(trifluoromethoxy)phenyl)-7,8-dihydro- 1H-pyrano[4,3-dpyrimidine-2,4(3H,5H)-
dione
HN | O
o)\N
H
OCF,
15 The procedure of Intermediate X(4) was utilized to obtain 8-(4-

(trifluoromethoxy)phenyl)-7,8-dihydro-1H-pyrano[4,3-d]pyrimidine-2,4(3H,5H)-dione.
LC-MS (M+H)" = 329.0.

Preparation AB
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F A sol ution of

2, 4-di chl oro-8-(4-fl uorophenyl)-5, 6,7, 8-tetrahydroqui nazoline (115 ny,

0. 387 mowd 2ardios29cess di net hyl am ne (1.935 nL, 3.87 muCxr/useoeide 1 i)
was stirred at roomtenperature for 1 h. The solvent was renoved in vacuum
to afford 2-

10chl or o- 8- (4-fl uor ophenyl) - N, N-di net hyl-5, 6, 7, 8-t et rahydr oqui nazol i n- 4- am
ne (118 ng, 0.386 mml, 100 %yield). LCM (MH)+ = 306.2. Preparation ADc

2-Chl oro-8-(4-fluoro 1)-5,6,7,8-1et oqui_nazol i pe, .15F . . A

T xture of oA SRS aptE) T Shely BB S By apShuidne of  ne
(115 ng, 0.387 mmol ), Amoni um chlorida(26.9 ng, 0.503 nmmol) and zinc (266
ng, 4.06 nmol) in acetone (1 nlL) and we 1.000 nL) was heated at 90 C
with stirring for 2 h. The reaction m was filtered through a short
plug of celite. The solvent was 20¢gpe€rpved i n vacuum and the residue was
partitioned between dichl oronethane and water. The organic | ayer was
separated and t he aqueous |ayer was extr d with dichloronmethane. The
conbi ned organic extracts were dri ed oveR.anhydrous magnesi um sul fate and
filtered. The solvent was renoved in vacu and the residue was purified by
col utm chronmat ography on silica gel to givé?®

2-c|h| org- g-(4-f|M|@5)mab<ﬁm¢/&f\)l\l;1r5paﬁati5nl&-\alasttﬂiglzahys((d)bﬁqm,ﬂdi:gllo%dﬂ&;(z(-ZO my, 0.076
mol , 19.67 %yie as. a ite solid LC + = . 2. Preparation AE
52, 4- di chl o@%ﬁl@rmﬂ#&w&ﬁ%%%vwﬁ@:%ﬁ-e}ﬁ%@[ ?eﬁ%,t%ﬂlﬁlé%gﬁwmwﬁi do [4,3

-d]pyrimdimgg ol Internediate AE(1l) Ethyl 2-cyano-2-phenyl acetate Et CQOC ON

Preparation ABa
2-chloro-N-methyl-8-(4-(trifluoromethoxy)phenyl)-7,8-dihydro-SH-pyrano[4,3-

d]pyrimidin-4-amine

NH
NZ | O
N
Cl N

To a solution of 2,4-dichloro-8-(4-(trifluoromethoxy)phenyl)-7,8-dihydro-5H-
pyrano[4,3-d]pyrimidine (Preparation AB) (80.7 mg, 0.221 mmol) in MeOH (2210 pL)
was added methylamine (1000 uL, 2.0 mmol) (2M in THF). The reaction was allowed to
stir overnight. Removed the solvent and applied to silica gel, eluting with an EtOAc/Hex

15  gradient to afford 2-chloro-N-methyl-8-(4-(trifluoromethoxy)phenyl)-7,8-dihydro-5H-
pyrano[4,3-d]pyrimidin-4-amine (69.8 mg, 0.194 mmol, 88 % yield).LC-MS (M+H) =
360.0.

Preparation ABb

20 2-chloro-4-((R)-3-fluoropyrrolidin-1-yl)-8-(4-(trifluoromethoxy)phenyl)-7,8-dihydro-5H-
pyrano[4,3-d]pyrimidine
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10To a solution of sodiumhydride (24.5 g, 1.02 nol) in THF was added
benzyl cyanide (50.0 g, 0.426 nol) at -10 C. The reaction m xture was
stirred fwo220B/18297at the sanme tenperature. D ethyl carlpomaiseo1e®266s g,
0.512 nol) was added to the reaction m xture and the reaction m xture was
allowed to cone to roomtenperature and heated to 40 C. (Caution: Reaction
w Il start suddenly and exotherm c). The heating path was 15 renoved

i mredi ately once the reaction was started and the reaction m xture was

cool ed under ice/acetone. The solution was allowed to cone to room
tenperature and stirred for 1 h. The ction mass was cooled to 0 C and
quenched wi th aqueous saturated amoni um chl oride and extracted with et hyl
acetate (250 nL x 3). The conbi ned org¢nic | ayer was washed with water (200
m.), brine solution (200 nL), dried ouer 20 anhydrous Na2SO4 and evapor at ed
under reduced pressure to give ethyl N2- - 2- phenyl acet ate as crude
conpound as crude conpound (71.0 gq\,|.)*|’ >r'ude conpound was taken to the
next step without further purification. LM (MtH)+ = 190.1. 1H NWVR (400
MHz, DMSO-d6) 6 ppm 7.45 (5H, m, 5.65 ( s), 4.18 (2H, m, 1.18 (3H t,
J= 7.2 Hz). 25 Internediate AE(2) et hyl~3~am no-2-phenyl propanoate Et QOC
NH2 To a solution of Intermediate AE(1) (25.0 g, 0.132 nol) in

met hanol was added pal | adi um on carbon (10%° w w) followed by

trifluoroacetic 1R @huidn Of 2/mdlchlo%l8m.nnﬂtlo@mem@m)p@ﬁpm@tdin@tro Ihe r eact ion
m xture was hydrogenated under 5 %en pressure for

reaction miREE BDYFFII‘C{“%-Pr(@EFPE“P(P%@ﬁ) @é|4l rf‘% Hed mapel) R HE (W'TS HLPret hanol

The filtratgaMageLYPEA @Y aqdu09des mhRBUGEHsdHIgRF U RoAPFH SR eRiidue was
neutralized with aqueous saturated bicarbonate sol ution. The aqueous

sol uti o’ waldlé4 mga@ f dymgobn Tae Feptiocier atlewgdtoatingt rty Removarhiae sdnait el
organi ¢ | ayghiues sWesbhqd EYMtéd%%iPa E{OA@H dérhﬁléﬂ%fib {200 thTld) asteHbESE OVer

anhydrous Na2SO4 and éevapor at ed under uced pressure to get crude
conmpound. Thixtue ggblo Bt)rﬁdlumybglrldmﬂefdl) piA-coflupemethexyppiea-aghy (Silica

G ve ot hyl b g P R LT Lo h
(M-H) + = 19816 rHl&WR (400 MHz, DMBO-d6): 6 ppm 7.42-7.2 (7H, m), 4.11

15(2H, 9. 4.09 (1H m, 3.44 (1H, ™), 3.09 (1H n), 1.15 (3H, t, J= 5.6
Hz) .

Preparation AC
2,4-Dichloro-8-phenyl-5,6,7,8-tetrahydroquinazoline
Cl
NP

P

Cl N

15 Intermediate AC(1)
8-Phenyl-5,6,7,8-tetrahydro-2 H-benzo[e][ 1,3 Joxazine-2,4(3 H)-dione
O
HN
0~ O
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I nternedi ate AE(3) ethyl 3-(3-ethoxy-3-oxopropyl am no)-2-phenyl propanoate 0
0 EEQOC NH 20To a solution of Internmediate AE(2) (10.0 g, 51 7 nmmmol ) in
et hanol wa® 2atd@e97et hyl acrylate (4.1 g, 40.9 nmol) at PCoarseaiempmeat ure.
The reaction mxture was stirred at the sane tenperature for 18 h. The

sol vent was evaporated under reduced pressure and the crude conpound was
purified by colum chromatography (Silica gel, 60-120 nmesh) using 50% et hyl
acetate in pet- ether as nobil e phase to give ethyl 3-(3-ethoxy-3-

25 | 8 |1 i sh oil
D R P hE " r SRR TR e T ok O R i D 90 Vem
?GJI-I:L ET.)4H’ | r?arboﬁlsg@aglaﬂtidXEdﬁzorld3 (66 rhH, 12Mhmold waOst{rdtdlat 59 SC . AdgH-glbsur®) , 1. 20
nter | at e
((3 et hoxVS%e”@édwofﬁs/ § ﬁhe&s@%&%ewm% ho) Cang efecHP B paESt e 0

1ML 00 wikslstirred for 2 h. After cooling to room temperature, the reaction mixture solidified.

S5 The solid residue was dissolved in ethyl acetate and washed with saturated aqueous
solution of sodium bicarbonate. The organic layer was separated and the aqueous layer
was extracted twice with ethyl acetate. The combined organic extracts were dried over
anhydrous sodium sulfate and filtered. The solvent was removed in vacuum and the oily
residue was purified by column chromatography on silica gel to provide 8-phenyl-5,6,7,8-

10 tetrahydro-2H-benzo[e][1,3]oxazine-2,4(3H)-dione (415.0 mg, 1.689 mmol, 19.62 %
yield) as white solid and 4a-phenyl-4a,5,6,7-tetrahydro-2H-benzo[e][ 1,3 Joxazine-
2,4(3H)-dione (746.4 mg, 3.04 mmol, 35.3 % yield) as white solid.

8-phenyl-5,6,7,8-tetrahydro-2H-benzo[e][ 1,3 Joxazine-2,4(3H)-dione. LC-MS (M+H)" =

15 244.1. "HNMR (500 MHz, CDCl;) & ppm 8.61 (1H, br s), 7.22 - 7.38 (3H, m), 7.09 -
7.19 (2H, m), 3.81 (1H, t, /=4.9 Hz), 2.39 - 2.63 (2H, m), 2.15 (1H, dddd, /=13.2, 9.8,
6.3,3.1 Hz), 1.84 - 1.96 (1H, m), 1.52 - 1.84 (2H, m).

4g-phenyl-4a,5,6,7-tetrahydro-2H-benzo[e][ 1,3 Joxazine-2,4(3H)-dione. LC-MS (M+H)"

20 =244.1. '"HNMR (500 MHz, CDCl3) & ppm 7.66 (1H, br s), 7.40 - 7.46 (2H, m), 7.29 -
7.39 (3H, m), 5.99 - 6.06 (1H, m), 2.37 (1H, ddd, J=14.0, 3.4, 3.1 Hz), 2.10 - 2.29 (3H,
m), 1.54 - 1.64 (1H, m), 1.21 - 1.36 (1H, m).

Intermediate AC(2)
25 8-Phenyl-5,6,7,8-tetrahydroquinazoline-2,4(1H,3 H)-dione
O
T

A solution of 8-phenyl-5,6,7,8-tetrahydro-2H-benzo[e][ 1,3 ]oxazine-2,4(3H)-dione
(415.0 mg, 1.706 mmol) in concentrated ammonium hydroxide (35 mL, 899 mmol) was

stirred at 100 °C in a high-pressure vessel (75 mL) for 6 h. The formation of white
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To a solution Internediate AE(3) (15.0 g, 511 mml) in acetone was added
K2C3 (8.4 g, 61.4 mmol) followed by p-nethoxybenzyl bromde (15.4 g, 76 7
nmol ) at woem2zwsyver at ure. The reaction m xture was heare/ustorobicex for 3
h. The sol vent was 10 renpved under reduced pressure and the residue was
diluted with water. The aqueous | ayer was extracted with ethyl acetate (100
X 3). The conbi ned organic |ayer was washed with brine solution (100 m.),
dri ed over anhydrous Na2SO4 and evaporated under reduced pressure to get

crude conpound.. The crude ¢ chr natography
(511 ca gl pogsioms shyErRE Mdss ERng i LEDTS et A ubE APas "o 1 &
15phase to @k pes@thyt thSproddt Q/ﬁth%ydeﬁrdﬂmﬁ @ﬂyH)%%m hmexsb&elztwa)sam no) - 2-
phenylpropanoate (12.1 q 60% as oily | g 8%2 = 414.2. 1H NWR
(400 MHz, CoEP%ydidgaguymte pwyidesphepyl-5.677, &éetra mqwazolale ((BAHonc s, 11
(4H, m, 4 @8s &%H 760 mm1, 960 %y‘bldms,off&vﬁﬂe s611dr| LdmIavidu P Husp, '8. 79 (1H d,
J= 4.0 : $2H m, 1.24 (6H, . 20

| nternecﬁ at]gMRgéggl\@zhp SO - d6)8ppm 102(2H br. s) 34 (2H, 1, J=7.5 Hz), 7.26 (1H,

1- (4- met hoxyheny -5 n a To a
cool ed solﬁ%lon %%p72?g%ﬁé%%ﬁ?iﬁ%k?§§%%%g#0§%?Bg95%@§n0$§f85%%ﬁg4%%?
25added t - BEOK9( B).5 6g, HH81.03 B4 §LH, Thel .6 Eat¥d Ohl, m)xt. o € Haddd, g€7.8r€8 at room
t enper at ur The.r, mass was quenched with water then
evaporatede%%gggéﬁng%(ﬁﬁﬁés?ﬁ%%ﬁged pressure. The residue was diluted with
wat er and extracted with ethyl acetate (100 nL x 2). The conbi ned organic

| ayer W?shed W 8 brine solution (100 L), dried over anhydrous Na2SO4
and evggira 5@”@%8% reduced pressure to get crude 5 conpound. The crude
conmpound was purified ky-Dehlondphemyiraioggy-aphlyyd(dGulnagaingel , 60- 120 mesh)
usi ng 25% et hyl acetate in pet-ether a%lnnblle phase to give ethyl 1-(4-

nmet hoxybenzyl) - 4- oxo- 5- phenyl pi peri di ng- 3- carboxylate (7.1 g, 67% as oily
liquid. LGM (MrH)+ = 368.2. 1H NVR 40P , CDC13): 6 ppm 7.26 (4H, m,
7.15 (2H, n), 6.88 (2H, n), 4.15 (2HJ qn 09 (3H, s), 3.82 (2H, m, 3. 66
(2H, m, 2.80 (3H m, 102.40 (lH Gy, M. (3H, m. Internedi ate AE(6)

6- (4- met hoxyb enzyl) - 8- phenyl-5 ,6,7, 8- ahydropyrido [4,3

-d] pyrimdine-2,4(1H, 3 H)-

A mixture of 8-phenyl-5,6,7,8-tetrahydroquinazoline-2,4(1H,3H)-dione (233.1
mg, 0.962 mmol), phosphorus oxychloride (2798 uL, 30.0 mmol) and N,N-

15  dimethylaniline (933 pL, 7.36 mmol) was heated at 110 °C in a capped vial overnight.
The reaction mixture was poured into a beaker with ice and the inside of the reaction
vessel was washed with dichloromethane. As soon as the ice completely melted, the
content of the beaker was placed into a separatory funnel. The organic layer was
separated and the aqueous layer was extracted with dichloromethane. The combined

20  organic extracts were dried over anhydrous sodium sulfate and filtered. The solvent was
removed in vacuum and the residue was purified by column chromatography on silica gel
to provide 2,4-dichloro-8-phenyl-5,6,7,8-tetrahydroquinazoline (320.3 mg, 83%) as
yellow oil. LC-MS (M+H) =279.1. "H NMR (500 MHz, CDCl;) 8 ppm 7.28 (2H, t,
J=7.5Hz), 7.19 - 7.24 (1H, m), 6.95 (2H, d, /=7.3 Hz), 4.23 (1H, t, J/=5.6 Hz), 2.82 - 2.92

25 (1H, m), 2.72 - 2.82 (1H, m), 2.10 - 2.22 (1H, m), 1.97 - 2.06 (1H, m), 1.76 - 1.93 (2H,

m).

Preparation ACa

2-Chloro-N-ethyl-N-methyl-8-phenyl-5,6,7,8-tetrahydroquinazolin-4-amine
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dione 0 15 ,PMB To a cool ed solution of Internmediate AE(5) (7.0 g,
19 0 mol) in ethanol was added t-BuOK (5.3 g, 47.6 mmol) followed by urea
(2.8 g, 4voeormmoBl97 The reaction m xture was heated at pefrfuszooe2683 h. The
reacti on mass was quenched with water and evaporated the sol vent under
reduced pressure. The residue was diluted with water and 20 extracted with
ethyl acetate (100 nL x 3). The conbi ned organic | ayer was washed w th
brine solution (100 nL), dried over Na2504 and evaporated under reduced
pressure to get crude conmpound. The cpuqa\conpound was purified by colum
chromat ography (Silica gel, 60-120 nesk) using 10% pet-ether in ethyl
acetate as nobile phase to give 6- N7
(4- met hoxybenzyl) - 8- phenyl-5,6,7,8-te opyrido[ 4, 3-d] pyri m di ne-2, 4( 1H
,3H)- 25 dione (4.0 g, 57% as pal €ye v'solid. LGMs (MHH)+ = 364.2. 1H
NVR (400 MHz, DMSO-d6): 6 ppm 11.05 (1H, s 10.60 (1H, s), 7.30 (5H, m,
6.99 (2H, m, 6.77 (2H, m, 3.72 (2H, m 57 (3H, s), 3.44 (1H, m, 3.34
(1H, m, 2.90 (1H, mM, 2.51 (2H, m. ation AE

Zal oot i di e oo ARLBKPERGKhIG R BIGIS o Orly Bk L LANAL R g0, 145

cat al yti c ahibfBnhmol) irDMEthﬁiorh(P@)L@as(az@edﬂlﬂme)thmmnhmme(@wﬁ r,nLe(f.B&@( for 10 h.

The excesslgkkf 3 S evqﬁorate 3pqer [ duceq1 eSUHE, ]he resi due was
. Ql). c reaction mixeyre was SUrre Q0 mperaturc-1or . ¢ solvent was .

poured in to c?us ed 7 Ce "And Sstitred for ety e agueous 4ot i on was

extract ed wetbveltihyhcuamendtle résiduenaspuldfied bitvelumondhirsredogagancilicaydr was

hed with t ed bri Ssol ut.i 100 nl),
irted over RavEa I eubor Rl Rtub P o beyedbpe g gl 0 ™)
2, 4-di chl ormag, 0.141 mmol, 72.9 % yield) as colorless oil. LC-MS (M+H)" =302.2. 'H NMR (500
58 T e 1 R LR
g ggm( gH3054.66134.%ﬁé(1(}15lz_1|8,63.424J'5353g@72H< %21831-05(@%5)8%56 41%2@(2@1,'@, 297.187-( %2H"7 9 rr§ 2H, m,
' 10 81’H, m), 1.76 - 1.89 (?1: m), 1.52 - 1.64 (1H, m), 1.24 (3H, t, J=7.2 Hz). ’ '

Preparation ACb
2-Chloro-8-phenyl-5,6,7,8-tetrahydroquinazoline
g
Cl)\\N
15 A mixture of 2,4-dichloro-8-phenyl-5,6,7,8-tetrahydroquinazoline (51.9 mg, 0.186

mmol), ammonium chloride (13.0 mg, 0.243 mmol) and zinc (130 mg, 1.988 mmol) in
acetone (0.75 mL) and water (0.75 mL) was heated at 90 °C with stirring for 2 h. The
reaction mixture was filtered through a short plug of diatomaceous earth (Celite®). The
solvent was removed in vacuum, and the residue was partitioned between

20  dichloromethane and water. The organic layer was separated and the aqueous layer was
extracted with dichloromethane. The combined organic extracts were dried over
anhydrous magnesium sulfate and filtered. The solvent was removed in vacuum and the
residue was purified by column chromatography on silica gel to give 2-chloro-8-phenyl-
5,6,7,8-tetrahydroquinazoline (24.1 mg, 0.097 mmol, 52.4 % yield) as white solid. LC-

25  MS (M+H)"=245.1. "H NMR (500 MHz, CDCl3) 8 ppm 8.39 (1H, 5), 7.27 (2H, t, J=7.6
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15 Preparation AEa

2-chl or o- 6- (4- net hoxybenzyl) - N- net hyl - 8- phenyl -5, 6, 7, 8-t etrahydropyri do[ 4, 3
- d] pyri mvoiznr40397ne HN To a sol ution of Preparation RET(US2@12822685 7 nmmol )
in acetonitrile was added 20dii sopropyl ethylamne (1.0 g, 8 3 nmol)

foll owed by addition of nethylam ne hydrochloride (0.28 g, 4.1 nmol) at
roomtenperature. The reaction mxture was stirred at roomtenperature for
18 h. The solvent was renpved under reduced pressure and the residue was

purified by co [ to (60- S % et etate in
bet - et her aggnggm&gggggot g&g{&@g P934, IBR 0, YR8 20 % A V) Bf

2- chl or o- 6-fft2mat hesy benay 1)05s Nowet(hy ImB1 BMenyB(1H, m), 1.71 - 1.81 (1H, m).
5,6,7,8-tetrahydropyrido[4, 3-d]pyrimdin-4-amne (0.8 g, 74% as off-white
solid. LCGMS (MtH) + = 395.2. 1H NWR (400 MHz, DVMsO-d6): 6 ppm 7.29 (4H, m,
7.16 (4H, prepHaBb 4B8H, M, 3.93 (1H, m, 3.73 (3H, s), 3.66 (2H, m, 3.57
(1H, m,_ 3.46 (1H, r? 3.23 élH m, 2.67 93H, d, J= 4.0 Hz), 2.51 (1H, m.
Pr epar aty on AEb ,4-dichloro-8-(4-fluorophenyl)-5,6,7,8-tetrahydroquinazoline

2- chl or o- N- et hyl - 6- (4- met hoxybenzyl) - 8¢phenyl -5, 6, 7, 8-t et r ahydr opyri do[ 4, 3-
d] pyri m di n-4-am ne HNJ 10To a sol ugliop. of Preparation AE (1.6 g, 4 O
nmml) in acetonitrile was added diis for gt hylamne (1.5 g, 12 0 mmol)
foll owed by addition of ethylam ne 0 ride (0.52 g, 6.0 mml) at room
tenperature. The reaction m xture was stirfed at the sane tenperature for
18 h. The solvent was renoved under redugé€dypressure and

Intermediate AD(1)
8-Phenyl-5,6,7,8-tetrahydro-2 H-benzo[e][ 1,3 Joxazine-2,4(3 H)-dione

10 F
2-(4-fluorophenyl)cyclohexanone and carbonisocyanatidic chloride (0.966 mL, 12

mmol) was reacted as in Intermediate AC(1) to provide 8-(4-fluorophenyl)-5,6,7,8-
tetrahydro-2H-benzo[e][ 1,3]oxazine-2,4(3H)-dione (415.0 mg, 1.689 mmol, 19.62 %
yield) as white solid and 4a-(4-fluorophenyl)-4a,5,6,7-tetrahydro-2 H-

15  benzo[e][1,3]oxazine-2,4(3H)-dione (746.4 mg, 3.04 mmol, 35.3 % yield) as white solid.

8-(4-fluorophenyl)-5,6,7,8-tetrahydro-2H-benzo[e][ 1,3 ]oxazine-2,4(3H)-dione. LC-MS

(M+H)" =262.1. "HNMR (500 MHz, CDCl3) & ppm 9.61 (1H, br s), 7.10 (2H, dd, J =

5.0,8.5 Hz), 6.98 (2H, app t, J=8.5 Hz), 3.77 (1H, t, /= 4.9 Hz), 2.38 - 2.53 (2H, m),
20 2.16-2.07 (1H, m), 1.87 - 1.62 (3H, m).

Intermediate AD(2)
8-(4-fluorophenyl)-5,6,7,8-tetrahydroquinazoline-2,4(1 4,3 H)-dione
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the residue was purified by colum chromat ography (60-120 nesh) using 30%
ethyl 15acetate in pet-ether as nobile phase to give

2- chl or o-Woebiyih3B7( 4- met hoxybenzyl) - 8- PCT/US2012/022665

phenyl -5, 6, 7, 8-tetrahydropyrido[ 4, 3-d] pyrimdin-4-anmine (0.9 g, 56% as
off-white solid. LCGMs (MH+ = 407.0. 1FINWR (400 MHz, DVMBO-d6): 6 ppm
7.31-7.12 (7H, m, 6.83-6.79 (2H, m, 4.47 (1H, bs), 4.06 (1H, m, 3.83
(3H, s), 3.66 (2H, m, 3.58 (2H, m, 3.44 (1H, m, 3.20 (1H m, 3.08 (1H,
m, 2.88 (1H, m, 1.25 (3H, d, J= 7.2 512). 20 Preparation AEc

2-chl oro- N, N-di met hy1l- 6- (4- net hoxybenzyl) - 8- phenyl -5, 6, 7, 8-t et rahydr opyri do
[4,3- d] pyrimdin-4-am ne Usi ng t kn’prpCegdure of Preparation AEb,
utilized dinmethylanm ne to produce 2-)\
chl oro- N, N-di et hy1l- 6- (4- net hoxyben‘%ylb\_{- 8-[phenyl -5, 6, 7, 8-t et rahydr opyri do[ 4

,3- d]lpyrimdin-4-amne 5 Preparation AF

2, 4-di chl or o- 6- net hyl - 8- phenyl -5, 6, 7, 8-t hydropyri do[ 4, 3-d] pyri m di ne Cl

I nternmedi ate AF(1) 10ethyl 3

#3- et hoxy- 3- oxopy apytioh (r8i(ryiud@phdng))-545, 1, d-tdtlabairep Hesdyit o @l RPaxwatee 0 O
2,4(3H)-dione was reacted in the manner of Intermediate AC(2) to provide 8-(4-
fluorophenyl)-5,6,7,8-tetrahydroquinazoline-2,4(1 H,3H)-dione. LC-MS (M+H)" =261.2.

Preparation AD
2,4-dichloro-8-(4-fluorophenyl)-5,6,7,8-tetrahydroquinazoline
Cl
N¥ |

PN

N

F
A mixture of 8-(4-fluorophenyl)-5,6,7,8-tetrahydroquinazoline-2,4(1H,3 H)-dione
10 was reacted in the manner of Preparation AC to provide 2,4-dichloro-8-(4-fluorophenyl)-

5,6,7,8-tetrahydroquinazoline, which was not characterized at this step.

Preparation ADa
2-Chloro-N-ethyl-8-(4-fluorophenyl)-N-methyl-5,6,7,8-tetrahydroquinazolin-4-amine

\N/\
N/
A
Cl N
15 F

A solution of 2,4-dichloro-8-(4-fluorophenyl)-5,6,7,8-tetrahydroquinazoline (115
mg, 0.387 mmol) and excess N-methylethanamine (0.332 mL, 3.87 mmol) in MeOH (2

mL) was stirred at room temperature for 30 min. The solvent was removed in vacuum to
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To a solution of Internediate AE(3) (4.0 g, 13.65 nmol) in acetone was
added K2CO3 (3.7 g, 27.3 mol) followed by nethyl iodide (2.3 g, 16 3 nmol)
at 0 C. TWe22eamsison m xture was stirred at room t enper @Cuns261002865H. The
sol vent was 15 renoved under reduced pressure and the residue was dil uted
with water. The aqueous | ayer was extracted with ethyl acetate (25 x 3).
The conbi ned organic | ayer was washed with brine solution (50 n.), dried
over anhydrous Na2SO4 and evapor at ed under reduced pressure to get crude

conpound. T e ri ied mm_chr omat ogr.aphy (Silica
gel, 60- 1zd£ﬁﬁiéfg@§1 ggﬂ%ﬁa?P éﬁ?@mgﬁ*ggb%égﬁ@VmﬁgmﬁﬁgL'g'ZOphase to
gi ve et hyl ﬁmﬁéazehﬁpayggn@xmpoopy}&ﬁpﬁm¢mws@M}Hﬁ}- 2ophenyl propanoate (0.9
g, 22% as oily liquid. LCGM5 (MrH)+ = 308.0. 1H NVR (400 MHz, DMBO-d): 6
ppm 7.33-7.26 (5H, m, 4.07-4.01 (44, m, 3.83 (1H, m, 3.07 (1H n,
2.69-2.52 (ﬁﬁ%aﬁmongpﬂ7-2.4l (3H, n) 2.21 (3H, s), 1.19-0.10 (6H m.
Internmedi ate AF(2) ethyl 1-neth 0X0 pheny pi peridi ne-3-car boxyl ate

Et 00C To a codrelfowot- (i’)r/ﬂwor&ﬁmﬂ%%vé%mm -8 OARY tpiralygroguigazopinglzamifig| ) " i n THF
was added 5t-BuCK (0.65 g, 5.86 mpl )~ Fhe reaction mxture was stirred at
roomtenperature for 2 h. The reaction nass was quenched with water then
evapor at ed the sol vent under reduced 3 The residue was diluted with
wat er and extracted with ethyl acetatk X 2). The conbi ned organic

| ayer was washed with brine sol uti dri ed over anhydrous Na2SO4
and evapor ated under reduced pressure to o crude conpound. The 10 crude
conmpound was purified by colum chromatography (Silica gel, 60-120 nesh)
using 10% ethyl acetate in pet-ether as nopile phase to give ethyl

1- net hyl- 4- oxo- 5- phenyl pi peri di ne- 3- carbd&ylate (7.1 g, 67% as oily

lliSEUirrgt h;l?lc . pge%;gﬁ“ﬁ?}:lé);%g’,%é“-%?hkir??h“ ? J@Fﬁ%ﬁ?b@?ﬁlr%‘ﬁ?a&%mfstlH, 3H) - di

one 0 mg, 0.387 mmol) and excess d1methylam1ne (1.935 mL, 3.87 mmol) in MeOH (1 mL)

was stirred at room temperature for 1 h. The solvent was removed in vacuum to afford 2-
10 chloro-8-(4-fluorophenyl)-N,N-dimethyl-5,6,7,8-tetrahydroquinazolin-4-amine (118 mg,
0.386 mmol, 100 % yield). LC-MS (M+H)" = 306.2.

Preparation ADc
2-Chloro-8-(4-fluorophenyl)-5,6,7,8-tetrahydroquinazoline
N ’d

Py

Cl N

15 F
A mixture of 2,4-dichloro-8-(4-fluorophenyl)-5,6,7,8-tetrahydroquinazoline (115

mg, 0.387 mmol), Ammonium chloride(26.9 mg, 0.503 mmol) and zinc (266 mg, 4.06
mmol) in acetone (1 mL) and water (1.000 mL) was heated at 90 °C with stirring for 2 h.
The reaction mixture was filtered through a short plug of celite. The solvent was

20  removed in vacuum, and the residue was partitioned between dichloromethane and water.
The organic layer was separated and the aqueous layer was extracted with
dichloromethane. The combined organic extracts were dried over anhydrous magnesium
sulfate and filtered. The solvent was removed in vacuum and the residue was purified by

column chromatography on silica gel to give 2-chloro-8-(4-fluorophenyl)-5,6,7,8-
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To a cool ed solution of Internediate AF(2) (4.5 g, 17 2 mmol ) in ethanol
was added t-BuX (4.8 g, 43.1 nmmol) followed by urea (2.58 g, 43.1 mmol).
The reactwonrorwmws2asre was heated at reflux for 24 h. ThePCeaszé10021685s was
guenched with water and 20 evaporated the sol vent under reduced pressure.
The residue was diluted with water and extracted with ethyl acetate (50 nL
x 3). The conbi ned organic |ayer was washed with brine solution (50 ni),
dri ed over Na2504 and evaporat ed under reduced pressure to get crude

conpound. The cr.ude. conpound ur i hro t hy (Silica
ol 80- 120 TSP OB me PRAR Bl Sk ROt NEREE: PE6ERe phase t
give 6- 25n@i-hy) =86phenyl -5,6,7, 8- tetrahydropyrldo [4,3

-d] pyrimdine-2,4(1H, 3H) -dione (2.5 g, 56% as pale yellow solid. LC M
(MrH) + = 258.2 1H NWR (400 MHz, DMSO-d6): 6 ppm 11.04 (1H, s), 10.56 (1H,
s), 7. 33'7ﬁ%%&5ﬂmg@ 3 73 (1H rﬁ 4.75 (1H, rﬁ 2.83 (1H, m, 2.78 (1H,
m, 2.68 (1 Pr epar ati_on

2, 4-di chi orozﬁ“d’ﬁhllo ﬁ(‘énﬁﬁéﬁxhemé’%g I?h%lyi“%?ﬂ &H?E%IUBVPYM‘M@JMTIBWW% di ne C
A solution of Internediate AF(3) (4.0 g, 15.56 mmol) and catal ytic anount
of DVMF in POC13 (20 vol.) was hea[;d at reflux for 10 h. The excess of
PCC13 was 10evaporated under redtced] pr The resi due was poured in to
crushed ice and stirred for 154 e’ aquegtisysol ution was extracted with
ethyl acetate (75 nL x 3). The COH%IH d organic|l ayer was washed wth
aqueous saturated NaHCO3 (50 nmL x 2)F bBrine solution (75 L), dried over
Na2SO4 and evapor at ed under reduced pressure to give 2, 4-

di chl oro- 6- met hy1l- 8- phenyl-5, 6,7, 8-tetrahydropyrido [4 3 -d] pyrimdine
(1.2 g, 27% as IierowdanAaBali d. LC M5 (N%FD+ = 294.0. Preparation AFa

2-chl oro- N, 6-di met hyl- 8- phenyl -5 dropyr|d0[4 3-d] pyrimdin-4-a
mne HN 20To a sol ution of PF@B@?' "3&3 QX §, 3 4 mmol) in
acetonitrile was added diisopropylembpb.acwe (1.3 g, 10 2 mol) foll owed by
addi tion of nethylam ne hydrochloride (0{34 g, 5.1 nmmmol) at room
tenperature. The reaction m xture was S red at roomtenperature for 18 h.
The sol vent was renoved under reduced gsure and the residue was purified
by col unm chromat ography (60-120 nesh) uSing 10% net hanol in

di chl or RiTBt hane @&s, J1RRb 6f %ﬂﬁlﬁﬁhgﬁdﬁdg (243 g, 1.02 mol) in THF was added benzyl
2-chl oro- N, 6-di met hyl- 8- phe

cyanide (50.0 g, 0.426 mol) at -10 °C. The reaction mixture was stirred for 15 min at the

same temperature. Diethyl carbonate (60.5 g, 0.512 mol) was added to the reaction
mixture and the reaction mixture was allowed to come to room temperature and heated to
40 °C. (Caution: Reaction will start suddenly and exothermic). The heating path was

15 removed immediately once the reaction was started and the reaction mixture was cooled
under ice/acetone. The solution was allowed to come to room temperature and stirred for
1 h. The reaction mass was cooled to 0 °C and quenched with aqueous saturated
ammonium chloride and extracted with ethyl acetate (250 mL x 3). The combined
organic layer was washed with water (200 mL), brine solution (200 mL), dried over

20 anhydrous Na,SO4 and evaporated under reduced pressure to give ethyl 2-cyano-2-
phenylacetate as crude compound as crude compound (71.0 g). The crude compound was
taken to the next step without further purification. LC-MS (M+H)" =190.1. '"H NMR
(400 MHz, DMSO-d6) 6 ppm 7.45 (5H, m), 5.65 (1H, s), 4.18 (2H, m), 1.18 (3H, t, J =
7.2 Hz).

25
Intermediate AE(2)
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tetrahydropyrido[ 4, 3-d] pyrimdin-4-amne (0.9 g, 91% as off-white solid.
LCM5 (MHH) + = 289.2. 5 Preparation AFb

2- chl or o-Woebtwi03B®7 et hyl - 8- phenyl -5, 6, 7, 8-t et r ahydr opy PCaajs4913/0edepy ri m di n
-4-am ne HNJ To a solution of Preparation AF (0.4 g, 1.36 mmol)
in acetonitrile was added diisopropyl ethylamne (0.52 g, 4 0 nrmol) fol |l owed
by addition of ethylam ne 10hydrochloride (0.16 g, 2.0 nmol) at room
tenperature. The reaction m xture was stirred at the sanme tenperature for
18 h. The solvent was renoved,u d ce ressure and the residue was
purified by colum chronatogFQﬁﬂgm?@ﬁ ‘gﬂTmﬁging 50% et hyl acetate in
pet-ether as nobile phase to give EtOOC NH,

2-chl oro- N-et hyl-6-nmet hyl- 8- phenyl -5, 6, [7, 8-
t et rahydropyrido[ 4, 3-d] pyri m di n-4-am (0.4 g, 97% as off-white solid.
LCGMs (M 15H)+ = 303.2. Preparation

2, 4-di chl oro-8-(4-fl uorophenyl) - 6- (4- net hoxybenzyl) -5, 6, 7, 8-t etrahydropyrid

0[ 4, 3- d] pyr i m digngofdiod Bf Intelrrﬂ&ﬁﬁtgﬁx@'(f’}t(@s MS(11328h8Y In methanol was added
2- cyano- 2- (4-fl uor ophenyl ) acet at e
palladium on carbon (10%, w/w) followed by trifluoroacetic acid (2.0 vol., 50 mL) at

5 room temperature. The reaction mixture was hydrogenated under 5 kg of hydrogen
pressure for 3 h. The reaction mixture was filtered through celite bed and washed with
methanol. The filtrate was evaporated under reduced pressure and the residue was
neutralized with aqueous saturated bicarbonate solution. The aqueous solution was
extracted with ethyl acetate (200 mL x 4). The combined organic layer was washed with

10 brine solution (200 mL), dried over anhydrous Na,SO, and evaporated under reduced
pressure to get crude compound. The crude compound was purified by column
chromatography (Silica gel, 60-120 mesh) using 10% methanol in dichloromethane as
mobile phase to give ethyl 3-amino-2-phenylpropanoate (17.0 g, 67%) as oily liquid.
LC-MS (M+H)" = 194.0. '"H NMR (400 MHz, DMSO-d6): 8 ppm 7.42-7.2 (7H, m), 4.11

15 (2H, m), 4.09 (1H, m), 3.44 (1H, m), 3.09 (1H, m), 1.15 (3H, t, J= 5.6 Hz).

Intermediate AE(3)
ethyl 3-(3-ethoxy-3-oxopropylamino)-2-phenylpropanoate

EtOOC )ﬁ
N

H

20 To a solution of Intermediate AE(2) (10.0 g, 51.7 mmol) in ethanol was added
ethyl acrylate (4.1 g, 40.9 mmol) at room temperature. The reaction mixture was stirred
at the same temperature for 18 h. The solvent was evaporated under reduced pressure and
the crude compound was purified by column chromatography (Silica gel, 60-120 mesh)
using 50% ethyl acetate in pet-ether as mobile phase to give ethyl 3-(3-ethoxy-3-

25  oxopropylamino)-2-phenylpropanoate (12.1 g, 80%) as yellowish oily liquid. LC-MS
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To a solution of sodiumhydride (4.2 g, 177 7 mol) in THF was added
4-fluoro phenyl acetonitrile (10 g, 74.0 nmol) at -10 C. The reaction

m xture waie 20t7108®d for 15 mn at the sanme tenperature. pPDrashyk/oemwehHonat e
(10.5 g, 88 0 nol) was added to the 5 reaction mxture and the reaction
m xture was allowed to conme to roomtenperature and heated to 40 C.
(Caution: Reaction will start suddenly and exotherm c). The heating path
was renoved i nmediately once the reaction was started and the reaction

m xture was _cool.ed under jce/acetone, The_sol ution s allowed tg conme to
room terrper@ﬁﬁ)e azﬁg stﬁlﬂh@%(‘fb Mz, r?Dqlr?eSP@a&%%ﬁHméa}M %’gé to 0 C

and quench @mg% 2149 (sAat My atadr@ampnibpmeighhori de and extracted with
et hyl acetggi % ? Trge co);rbl ngd (r)HriEanl E:(%I ay)(e)r was washed with water

(50 mL), bri ne sol ut| on (50 mL), dried over anhydrous Na2SO4 and evapor at ed
under reduced prlgé&ggdgdtggEQ5ve et hyl 2-cyano-2- (4-fluorophenyl)acetate as
crude conpound as crude conpound (10 g). The crude conpound was taken to

t he next5 step @ihyhb(i8-cthgky- ﬁ@lxomgwlﬂﬂmh%ybenz)@awq)f%nhﬁnylﬁomm@@ 2. 1H NWR
(400 MHz, CDC13) 6 ppm 7.44 (2H, m, 7.11 §2H, m, 4.69 (1H s), 4.27-4.22
(2H g, J= 7.2 Hz).1.26 (3H m a solution of Internediate
A1) (10.0 g, 40 O mmol) in acetic ac/\Ovﬂx% added pal | adi um on car bon
(10% ww) followed by H2SO4 (0.5 BPC roomtenperature. The
reaction m xture was hydrogenated under| 5 %\%Of hydr ogen pressure for 18 h.
The reaction mxture was filtered thr celite bed and washed with

nmet hanol . 25The filtrate was evaporat nder reduced pressure and the

resi due was neutralized with agueous saturated bicarbonate solution. The

aqueous sol uti oAk T@&hﬁ@aﬁé‘&ﬂ3ﬂ%bwg¢ 5 BE GIn@I Bin edQhas%adby-  The

conbi ned organic | ayer was washed w rine solution (100 m.), dried over

anhydr ous NaZS48.41860kd amﬁpwqﬁrmﬂm?@w@émbbr@m@ 8 et marolide
conpound. Tﬂasmq%a&@at&@mﬁwéqctwa%lwé s gatp GO, $RY PRl AYLARLY (Silica

gel, 60-120 ne usi ng 10% et hanol | oronet hane as nobi | e phase to
gi ve et Hyl BmoBahinde-radycad pmmmmﬁéwym@wwaﬁdatpéwqtbmteg Tisompeas oily

B Ay B0 WD P AL R0 22 (24
rr) 1. 20 ( 3HyitnprinelsntuepmedD atle, @& dyer anhydrous Na,SO4 and evaporated under

reduced pressure to get crude compound. The crude compound was purified by column

chromatography (Silica gel, 60-120 mesh) using 30% ethyl acetate in pet-ether as mobile

15  phase to give ethyl 3-((3-ethoxy-3-oxopropyl)(4-methoxybenzyl)amino)-2-

phenylpropanoate (12.1 g, 60%) as oily liquid. LC-MS (M+H)" =414.2. "H NMR (400

MHz, CDCls): & ppm 7.27 (5H, m), 7.13, (2H, m), 6.82 (2H, m), 4.11 (4H, m), 4.08 (3H,

s), 4.06 (1H, m), 3.81 (1H, d,/J=4.0Hz), 3.79 (1H, d, /J=4.0 Hz ), 3.25 (1H, m), 2.73

(3H, m), 2.43 (2H, m), 1.24 (6H, m).

20
Intermediate AE(5)
ethyl 1-(4-methoxybenzyl)-4-ox0-5-phenylpiperidine-3-carboxylate
EtOOC N PMB
O

To a cooled solution of Intermediate AE(4) (12.0 g, 29.0 mmol) in THF was

25  added +-BuOK (6.5 g, 58.0 mmol). The reaction mixture was stirred at room temperature
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10et hyl 3- (3- et hoxy- 3- oxopr opyl am no) - 2- (4-f | uorophenyl ) propanoate o 0
EtOC N H To a solution of Internediate AG2) (3.0 g, 14 O mol) in
et hanol wa® 2atd@soet hyl acrylate (1.7 g, 17.0 mmol) at PoDMSk@ERpe6as Ur €.
The reaction mxture was stirred at the sane tenperature for 18 h. The

sol vent was evaporated under reduced pressure and 15 the crude conpound was
purified by colum chromatography (Silica gel, 60-120 nmesh) using 50% et hyl
acetate in pet-ether as nobile phase to give et hyl 3-(3-ethoxy- 3-

oxopt 207 A0 S 1140, PUEIILPRIRST (2,508 S SR B S 1Ly

rT) , 7.03- 6redutef dessuf@ , Thé rds&ut 4»|’ds dilifted Qltﬂ%aﬁaﬂ-&ﬂd oractetl wid( dihll aBdtate 2. 89 ( 3H,

, 2.48 (2 1. 20( 6H, I nt er medi at
3 ((3-et hoxgyb%%r ) 999%@%%9@}5%%9? )Va%ah i G%ﬂmsqlvtt?ar(b?maw ) pr opanoa
te 0 "....drfed-oven anﬂydro@ N, §$O Land cPBrated under reduced pressure to get crude

5 compound. The crude compound was purified by column chromatography (Silica gel,
60-120 mesh) using 25% ethyl acetate in pet-ether as mobile phase to give ethyl 1-(4-
methoxybenzyl)-4-oxo-5-phenylpiperidine-3-carboxylate (7.1 g, 67%) as oily liquid.
LC-MS (M+H)" = 368.2. '"H NMR (400 MHz, CDCl:): & ppm 7.26 (4H, m), 7.15 (2H,
m), 6.88 (2H, m), 4.15 (2H, m), 4.09 (3H, s), 3.82 (2H, m), 3.66 (2H, m), 2.80 (3H, m),

10 2.40 (1H, m), 1.24 (3H, m).

Intermediate AE(6)
6-(4-methoxybenzyl)-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-d |pyrimidine-2,4(1H,3H)-
dione
O
-PMB
N | N
OA\N

15
To a cooled solution of Intermediate AE(5) (7.0 g, 19.0 mmol) in ethanol was

added -BuOK (5.3 g, 47.6 mmol) followed by urea (2.8 g, 47.6 mmol). The reaction
mixture was heated at reflux for 24 h. The reaction mass was quenched with water and
evaporated the solvent under reduced pressure. The residue was diluted with water and

20  extracted with ethyl acetate (100 mL x 3). The combined organic layer was washed with
brine solution (100 mL), dried over Na2SO4 and evaporated under reduced pressure to
get crude compound. The crude compound was purified by column chromatography
(Silica gel, 60-120 mesh) using 10% pet-ether in ethyl acetate as mobile phase to give 6-
(4-methoxybenzyl)-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-2,4(1H,3H)-

25 dione (4.0 g, 57%) as pale yellow solid. LC-MS (M+H)" =364.2. 'H NMR (400 MHz,
DMSO-d6): 6 ppm 11.05 (1H, s), 10.60 (1H, s), 7.30 (5H, m), 6.99 (2H, m), 6.77 (2H,
m), 3.72 (2H, m), 3.57 (3H, s), 3.44 (1H, m), 3.34 (1H, m), 2.90 (1H, m), 2.51 (2H, m).
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To a solution of Internediate A 3) (2.0 g, 6.42 mmol ) in acetone was added
K2CB (1.39 g, 9.6 mmol) foll owed by p-nethoxybenzyl bromde (1.68 g, 8.35
nmol ) at woem2zwsyver at ure. The reaction m xture was heare/ustorobicex for 3
h. The sol vent was 5 renoved under reduced pressure and the residue was
diluted with water. The aqueous | ayer was extracted with ethyl acetate (25
X 2). The conbi ned organic | ayer was washed with brine solution (25 nl),
dri ed over anhydrous Na2SO4 and evaporated under reduced pressure to get
crude conpoy nd. The rude conpound was purified by colum chromat ography
(Silica gel’ re%@”" sh) using 30%ethyl acetate in pet-ether as nobile
10phase to gi¥gicBloRyb- (ZBme(h()ﬁybeﬁi}ﬂDO&yh&yl- Qsomtﬁwiyhﬁoﬁymmmmﬁmhé ani no) - 2
-(4- fluorophenyl)propanoate (1.6 g, 60% as oily liquid. LCM (MtH) + =
432.2. 1H NMR (400 MHz, CDC13): 6 pm? 22 (2H, m, 7.09, (2H, nm), 6.95

(2H, m, 6.78 (2H, m 4.14 (4H w7 s), 3.77 (2H, m, 3.53 (2H,
m, 3.16 (1H, m, 2.79 (2H, m, /2%4 , 24 (6H, m. 15 Internedi ate
AG5) et hyl 0
5- (4-fluorophenyl)- 1-(4-net hoxybenzy rs4- oxopi peri di ne- 3-car boxyl ate Et QOC
N PMB To a cool ed solution of Inter ate AG4) (1.6 g, 3.71 nmml) in THF
was added 20 t-BuX (0.62 g, 5.56 mmobM). The reaction mxture was stirred
at room tenperatur for h c ched t ter then
evaporated the sofo\?/uetn f% eerPler%%tjAc%g)(% urnemoﬁlaed%g 53310\1/\1%\95“3)]\%?% ed with
wat er and eth(EHi(edvmh)tWasaehgfd ataefhbcefblel(xlﬂ5TheiexxesQ¢fPOlhlewaompmtddor gani c

| ayer was sol u dri d oV ous Na2SO™4
ot evapor aURH TS Presue o it S oo et e BB S LAY e
conmpound WebhePiduddub elutyn vealekitmavtaiicinaaliyd geapdiy?s (ol k B ar}gelombﬁl@d 120 nesh)

(421 | uor AN 8y £ 32~ AP LERE 1 DEBRPhor ok e SEGH TV at e (L. 0

g, 7(22/0 a? 1(QH()(b L, |Cﬁ11'éﬂ dver Iz.\@@@ and éMbbDafedma&Gec&cecﬂ{HeM td éﬁ)@z Mz!ﬁcm&DCl?») 6
ppm

3.80 ( 3W s§-4- %et??XY(OQWDr% pht‘ey155z6 Zﬁﬁ?trql?ydrowrg’e ﬁfiﬂ(pywldnze 49 % @9490 1 24

(3H, m. | %r%ﬂ?&ldatﬂ%: N ®h+H) = 400.0. 'H NMR (400 MHz, CDCls): 5 ppm 7.30,(3
108- (4-f 1 uorophenyl) - 6- ( 4- et hoxybenzyl) 5,6,7, 8-t etrahydropyrl doI4 3-d] pyr
i midine-  m), 7.26 (4H, m), 6.81 (2H, m), 420 (1H, m), 3.79 (2H, m), 3.72 (3H, s), 3.68 (2H, m),

3.57 (1H, m), 3.02 (1H, m), 2.98 (1H, m).

15  Preparation AEa
2-chloro-6-(4-methoxybenzyl)-N-methyl-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-

d]pyrimidin-4-amine

To a solution of Preparation AE (1.1 g, 2.7 mmol) in acetonitrile was added
20  diisopropylethylamine (1.0 g, 8.3 mmol) followed by addition of methylamine
hydrochloride (0.28 g, 4.1 mmol) at room temperature. The reaction mixture was stirred
at room temperature for 18 h. The solvent was removed under reduced pressure and the
residue was purified by column chromatography (60-120 mesh) using 30% ethyl acetate
in pet-ether as mobile phase to give 2-chloro-6-(4-methoxybenzyl)-N-methyl-8-phenyl-
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2,4(1H, 3H)-di one O To a cool ed solution of Internediate AG5) (1.0
g, 2.59 mmol ) in ethanol was added t-BuOK (0.436 g 3.89 nmmol) foll owed by
urea (0. 28082012/8389 nol ). The reaction 15 m xture was reatusdoian2zee$ | ux for
24 h. The reaction mass was quenched with water and evaporated the sol vent
under reduced pressure. The residue was diluted with water and extracted
with ethyl acetate (25 nL x 2). The conbi ned organic | ayer was washed with
bri ne solution (30 m_) dri ed over Na2504 and evaporat ed under reduced

Chr omat ogr oy (&1 4 BOBEl Byt ern g 2b% Web b WA e nyl

acetate as MBQM@I phase t gy givie 8o MHz DMSO d6): & ppm 7.29 (4H, m), 7. 16(4H
fl uorophenylg (4 met hoxybenzyl) - -tetra I)édro%;l do% 3-d] pyri mdi ne

2, 4(1H, 3H) -8 é&@ (¢'d. 1), é936§% Jad: 7%3% Syélﬁﬁcﬂ%ﬁs@} 37 ( 11%3314&/# =" 382, 2.

1H NMVR (4003 g‘\]/%—ﬂ(? d@]zp@ﬁ‘}ﬂz%zc’ﬁ(ﬁﬁ"in s), 10.60 (1H, s), 7.35 (2H,

m, 729(2H n% 4.05 (IHmM, 3.75 (3H, s),
3.53 (1H, m, 344(2H m, 288 25(1H m, 2.65 (2H, ). Preparation AG

2, 4-di chl orpreﬁ]’ﬁﬁmjh rophenyl) - 6- (4- met hoxybenzyl) -5, 6, 7, 8-t et rahydropyrid
0[43 d] pyri I ne A solution of Internediate A(6) (0.6 g, 1.57
mmol ) and cat al2ydhiago- almjhm%—(éfmethoxybenzyl)—&%—phenyl—S,6,7,8—tetrahydr0pyrid0[4,3—

d]pyrimidin-4-amine

HNJ
N/\©\(|)

10 To a solution of Preparation AE (1.6 g, 4.0 mmol) in acetonitrile was added
diisopropylethylamine (1.5 g, 12.0 mmol) followed by addition of ethylamine
hydrochloride (0.52 g, 6.0 mmol) at room temperature. The reaction mixture was stirred
at the same temperature for 18 h. The solvent was removed under reduced pressure and
the residue was purified by column chromatography (60-120 mesh) using 30% ethyl

15 acetate in pet-cther as mobile phase to give 2-chloro-N-ethyl-6-(4-methoxybenzyl)-8-
phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-amine (0.9 g, 56%) as off-white solid.
LC-MS (M-H)" = 407.0. "H NMR (400 MHz, DMSO-d6): & ppm 7.31-7.12 (7H, m),
6.83-6.79 (2H, m), 4.47 (1H, bs), 4.06 (1H, m), 3.83 (3H, s), 3.66 (2H, m), 3.58 (2H, m),
3.44 (1H, m), 3.20 (1H, m), 3.08 (1H, m), 2.88 (1H, m), 1.25 (3H, d, /= 7.2 Hz).

20  Preparation AEc

2-chloro-N,N-dimethyl-6-(4-methoxybenzyl)-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-
d]pyrimidin-4-amine

\N/

LI L
A
Cl N o
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5 DW in POC13 (20 vol.) was heated at reflux for 10 h. The excess of POC13
was evapor at ed under reduced pressure. The residue was poured in to crushed
i ce and sworpexhodzr 15 m n. The aqueous sol ution was exPcadiSed22michs et hyl
acetate (20 nL x 3). The conbi ned organic | ayer was washed wi th aqueous
saturated NaHCO3 (10 nL x 2), brine solution (10 nL), dried over anhydrous
Na2SO4 and evapor at ed under reduced pressure to 10give

2, 4-di chl oro- 8- (4-fl uorophenyl) - 6-(4-met hoxybenzyl)-5, 6, 7, 8-t et rahydropyrid
(F),£ gbgr a? } g%r lagaq}s?neg tflg pr%CSed%fe c)f P?e%ag‘[igr\lAQEg,%tilligéd C{Tr%etll\l/ﬁal(ml\r/llglzg groaucdéjf' 3

2- chl or 0- 8- diorb INyodaRRIBNE1 K-t dky BBREIGR YNGR 1) 7, Dkt dih by Bid 64 B, 8-

15t et rahydré)pyri-do[4, 3-d] pyri m di n-4-am ne HN To a sol ution of

Prepar at i on/RGIRing-gming. 39 ol ) in et hanol was added

di i sopropyl ethylam ne (0.62 g, 4.79 mmol) followed by nethylam ne

hydrochl oride 20(0.192 g, 2.87 mmol) at roomtenperature. The reaction

m xt ur e wast7p¥erendat room tenperature for 18 h. The sol vent was renoved
under reduced presgihigrofhetn)es Ryl et dpl B[P Y-G R n

chr omat ogr aphy (60?%23 Ofrn%sﬁ) E}ug?ngfy%&%?%y%cgg?a?oe[ ’?rﬁ%le?me% her as

mobi | e phase to give 2-chl oro- 8- (4-fl bropheny1l) - 6- (4- net hoxybenzyl) - N-

met hyl -5, 6, 7, 8-t et rahydropyri do[ 4, 3- pMyrdi n-4-am ne (0.408 g, 41% as
off-white solid. LCM5 (MtH) + = 413)(\1. MR (400 MHz, DVMBO-d6): 6 ppm
7.32 (1H, m, 7.24-7.20 (2H, m), TIT14N7.06 (4H, m), 6.82 (2H, m, 3.96 (1H,
m, 3.72 (3H, s), 3.67 (1H, m, 3.59 (1 , 3.50 (1H, m, 3.20 (1H m,
2.82 (3H, d, J= 4.0 Hz), 2.80 (1H, m,

Intermediate AF(1)
10 ethyl 3-((3-ethoxy-3-oxopropyl)(methyl)amino)-2-(4-fluorophenyl)propanoate
O
e
EtOOC

—=

To a solution of Intermediate AE(3) (4.0 g, 13.65 mmol) in acetone was added
K,COs3 (3.7 g, 27.3 mmol) followed by methyl iodide (2.3 g, 16.3 mmol) at
0 °C. The reaction mixture was stirred at room temperature for 2 h. The solvent was
15  removed under reduced pressure and the residue was diluted with water. The aqueous
layer was extracted with ethyl acetate (25 x 3). The combined organic layer was washed
with brine solution (50 mL), dried over anhydrous Na,SO, and evaporated under reduced
pressure to get crude compound. The crude compound was purified by column
chromatography (Silica gel, 60-120 mesh) using 40% ethyl acetate in pet-ether as mobile
20 phase to give ethyl 3-((3-ethoxy-3-oxopropyl)(methyl)amino)-2-phenylpropanoate (0.9 g,
22%) as oily liquid. LC-MS (M+H)" =308.0. 'H NMR (400 MHz, DMSO-d): & ppm
7.33-7.26 (SH, m), 4.07-4.01 (4H, m), 3.83 (1H, m), 3.07 (1H, m), 2.69-2.52 (2H, m),
2.47-2.41 (3H, m), 2.21 (3H, s), 1.19-0.10 (6H, m).
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Preparati on AG

2-chl oro-N-ethyl-8-(4-fluorophenyl)-6-(4-nmethoxybenzyl)-5,6,7,8-tetrahydrop
yrido[ 4, 3wodpyms2vrdi n-4-am ne H NJ 10 Cl To a eoraise@n/0ef66s
Preparation AG (1.0 g, 2.39 mmol) in nethanol was added

di i sopropyl ethylam ne (0.61 g, 4.79 mol) followed by ethylam ne

hydrochl oride (0.23 g, 2.86 mmol) at roomtenperature. The reaction m xture
was stirred at roomtenperature for 18 h. The sol vent was renoved under
reduced pr essurg and the é@il due 15 was purified by columm chronat ography
(60-120 mesh) udlM§d51e864’,t hyl acetate in pet-ether as mobile phase to

gi ve 2-chl oro- N-et hy 1-ciny( 4-rﬁétmf4Qthn[}‘lfbhy1§rpéI4dme 3-carboxylate

met hoxybenzyl)-5, 6, 7, 8-tetrahydro [ §80[4 -d] pyrimdin-4-am ne (0.54 g,
549% as off-white solid. LGMS (Mr 72. 1H NVR (400 MHz, DVBO-d6): 6
ppm 7.32 (1H, m, 7.30-7.19 (2H, m, .05 (4H, m, 6.80 (2H, m, 3.93
(1H, m, 3.71 (3H s), 3.68- 203.48 (8H 1M, 3.22 (1H, nm), 2.80 (1H m,
2.68 (1H, m, 1.15 (3H, m. PreparationAS
2-chl oro- N-et hy1- 8- (4 fl uor ophenyl) - 6- ( t hoxybenzyl ) - N-net hyl -5, 6, 7, 8-
t et rahydropyrido[ 4, 3-d] pyri m di n-4-am ne To a sol ution of

i i Sopr opy et hy i ssereq o oSt dalEM AR K 86 n THE wprgtdsd ne

(0. 20 g,5 3.4BuOK0.95 gts q6a0mml). éﬁipnawadtmn m1xtir1h@vas eamtd zmmomn tetmperetuwafer 8t i rred
o esoure am Phacieet e do o MRGE R R AR RETBIEP LR EREEE 2

mesh) usi ng)radaurBS%leteblylhe aeedifuted with \pzﬂérra(nﬂ extrcet] heth cas/1 naebitd @5 mﬁase to give

2-ch|oro-N— 18 4f|uor hen thox ben ,6,7,8-tet
r ahydr opyr| ﬁ rﬁél qr?ﬁnb‘i ﬁ%"'ﬁ% %@” nges %%1%%%1)118P'gﬁﬁ£ eé solid.

|; C;I_ ?-/57 ( (|\)/|; H% azhhydréds]N %SOJMd%&ﬁ&DqudM@eﬁ@)e to@emﬁﬂekoa@m?ngl g’élé g H5 6 1 (() g)H
m, 3.5 f@?ceginounﬂwasyurjﬁe{%wlmn C@O@@Ogrgwy (8ilica aels@ k’z)ﬂm Rusing 17 (3R,
t, J=7.0 H@% ethyIRC@RBapdtRhenobile phase to glve ethyl 1-methyl-4-0x0-5-

2-chl oro-4-(3,3-difluoroazetidin-1- f -fluoro henévl[) 6- (4- rret hoxybenzy

\‘
CIJO-h

1) -5, 6, 7, 8-Phenylpiperidigas spheTRS @, 2. &]7@% ‘Pﬁydi%@ =3 TH) =262.2
Intermediate AF(3)
15 6-methyl-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-2,4(1H,3H)-dione
O
a0
o N

To a cooled solution of Intermediate AF(2) (4.5 g, 17.2 mmol) in ethanol was
added -BuOK (4.8 g, 43.1 mmol) followed by urea (2.58 g, 43.1 mmol). The reaction
mixture was heated at reflux for 24 h. The reaction mass was quenched with water and

20 evaporated the solvent under reduced pressure. The residue was diluted with water and
extracted with ethyl acetate (50 mL x 3). The combined organic layer was washed with
brine solution (50 mL), dried over Na,SO, and evaporated under reduced pressure to get
crude compound. The crude compound was purified by column chromatography (Silica
gel, 60-120 mesh) using 10% methanol in dichloromethane as mobile phase to give 6-

25  methyl-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-2,4(1H,3H)-dione (2.5 g,
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N To a solution of Preparation AG (0.75 g, 1.79 mml) in nethanol
was added dii sopropylethylamne (0.58 g, 4.49 mmol) followed by

3, 3-di f | wwocaretddrne (0.25 g, 1.97 nmol) at room t enpePaTirse012/0kms6s eact i on
m xture was stirred at roomtenperature 20 for 18 h. The sol vent was
removed under reduced pressure and the residue was purified by colum
chromat ography (60-120 nesh) using 30% ethyl acetate in pet-ether as nobile
phase to give

2- chl or o- 4- 3- d|qu roazetidin 1 fl uorophenyl) - 6- (4-

met hoxybenz{ﬁ/y )48 pgle yeliow slidg §dww%orig§2d[]1 $E4O§iWé[Z(WéO§fl®2§8% as
off-white nulh 04— (M‘d‘@ ?57223 El 76409 75 288 ppm
7.25-7.10 ( @Xrﬂ@? r{g ( IM(vIge %m’,m @g@m, 4.07 (1H,
m, 3.80 (3<|J+H 31?2733@ 033,084y H 3232@(%%) m, 2.93 (1H, m, 2.80 (1H .
10 Preparation AH

2,4-di chl oro-8-(4-fl uorophenyl)-6-nethyl-5,6,7,8-tetrahydropyrido[4, 3-d] pyr
i mi di ne X Prepwretioredi at e AH(1) et hyl

3- (83 OetE[‘%SBé % %Pgl%ﬂB%'-é-ﬁl‘éﬂaEFﬁ&-BR&Q&P?,%ﬁYé-t)eﬁﬁﬂy'a@pyﬁd&[ﬁbfd']ﬁ&@i‘hﬁ&’iﬂ@”y' ) pr opanoa
cl

NZ N~

Py

Cl N

A solution of Intermediate AF(3) (4.0 g, 15.56 mmol) and catalytic amount of
DMEF in POCIs (20 vol.) was heated at reflux for 10 h. The excess of POCls; was
10 evaporated under reduced pressure. The residue was poured in to crushed ice and stirred
for 15 min. The aqueous solution was extracted with ethyl acetate (75 mL x 3). The
combined organic layer was washed with aqueous saturated NaHCO; (50 mL x 2), brine
solution (75 mL), dried over Na,SO, and evaporated under reduced pressure to give 2,4-
dichloro-6-methyl-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-dpyrimidine (1.2 g, 27%) as
15  brown solid. LC-MS (M+H)" = 294.0.

Preparation AFa
2-chloro-N,6-dimethyl-8-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-amine

HN”
N N7
PNy
Cl N
20 To a solution of Preparation AF (1.0 g, 3.4 mmol) in acetonitrile was added

diisopropylethylamine (1.3 g, 10.2 mmol) followed by addition of methylamine
hydrochloride (0.34 g, 5.1 mmol) at room temperature. The reaction mixture was stirred
at room temperature for 18 h. The solvent was removed under reduced pressure and the

residue was purified by column chromatography (60-120 mesh) using 10% methanol in

163



To a solution of Internediate A 3) (12.0 g, 38 5 nmol) in acetone was
added K2CO3 (6.38 g, 46.3 mmol) followed by nethyl iodide (6.5 g, 46.3
nmol ) at WOQGh12Te29reacti on m xture was stirred at room PerFESe@EROer6s or 2 h.
The sol vent was renoved under reduced pressure and the residue was diluted
with water. The aqueous | ayer was 20 extracted with ethyl acetate (50 x 3).
The conbi ned organic | ayer was washed with brine solution (75 nL), dried
over anhydrous Na2SO4 and evapor at ed under reduced pressure to get crude
conpound. The crude conp d wa Puri ro raphy (Silica
ol °80- 120 S afet Pk ey < et s o pBr EREM OB e phase o
give et hy'teﬁal{}fﬁﬁ)pﬁﬁdmydﬁvyﬁﬁﬁcﬂﬁﬂ%ﬁhﬁe(Gwém'l%aﬂ@ sevhde phi@nylcpmspanoate (6.0
g, 50% as oily.liquid. LCGMS (MrH)+ = 326.2. 1H NVR (400 MHz, CDC13): 6
ppm 7. 01 ( ﬁr(?),_ 988, (2H, m), 4.16-4.07 (4H, m), 3.77 (1H, m, 3.13 (1H,
t, J= 2.4 Hz) 2.75-2.51 (5H, m, 2.17 (3H, s), 1.26-1.19 (6H m. 5

I nternedi ate AH(2) ethyl

5-(4-fl ui)ropm%flﬁqn'iﬂhet hy1- 4- oxopi peri di ne- 3- carboxyl ate EtCOC N To a

cool ed sol utj. Qﬂo@fN Et‘ﬂ&leé Hﬁﬁlﬁfﬁg Eh&i‘?‘( 4 ), 7(BreRatdrobGrido[IHRM Py rinfidif HEani¥as added
10t-BuXX (4.1 g, e feaction mxture was stirred at room
tenperature for 2 h The reactl on massljgas quenched with water then
evaporated the sol vent under reduced, gressure. The residue was diluted with
wat er and extracted with ethyl acetatd (25 nL x 4). The conbi ned organic

| ayer was washed with brine soluti orN( i f dri ed over anhydrous Na2SO4
and evapor ated under reduced press get crude conpound. The 15 crude
conmpound was purified by colum clﬁjonﬁ'toraphy (Silica gel, 60-120 nesh)
using 20% et hyl acetate in pet-ether as | | e phase to give ethyl

5- (4-fluorophenyl)-1-net hyl- 4-oxopiper @- -3-carboxylate (3.0 g, 51% as
oily liquid. LCGM (MtH) + = 278.2. 1H NWR (400 MHz, DWVSO-d6): 6 ppm 7.35
(1H m, 7.15 (%,amumlol(zo@ﬁre%monrm (06 9356 3%%Olmn,ac@m%ﬂg%agamd .88 (1H,

m, 2.60 (1H, m, 1.08 (3H,
diisopropylethylamine (0.52 g, 4.0 mmol) followed by addltlon of ethylamlne

10 hydrochloride (0.16 g, 2.0 mmol) at room temperature. The reaction mixture was stirred
at the same temperature for 18 h. The solvent was removed under reduced pressure and
the residue was purified by column chromatography (60-120 mesh) using 50% ethyl
acetate in pet-cther as mobile phase to give 2-chloro-N-ethyl-6-methyl-8-phenyl-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidin-4-amine (0.4 g, 97%) as off-white solid. LC-MS (M-

15 H) =303.2.

Preparation AG
2,4-dichloro-8-(4-fluorophenyl)-6-(4-methoxybenzyl)-5,6,7,8-tetrahydropyrido[4,3-
d]pyrimidine
Cl

20 F

Intermediate AG(1)
ethyl 2-cyano-2-(4-fluorophenyl)acetate
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I nternedi ate AH(3) 8-(4-fluorophenyl)-6-nethyl-5,6,7,8-tetrahydropyrido
[4,3 -d] pyrimdine-2,4(1H 3 H)- dione To a cool ed sol ution of

| nt er nediwoeo®402»97(3.0 g, 10.75 nmol) in ethanol was a#dEdszeBOcIe6y 3.0 g
26.8 mol) followed by urea (1.6 g, 26.8 mml ). The reaction m xture was
heated at reflux for 36 h. The reaction mass was quenched with water and 5
evapor at ed the sol vent under reduced pressure. The residue was diluted with
wat er and extracted with ethyl acetate (25 nL x 3). The conbi ned organic

| ayer was washed with brine solutio 0 id), dried over Na2SO4 and
evapor at ed under reduced pressure to getycrude conpound. The crude conpound
was purified by col um chromat ography ( ica gel, 60-120 nesh) using 100%
et hyl acetate as nobile phase to give -fluorophenyl)-6- 10

met hyl-5, 6, 7, 8-t etrahydropyri do[ 4, 3-d] p m di ne-2, 4(1H, 3H) -dione (1.5 g,
51% as pale yellow solid. LCGCMS (MtH)+ = 276.0. 1H NVR (400 MHz, DWMSO- d6):
6 ppm11.08 (1H, s), 10.59 (1H, s), 7.31 (2H m, 7.13 (2H m, 3.74 (1H,
m, 3.17 (1H mTo akoBlioR ob®d{udHyydniye (422 2377 3kmgl) inTjIEaneq:daedaﬁﬂaMOAH

2, 4-di chl or 678tet dr rld 4, 3-d] pyr
i M dine Cl I%enyl(acet%ngﬁe[ﬁp Ml&%’m}orh er rreg ateTeﬂH%‘)ml{(E g S]E% ﬁngml) and
cat al yti c aminuantheaim®idmpentuiROdBthi Péirbonhte  100Rg, d3dahmd]) atas ndkel uxthé or 10 h.
The excess of tPOClBt was %Oeva orat ed undei][ rg?uced / ress%l The resi due
was poured THUPE TEFHERRE he deChpymixiye Magaosed {$CHRe reqis CpERENs Yol ut i on
was ext L agtl&;dteﬁlltdm‘ﬁlf(@hut&iﬁekaicﬁcar(‘zmmwd&énly élﬂd%x@tﬁél’ﬁlécf)edheh@iﬁﬁgc Ia%/er
was washed with a S saturate HCO3 (10 nL rine solution (10
m), dried B¥eye % Jgeliz HNngH%W%%WGEHHL@GF@BMIX ®ssure to

give was cooled under ice/acetone. The solution was allowed to come to room temperature
24d|chlor08 4f|uoro henyl) - 6- net hyl - 7.8 tetrahcyidropyr|d0[43d]pyr
i mdine (0.2 d““ ‘?E?\?xﬁloéléll‘aisﬂwaﬁl_@o}\?ét‘( Qm(lil)‘ nefsd withpyseut at i on AHa

531 - chl mg éfugﬁecfirh&%ﬁ%%ﬂwﬂmé Md@xdhdmt biviledyl abotdte (%‘rﬁ@&rﬁhﬂd{ opyri do [4,3
-d] pyri m di n-4-

combined organic layer was washed with water (50 mL), brine solution (50 mL), dried
over anhydrous Na,SO, and evaporated under reduced pressure to give ethyl 2-cyano-2-
(4-fluorophenyl)acetate as crude compound as crude compound (10 g). The crude
compound was taken to the next step without further purification. LC-MS (M-H)" =

15 206.2. 'HNMR (400 MHz, CDCl;) & ppm 7.44 (2H, m), 7.11 (2H, m), 4.69 (1H, s),
4.27-4.22 (2H, q,J= 7.2 Hz).1.26 (3H, m)

Intermediate AG(2)
ethyl 3-amino-2-(4-fluorophenyl)propanoate

EtOOC

NH,

20 F
To a solution of Intermediate AG(1) (10.0 g, 40.0 mmol) in acetic acid was added
palladium on carbon (10%, w/w) followed by H,SO4 (0.5 vol., 5 mL) at room
temperature. The reaction mixture was hydrogenated under 5 kg of hydrogen pressure for
18 h. The reaction mixture was filtered through celite bed and washed with methanol.
25  The filtrate was evaporated under reduced pressure and the residue was neutralized with

aqueous saturated bicarbonate solution. The aqueous solution was extracted with ethyl
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amne HN To a solution of Preparation AH (0.4 g, 1.28 mmol) in nethanol
was added dii sopropylethylamne (0.33 g, 2.57 mol) followed by nethyl am ne
hydr ochl owpde12@326 10g, 2.57 mmol) at room tenper at ur e PCTHIS201@A2166HN

m xture was stirred at roomtenperature for 18 h. The solvent was renoved
under reduced pressure and the residue was purified by colum

chromat ography (60-120 nesh) using 50% et hyl acetate in pet-ether as nobile
phase to give 2-chloro-8-(4-fluorophenyl)-N, 6-dinethyl-5,6,7, 8-

tsgi[ r ghyﬁgp o d?(m BIFd]48 m(é)criﬁbg} gﬁgggalng%ox%w%hegwngt{?me solu? ion (1 ite

- g]hl or o- l\tjeﬂhny ﬁm&t Ar aﬂw@foam@gsmhncﬁe@?@rb&h u15cller ﬁadﬁced%frés%lré alpedepy r iAa o( ([)4,73
- pyrlm I Nn- o.a solution o reaatl n .
g, 2.25 mﬁ%ﬂ@ﬁn&qﬁaﬂg% CEROUR @t PHified by colynet g apaY 1%6 4.50
mol ) ol | osgetboliies® ki caimb Niicdidiedl ﬁpda&mm@thé& afé ngabﬂépﬁa@e BB d et 3t oom

tenperature. The reaction mxture was stir omtenperature for 18 h.
The sol vent2iae 2rédyowahemybeiorsnedtscef gp$9e/s>saﬁr0&y hﬂfﬂ%h@-M&MdHé Vas purified

5 by col unm ehy opBLAR @(WMH(ZG@Dé?? SPpRM 2448 b P BB 3P0 6bBYIn apeias e 1N
pet - et her as nobile phase to give
2- chl or o- N-@Hh),-3856((4Hf mDJ(3r2(8p(hHrll}l)l)2 98- higt fmy.1 28 (B, 1m)8-
t et rahydropyrido[ 4, 3-d] pyrimdin-4-amne (0.21 g, 29% as off-white solid.
LCM5 (MHH) + = 321.2. 10 Preparation AHc
2- chl or o- N- et hylInt8enfedliatd AG(Ophenyl) - N, 6- di net hyl -5, 6, 7, 8-t et rahydropyri do[ 4
, 3 10 ethyl 3-(3-ethoxy-3-oxopropylamino)-2-(4-fluorophenyl)propanoate
0
/\O
EtOOC

Ir=

F
To a solution of Intermediate AG(2) (3.0 g, 14.0 mmol) in ethanol was added

ethyl acrylate (1.7 g, 17.0 mmol) at room temperature. The reaction mixture was stirred
at the same temperature for 18 h. The solvent was evaporated under reduced pressure and

15  the crude compound was purified by column chromatography (Silica gel, 60-120 mesh)
using 50% ethyl acetate in pet-ether as mobile phase to give ethyl 3-(3-ethoxy-3-
oxopropylamino)-2-(4-fluorophenyl)propanoate (2.5 g, 60%) as yellowish oily liquid.
LC-MS (M+H) = 313.2. 'H NMR (400 MHz, CDCl3):  ppm 7.27-7.21 (2H, m), 7.03-
6.97 (2H, m), 4.13 (4H, m), 3.77 (1H, m), 3.23(1H, m), 2.89 (3H, m), 2.48 (2H, m). 1.22

20  (6H, m).

Intermediate AG(4)
ethyl 3-((3-ethoxy-3-oxopropyl)(4-methoxybenzyl)amino)-2-(4-fluorophenyl)propanoate
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dlpyrimdin-4-amine N To a solution of Preparation AH (0.35 g, 11 nmmol) in
nmet hanol was added 15dii sopropyl ethylamne (0.29 g, 2.2 mmol) foll owed by
et hyl nmet wbanriz31990. 67 g, 1.35 mmol) at room tenper at ur @CT/HIsR0I2A20B6F ON

m xture was stirred at roomtenperature for 18 h. The solvent was renoved
under reduced pressure and the residue was purified by colum

chromat ography (60-120 nesh) using 35%ethyl acetate in pet-ether as nobile
phase to give 2-chloro-Nethyl-8-(4-fluorophenyl)-N, 6-di nethyl-5,6,7,8- 20
t et rahydropyrido[ 4, 3-d] pyri m di n-4-am ne (8.22 g, 58% as off-white solid.
LCGMs (MFH)+ = 333.9. Preparation A
2,4-dich|oro-8-(4-f|uorophenyl)-?-(4-ﬁé?bé%ﬂbenzyl)-S,6,7,8-tetrahydropyrid
o[ 3,4- 25d]pyrimdine Cl | nt ergeod.at (1) ethyl

2- ami no- 2- (4-f1 uorophenyl ) acet ate Et OOGNH2 5To a cool ed sol ution of

2- ami no- 2- (4-fl uor ophenyl ) acetic acid NP 6.17 nmol)

F

To a solution of Intermediate AG(3) (2.0 g, 6.42 mmol) in acetone was added

K,COs3 (1.39 g, 9.6 mmol) followed by p-methoxybenzyl bromide (1.68 g, 8.35 mmol) at
room temperature. The reaction mixture was heated at reflux for 3 h. The solvent was

5 removed under reduced pressure and the residue was diluted with water. The aqueous
layer was extracted with ethyl acetate (25 x 2). The combined organic layer was washed
with brine solution (25 mL), dried over anhydrous Na,SO, and evaporated under reduced
pressure to get crude compound. The crude compound was purified by column
chromatography (Silica gel, 60-120 mesh) using 30% ethyl acetate in pet-ether as mobile

10 phase to give ethyl 3-((3-ethoxy-3-oxopropyl)(4-methoxybenzyl)amino)-2-(4-

fluorophenyl)propanoate (1.6 g, 60%) as oily liquid. LC-MS (M+H)" = 432.2. '"H NMR
(400 MHz, CDCl3): 8 ppm 7.22 (2H, m), 7.09, (2H, m), 6.95 (2H, m), 6.78 (2H, m) 4.14
(4H, m), 3.80 (3H, s), 3.77 (2H, m), 3.53 (2H, m ), 3.16 (1H, m ), 2.79 (2H, m), 2.43
(2H, m), 1.24 (6H, m).

15
Intermediate AG(5)
ethyl 5-(4-fluorophenyl)-1-(4-methoxybenzyl)-4-oxopiperidine-3-carboxylate
EtOOC N PMB
O
F

To a cooled solution of Intermediate AG(4) (1.6 g, 3.71 mmol) in THF was added
20  -BuOK (0.62 g, 5.56 mmol). The reaction mixture was stirred at room temperature for 2
h. The reaction mass was quenched with water then evaporated the solvent under reduced
pressure. The residue was diluted with water and extracted with ethyl acetate (25 mL x

2). The combined organic layer was washed with brine solution (30 mL), dried over
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in ethanol was added con. H2SO4 (1 nL) over a period of 1 mn. The reaction
m xture was heated at reflux for 5 h. The sol vent was evaporated under
reduced pwesswww3zmnd the residue was diluted with ethyl paraSatie/o¢es n) .
The organi c solution was washed with aqueous saturated NaHCO3 (15 nL x 2),
water (20 mL), brine solution (10 nmL), dried 10 over anhydrous Na2SO4 and
evapor at ed under reduced pressure to give ethyl 2-am no-2-
(4-f|uoropheny|)acetate (0.75 g, 65% as crude conpound (oily liquid). The

crude conpou en to the ext ep.wthout furt ur|f| atlon

PO (ot BT et e R KR st ire cobmd S mBlyy |

t7- 18- 7 13 (ctrle dﬂS)Snploér%daﬁas(péd'ﬂﬁ?(SBy Ajo‘ﬂurﬂn?c}?ohrﬁftoérzﬂ'ﬂy (H)llca 2el260)- (@hhesﬁ)usnﬂg 12 (3H,
, nt er nedl at e vyl .

4- (2 et hoxyzgf/ stﬁylfap%twbvf‘éﬁg}lfs aszn%t%@{eiﬁy u# heff BT @by @henir bifoncooet

To a sol uti@an&dybk gm&@p@éﬁdlﬁé Q—Hrb&éylzﬁeg ogboé%) RYBily) hdgﬁu O\=n@s added

ceS|un120carbon§te foll owed ethyl 4-bronobutyroate (4.98

g, 2.55 ﬁmoQM%)t =38 ﬁ\tlé é"cOer\éHz lpedepndA Ol B 20WHS. B Vdped at 70 C
for 18 h. Thy S '6‘@%%3}1"‘@? (@ﬁ%ﬁ%% (ﬁtﬁ'dsﬁ% fﬁ‘(‘él(kt ﬁ'ls%rﬁg%%?g 'afléa he crude

conpound was purifi co umm’ chr omat ogr'aphy mesh)
usi ng 25@6amh?MOéU@DaLé2ﬂmﬂﬁen%ether as nobil e phase to give ethyl

4- (2- et hoxy- 1- (4-fl uorophenyl) - 2-oxoet hyl am no) but anoate (2.0 g, 30% as
yellowi sh oily liquid. LCGM5 (MH)+ = 312.2. 1H NVR (400 MHz, CDCl3): 6
Sppm 7.33 (2H, miterntedd6e 4Gt m, 4.31 (1H, m), 4.18 (4H, nm), 2.63 (1H m,

249 (U ™ s i8f o 10 bbbt o b8dnd B is  BhSAARAL 2t e A

4- ((2-ethoxy-1-(4- fluorophenyl) ZZqueBhyhkhé met hoxybenzyl ) am no) but anoat e
PMB | EtQOCN ,,,....[......."..... ", GOCEt 10

To a cooled solution of Intermediate AG(5) (1.0 g, 2.59 mmol) in ethanol was
added -BuOK (0.436 g 3.89 mmol) followed by urea (0.233 g, 3.89 mmol). The reaction
15  mixture was heated at reflux for 24 h. The reaction mass was quenched with water and
evaporated the solvent under reduced pressure. The residue was diluted with water and
extracted with ethyl acetate (25 mL x 2). The combined organic layer was washed with
brine solution (30 mL), dried over Na,SO, and evaporated under reduced pressure to get
crude compound. The crude compound was purified by column chromatography (Silica
20 gel, 60-120 mesh) using 10% pet-ether in ethyl acetate as mobile phase to give 8-(4-
fluorophenyl)-6-(4-methoxybenzyl)-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-
2,4(1H,3H)-dione (0.6 g, 63%) as pale yellow solid. LC-MS (M+H)" =382.2. '"HNMR
(400 MHz, DMSO-d6): § ppm 11.06 (1H, s), 10.60 (1H, s), 7.35 (2H, m), 7.29 (2H, m),
7.05 (2H, m), 6.77 (2H, m), 4.05 (1H m), 3.75 (3H, s), 3.53 (1H, m), 3.44 (2H, m), 2.88
25  (1H, m), 2.65 (2H, m).

Preparation AG
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To a solution Internediate Al (2) (15.0 g, 48.23 mml) in acetone was added
K2CB (7.9 g, 57.8 mmol) foll owed by 4-nethoxybenzyl bromde (14.5 g, 72 3
nmol ) at WOQGh12Te29reacti on m xture was heated at 70 C f eCcTAB2012/071%65 sol vent
was renoved under reduced pressure and the residue was diluted with water.
The aqueous | ayer was 15extracted with ethyl acetate (100 x 2). The

conbi ned organic | ayer was washed with brine solution (75 nL), dried over
anhydr ous Na2504 and evaporated under reduced pressure to get crude

conpound. The, ¢r.u C und was rified b | chromat o y (Silica
Gol 080 120 it er R Sumeithsh Pt P8 S P TR E Y nase o
give ethyl 4((2-ethoxy-1-(4-fluoropimppyh)ding- oxoet hyl ) (4- 20

nmet hoxybenzyl ) am no) but anoate (12. 0 0, 60% as oily liquid. LCM (M+H) +
432.2. 1H NMR (400 MHz, CDC13): 6 ppm 7.30 (2H, m), 7.22 (2H, nm), 7.01 (2H,
m, 6.99 (2H, M, 4.52 (1H s), 4 'I %.04 (2H, m, 3.79 (5H, m,
3.61 (1H, m, 2.71 (1H m, 2.57)@1 ), 1H m, 2.07 (1H, m, 1.70
(2H, m, 1.28 (3H m J= 7.2 HeY, M. 20 (3H Mm %; 7.2 Hz). 25 Internediate
Al (4) ethyl
2- (4-f1luorophenyl)-1-(4-met hoxybenzy B- oxopi peri di ne-4-car boxyl ate

To a cool ed solution of Internediate A (3) (12.0 g, 27 7 mmol) in THF was
added t-BuOK (6.2 g, 55.5 mmvl). The fFeaction m xture was stirred at room
tenperature for 3 h. The reactjon ss. was gquenched wi th water then
evaporated t he Shrafision dHemead @p%é rRmob Rl qadytig g oB T di | ut ed

with water prg igrOCAGRE dolWivial hedidiydt radRRtat 1® W She Fheeks HPOANRacOMbDI ned
organi c |l ayer was washed with brine solution (50 nL), dried over anhydrous

Na2SO4 and @veqidiedtadir (pruse prestitie ebhegpadisuras ppyed i o srushpd ieomdstified  The

crude compogpgs Was THdaliddofHsdMMiof QlaY BRtrA Rt QTRLAE1 ARAYe OOl £8. gk, 60- 120
mesh) using 20% et hyl acetate mgcﬁet-et her as nobil e phase to give ethyl

2- (4- f | uor ojsHBRed Yrganicdayen W bR ek equepusamsadisi JEFG O (Ae nd- ) Bidngy| at e

7.0 9, 67%..@S,0 AU Sor LG My o - $z,, CDC13):

gs ppmglz. 02@ 0%1%%4 ?isd)ﬁ{LJ?hg%H %’SH%I&%ME %Nhiz?bz‘zﬁg{é ‘,’g?c.l %‘E&E wzéHa,uéeé;‘B?eS%q%Zo (2H, :
4. 28 ( 24iye Y4-dichlope-3-(Helporopgha@B))-OA(H mathoxyBenzal)-6 BH, 8-sjrahy@r@sriddi3- d, J=

n,
L3 ?:Hé) 5 E@ﬁ%lf&‘émieé ?é?, %é&%ﬁ{ogvngﬁ%%)gc%SQﬁ[ﬂH)m 418335 (3H m, 1.32 (3H

t,
8- (4-fluorophenyl)-7-(4-met hoxybenzyl)-5, 6,7, 8-tetrahydropyrido
[ 3, 4-d] pyr |Ig;elglcllrrc}gozﬂﬁ&%H, 3H) - di one

2-chloro-8-(4-fluorophenyl)-6-(4-methoxybenzyl)-N-methyl-5,6,7,8-

15 tetrahydropyrido[4,3-d]pyrimidin-4-amine

To a solution of Preparation AG (1.0 g, 2.39 mmol) in methanol was added
diisopropylethylamine (0.62 g, 4.79 mmol) followed by methylamine hydrochloride
20 (0.192 g, 2.87 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 18 h. The solvent was removed under reduced pressure and the residue
was purified by column chromatography (60-120 mesh) using 35% ethyl acetate in pet-
ether as mobile phase to give 2-chloro-8-(4-fluorophenyl)-6-(4-methoxybenzyl)-N-

169



20To a cool ed solution of Internmediate Al(4) (7.0 g, 18 1 nmol) in ethanol
was added t-BuOK (5.0 g 45.4 mmol ) followed by urea (2.7 g, 45.4 mmol ). The
reacti on woxoww3zwas heated at reflux for 18 h. The rea®Crars20mess266ms
guenched with water and evaporated the solvent under reduced pressure. The
residue was diluted with water and extracted with ethyl acetate (50 nL x
3). The conbi ned organic | ayer was washed with brine solution (75 nm),
dried over Na2SO4 and evaporat ed under reduced pressure to get crude

d. Th fied I h hy (Sil
gel T 60- 120 FAry & H U PR e R DS 128 OB phase t o
gi ve 8-(4- solid. LC—MS (M+H)" —4130 HNMR(4OOMHZ DMSO-d6): & pm732(1H
5f | uor ophe 42 g?é{mat hox benzyl) - tetrag%dro? r| do[ 3,4 (_;ngrl m din
e- 2,4(1H, 3{9 4P rel. ?)14; 0854 %6@&@{@%@( e 73 GHvE): 8
382.0. 1H @g/ﬁg} 1 L
7.26-7.17 (Nl}{ﬁ QPH %5 rﬂgé 2(21@3}2%1%%2%%& yLﬁ))lel’pg(ﬂéngS (1H d,

J= 13. 25Hz)231($18 I(QLH d, J= 13.2 Hz), 2.63 (2H, m, 2 51 (1H m, 2.35 (1H,
m. 10 Preparation Al

2, 4-di chl oro-8-(4-fluorophenyl)-7-(4-methoxybenzyl)-5, 6,7, 8-tetrahydropyrid
o[ 3, 4- d] pyFriepardiioreA @ 15A sol ution of Internediate AI (5) (2 0 g, 5.24

I d f
15 h The excoat NP RRATn SR ARG b B PR BRL A © T

resi due was poured in to crushed djgeingdid-4simine ed f or 15 m n. The aqueous
solution was extracted with ethyl acetate (20 nL x 3). The conbi ned organic
| ayer was washed with aqueous saturﬂted NaHCO3 (10 nL x 4), brine solution

N/\©\?

10 F
To a solution of Preparation AG (1.0 g, 2.39 mmol) in methanol was added

diisopropylethylamine (0.61 g, 4.79 mmol) followed by ethylamine hydrochloride (0.23
g, 2.86 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 18 h. The solvent was removed under reduced pressure and the residue

15  was purified by column chromatography (60-120 mesh) using 30-35% cthyl acetate in
pet-ether as mobile phase to give 2-chloro-N-ethyl-8-(4-fluorophenyl)-6-(4-
methoxybenzyl)-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-amine (0.54 g, 54%) as off-
white solid. LC-MS (M+H)" =427.2. 'H NMR (400 MHz, DMSO-d6): 8 ppm 7.32 (1H,
m), 7.30-7.19 (2H, m), 7.13-7.05 (4H, m), 6.80 (2H, m), 3.93 (1H, m), 3.71 (3H, s), 3.68-

20  3.48 (5H, m), 3.22 (1H, m), 2.80 (1H, m), 2.68 (1H, m), 1.15 (3H, m).

Preparation AGe

2-chloro-N-ethyl-8-(4-fluorophenyl)-6-(4-methoxybenzyl)-N-methyl-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidin-4-amine
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20 (25 nL), dried over anhydrous Na2504 and evaporated under reduced
pressure to give

2, 4- di chlwoaoB/1042971 uor ophenyl) - 7- ( 4- met hoxybenzyl) - 5, 6 pCTAISe@Rn2adsydr opyri d
o[ 3,4- d]pyrimdine (1.4 g, crude) as brown solid. LCM (M+H) + = 418.0.
Preparation Ala 252-chloro-Nethyl-8-(4-fl uorophenyl)-7-(4-methoxyb
enzyl)-5,6,7,8-tetrahydropyrido [3 ,4- d]pyrimdin-4-amne L NH

To a solution of Preparation Al (0.7 g, 1.67 nmol) in nmethanol was added

di i sopropyl et hyl am ne (0.43 g, 3. 35 nmol ) foll owed by ethyl am ne

hydr ochl ori de (0.27 g, 3.35 nmol ) Hf Yoom tenperature. The reaction nixture
was stirred at room5 tenperature } q e solvent was renoved under
reduced pressure and the resi due'\\/vaq pu i/w‘{)y col utm chr omat ogr aphy
(60-120 nesh) using 35% et hyl geel n pe per as nobil e phase to

gi vechl or o- N- et hy1- 8- (4-f | uor ophenyl) 47- (4- net hbxybenzyl ) -

5,6, 7,8-tetrahydropyrido[ 3, 4-d] pyri -4-amne (0.36 g, 50% as off-white
solid. LCGM5 (MrH) + = 427.2. 1H NVR {400 MHz, DVBO-d6): 6 ppm 7.38 (2H,

m, 7.30 (2H, 10m, 7.20-7.13 (4H, n),F 6.88 (2H, m, 4.45 (1H, s), 3.73
(3H, s), 3.45 (1H, m, 3.40-3.34 (3H, m, 2.88 (1H m, 2.42 (2H, nm, 1.16

(3H, t, J=7.2 %)asoRﬁl@ﬂ@f%bﬁﬂloﬁlﬁm %12 g, 2.87 mmol) 1nmethanolwas added
2-chl oro-N-et hyl1l-8-(4-fl uorozi)hen_?/ benzyl )-N-net hyl -5, 6, 7, 8-

met h
15t et r ahydr@jﬁy@rpmdft lampe 7 85l 5rimola%€ilh>éved bg é)ﬁylmeth%m&e A0 Mf‘a of

Preparati onyAl)) (aprozmgem%ergaremé )eabt%n%&ﬂ@é\?&s Wesd &49&H temperature for 18
dii soprospyl et hyl am ne mmol ) followed by ethylnethyl am ne HC1

(0.19 g,> 3.185Therselvpntayas Fésmﬁeg BRgse reélmﬂdepreswe andethie toshe whsawified Rs stirred
at room t enpafat UrEmatography (60-120 mesh) using 30-35% ethyl acetate in petroleum-ether as

mobile phase to give 2-chloro-N-ethyl-8-(4-fluorophenyl)-6-(4-methoxybenzyl)-N-
methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-amine (0.50 g, 41%) as off-white
solid. LC-MS (M+H)" =441.2. 'HNMR (400 MHz, DMSO-d6): 8 ppm 7.23-7.16 (4H,

10  m), 7.11-7.07 (2H, m), 6.84 (2H, m), 4.10 (1H, m), 3.73 (3H, s), 3.65-3.56 (3H, m), 3.51-
3.40 (3H, m), 3.04 (1H, m), 2.99 (3H, s), 2.58 (1H, m), 1.11 (3H, t, /= 7.0 Hz).

Preparation AGd
2-chloro-4-(3,3-difluoroazetidin-1-y1)-8-(4-fluorophenyl)-6-(4-methoxybenzyl)-5,6,7,8-
15 tetrahydropyrido[4,3-d]pyrimidine
F_F

.
T,

F

To a solution of Preparation AG (0.75 g, 1.79 mmol) in methanol was added
diisopropylethylamine (0.58 g, 4.49 mmol) followed by 3,3-difluoroazetidine (0.25 g,
1.97 mmol) at room temperature. The reaction mixture was stirred at room temperature
20  for 18 h. The solvent was removed under reduced pressure and the residue was purified

by column chromatography (60-120 mesh) using 30% cthyl acetate in pet-cther as mobile
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20 for 18 h. The solvent was renoved under reduced pressure and the residue
was purified by col um chronmat ography (60-120 nesh) using 20% et hyl acetate
i n pet-etWwonomws0a9bi | e phase to give PCT/US2012/022665

2-chl oro- N-et hy1-8-(4-fl uorophenyl)-7-(4-nmethoxybenzyl)-Nnethyl5, 6,7, 8-tet
rahydropyrido[ 3, 4-d] pyrimdin-4-am ne (0.40 g, 54% as off-white solid.
LCM5 (MHH) + = 441.2. 1H NWR (400 MHz, DMSO d6) 6 ppm 7.49 (2H, m,
7.19-7.14 (44, m, 6.87 (2H, , 4.42 (1H s), 3.73 (3H, s), 3.55 (2H, m,

it G Ty e ihod s 5° ﬂ%oréaﬁwaﬁ-azp?%%?cséa%'@ﬁ@%@% (1h m, 225

2- chl or o- 8- ﬁl&héﬂyu@f;zggmy&)a&ﬂﬁ)m@mﬁdbmr @]py@ﬁidhféi(mﬂg zygba))azoﬁdwm hoxybenzyl
) - 5678tetrahydro rlgo ?Joﬁg@lmdlne FF c Cl NN PMBCI NN PVB
To a sol uti®Hd o?cﬁMéﬁ & o 7503 @00 MK, %13)) Eiﬁ’?%@?f&ri@l(‘”ﬁd@) added
di i sopr Opyléémﬂsél@ %)@86*@%@34 §é5(l4@ml}b)4 670d1h0}6}{§€k §V(3H, ), 3.59 3H, m
(S)-3-fluoropyrro i ne room t enper at ure. e
reacti or m&gé:@léim%iﬁlﬁ@d?aﬁo @Hoﬂiiﬂtenperature for 18 h. The sol vent was
removed under reduced pressure and the residue was purified 15by pep-HPLC
to give 2-chloro-8-(4-fluorophenyl)-4-((R)-3-fluoropyrrolidin-1 -yl1)-7-(4-
nmet hoxybenzyl) -5, 6, 7, 8-tetrahydropyrido[ 3, 4-d] pyrimdine (0.150 g, 37% &
190 ng, 43%. Alcl: LCGMS (MtH)+ = 471.1. 1H NWR (400 MHz, chlorofomd): 6
ppm 7.48 (2H, m, 7.15 (2H, m, 7.01 (2H, n), 6.83 (2H, m, 5.30 (1H m,
4.43 (1H, s), 3.97-3.90 (4H, m, 20 3.88-3.72 (4H, m, 3.65 (1H m, 3.17
(1H, m,,3.02 (2FE , 2.33 (2H, m, 1.95 (1H, m. Alc2: LCM (MH + =
471.1. ' hpﬂﬁ”érﬂgﬁd . chlorofomd): 6 ppm7.28 (2H m), 7.18 (2H ),
6.99 (2H, m 2,48di8Klofo2d+4-orofhed)-§-hidthyirp 6, 78-R8al{ylikpyHio[4,4-dBrdnidihe (2H, m,
3.97-3.80 (6H, m, 3.69 (1H m, 3.35(1H m, 2.88 (2H m, 2.35 (1H m,
2.17 (1H, m, 2.05 (1H, m. 25

NZ N
PNy
Cl N
F
Intermediate AH(1)
ethyl 3-((3-ethoxy-3-oxopropyl)(4-methoxybenzyl)amino)-2-(4-fluorophenyl)propanoate
O
7 0
EtOOC
N
I
15 F

To a solution of Intermediate AG(3) (12.0 g, 38.5 mmol) in acetone was added
K,CO; (6.38 g, 46.3 mmol) followed by methyl iodide (6.5 g, 46.3 mmol) at 0 °C. The
reaction mixture was stirred at room temperature for 2 h. The solvent was removed under
reduced pressure and the residue was diluted with water. The aqueous layer was
20  extracted with ethyl acetate (50 x 3). The combined organic layer was washed with brine
solution (75 mL), dried over anhydrous Na,SO, and evaporated under reduced pressure to
get crude compound. The crude compound was purified by column chromatography

(Silica gel, 60-120 mesh) using 20% ethyl acetate in pet-ether as mobile phase to give
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Preparation Aid

2-chl oro- 8- (4-fluorophenyl)-44S)-3-fluoropyrrolidin-1-yl)-7-(4-methoxybenzy
|)-5, 6, 7,80 204103dyydr opyri do[ 3, 4-d] pyri mi dine N N, Cl NPRBT/US200Q/02268®| ut i on
of Preparation Al (0.70 g, 1 6 mmol ) in nethanol was added

5di i sopr opyl et hyl ami ne (0.43 g, 3.35 mol) followed by

(R -3-fluoropyrrolidine (0.25 g, 2.2 nmol) at roomtenperature. The
reaction mxture was stirred at roomtenperature for 18 h. The sol vent was

d und h [ -HPLC t
Gi ve. 2 chi G BaS LIS FrUB ey M PO BT B A0 By By
et hoxybenzy uld 8,6.Ms Svitel =adppdy dﬁmmﬂqﬁ@) ¥iHd] @N013mAj)bﬂle7 A02l5R) g, 37% &
190 ng, 10 439 LC (MtH) + = 471. 2. Preparation
2- chl or o- 4- Q%KWI%A@%%(M%W 77 (B.dnydd 64titeaz dHit0.8- 62 HNGH,

m), 2.17 (3H, s), 1.26-1.19 (6H, m ).

5
Intermediate AH(2)
ethyl 5-(4-fluorophenyl)-1-methyl-4-oxopiperidine-3-carboxylate
EtOOC N~
O
F

To a cooled solution of Intermediate AH(1) (6.0 g, 18.4 mmol) in THF was added
10  -BuOK (4.1 g, 36.9 mmol). The reaction mixture was stirred at room temperature for 2
h. The reaction mass was quenched with water then evaporated the solvent under reduced
pressure. The residue was diluted with water and extracted with ethyl acetate (25 mL x
4). The combined organic layer was washed with brine solution (30 mL), dried over
anhydrous Na,SO, and evaporated under reduced pressure to get crude compound. The
15  crude compound was purified by column chromatography (Silica gel, 60-120 mesh) using
20% ethyl acetate in pet-ether as mobile phase to give ethyl 5-(4-fluorophenyl)-1-methyl-
4-oxopiperidine-3-carboxylate (3.0 g, 51%) as oily liquid. LC-MS (M+H) =278.2. 'H
NMR (400 MHz, DMSO-d6):  ppm 7.35 (1H, m), 7.15 (1H, m), 7.12 (1H, m), 6.98 (1H,
m), 4.01 (2H, m), 3.88 (1H, m), 2.60 (1H, m), 2.38 (2H, m), 2.19 (3H, s), 1.19-1.08 (3H,
20 m).

Intermediate AH(3)

8-(4-fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-dJpyrimidine-2,4(1H,3H)-

dione
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I nternedi ate AJ(1) nethyl 2-chloro-6-(nethylam no)pyrim dine-4-carboxyl ate
HN N, 11 C-N O To a mxture of nethyl

2, 6- di chlwoapyriosisdi ne- 4- car boxyl ate (2 g), nethyl am nePhydsoahloezesstie (0. 72
g) in CHC12 (48 nL) at 0 C was added Hunig's base (3.7 nlL) dropw se, and
the reaction mxture was stirred at ice bath for 1 h and then rt for 1 h.
The sol vent was renoved in vacuo, and the white residue was purified
directly by Biotage 5 eluting with 40-600% Et OAc/ Hexanes (1000 nmi.) fol |l owed
by 90% CH2C12/ 10% MeOH (4 L) to give 5he title conpound as a white solid
(1.8 g). . These fractions were conbi jed and evaporated in vacuo. During

t he sol vent renoval, sonme white soli SMormed. Several filtrations gave
the title conpound as a white solidJ(1 very white solid). ). LCM
(MrH)+ = 202.00 10 Internediate AR2)N
2- chl or o- N- met hoxy- N- et hy1- 6- ( net hyl am
11 C -N O To a suspension of nethyl
2- chl or 0- 6- (et hyl am no) pyri m di ne- 4-car

pyri m di ne- 4- car boxam de HN N),

To a cooled solution of Intermediate AH(2) (3.0 g, 10.75 mmol) in ethanol was
added -BuOK (3.0 g 26.8 mmol) followed by urea (1.6 g, 26.8 mmol). The reaction
mixture was heated at reflux for 36 h. The reaction mass was quenched with water and

5 evaporated the solvent under reduced pressure. The residue was diluted with water and
extracted with ethyl acetate (25 mL x 3). The combined organic layer was washed with
brine solution (30 mL), dried over Na,SO, and evaporated under reduced pressure to get
crude compound. The crude compound was purified by column chromatography (Silica
gel, 60-120 mesh) using 100% ethyl acetate as mobile phase to give 8-(4-fluorophenyl)-6-

10 methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-2,4(1H,3H)-dione (1.5 g, 51%) as pale
yellow solid. LC-MS (M+H)" =276.0. 'H NMR (400 MHz, DMSO-d6): & ppm 11.08
(1H, s), 10.59 (1H, s), 7.31 (2H, m), 7.13 (2H, m), 3.74 (1H, m), 3.17 (1H, m), 2.80-2.59
(2H, m), 2.23 (3H, s).

15 Preparation AH
2,4-dichloro-8-(4-fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-d Jpyrimidine

Cl
N* | N

BN

Cl N

F
A solution of Intermediate AH(3) (1.5 g, 5.45 mmol) and catalytic amount of
DMF in POCIs (20 vol.) was heated at reflux for 10 h. The excess of POCl; was
20 evaporated under reduced pressure. The residue was poured in to crushed ice and stirred
for 15 min. The aqueous solution was extracted with ethyl acetate (20 mL x 2). The
combined organic layer was washed with aqueous saturated NaHCO; (10 mL x 2), brine

solution (10 mL), dried over anhydrous Na,SO, and evaporated under reduced pressure to
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15(1.95 g) and N, O-di net hyl hydr oxyl am ne hydrochl oride (1.887 g, 19.34
nmmol) in THF at 20 C was added i sopropyl magnesi um chl oride (23.60 nm., 47 2
nmol ) dr opeizee/tobavough a droppi ng funnel over a period eCTAB20m2/0226ah1d t he
reaction mxture was stirred at 10 C for 40 mn. The reaction was

wor ked up with sat. NH4Cl and Et OAc, and the crude product was purified by
Bi otage eluting with 40-90% Et OAc/ Hexanes to give the 20 title conpound as
a colorless oil (786 ng). LC-MS (M+H)+ = 231.01. I nternedi ate AJ(3)

5. Dr oD 2- chl 0F o Bt DO N IR I b= B T DYk AP B ol i drerpoxam de
2- chl or o- N-@et ) asy) N-vrekhydldd LOWIS\wi-eHm @) pyer i m di ne- 4- car boxam de (959
ng) in MeCN (21 nmL) was added NBS (814 ng), and the reaction m xture was
heated at 60 C for 8 h. The sol vent was renoved, and the residue was
purified bypBhatage4ghuting with 50% 70 Et OAc/ Hexanes (1.2 L) to give the
title conpound as a white solid (1. 1%). LC- M5 (MFH) + = 310. 95. I nternedi ate
AJ(4) 5 2-chloro-8-(4-fluorophenyl)-N,6-dimethyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-

52-chl or o- N- met hoxy- N- met hy1- 6- ( met hyLaf.no) - 5- vi nyl pyri m di ne-4- car boxam d
e HN1 N1

To a solution of Preparation AH (0.4 g, 1.28 mmol) in methanol was added
diisopropylethylamine (0.33 g, 2.57 mmol) followed by methylamine hydrochloride (0.16
10 g, 2.57 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 18 h. The solvent was removed under reduced pressure and the residue
was purified by column chromatography (60-120 mesh) using 50% ethyl acetate in pet-
cther as mobile phase to give 2-chloro-8-(4-fluorophenyl)-N,6-dimethyl-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidin-4-amine (0.20 g, 51.2%) as off-white solid. LC-MS
15  (M+H) =307.2.

Preparation AHb
2-chloro-N-ethyl-8-(4-fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-
4-amine
H NJ
N N7
A
Cl N
20 F
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1 NC "NO A sol ution of 5-brono-2-chl oro-N-net hoxy- N net hyl- 6-

(met hyl am no) pyri m di ne- 4- car boxam de (100 ng), tributyl (vinyl)stannane
(113 ny) ,woebraks®7(23 ng) in toluene (1.6 nm) was heat edTAS2@3/0Q266Hr 12 h,
and the solvent was 10 renoved. The residue was purified by preparative TLC
eluting with 50% Et OAc/ Hexanes to give the title conpound as a col orl ess

oil (23 ng). LCM5 (MHH) + = 257.06. Internedi ate AJ(D5)

15( 2- chl or 0- 6- ( et hyl ami no) - 5- vi nyl pyri m di n-4-y1) (phenyl ) nmet hanone 0

To a solution of 2-chl.or o= N- net hoxy- t -6-(r | am no -

vi nyl pyri ni di ne-4- %58%85%8 gt tﬁﬁ%@gﬁr%%ﬁmﬁé l%mﬁ%')moéf”ai)gdée%s added
phenyl magnegisbffopyl@ny1a@ing 10.58 &0l 30th@6]) ) oWelf by dthBlafiine)hydioolvdi&a0.4and t he
reacti on 20 mxture was stirred at O C.for. 30 mn., The reacti on was wor ked

up with Et oh) 9aeD affeertempgigiuiend EF%ﬂ‘éonﬁP‘éﬂ’tﬁ%Waﬁﬁé‘ge%trrP?méﬁnWt‘HPepar ative

TLC el utingiom§ R ﬁﬁé"/%ﬁfeﬁ’ﬁ%s%ﬁ@%@%na& r&iu¥ &l frhQuiklahd Be GQMMRO WAL p@ficad

col orless oil 03 . LG M5 g ﬂi+ = 274.03. 25Internedi ate AJ(6)

1- (2- chl‘or 0B~ wﬁwraﬁ?%ahya Uil R mpy pyingd hd Ao gthyl apetatedmpetisther 8s en- | - ol

To a sol utigmiRfphil6 @Ejv@@féhﬁ)rc( Neétlﬁsb[ '83(mﬂ%9)op§en‘§rl)rﬁlﬂn9ﬂﬁ§r!fmsd'S” 4-

yl) (phenyl) met hanone rt was added

al | yl magnestetizhyBropyi éﬂmrlm@m%mm(oﬁd gT O)QLS(if yrhife sotidplfos™S and t he
reaction mxyype_was,stirred 5 at rt for 30 mn. The reaction was worked up
wi th Et OAc/ sat. NH401 and the crude product was purified by prep. TLC
eluting with 30% Et OAc/ Hexanes to give the title conpound as a colorl ess

oi | (13?0 ngl)’fephgfi&/asAl‘iM H20+H) + = 298. 18.
2-chloro-N-ethyl-8-(4-fluorophenyl)-N,6-dimethyl-5,6,7,8-tetrahydropyrido[4,3-

d]pyrimidin-4-amine

N7 N~
PNy
c” N
F

To a solution of Preparation AH (0.35 g, 1.1 mmol) in methanol was added

15  diisopropylethylamine (0.29 g, 2.2 mmol) followed by ethylmethylamine (0.67 g, 1.35
mmol) at room temperature. The reaction mixture was stirred at room temperature for 18
h. The solvent was removed under reduced pressure and the residue was purified by
column chromatography (60-120 mesh) using 35% ethyl acetate in pet-ether as mobile
phase to give 2-chloro-N-ethyl-8-(4-fluorophenyl)-N,6-dimethyl-5,6,7,8-

20  tetrahydropyrido[4,3-d]pyrimidin-4-amine (0.22 g, 58%) as off-white solid. LC-MS
(M+H)" =333.9.

Preparation Al

2,4-dichloro-8-(4-fluorophenyl)-7-(4-methoxybenzyl)-5,6,7,8-tetrahydropyrido[ 3,4-
25 d]pyrimidine

176



Preparation AJ

102- chl or o- 4- (et hyl am no) - 8- phenyl - 7, 8- di hydr oqui nazol i n- 8- ol HN To
a sol uti omoab1210@7chl or o- 6- (et hyl am no) - 5- vi nyl pyri m @#CmA%2012)027665

phenyl but-3-en-1-ol (60 nmg) in benzene (5 nL) was added G ubbs | (16 ny),
and the reaction mxture was heated at 85 C for 1 h. The sol vent was
renoved, and the residue 15 was purified by preparative TLC eluting with
40% Et OAc/ Hexanes to give the title conmpound as a colorless oil (50 ng). 1H
NVR (500 MHz, CDC13) 6 ppm7.4 (5H, g, 6.25 (1H m, 6.07 (1H m, 5.14
(1H, br. S), 4.52 (1H, s), 3.10 (3H, [d<J = 5.0 Hz), 2.99 (2H, n). 13C NMR
(125 MHz, CDC13) 164.32, 159.38, 15885H7 344.15, 128.24, 128.02, 127.83,
125.51, 117.54, 108.14, 60.51, 38.5 nd 8. 57. HRMS cal cd. for
C15H15CIN30 20( M+rH) 288.0904; fokhd: 288708898 Preparati on AK

2-chl or o- 4- (et hyl am no) - 8- phenyl -5, 6, 7 8<t et r ahydr oqui nazol i n-8-0l HN

To a sol ution of
2- chl or o- 4- (et hyl am no) - 8- phenyl - 7, 8- droqui nazolin-8-ol (20 ng) in

Et 0OAc (5 nlL) was added 5% Pd/C (6 np), d the resulting suspension was
stirred under a hydrogen balloon for 1 h. The reaction mxture was filtered
t hrough a pad 5drfemeddiateeAld give the title conpound as a colorless oil (20
ngy) . 1H NWVR (500 MHz, CDGA3) o 9 (1H, br. S), 4.02
(1H, s), 3.14 (3H, br. S), 1.)5%%11%%@6{14,%&@%@%%%125 MHz, CDC13) 164. 82,
162.72, 158.56, 146.54, 128.02, 1279918 72, 110.92, 74.81, 37.58,
28.61, 21.89, 17.47. HRWS calcd. for C15F117CIN30 (M+H) 290. 1060; found:
290. 1052. 10 Preparation AL

2- chl or o- 4- (di net hyl am no) - 7- pheny1- 6, hydr o- 5H cycl opent a[ d] pyri m di n-7
-ol -,..N..--

F
5 To a cooled solution of 2-amino-2-(4-fluorophenyl)acetic acid (1.0 g, 6.17 mmol)

in ethanol was added con. H,SO4 (1 mL) over a period of 1 min. The reaction mixture
was heated at reflux for 5 h. The solvent was evaporated under reduced pressure and the
residue was diluted with ethyl acetate (20 mL). The organic solution was washed with
aqueous saturated NaHCO; (15 mL x 2), water (20 mL), brine solution (10 mL), dried

10 over anhydrous Na,SO4 and evaporated under reduced pressure to give ethyl 2-amino-2-
(4-fluorophenyl)acetate (0.75 g, 65%) as crude compound (oily liquid). The crude
compound was taken to the next step without further purification. LC-MS (M+H,0)" =
198.0. "H NMR (400 MHz, DMSO-d6): § 7.44-7.40 (2H, m), 7.18-7.13 (2H, m), 4.51
(1H, s), 4.12-4.01 (2H, m), 2.26 (2H, s), 1.12 (3H, t, /= 8.0 Hz).

15

Intermediate AI(2)
ethyl 4-(2-ethoxy-1-(4-fluorophenyl)-2-oxoethylamino)butanoate

H
EtooC.__N._~_ COOEt

F
To a solution of Intermediate AI(1) (4.2 g, 21.3 mmol) in DMF was added cesium
20  carbonate (8.3 g, 2.25 mmol) followed ethyl 4-bromobutyroate (4.98 g, 2.55 mmol) at

room temperature. The reaction mixture was stirred at 70 °C for 18 h. The solvent was
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2- chl or o- 4- (di net hyl am no) - 7- phenyl1- 7H cycl opent a[ d] pyri m di n-7- ol was
15prepared from net hyl 2, 6-dichl oropyri m di ne-4-carboxyl ate using the sane
t ransf or msiDI201e$108®7shown i n Preparation AJ/ AK with the Poriusesng22665
differences: Internmediate AL(1l). dinmethylam ne was used instead of

met hyl am ne hydrochloride, and 1.1 equiv of Hinig' s base was used,
Internmedi ate AL(6): vinylmagnesi um brom de was used i nstead of

al I yl magnesi um brom de. 1H NWR (500 MHz, CDC13) 6 ppm 7.3 (5H, 20m), 3.28

(6H, s), 1.5-3.4 (5 . 13C NWVR (125 CDC13) 174.66, 161.76, 159.58,
144. 61, 128%%0,”%%‘?1? é{pd‘i?é .PS‘%S,“Y?L"l‘gi.té“z?rmgezz‘?%,ou‘lfg%’ﬁﬁur@@g@ofoq " 59. HRVS
calcd. for &ht&hkd&dMg0SilibrEdl, 90IRE0) usingrd; oA QcctNSH. pePe@pak atobas AM

25(65, 75) 2chlo10: - (g et il am ) CpRenyi 6, -y S eyl oental

2- chl or o- N, Moghi BBEIDGASH6i RNRL LMY QI ntabd] Py NMR dgo-MHAGHEL): §TO a

sol ution of 2-chloro- 4-_$7d| net g‘él am n%?]- -L&t}en 1-6, 7-di hydro- 5H

Sycl opert alRFbHF RHIR- 70612 H 83 4 (Fmm) PR )03 (HemaddSd e i n et her
(1M sol uti on}s canenthgl feaeb, o @hxkyre was heated at 80 C from3 h. The
sol ution was 01 oudy and turned to clear yellow solution by the end of the

reaction. The solvents were renpoved, and the reaction m xture was worked up
wi th EtOAc and siﬁ‘tteHﬁe%Ea‘?éjA CC3 to 10 give the title conpound as a browni sh
solid (50 nmg). LG M5 (MH20+H) + = 272.07. Preparation AM (6S,7 S)-2

- chl or 0- 4- ( dethelt4P-cthakinbY4-Mugherepib-8; orodhnydmestiB iy bapey lppamy) buthudate

pyri mdin-6- ol 15 PMB

10 F
To a solution Intermediate AI(2) (15.0 g, 48.23 mmol) in acetone was added
K,COs3 (7.9 g, 57.8 mmol) followed by 4-methoxybenzyl bromide (14.5 g, 72.3 mmol) at
0 °C. The reaction mixture was heated at 70 °C for 18 h. The solvent was removed under
reduced pressure and the residue was diluted with water. The aqueous layer was
15  extracted with ethyl acetate (100 x 2). The combined organic layer was washed with
brine solution (75 mL), dried over anhydrous Na,SO,4 and evaporated under reduced
pressure to get crude compound. The crude compound was purified by column
chromatography (Silica gel, 60-120 mesh) using 30% ethyl acetate in pet-ether as mobile
phase to give ethyl 4-((2-ethoxy-1-(4-fluorophenyl)-2-oxoethyl)(4-
20  methoxybenzyl)amino)butanoate (12.0 g, 60%) as oily liquid. LC-MS (M+H)" 432.2.
'H NMR (400 MHz, CDClz): & ppm 7.30 (2H, m), 7.22 (2H, m), 7.01 (2H, m), 6.99 (2H,
m), 4.52 (1H, s), 4.22 (2H, m), 4.04 (2H, m), 3.79 (SH, m), 3.61 (1H, m), 2.71 (1H, m),
2.57 (1H, m), 2.20 (1H, m), 2.07 (1H, m), 1.70 (2H, m), 1.28 (3H, m, /= 7.2 Hz), 1.20
(3H, m, J=7.2 Hz).
25
Intermediate AI(4)
ethyl 2-(4-fluorophenyl)-1-(4-methoxybenzyl)-3-oxopiperidine-4-carboxylate
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c To a sol ution of

2-chl oro-N, N-di met hy1- 7- phenyl-5H cycl opent a[ d] pyri m di n-4- am ne (113 ny)
in THF (2voi2p12am0329¢ was added borane di met hyl sul fi de cecplusoi2023b6# (2.0 M
solution, 0.41 nL), and the reaction mxture was stirred at rt for 5 h.
Water (0.50 nmL) was added carefully, followed by 30% H202 (0.50 nL) and 1 N
NaCH (1 nmL). 5 20 nL Et OAc was added, and the reaction m xture was stirred
at rt for 12 h. The crude product was purified by prep. TLC eluting with
50% Et OAc/ Hexanes to give the title conpound as a yellow sh solid (44 ny).
LG M5 (M H20O+H) + = 290. 05. Prepar &P

2- chl or o- 4- (et hyl am no) - 7- pheny1- 6, 7-4di hydro-5Hcyc lop enta [d] pyrim
din-5 -one .N H Internediate AN(1) © PMB
52, 4-di chl or 0- 6- (1- phenyl yi nyl ) pyri m dj
2,4,6-trichloropyrimdin-5-yl)nethanol 1 g), 1-phenylyinylboronic acid
(0.8 g), Tetrakis (0.3 g), sodiumcarboiate (1.64 g) in toluene (14 nlL) and
water (3 nL) was heated at 100 C for 12fgh. Water was added foll owed by
ethyl acetate, the ag ueous 10l ayer was extracted with eth acet a (x3),
and the conbi nedroc?r“g?ﬁlﬁfléo Iptigpegtdntgpmediofy Al (b¢-88 Ahhirgo d%*@g ﬁ’f‘éﬁgl fate
and then fiilg@seds 2 I § mhbhatrge WasichMMeRR walBfled AR6brh RenpeRIrel R 3Was
purified Bi otage eluting with 10-40% Et OAc/ Hexanes to give the title
conpound ash-al ifHFacEOE BRsavas 3pencheyh with wetpaghenvaparated shg pokyont underxpdregds00 MHz,
chl orof of mﬁ)ﬂss@repﬁﬁé 17es1§u<( @lﬂv dlﬁﬁled v@th%tér]alﬁld e§t}azcte§ vth tihfacedilo %'6 nfiZx (2H, s).

15 To a solution of 2, hl or o- 6- (1- phenyl yi nyl ) pyrim di n-5-yl ) met hanol

(327 my) 20bn T@m@a@nmg@@&wrP@ewem@wmt@jorlawlmmnw neparipgyverand t he

reaction m ﬁﬁth%rgusvﬁéz804 and evaporated under reduced pressure to get crude compound. The

-yl )methanol CIOH A m xture of

crude compound was purified by column chromatography (Silica gel, 60-120 mesh) using
20% ethyl acetate in pet-ether as mobile phase to give ethyl 2-(4-fluorophenyl)-1-(4-

10 methoxybenzyl)-3-oxopiperidine-4-carboxylate (7.0 g, 67%) as oily liquid. LC-MS
(M+H)" =386.2. "HNMR (400 MHz, CDCl3): 8 ppm 12.02 (1H, s), 7.43 (2H, m), 7.15
(2H, m), 7.04 (2H, m), 6.84 (2H, m), 4.23 (2H, q, /= 7.2 Hz), 4.05 (1H, s), 3.79 (3H, s),
3.65(1H,d, J=13.6 Hz), 3.22 (1H, d, /= 13.6 Hz), 2.92 (1H, m), 2.35 (3H, m), 1.32
(3H,t,J=7.2 Hz).

15
Intermediate AI(S)
8-(4-fluorophenyl)-7-(4-methoxybenzyl)-5,6,7,8-tetrahydropyrido[ 3,4-d Jpyrimidine-
2,4(1H,3H)-dione
o
HN |
)\ N ~
o N PMB
H
F
20 To a cooled solution of Intermediate AI(4) (7.0 g, 18.1 mmol) in ethanol was

added -BuOK (5.0 g 45.4 mmol) followed by urea (2.7 g, 45.4 mmol). The reaction
mixture was heated at reflux for 18 h. The reaction mass was quenched with water and

evaporated the solvent under reduced pressure. The residue was diluted with water and
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stirred at rt for 30 mn. The solution turned to dark brown from orange a
fewmn after addition of PCC. The reaction mxture was filtered through a
pad of siwDcalag®B29¢! uti ng with CH2Cl2to give the title ®oFasando2s6H S a
browni sh solid (209 ng) and used directly for the next step. Internediate
AN(3) 1-(2,4-dichloro-6-(1-phenylvinyl)pyrimdin-5-yl)prop-2-en-1-01 C OH
5To a solution of 2,4-dichloro-6-(1-phenylvinyl)pyrimdine-5-carbal dehyde
(200 ng) in THF (3.6 nm.) at -78C was added vi nyl magnesi um brom de (0.79 niL,
IMsolution in T pw se, eaction m xt yre was at -78 C
for 20 i n ot bR SieE R alaThERPUIEH Byt VRt utied b

aqueous | aygineWalati@X({75 aflt)edticdiol & M BY] andeeiifed wdks reditdd pfe@summgbtned
organic |l ayers were dried over anhydrous Segl um sul fate 10and t hen
filtered. cFOMPPUde T8 SHE FRBHEPAFERIDYHIeY 4¥ B cB ofratagkehy (1€ conpound

(156 ny) asge 6@Q|2Q'iﬂe§l@~°usﬁilg 1509 e Bl Sthpr Reklas WRASIIMSRG digwa sy for the
next ste repar ation

2-chl or o 4- {upEenigmdhy ﬁfbsrwr}no@rb@ﬁw B0.7-8dptpferg oty A ppEmidned] pyri ni di n-5-0

ne 15 2,4(1HRBH- &&Je%ﬁb%r‘w)ﬁ) as pale yellow solid LC—MS (M+H 2 = 382.0. 1HNMR _
1- (2, 4-di chl'or 0- 6- ( 1- phenyl vi nyl )y pyfi m di n-5-yl ) prop-2-en-1-ol (20 ng) in

CH2CL2 (6. 54A MHzaBMiftde): Sppibis. ORY 1 o dpylét(lf@,@) r?g?ﬁ 7. EhH he, 6:9a@H: on

m xture was 0 and the
resi due was gg:},tgg?% @djefs (Eﬁo §<Z§ P%{% Jandz%g/s E’Qk]ﬁ?{S rrgI)Sj iﬁgoygded The
reacti on m @Hume 220 (Wesm$ 2i35r(eid, mhder a hydrogen balloon for 35 mn.
Hydrogeg) bal | oon was renoved, and then Hunig's base(23 p.L) was added

foll owed by nmethylamne (36 p.L, 2 Msolution in nmethanol) . The reaction
m xt ur e wasPgpduuri@ddat room tenperature for 10 mn, and the solvents were

renoved. The i ur| fie reparativ C elutin i 35%

£t OAC/ Hexanes 4410 8#%%“?%@ ?fP?‘}eay‘ggf{%ﬁlﬁ)Fﬂt?g enéyl%gﬁpmegwydwpg%%& ¥, 37%
yield). 1H 25 NWVR (500 MHz, chl orof gppidjdie ppm 7.1-7.4 (5H m, 4.45 (1H,
dd, J = 3.0, 8.0 Hz), 3.24 (1H, dd, JC:8.O, 19.5 Hz), 3.20 (3H, s), 3.19
(3H, s), 2.71 (1H, dd, J = 3.0, 19.5 Hz). 13C NWR (125 WHz, chl orof ormd)
6 203.12, 186.69, 166.52, 159. 93, ) 29.16 (20, 127.73 (2C), 127.59,
110. 98, 46.50, 45. 48, and 27.53. HBI&\(IS al qp for Cl4H13CIN30 ( M+H)
274.0742; found: 274.0741. PMB

F

15 A solution of Intermediate AI(5) (2.0 g, 5.24 mmol) and catalytic amount of DMF
in POClI; (30 vol.) was heated at 85 °C for 18 h. The excess of POCl; was evaporated
under reduced pressure. The residue was poured in to crushed ice and stirred for 15 min.
The aqueous solution was extracted with ethyl acetate (20 mL x 3). The combined
organic layer was washed with aqueous saturated NaHCO; (10 mL x 4), brine solution

20 (25 mL), dried over anhydrous Na,SO4 and evaporated under reduced pressure to give
2,4-dichloro-8-(4-fluorophenyl)-7-(4-methoxybenzyl)-5,6,7,8-tetrahydropyrido[ 3,4-
d]pyrimidine (1.4 g, crude) as brown solid. LC-MS (M+H)" =418.0.

Preparation Ala

25 2-chloro-N-ethyl-8-(4-fluorophenyl)-7-(4-methoxybenzyl)-5,6,7,8-tetrahydropyrido[ 3,4-

d]pyrimidin-4-amine
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5 Preparation AO 3 -nethoxy-4-(1-nmethyl-1H pyrazol -4-yl)aniline

,N__ -N NH2 A DMF solution of diethyl 1-nmethyl-1H pyrazol-4-ylboronate,

4- br ono- woebteong2i t r obenzene together with Pd(dppf) amdTRR@G3/0s6e heat ed
at reflux overnight. The 10 product obtained was reduced with Fe in

MeOH ammoni um chl oride to provide the title conpound. LG MS (MHH) + = 204. 2.
1H NWVR (400 MHz, DVMBO-d6): 6 ppm 7.84 (1H, s), 7.66 (1H, s), 7.19 (1H, J=
8.2 Hz, d), 6.29 (1H, s), 6.18 (1H, J = 2.0, 8.2 Hz, dd), 5.31 (2H, br s),
3.80 (3H, s), 3.75 (3H, s). 15 Preparation AP

2, 4-di chl oro-7-(4-fl uorophenyl)-7-nethyl -6, 7-di hydr o- 5H- cycl opent ai dl pyrim
dine C To a solution of Preparati offfH (300 ng, 1.060 mmol) in DVE
(Volume: 7064 pl) at -78 20 C was ad d KHVDS (1281 pl, 1.166 mml) (0.91 M
in THF) dropw se. After 10 mn, Mel| (191 llitl, 3.18 mmol) was added. The
reaction was kept at -78C for 10cwHﬁN then ~glhgowed to cone to rt. After |h
at rt, the reaction was quenched with water and extracted three tinmes with
Et 0OAc. The conbi ned organic extracts we dried over MgSH4, filtered, and

t he solvent renoved in vacuo. 1H NWVR (5 MHz, CDCl1l3) 6 ppm 7.21 - 257.27
(3 H mM, 6.95- 7.03 (2 H m, 2.87 - 3101 (2 H mM, 2.62 (1 H ddd,
J=13.20, 7.86, 5.19 Hz), 2.26 -2.34 (1 H m). Preparation APa

2- chl or o- 7- (4- f ITwar @RBSA YLD rephraiiodi AGD MY 11.67 Amil N dcBrabbvey Glieiaent a[ d] pyri mi

di n-4- am ne HN , . .
diisopropylethylamine (0.43 g, 3.35 mmol) followed by ethylamine hydrochloride (0.27

g, 3.35 mmol) at room temperature. The reaction mixture was stirred at room
5 temperature for 18 h. The solvent was removed under reduced pressure and the residue

was purified by column chromatography (60-120 mesh) using 35% ethyl acetate in pet-
ether as mobile phase to givechloro-N-ethyl-8-(4-fluorophenyl)-7-(4-methoxybenzyl)-
5,6,7,8-tetrahydropyrido[ 3,4-d]pyrimidin-4-amine (0.36 g, 50%) as off-white solid. LC—
MS (M+H)" =427.2. 'H NMR: (400 MHz, DMSO-d6): & ppm 7.38 (2H, m), 7.30 (2H,

10 m), 7.20-7.13 (4H, m), 6.88 (2H, m), 4.45 (1H, s), 3.73 (3H, s), 3.45 (1H, m), 3.40-3.34
(3H, m), 2.88 (1H, m), 2.42 (2H, m), 1.16 (3H, t, /= 7.2 Hz).

Preparation AIb
2-chloro-N-ethyl-8-(4-fluorophenyl)-7-(4-methoxybenzyl)-N-methyl-5,6,7,8-
15 tetrahydropyrido[3,4-d]pyrimidin-4-amine
¥
NZ |
cl )\\ N N~pms

To a solution of Preparation Al (0.7 g, 1.67 mmol) in methanol was added
diisopropylethylamine (0.43 g, 3.3 mmol) followed by ethylmethylamine.HCI (0.19 g,
3.35 mmol) at room temperature. The reaction mixture was stirred at room temperature
20  for 18 h. The solvent was removed under reduced pressure and the residue was purified

by column chromatography (60-120 mesh) using 20% cthyl acetate in pet-cther as mobile
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5F To a solution Preparation AP (123 ng, 0.414 mmol) in NWP (Volunme: 4139
litl) was added 2 M Mononet hyl am ne (414 nl, 0.828 nmol) in MeOH After 2h,
LC M5 showedoons®rsi on to the desired product. Water wasTasded/02medl t he

m xture was extracted three times into Et0Ac. The conbi ned organic extracts
were dried over MpSO4, filtered, and 10 concentrated in vacuo. The
resulting material was used for further chemstry. LG M 0,4-Hy = 290. 3.
Preparation AQ

2, 4-di chl or t cl opentai d rimdine Cl
T5mt er ed SFE RETY DS GRS BB ER RS T B Mon of
(2-met hOXypﬁemmltétmgmegyﬁmﬂ @]ﬁyﬂﬁndnﬁMH’ﬂﬁw((ﬁﬁO% 5121%) a@‘éfﬁwmmlo)ldm@ added
Copper (1) iodide 0.6 Op ll ing s utlon was stirred
at 20RT forM §(§Mﬁﬁ(v\ 6410% NM& 61%’“1 6]W§Qrf’é)gﬂplill7 ‘%%@Hzﬂﬁ?)zi bl was

sl oW y addednang ddveoneasuioninl ¥tureawas), sk (el aRTmwsrmght, Sat .
NH4Cl was gﬁd . a%vged a;?] tr(e n?xtuare(e \/\23 stl(rre) ﬂéT \&gr 30@mn The
pr oduct ﬁ/vasmbﬁto)l‘/‘é@tléda i BHom2 P, (1HRh®), dgrtsi Red): érlééﬂild Vayet §2her e washed
with brine, dried over Na2504 and concentrated. The residue was purified
by flash chromatogra 0% to 60% Et0OAc / Hex) to get

2- (2- met hox@fﬁp@”ﬁym/é@én t?anol (9.03 g, 47.0 nmml, 99 %yield). LG M
(MtNa) + = 215 GL (it 6. 97 (t,
e 2301610%3;8 :\M\’dﬁl]éé@%% (@%ﬁ&or 0%&1n f ylgégén%tﬂd%ﬁge%@n

3H), 3.38 - 3.27 (m 2H), 6.23-tetpahydropymdo| 314—|)ipyranm9ne 1.97 (m 1H), 95 -
1.85 (m 1H) 1.85 - 1.71 (m 3H). Internedi ateFAQ(Z)

2-(2- nethoxyphenyl)cyclope one

NZ NZ
Alc1 Alc2

To a solution of Preparation AI (0.70 g, 1.6 mmol) in methanol was added

10

diisopropylethylamine (0.40 g, 3.35 mmol) followed by (S)-3-fluoropyrrolidine (0.25 g,
2.14 mmol) at room temperature. The reaction mixture was stirred at room temperature
for 18 h. The solvent was removed under reduced pressure and the residue was purified
15 by pep-HPLC to give 2-chloro-8-(4-fluorophenyl)-4-((R)-3-fluoropyrrolidin-1-yl)-7-(4-
methoxybenzyl)-5,6,7,8-tetrahydropyrido[ 3,4-d]pyrimidine (0.150 g, 37% & 190 mg,
43%).
Alcl: LC-MS (M+H)" =471.1. '"H NMR (400 MHz, chlorofom-d): & ppm 7.48 (2H, m),
7.15 (2H, m), 7.01 (2H, m), 6.83 (2H, m), 5.30 (1H, m), 4.43 (1H, s), 3.97-3.90 (4H, m),
20 3.88-3.72 (4H, m), 3.65 (1H, m), 3.17 (1H, m), 3.02 (2H, m), 2.33 (2H, m), 1.95 (1H, m).
Alc2: LC-MS (M+H)" =471.1. 'H NMR (400 MHz, chlorofom-d): & ppm 7.28 (2H, m),
7.18 (2H, m), 6.99 (2H, m), 6.84 (2H, m), 5.30 (1H, m), 4.58 (1H, s), 4.20-4.11 (2H, m),
3.97-3.80 (6H, m), 3.69 (1H, m), 3.35 (1H, m), 2.88 (2H, m), 2.35 (1H, m), 2.17 (1H, m),
2.05 (1H, m).
25
Preparation Ald
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To a solution of 2-(2-nethoxyphenyl)cycl opentanol (9.11 g, 47 4 nmmol) in
Acetone 10( Vol une: 474 m) was added Jones reagent (6.52 m, 52.1 mmol ) (8.0
M . Afterwohe12zdeiori on was conpl ete ( the conversi on of PceEdSe@a®esstst o
green solid, and the supernatant solution took on the color of unreacted
reagent), isopropanol was added to quench the excess reagent. The green
solid was filtered off through ceilite and rinsed with acetone. The
filtrate was concentrated and purified by flash chronmatography to get 2-(2-

15 meth | t 64 g 349 73,6 % vield). LC NS
(Wi + = L oretoro RO Semdbeyti ot g g byaBigd iy 7. oo

0
g

(dd, J=7.5, 1.7 Hz, 1H), 6. 9%tkBydrd58idd3Hzd]pylimiding. 90 (td, J=7.4, 1.1 Hz,
1H, 3.77 (s, 3H, 3.43 - 3.37 (m 1H, 2.48 -2.30 (m 3H), 2.23 -2.11 (m
2H), 2.00- 1.88 (m 1H). Intermediate AQ3) 20net hyl
3- (2- met hoxypheny1l) - 2- oxocycl opent apeciar boxyl ate o /0 A m xture of
2- (2- met hoxyphenyl ) cycl opent anone (6N64 g, 34 9 mmol ), dinethyl carbonate
(58.8 m, 698 nmol) and MeOH ( 4 dro was stirred while sodi um hydride
(3.07 g, 60%w, 77 muol) was added“sl| wy at 0 C. The m xture was war ned
to RT 25and then heated to refl ux N-gpsl then stirred at RT
overni ght. The reaction was quenched with 1 NHC1L ( 77 nmL, 77mvol ) and
extracted with ethyl acetate. The orga extracts were washed with water,
dried with brine, and concentrated in 0. The crude product was purified
by flash chromatography (SG 0 to 75% EtlOAc / Hexane) to get nethyl
3-(2- met hoxyphenyl) - 2- oxocycl opent anecaeroxyI ate (5.3 g, 21.35 mmol, 61.2 %
yield). LC M ( Nibhaptution 3F7Hrefaratiol ANIVR7( g006/hiznol GR3RMan8 wasAbded 7. 16 (m

1H), 7.0 , J=7.3 Hz, 1 6.92 - 6 m,.2H),. 3.73 - 3.69 3H), 3.68
() 3t) 5 5 Ghoiromyisiyigine (hgd £:3 Fanmon Tfgehp? iy Tacragyreotigg 6. fe 1Yy

2.31 - 2.172.% MmodH) rood tfperadir IHeftachbh mixdurt RagitiRdabio8mAGh#orature for

7-(2- et hoxygohenyl) -6, 7- di hydr o- 5H cycl opent a| d]GP%ri m di ne- 2, 4-di ol OH

h. The solvent was rermoved under réduced pressure and the residue was purified by

pep-HPLC to give 2-chloro-8-(4-fluorophenyl)-4-((S)-3-fluoropyrrolidin-1-y1)-7-(4-
methoxybenzyl)-5,6,7,8-tetrahydropyrido[ 3,4-dJpyrimidine (0.150 g, 37% & 190 mg,
10 43%). LC-MS (M+H) =471.2.

Preparation AJ
2-chloro-4-(methylamino)-8-phenyl-7,8-dihydroquinazolin-8-ol

15
Intermediate AJ(1)
methyl 2-chloro-6-(methylamino)pyrimidine-4-carboxylate
HN”
N* |
CI/I\\N o~

0]
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To a nelt of urea (6.07 g, 101 mol) (bath tenp 150 C) was added net hyl
3-(2- net hoxyphenyl) - 2-oxocycl opent anecar boxyl ate (5.3 g, 20.21 nmol)

dr opwi se.waR0Er103B3t i rri ng overni ght, the reaction was eocoltsdoizo22665 Added
MeOH (30 ml), and broke up the solid nass with a spatula and stirred for 1
h. Added water (600 ml ), and stirred for 3 hr. The m xture was added to a
Buchner funnel, and washed with water. Dried overnight in the vacuum oven
(45 C) to obtain 7-(2-methoxyphenyl)-6, 7-di hydro- 5H

cycl opentald m dine-2,4-dial, (4.03 g, 15.60 |, 77 % yield) as a tan
i To S5V & i o Bugpsmigieacsabonate (o) eiFiHinS

2, 4- di chl orgrifschidrid®tonexes phenyds) @&mbydmséaﬂeamh Qﬁﬁeﬁ(Bd’] i mdine Cl
The nixture of |ntermediate AQ(4) [ 7- (2- met hox hen dlh dr o- 5H
20cycl opent HPRIY iy prdibareei 2 mxgiro s S(tmreégt ige bai% 60 hrﬁ*i*élﬂ)en rbﬁﬁbbﬁh@hfw
trichloride Rl B4 r%ove%%vmla}ld %%Me%s%u%myb%ﬁéd'd%ctfy%yﬁﬁoﬁ el7.16

nmol ) was heated at 103 . The reaction m xture Wwas concentrat ed to
renove mlféutmd’vﬁwoﬁi%@@eﬁcﬁmxenqséH)OOTN@ fpldasyadtby 9§ eqidd0dd O Me@He was
extracted th 1 b ) 1 er 5 e

concent rat\gé HT(ﬂ%ﬁ%:% ég%)é}glg 1}8%[ ﬁ%gl %éjéropg eggx: ?Fegésﬁg&torsowrr%rteogr aphy (SG
5% t 0 2545%o0Etbinad and laramell it yacget During the solvent removal some white solid was

2, 4-di chl or e i mdi ne
(1.82 g, *%’ﬂed( Zﬁe@%‘gtﬂé%&ggg%’j%?e “qfé%gg‘?'ﬁaﬁ)%%h“%‘alép@%l%%ﬁ}ﬁg(400|sz,
CD30D) 6 7 ®8d). )7LE4M(Srﬂ\4+}Hj 20200 (dd, J=7.4, 1.6 Hz, 1H), 6.99 (d, J=8.3
Hz, 1H) 06 96 - 6.91 (m 1H), 4.68 (t, J=8.9 Hz, 1H), 3.70 (s, 3H), 3.18 -
3.08 ( 1H, 3.07 - 2.99 (m 1H, 2.72 - 2.59 (m 1H), 2.28 - 2.13 (m
1H). Prepar ati onntAfgecdiate AJ(2)

ﬁ_zzl?hlacn){ g_e7;_|§\|2 r}1:}1;11510r0 met )) N- methytl—%—éleglyzangrllor%%ll‘n%dglg_ Céér loggn%{gi%a[ df pyrim di

HN
N7 o~
|
N
Cl)\\N ~

o
To a suspension of methyl 2-chloro-6-(methylamino)pyrimidine-4-carboxylate
15 (1.95 g) and N,O-dimethylhydroxylamine hydrochloride (1.887 g, 19.34 mmol) in THF at
-20 °C was added isopropylmagnesium chloride (23.60 mL, 47.2 mmol) dropwise
through a dropping funnel over a period of 30 min, and the reaction mixture was stirred at
-10 °C for 40 min. The reaction was worked up with sat. NH4Cl and EtOAc, and the
crude product was purified by Biotage cluting with 40-90% EtOAc/Hexanes to give the
20 title compound as a colorless oil (786 mg). LC-MS (M+H)" =231.01.

Intermediate AJ(3)
5-bromo-2-chloro-N-methoxy-N-methyl-6-(methylamino)pyrimidine-4-carboxamide

B
r?/
N

N ’
Cl)\\N ~
o
25 To a solution of 2-chloro-N-methoxy-N-methyl-6-(methylamino)pyrimidine-4-
carboxamide (959 mg) in MeCN (21 mL) was added NBS (814 mg), and the reaction

mixture was heated at 60 °C for 8 h. The solvent was removed, and the residue was
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A m xture of 2 M nononethyl am ne (1525 p.1, 3.05 mmol) and Preparation AQ
(450 ng, 1.525 mmol) in MeOH (Vol une: 8565 p.1) was stirred at RT

over ni ghtwoThe/mamet i on was 10 concentrated i n vacuo an#Crhis20iememe: was
purified by flash chromat ography (SG 15%to 100% Et OAc / Hexane) to get
2-chl oro- 7- ( 2- net hoxypheny1l) - N- net hy1- 6, 7- di hydr o- 5Hcycl opent a[ d] pyri m di n-
4-amne (330 ng, 1.139 nmmol, 74.7 %yield). LGM5 (MH)- = 290.1.
Preparation AR

152, 4-di chl or hl o 0 ro-5 0 pyrirridi ne
| nt er medi at®@" 'ﬁ%&l} %éogq'gﬁlefu%g% ?’“ﬁ% 6’r76)p${§ﬁ39mj Q%Xé LP?% A mixture of
2- (2- chl or ophgRyhd Rceiiie sakd d.1g).0Lg-M§@vEHYMB)0.95n Et OH (Vol une: 152 nl)
was treated with H2SO4 (1.719 m, 32.2 mmol). The result m xture was
refluxed overnight. The heat was renoved, and the reaction m xture was
concentrated. TheefRSlibkd ANG) 0|I was di ssol ved in Et 0OAc and CAREFULLY
treated with aqueous Na2CC3 32.8 mol ) iCAUTIO\I Gas evol ution)
until the sol tfhleie-N-awdhoned- @a%lwb6 grﬁﬁhﬁ@nmfohﬁvw pPygEadie brybrsidas seen.
The EtOAc |ayer was then renpved and e aqueous |ayer was again extracted
two tines with Et0Ac. The conbi ned organ|| | ayers were then washed with
brine, dried over Na2SO4 and concent K&t iof vacuo to obtain ethyl 2-(2-
chl orophenyl )acetate (11.32 g, 57.0 QJL %yield). LCGCM (MHH) + =

199.1. 51H NVR (500MHz, CD30D) 6 7%'41Ndd, J=16.8, 5.6, 3.5 Hz, 1H), 7.35
(dd, J=5 .5, 3.7 o

A solution of 5-bromo-2-chloro-N-methoxy-N-methyl-6-

(methylamino)pyrimidine-4-carboxamide (100 mg), tributyl(vinyl)stannane (113 mg),
tetrakis (23 mg) in toluene (1.6 mL) was heated at 95 °C for 12 h, and the solvent was

10 removed. The residue was purified by preparative TLC eluting with 50%
EtOAc/Hexanes to give the title compound as a colorless oil (23 mg). LC-MS (M+H)" =
257.06.

Intermediate AJ(5)
15 (2-chloro-6-(methylamino)-5-vinylpyrimidin-4-yl)(phenyl)methanone

HN” |

N ’d
s
Cl N
o
To a solution of 2-chloro-N-methoxy-N-methyl-6-(methylamino)-5-
vinylpyrimidine-4-carboxamide (136 mg) in THF (1.8 mL) at 0 °C was added
phenylmagnesium bromide (1 M solution in THF, 1.3 mL)) dropwise, and the reaction
20  mixture was stirred at O °C for 30 min. The reaction was worked up with EtOAc/sat.

NH,4CI1, and the crude product was purified by preparative TLC eluting with 40%

EtOAc/Hexanes to give the title compound as a colorless oil (87 mg). LC-MS (M+H)" =
274.03.

25 Intermediate AJ(6)
1-(2-chloro-6-(methylamino)-5-vinylpyrimidin-4-yl)-1-phenylbut-3-en-1-ol
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Hz, 1H), 7.28 (dd, J=5.8, 3.7 Hz, 2H), 4.17 (q, J=7.0 Hz, 2H), 3.80 (s,
2H), 1.26 (t, J=7.2 Hz, 3H). Internediate AR(2) diethyl

2- (2- chl ovophexpbldnexanedi oate o CI 0 A mi xture of ethylPCT/US2012/022665

2- (2-chl orophenyl )acetate (11.32 g, 570 mmol ), ethyl 4- bronobutanoate
(33.3 g, 171 mmol) and Cs2C33 (55.7 g, 171 mol) in DVF (Volume: 57.0 m)
was heated at 60 C overnight. The reaction was cooled to RT and dil uted
into a mxture of ethyl acetate and water. The organic | ayer was separat ed,
and the aqueous 15l ayer was extracted three tines with Et0Ac. The conbi ned
organic layers were concentrated in The residue was purified by
flash chromat ography (SG 0 to 45% REOA Fex) to get diethyl

2- (2-chl orophenyl ) hexanedi oate (17.82 d, 57 O nmml, 100 %yield). LC M
(MrH) + = 313.2. 1H NMR (500MVHz, cg£b)1 o<{(.41 (ddd, J=17.0, 7.7, 1.5 Hz,
2H), 7.33 - 7.24 (m 2H), 4.21 - 4.07 (% @Ry, 2.34 (td, J=7 .3, 2.1 H,
2H), 2.16 - 202.05 (m 1H), 1.82 (dddd, J=13/4, 10.3, 7.7, 5.5 Hz, 1H)

1.70 - 1.48 , . 1.33 - 25 1H), 1.2 ,.J=7.2, 7.2 Hz, 3H), 1.21
L0, L4 (2 Sl b X

3- (2- chl or oghigi$) mehewac yiab oRe rh aREQasheXH atvers Qddedall) Magrd¥REd at e AR(2)
(17.82 g, 57.0 mmvol) was dissolved in THF (Volume: 100 ml) and cooled to 5
C. To this ¥omideilbA MeutisadedHE. M Sddidtmmrbicstrdtharseqipn S1xHIe i #ecd n THF
(68.4 ms5 68+AMPhin. THEGcab®RCKAsQRLrRIMIPUNE IR cihi. NIEE 1 ahd TeCrfer 1 h and
then 2 h at RT. The reaction was cooled to 0 C and Et 0OAc (25 nL) was
added. The PrlushyasRirifisd Bripwpt ALY chrting Meh 30t tPAqdlsxpnes to grethetiani ¢ | ayer
was isol at e&nﬂq@@nc{ﬂ%d@%ﬂ%&%l ('1?9}’1%%).%—1\@3( NIagbaf tubge i th EtOAc. The
conbi ned organic | ayers were dried over 2S04 and concentrated to get

et hyl 3-(2-chl orophenyl)-2-oxocycl opent anecar boxyl at e

Preparation AJ
10 2-chloro-4-(methylamino)-8-phenyl-7,8-dihydroquinazolin-8-ol

To a solution of 1-(2-chloro-6-(methylamino)-5-vinylpyrimidin-4-yl)-1-
phenylbut-3-en-1-0l (60 mg) in benzene (5 mL) was added Grubbs I (16 mg), and the
reaction mixture was heated at 85 °C for 1 h. The solvent was removed, and the residue

15  was purified by preparative TLC eluting with 40% EtOAc/Hexanes to give the title
compound as a colorless oil (50 mg). "H NMR (500 MHz, CDCls) & ppm 7.4 (5H, m),
6.25 (1H, m), 6.07 (1H, m), 5.14 (1H, br. S), 4.52 (1H, s), 3.10 (3H, d<J = 5.0 Hz), 2.99
(2H, m). “C NMR (125 MHz, CDCls) 164.32, 159.38, 158.85, 144.15, 128.24, 128.02,
127.83, 125.51, 117.54, 108.14, 60.51, 38.50, and 28.57. HRMS calcd. for C;sH;sCIN;O
20  (M+H) 288.0904; found: 288.0899.

Preparation AK
2-chloro-4-(methylamino)-8-phenyl-5,6,7,8-tetrahydroquinazolin-8-ol
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5 (15.20 g, 57.0 mml, 100 %yield). LCM (MtH) + = 267.1. 1H NVR (500MHz,
CD30D) 6 7.43 - 7.38 (m 1H), 7.31 - 7.22 (m 3H), 4.22 (qd, J=7.1, 2.1 Hz,
2H), 3.58ve 2812510379 1H), 2.53 -2.42 (m 2H), 2.40 - 2. PET(Uspo12i62662. 21
-2.11 (m 1H), 1.30 (t, J=7.2 Hz, 3H). Internmediate AR(4)

107- ( 2- chl orophenyl) - 6, 7- di hydr o- 5H-cycl opent a[ d] pyri m di ne- 2, 4-di ol OH

To a nelt of urea (17.11g, 285 mmol) (bath tenp 150 C) was added
Internmediate AR(3) (15.20 g, 57.0 mmol ) dropwi se. After stirring overnight,
the reaction was cooled to rt. 15 Added MeOH (100 m ), and broke up the
solid mass with a spatula and stirred|for 1 h. Added water (1.8 L), and
stirred for 3 hr. The m xture was adge a Buchner funnel, and washed
with water. After drying overni ght oty 0, 7-(2-chl orophenyl)-6, 7-

di hydr o- 5H- cycl opent a[ d] pyri m di ne- 2, 4=di (10.85 g, 41.3 mmol, 72.5 %
yield) was obtained as a tan solid. LC H + = 263.1. 20 Preparation AR
s oo s B S e e 5 B S b R UL LR e e ©

[ 7-(2-chl Orﬁqok@wﬂﬁmd(s eHrhwas Qdctéh#symcp@g@ﬁ@i, dhowme 'réﬁhlﬂih@@us%erﬂ'roﬂ'v&hls] (10.85
g, 41.3 mmol), phosphoryl trichloride (57.7 m, 25620 mmol) and

N, N- di et hy| ificfl ppder p 8ydrgesy balepngorly Theggaction grigtgregras figigredthroyehz2 md The

reactions M MR Yaie GRNARMLMALEM aEQcBl‘éH@s&’%il%ﬁ) and then poured into ice.
The resulting agueous m xture was extracted with diethyl ether. The

conmbi ned et HéNMX {04 Ez W @&s)cameehs (HH.en), 4. $1ELOrulde 4R bed. Swes3Pur i f i ed
by flash chyorat S 0%, t 9 X
2" 4- di chl ot 57<1%9%§?%¥&§)h§%y“%ﬁé9#@f%5%‘?§ﬁ%ﬁé§% g%?r%f Iiafk pilx‘r‘?'?r‘]"di ne (5.4

g, 18.03 mOIs,024R 787/ 6/i2el 1) 92, LCSNB7(REM) 6L, 21.801787. HRMS calcd. for
C1sH7CIN:O (M+H) 290.1060; found: 290.1052.

10
Preparation AL
2-chloro-4-(dimethylamino)-7-phenyl-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-7-ol

\N/

N/

|
CI)%N
HO

2-chloro-4-(dimethylamino)-7-phenyl-7H-cyclopenta[d]pyrimidin-7-ol was
15  prepared from methyl 2,6-dichloropyrimidine-4-carboxylate using the same
transformations as shown in Preparation AJ/AK with the following differences:
Intermediate AL(1): dimethylamine was used instead of methylamine hydrochloride, and
1.1 equiv of Hiinig’s base was used; Intermediate AL(6): vinylmagnesium bromide was
used instead of allylmagnesium bromide. "H NMR (500 MHz, CDClz) & ppm 7.3 (5H,
20 m),3.28 (6H,s), 1.5-3.4 (5H, m). *C NMR (125 MHz, CDCl;) 174.66, 161.76, 159.58,

144.61, 128.49, 127.58, 125.35, 113.92, 82.86, 41.07, 39.00, 28.59. HRMS calcd. for
Ci5H17CIN3;O (M+H) 290.1060; found: 290.1050.

Preparation AM

25  (68,75)-2-chloro-4-(dimethylamino)-7-phenyl-6,7-dihydro-5SH-cyclopenta[d Jpyrimidin-6-

ol
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5 Preparati on ARa

2-chl oro-7-(2-chl orophenyl) - N-net hyl - 6, 7- di hydr o- 5H- cycl opent a[ d] pyri m di n-
4- am ne HNO 2012T@3@7sol uti on of Preparation AR PCT/US2012/022665

[ 2, 4-di chl oro-7-(2-chl orophenyl) -6, 7-di hydro-5H cycl opent a[ d] pyri m di ne]
(900 ng, 3.00 nmmol) in NWP (Volune: 3.00E+04 pi) was 10 added 2 M

nmononmet hanam ne (7525 litl, 15.05 mmol). The resulting reaction m xture was
stirred at RT for 1 h. Water was added ( 120 ml ) to the m xture and
stirred for 30 mn. The m xture was f\lltered to get light green solid which
was dried to get 2-chloro-7-

(2-chl orophenyl) - N-net hyl- 6, 7- di hydr
(713 ny, 2.424 mmol, 81 %yield).
CD30D) 6 7.50 15- 7.39 (m 1H), 7.34 -
4.86 - 4.72 (m 1H), 3.07 (s, 3H), 2.90
Preparation AS

2, 4-di chl or o- 7- (I2tefoheadotopMehy 1) - 6, 7- di hydr o- 5H- cycl opent a[d] pyrimdine C

20 Intermediate ASCHL AR Ml 6 onlly LR BRP A BBy AR 23k

\N/

O

5 To a solution of 2-chloro-4-(dimethylamino)-7-phenyl-6,7-dihydro-5H-
cyclopenta[dJpyrimidin-7-ol (85 mg) in i-PrOH (5 mL) was added HCl in ether (1M

opent a[ d] pyri m di n- 4-am ne
mﬁ) = 295.9. 1H NWR (400MHz,
(m 2H), 7.04 - 6.90 (m 1H),
.67 (m 3H), 2.11 -1.91 (m 1H).

7

Cl

solution), and the reaction mixture was heated at 80 °C from 3 h. The solution was
cloudy and turned to clear yellow solution by the end of the reaction. The solvents were
removed, and the reaction mixture was worked up with EtOAc and saturated NaHCOj to

10  give the title compound as a brownish solid (50 mg). LC-MS (M-H,O+H)" = 272.07.

Preparation AM
(6S,75)-2-chloro-4-(dimethylamino)-7-phenyl-6,7-dihydro-5H-cyclopenta[d Jpyrimidin-6-

ol

15
To a solution of 2-chloro-N,N-dimethyl-7-phenyl-5H-cyclopenta[d]pyrimidin-4-

amine (113 mg) in THF (2 mL) at rt was added borane dimethyl sulfide complex in THF
(2.0 M solution, 0.41 mL), and the reaction mixture was stirred at rt for 5 h. Water (0.50
mL) was added carefully , followed by 30% H,0O; (0.50 mL) and 1 N NaOH (1 mL). 5

20  mL EtOAc was added, and the reaction mixture was stirred at rt for 12 h. The crude
product was purified by prep. TLC eluting with 50% EtOAc/Hexanes to give the title
compound as a yellowish solid (44 mg). LC-MS (M-H,O0+H)" =290.05.
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The procedure described for the preparation of Internediate AR(2) was used
with comrercial ethyl 2-(2-fluorophenyl)acetate to obtain Internediate
AS(1). LGvDBo(2debmy+ = 319.1. 1H NVR (500MHz, CD30D) 6 PC3AISEe1d/022b6y.6, 1.7
Hz, 1H), 7.33 - 7.26 (m 1H), 7.17 (td, J=7.6, 1.2 Hz, 1H), 7.13 - 7.06 (m
1H), 4.18 -4.08 (m 4H), 2.33 5(td, J=7.3, 2.7 Hz, 1H), 2.18 - 2.05 (m
2H), 1.81 (dddd, J=13.4, 10.3, 8.2, 5.6 Hz, 1H), 1.65 - 1.46 (m 2H), 1.29
- 1.26 (m 1H) 1.25 - 1.22 (m 3H), 1.20 (t, J=7.0 Hz, 3H). Internedi ate
AS(2) ethyl é %X&r ophenyl) - 2- oxocycl opent anecar boxylate 0 10  The
procedure REd or the preparation of Internediate AR(3) was used with
| nt er medi at ®2cifiSiol) (nicthyQdrhiab)7- blEHnglr oredingtie- ﬁﬁé?c)lopehtﬁ}dﬁ@riﬁr%‘ihﬁ)dne: 273.1. 1H
NMR (500MHz, CD30D) 6 7.34 - 7.20 (m_ 2H) 7.19 - 7.02 (m 3H), 4.26 -4.17
(m 2H), 2.54 15-2.41 (m 2H) 2.37 -2 20(m 1H), 2.11 - 1.98 (m 1H),
1.30 (t, J=7.2 Hz, 3H), 1.26 - 1.17 (N 9 I nt er redi at e AS( 3)

7-(2-1l uorophenyl)-6, 7-di hydro-5|—|—cty,é<l> pent af d] pyri m di ne-2,4-diol OH 20
The procedure described for the preparatipn of Internediate AR(4) was used
with Intermediate AS(2) to obtain Interm8diate AS(3). LC-M5 (MrH) + = 247. 1.
Preparation AS

2, 4- di chl or o- 7- (I2tefrhadertpReNy 1) - 6, 7- di hydr o- 5H-cycl opent a[ d] pyri m di ne Cl

5 2,4-dichloro-6-(1-phenylvinyl)pyrimidin-5-yl)methanol
C oH
g
CI” N

A mixture of 2,4,6-trichloropyrimidin-5-yl)methanol (1.1 g), 1-phenylvinylboronic acid
(0.8 g), Tetrakis (0.3 g), sodium carbonate (1.64 g) in toluene (14 mL) and water (3 mL)
was heated at 100 °C for 12 h. Water was added followed by ethyl acetate, the aqueous

10 layer was extracted with ethyl acetate (x3), and the combined organic layers were dried
over anhydrous sodium sulfate and then filtered. The filtrate was concentrated, and the
residue was purified Biotage eluting with 10-40% EtOAc/Hexanes to give the title
compound as a white solid (325 mg). LC-MS (M+H)" = 281.02. 'H NMR (500 MHz,
chloroform-d) & ppm 7.5 (5H, m), 6.01 (1H, s), 5.67 (1H, s), 4.62 (2H, s).

15
Intermediate AN(2)
2,4-dichloro-6-(1-phenylvinyl)pyrimidine-5-carbaldehyde
Cl 0
)/
N7 |
Cl)\\N

To a solution of 2,4-dichloro-6-(1-phenylvinyl)pyrimidin-5-yl)methanol (327 mg)
20  in CH»Cl, was added PCC (600 mg) and 4A MS (600 mg), and the reaction mixture was
stirred at rt for 30 min. The solution turned to dark brown from orange a few min after
addition of PCC. The reaction mixture was filtered through a pad of silica gel eluting
with CH,Cl, to give the title compound as a s a brownish solid (209 mg) and used directly

for the next step.
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The procedure described for the preparation of Preparation AR was used with
Internediate AS(3) to obtain Preparation AS. LC-Ms (MtH) + = 283. 0.

Pr epar at iwo0 2082103297 PCT/US2012/022665

52-chl oro-7-(2-fl uorophenyl)-N net hyl -6, 7-di hydr o- 5H cycl opent ai dl pyri m di n
-4-amine HN The procedure described for the preparation of Preparation ARa
was used with Preparation AS to obtain Preparation ASa. LC M (M-H) + =
278.1. 1H NWR (400MHz, CD30D) 6 7.34 - 7.25 (m 1H), 7.17 - 7.12 (m 1H),
7.12 - 7.08 (m 1H, 7.07 - 7.03 (m 101H), 4.61 - 4.52 (m 1H), 3.05 (s,
3H), 2.89 -2.67 (m 3H), 2.12 -2.00 (m 1H). Preparation AT

2, 4-di chl oro-7- (Iatef}meﬁm&djmtyorophenyl) 6, 7- di hydr o- 5H cycl opent ai dl pyri m di
ne CI Internediate AT% 5et2 | 2- f 6-trifl uorophenyl)acetate F FF The
procedure descri bed!{or-dHore;p éBP%WVMI)BY“mWP’é WEHCRPEIARP) was used to
esterify 2,4,6-trifluorophenylacetic agi it o obtain Internediate AT(1).

LC M5 (IVH—|)+ = 247.1. 1H NMR (500MHz¢~ ) 6 6.89 (dd, J=8.7, 8.1 Hz,
2H), 4.18 (q, J=7.1 Hz, 2H), 3.71 (Cls)\\NZ 1.26 (t, J=7.2 Hz, 3H).

5 To a solution of 2,4-dichloro-6-(1-phenylvinyl)pyrimidine-5-carbaldehyde (200
mg) in THF (3.6 mL) at -78C was added vinylmagnesium bromide (0.79 mL, 1M solution
in THF) dropwise, and the reaction mixture was stirred at -78 °C for 20 min. Saturated
NH4Cl was added followed by ethyl acetate, the aqueous layer was extracted with ethyl
acetate (x3), and the combined organic layers were dried over anhydrous sodium sulfate

10 and then filtered. The filtrate was concentrated in vacuo to give the title compound (156

mg) as a colorless oil. The crude product was used directly for the next step.

Preparation AN
2-chloro-4-(methylamino)-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-5-one

15
To a solution of 1-(2,4-dichloro-6-(1-phenylvinyl)pyrimidin-5-yl)prop-2-en-1-ol

(20 mg) in CH,Cl, (6.5 mL) was added Grubbs II catalyst (6 mg), and the reaction
mixture was heated under reflux for 30 min . The solvent was removed, and the residue
was dissolved in EtOAc (4 mL), and 10% Pd/C (5§ mg) was added. The reaction mixture

20 was stirred under a hydrogen balloon for 35 min. Hydrogen balloon was removed, and
then Hunig's base(23 pL) was added followed by methylamine (36 uL, 2 M solution in
methanol) . The reaction mixture was stirred at room temperature for 10 min, and the
solvents were removed. The residue was purified by preparative TLC eluting with 35%
EtOAc/Hexanes to give the title compound as a yellow solid (6.6 mg, 37% yield). 'H

25  NMR (500 MHz, chloroform-d) & ppm 7.1-7.4 (5H, m), 4.45 (1H, dd, ] = 3.0, 8.0 Hz),
3.24 (1H, dd, J = 8.0, 19.5 Hz), 3.20 (3H, s), 3.19 (3H, s), 2.71 (1H, dd, J = 3.0, 19.5 Hz).
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Internedi ate AT(2) diethyl 2-(2,4,6-trifluorophenyl)hexanedi oate o 5FF0 The
procedure described for the preparation of Internediate AR(2) was used with
| nt er rediwiOeo P37t 0 obtain Internmediate AT(2). LC M5 PEFNspe202865. 2. 1H
NVR (500MHz, CD30D) 6 8.00 (s, 1H), 7.02 - 6.69 (m 1H), 4.28 - 3.95 (m
6H), 2.51 - 2.38 (m 2H), 2.39 -2.24 (m 1H), 2.06 - 1.88 (m 2H), 1.41 -
1.19 (m 6H). 10 Internedi ate AT(3) ethyl

3-(2,4,6-trifluorophenyl) - 2- oxocycl opent anecar boxyl ate o The procedure

It or o at o ANV PG5 ARyl el B Y 49 L b NER Ry #3090

| nt er medi at@cpe4)3 (20), 127. 59 110 98, 46.50, 45.48, and 27.53. HRMS calcd. for
7-(2,4,6-trifl uorophenyl)- di hydr o- 5H cycl opent a[ d] pyri m di ne- 2, 4-di ol

OH N A 20 T@@p?%@dﬁ@*@ﬁéé@?‘%é@@oﬁ%ﬂé -preparation of Internmediate AR(4)
was used with Internediate AT(3) to obtain Internediate AT(4). LC M5 (MHH) +
= 283. 1. Preparation AT

2, 4-di chl orfegargdomA@-tri f | uor ophenyl) - 6, 7- di hydr o- 5H cycl opent ai dl pyri mi di

ne 3-methoxy-4-(1-methyl-1H-pyrazol-4-yl)aniline

N ~

SN (0]
/N;\©\
NH

A DMF solution of diethyl I-methyl-1H-pyrazol-4-ylboronate, 4-bromo-3-methoxy

2

nitrobenzene together with Pd(dppf) and K2CO3 were heated at reflux overnight. The

10 product obtained was reduced with Fe in MeOH/ammonium chloride to provide the title
compound. LC-MS (M+H)" =204.2. '"H NMR (400 MHz, DMSO-d6): & ppm 7.84 (1H,
s), 7.66 (1H, s), 7.19 (1H, J = 8.2 Hz, d), 6.29 (1H, s), 6.18 (1H, J = 2.0, 8.2 Hz, dd), 5.31
(2H, br s), 3.80 (3H, s), 3.75 (3H, s).

15  Preparation AP
2,4-dichloro-7-(4-fluorophenyl)-7-methyl-6,7-dihydro-5 H-cyclopentald]pyrimidine
Cl

N/

|
Cl)\\N CHj

To a solution of Preparation H (300 mg, 1.060 mmol) in DME (Volume: 7064 ul) at -78

20  °C was added KHMDS (1281 ul, 1.166 mmol) (0.91 M in THF) dropwise. After 10 min,
Mel (191 pl, 3.18 mmol) was added. The reaction was kept at -78 °C for 10 min, then
allowed to come to rt. After 1h at rt, the reaction was quenched with water and extracted
three times with EtOAc. The combined organic extracts were dried over MgSO4,
filtered, and the solvent removed in vacuo. "H NMR (500 MHz, CDClz) & ppm 7.21 -

25 7273 H,m), 6.95-7.03 (2H, m), 2.87-3.01 (2H, m),2.62 (1 H, ddd, /=13.20, 7.86,
5.19 Hz), 2.26 - 2.34 (1 H, m).
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Cl F The procedure described for the preparation of Preparation AR was

used with Internmedi ate AT(4) to obtain Preparation AT. LG M5 ( MtH) +

319. 0. Prepanetioszy’ATa
52-chl oro-7-

PCT/US2012/022665
(2,4,6-trifluorophenyl)-Nnethyl -6, 7-di hydro-5H cycl opent a[ d] py

rimdin-4- amne HN F The procedure described for the preparation of

Preparati on ARa was used with Preparation AT to obtain Preparation ATa.
LCM5 (MHH) + = 314.1. 1H NWR 10 (500MHz, CD30D) 6 6.89 - 6.80 (m 2H),

4.62

(t, J=9.0 Hz, 1H), 3.00 (s, 3H), 3.07 - 2.96 (m 1H), 2.91 -2.82 (m 1H),

2.80 - 2.71

AU

reparatzg;? APa

2.70 - 2.61 (m 1H, 2.18 -2.07 (m 1H). Preparation

152, 4-di chl OQthzEn{ 4-2 il &ophedy h N RRIGNY, LtiBditr- Yoy ds Rl syahapent af d] pyri

md| ne Cl

10

15

20

amine

To a solution Preparation AP (123 mg, 0.414 mmol) in NMP (Volume: 4139 pl) was
added 2 M Monomethylamine (414 ul, 0.828 mmol) in MeOH. After 2h, LC/MS showed
conversion to the desired product. Water was added, and the mixture was extracted three
times into EtOAc. The combined organic extracts were dried over MgSO4, filtered, and
concentrated in vacuo. The resulting material was used for further chemistry. LC-MS
(M-H) =290.3.
Preparation AQ
2,4-dichloro-7-(2-methoxyphenyl)-6, 7-dihydro-5SH-cyclopenta/d]pyrimidine
Cl
NZ

PNy \

Cl N 0

Intermediate AQ(1)
2-(2-methoxyphenyl)cyclopentanol

o

OH

To a solution of (2-methoxyphenyl)magnesium bromide in THF (47.4 ml, 47.4 mmol)
was added Copper(I) iodide (0.632 g, 3.32 mmol). The resulting solution was stirred at
RT for 10 min. 6-oxabicyclo[3.1.0]hexane (4.11 ml, 47.4 mmol) was slowly added and
the reaction mixture was stirred at RT overnight. Sat. NH4Cl was slowly added and the
mixture was stirred at RT for 30 min. The product was extracted with CH2CI2. The

combined organic layers were washed with brine, dried over Na2SO4 and concentrated.
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Internediate AU(1) ethyl 2-(4-chloro-2-fluorophenyl)acetate FO The
procedure described for the preparation of Internediate AR(1) was used to
esterify WO 20/10B390r o- 2- f | uor ophenyl )acetic acid to obt aCm/useaienasds at e
AU(1). 1H NWR (500MHz, CD30D) 6 7.32 (t, J=8.4 Hz, 1H), 7.25 - 7.13 (m

2H), 4.17 (q, J=7.1 Hz, 2H), 3.70 (d, 5J=0.9 Hz, 2H), 1.26 (t, J=7.2 Hz,
3H). Internediate AU(2) diethyl 2-(4-chloro-2-fluorophenyl)hexanedioate o O
DI F The procedure described for the preparation of Internediate AR(2) was

oo oo R 000 6y LT L R e LR,
-4.07 (m  4Hp- m&h&aypﬁ&n 1)ay<@0p@mbizo1 (slbi) g,427(ﬁﬁm()1 99 %qué’ld) 3.C-MB. (Mm%) AH), 2.12

-2.06 dddd, J=13 -
209, 130 30511 8HORRTBOM ARt He oA By St g 3 i 13D, .68

3- (14- chl or org2s4e (9% QRHEMALY: Z=5OQENEN ORI ANBCARPOXYY @h &8 284 -2 10
5 (m, 1H), 2.09 - 1.97 (m, 1H), 1.95 - 1.85 (m, 1H), 1.85 - 1.71 (m, 3H).
Intermediate AQ(2)

1.48 (m

2-(2-methoxyphenyl)cyclopentanone

~o0

O

To a solution of 2-(2-methoxyphenyl)cyclopentanol (9.11 g, 47.4 mmol) in Acetone

10 (Volume: 474 ml) was added Jones reagent (6.52 ml, 52.1 mmol)(8.0 M). After the
addition was complete ( the conversion of red reagent to green solid, and the supernatant
solution took on the color of unreacted reagent), isopropanol was added to quench the
excess reagent. The green solid was filtered off through ceilite and rinsed with acetone.
The filtrate was concentrated and purified by flash chromatography to get 2-(2-

15  methoxyphenyl)cyclopentanone (6.64 g, 34.9 mmol, 73.6 % yield). LC-MS (M+H)" =
191.0. 'H NMR (500MHz, CD;0OD) & 7.24 (td, /~7.8, 1.8 Hz, 1H), 7.09 (dd, J=7.5, 1.7
Hz, 1H), 6.95 (d, /=8.2 Hz, 1H), 6.90 (td, /=7.4, 1.1 Hz, 1H), 3.77 (s, 3H), 3.43 - 3.37 (m,
1H), 2.48 - 2.30 (m, 3H), 2.23 - 2.11 (m, 2H), 2.00 - 1.88 (m, 1H).
Intermediate AQ(3)

20 methyl 3-(2-methoxyphenyl)-2-oxocyclopentanecarboxylate

~o o

o £
A mixture of 2-(2-methoxyphenyl)cyclopentanone (6.64 g, 34.9 mmol), dimethyl
carbonate (58.8 ml, 698 mmol) and MeOH ( 4 drops ) was stirred while sodium hydride
(3.07 g, 60% wt, 77 mmol) was added slowly at 0 °C . The mixture was warmed to RT
25  and then heated to reflux for 2 hr and then stirred at RT overnight. The reaction was
quenched with 1 N HCI ( 77 mL, 77mmol ) and extracted with ethyl acetate. The organic
extracts were washed with water, dried with brine, and concentrated in vacuo. The crude
product was purified by flash chromatography (SG, 0 to 75% EtOAc / Hexane) to get
methyl 3-(2-methoxyphenyl)-2-oxocyclopentanecarboxylate (5.3 g, 21.35 mmol, 61.2 %
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The procedure described for the preparation of Internediate AR(3) was used
wth Internmediate AU(2) to obtain Internediate AU(3). LG M5 (MtNa) + =
307.0. 20wOrmermwenrat e AU(4) PCT/US2012/022665

7- (4-chl oro-2-fl uorophenyl) -6, 7-di hydr o- 5H cycl opent a[ d] pyri m di ne- 2, 4-di ol
OH CI  The procedure described for the preparation of Internediate AR(4)
was used with Internediate AU(3) to obtain Internediate AU(4). LC M5 ( MtH) +
= 281.0. Preparation AU

52, 4-di chl or.0o-7- (4- or 0-,2-f | uor,oph I tald

Tne OGS ek T DR RGON SPE B TS G0 habdr at | oh AR

\é\/ﬁ 85 eg Wi 1 68 dtdnyﬁ‘?f adiahes S 634 bR 200t BYN. Prepanat 6k (@MH)L%O@ GotH) + =
reparati on

102- chl or o- (. (L4, c3l"ﬂ90r30402(ﬂfa 1 Ho et N ety 1216, (. dhPdPo 288 @Yy c| opent a[ d
] pyri mdin- lel)‘am ne HN

5 Intermediate AQ(4)
7-(2-methoxyphenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine-2,4-diol
OH
N

)l\/

HO™ N

O/

To a melt of urea (6.07 g, 101 mmol) (bath temp 150 °C) was added methyl 3-(2-
methoxyphenyl)-2-oxocyclopentanecarboxylate (5.3 g, 20.21 mmol) dropwise. After

10  stirring overnight, the reaction was cooled to rt. Added MeOH (30 ml), and broke up the
solid mass with a spatula and stirred for 1 h. Added water (600 ml ), and stirred for 3 hr.
The mixture was added to a Buchner funnel, and washed with water. Dried overnight in
the vacuum oven (45 °C) to obtain 7-(2-methoxyphenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine-2,4-diol (4.03 g, 15.60 mmol, 77 % yield) as a tan solid. LC-

15  MS (M+H) =259.1.

Preparation AQ
2,4-dichloro-7-(2-methoxyphenyl)-6, 7-dihydro-5SH-cyclopenta/d]pyrimidine
Cl
N |
s

The mixture of Intermediate AQ(4) [7-(2-methoxyphenyl)-6,7-dihydro-5H-

20 cyclopenta[d]pyrimidine-2,4-diol] (4.03 g, 15.60 mmol), phosphoryl trichloride (21.82
ml, 234 mmol) and N,N-diethylaniline (2.56 g, 17.16 mmol) was heated at 103 °C for 4 h.
The reaction mixture was concentrated to remove POCI3 and then poured into ice. The
resulting aqueous mixture was extracted with diethyl ether. The combined ether extracts
were concentrated. The crude product was purified by flash chromatography (SG, 5% to

25  45% EtOAc / Hexane) to get 2,4-dichloro-7-(2-methoxyphenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (1.82 g, 6.17 mmol, 39.5 % yield). LC-MS (M+H)" =295.1.
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Cl The procedure described for the preparation of Preparation ARa was used
with Preparation AU to obtain Preparation AUa. LCMS (MtH) + = 313.9. 1H NMWR
15 (500vHxQ 2€D3OB976 7.19 (dd, J=10.2, 2.0 Hz, 1H), 7.lectdso126R685 2.1
Hz, 1H), 7.07 - 7.01 (m 1H), 4.51 -4.44 (m 1H), 3.01 (s, 3H), 2.87 -2.61
(m 3H), 2.11 - 1.98 (m 1H). Preparation AV

2, 4-di chl oro-7- (3- met hoxyphenyl) -6, 7- di hydr o- 5H cycl opent a[ d] pyri m di ne d
20 Internediate AV(1l) diethyl 2-(3-nethoxyphenyl)hexanedi oate o 0 The
procedure described for the preparatijon of_ Interpediate AR(2) used with
commer ci al %WSW{% v e‘n@%g&%éﬁgﬂemt@gdﬁg & ﬂ6ﬁ‘ﬁ %é&??@ie AV(1).
LC- M5 5( M-Nakxh &7, 38136196 -|c{l¢16xlh{,fﬁﬁb,aﬁ.<% AVERY ret Iy, 3.70 (s, 3H), 3.18 - 3.08 (m,

3-(3- et hongEhemé/lé- 2- oxocycl opent anecar boxy[ ate 0 10 The procedure
descri bed B, #Aé- pPRpAr B A2 0?59 inelthediPht 2 1AL Dwas used with

| nt er medi at g..AW(A), fQ,0btain Internediate AV(2). LG M (MH + = 263. 1.

I nt er medi ate ‘AV( 3)
5 2-chloro-7-(2-methoxyphenyl)-N-methyl-6, 7-dihydro-5 H-cyclopenta/d] pyrimidin-4-

amine
HN”
N v
)\\ | \
Cl N 0

A mixture of 2 M monomethylamine (1525 pl, 3.05 mmol) and Preparation AQ (450 mg,

1.525 mmol) in MeOH (Volume: 8565 pl) was stirred at RT overnight. The reaction was
10 concentrated in vacuo and the residue was purified by flash chromatography (SG, 15% to

100% EtOAc / Hexane) to get 2-chloro-7-(2-methoxyphenyl)-N-methyl-6,7-dihydro-5H-

cyclopenta[d|pyrimidin-4-amine (330 mg, 1.139 mmol, 74.7 % yield).

LC-MS (M-H) = 290.1.

Preparation AR
15 2,4-dichloro-7-(2-chlorophenyl)-6, 7-dihydro-5 H-cyclopenta/d]pyrimidine
Cl
N ’d
BNy
Cl N Cl
Intermediate AR(1)

ethyl 2-(2-chlorophenyl)acetate

o~
(0]

20 A mixture of 2-(2-chlorophenyl)acetic acid (10 g, 58.6 mmol) in EtOH (Volume: 152 ml)
was treated with H2SO4 (1.719 ml, 32.2 mmol). The result mixture was refluxed
overnight. The heat was removed, and the reaction mixture was concentrated. The
resulting oil was dissolved in EtOAc and CAREFULLY treated with aqueous Na2CO3
(3.47 g, 32.8 mmol) (CAUTION: Gas evolution) until the solution remained basic and no
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7- (3 -nmet hoxyphenyl)-6, 7-di hydro-5Hcyc | op enta [d] pyri m di ne-2,4-di ol OH
The procedure described for the preparation of Internediate AR(4) was used
wi t h | nt ewoedi2zawe29AV(2) to obtain Internediate AV(3). LECWESeMeioR2665 259. 1.
Preparation AV
2, 4-di chl oro- 7- ( 3- net hoxypheny1l) - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di ne Cl
20 The procedure described for the preparation of Preparation AR was used
with I nternedi ate AV(3) to obtai n Preparation AV. LC M (I\/H-|)+ = 295.0. 1H
NVR (400 8 1H m,
6.73 - %&erﬁ% e, ““2“%5 ¥ H %het Et%ﬁcg %éwﬁé‘)hng %"“’P@Sef ?dﬁg as‘b“e 12 - 3.21
|(_é-) H, 2”)19 21621% was agaere;s(trLctb'tétWF? timéd. with ]Etﬂ-)Alg TaE dom@in&ﬁoré’almc layéiﬁwelg tl&'ﬁ 4. 27

: reparation
2-chl oro- 7- W%G%%W%E%%%ﬂfyewmﬂdGOHF%FF%WF6“%%9‘8%6@%1%1(%1] pyrimidin

-4- am ne HMlorophenyllRRethte @LETUE 87 desasll ed i) Lhavippapasiat ign . of
Prepar ation ARa was used with 10 Prepar ation AV to obtain Preparation Ava.
LC- M5 ( MrH) H MMRy@OQMHz, CD;0D) 8 7.41 (ddd, J=16.8, 5.6, 3.5 Hz, 1H), 7.35 (dd, J=5.5, 3.7

Hz, 1H), 7.28 (dd, J=5.8, 3.7 Hz, 2H), 4.17 (q, J=7.0 Hz, 2H), 3.80 (s, 2H), 1.26 (t, J=7.2

Hz, 3H).
Intermediate AR(2)
diethyl 2-(2-chlorophenyl)hexanedioate
®)
cl o™
o~

©)
A mixture of ethyl 2-(2-chlorophenyl)acetate (11.32 g, 57.0 mmol), ethyl 4-

bromobutanoate (33.3 g, 171 mmol) and Cs2CO3 (55.7 g, 171 mmol) in DMF (Volume:

10

57.0 ml) was heated at 60 °C overnight. The reaction was cooled to RT and diluted into a
mixture of ethyl acetate and water. The organic layer was separated, and the aqueous
15  layer was extracted three times with EtOAc. The combined organic layers were
concentrated in vacuo. The residue was purified by flash chromatography (SG, 0 to 45%
EtOAc / Hex) to get diethyl 2-(2-chlorophenyl)hexanedioate (17.82 g, 57.0 mmol, 100 %
yield). LC-MS (M+H)" =313.2. '"H NMR (500MHz, CD;OD) & 7.41 (ddd, J=17.0, 7.7,
1.5 Hz, 2H), 7.33 - 7.24 (m, 2H), 4.21 - 4.07 (m, 4H), 2.34 (td, /=7.3, 2.1 Hz, 2H), 2.16 -
20 2.05 (m, 1H), 1.82 (dddd, /=13.4, 10.3, 7.7, 5.5 Hz, 1H), 1.70 - 1.48 (m, 2H), 1.33 - 1.25
(m, 1H), 1.24 (t, J/=7.2, 7.2 Hz, 3H), 1.21 (t, J=7.2 Hz, 3H).
Intermediate AR(3)

ethyl 3-(2-chlorophenyl)-2-oxocyclopentanecarboxylate
O

/0 cl

25
Intermediate AR(2) (17.82 g, 57.0 mmol) was dissolved in THF (Volume: 100 ml) and
cooled to 5 °C. To this solution was added 1 M Sodium bis(trimethylsilyl)amide in THF
(68.4 ml, 68.4 mmol). The reaction mixture was stirred at 5 °C for 1 h and then 2 h at
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Preparati on AW

2,4-di chloro-7-(4-(di met hyl am no) phenyl) -6, 7-di hydro- 5H cycl opent ai d] pyri m
dine C Wwoterymaisate AW 1) 15et hyl 2-(4-(di met hyl am noppmarsgéipacsstate o- N
1 The procedure described for the preparation of Internmediate AR(1l) was
used to esterify 2- (4-(dinmethylam no)phenyl)acetic acid to obtain
Internediate AW1). LCGM5 (MHH) + = 208.2. 20 Internediate AW2) diethyl

2- (4-chl oro- 2-fl uorophenyl ) hexanedi oate N | The procedure described for

obtaln: | nt o hedheeiRigs) ool e E bRt 5 e tde dhaPd A 3) et hy!
3- ((4- (di met fylsadiwio) IEMA)mdHR4esY The pehiia g ek Raxydtét édahe dfaeouer ocedur e

described for the p reparatlon of Internedla AR(3) was us d mnth
I nt er medi at @YANWeR FXtagteg HYiss With F@phreticsoad 95gamr~: RS WeRArijed oxero 76, 1

Na2S04 and concentrated to get ethyl 3-(2-chlorophenyl)-2-oxocyclopentanecarboxylate
5 (15.20 g, 57.0 mmol, 100 % yield). LC-MS (M+H)" =267.1. '"H NMR (500MHz,

CDs;OD) & 7.43 - 7.38 (m, 1H), 7.31 - 7.22 (m, 3H), 4.22 (qd, /=7.1, 2.1 Hz, 2H), 3.58 -

3.51 (m, 1H), 2.53 - 2.42 (m, 2H), 2.40 - 2.25 (m, 2H), 2.21 - 2.11 (m, 1H), 1.30 (t, J=7.2

Hz, 3H).
Intermediate AR(4)
10 7-(2-chlorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine-2,4-diol
OH
N™ X
A
HO N Cl

To a melt of urea (17.11g, 285 mmol) (bath temp 150 °C) was added Intermediate AR(3)
(15.20 g, 57.0 mmol) dropwise. After stirring overnight, the reaction was cooled to rt.
15  Added MeOH (100 ml), and broke up the solid mass with a spatula and stirred for 1 h.
Added water (1.8 L), and stirred for 3 hr. The mixture was added to a Buchner funnel,
and washed with water. After drying overnight in vacuo, 7-(2-chlorophenyl)-6,7-
dihydro-5H-cyclopenta[d[pyrimidine-2,4-diol (10.85 g, 41.3 mmol, 72.5 % yield) was
obtained as a tan solid. LC-MS (M+H)" =263.1.
20  Preparation AR
2,4-dichloro-7-(2-chlorophenyl)-6, 7-dihydro-5 H-cyclopenta/d]pyrimidine
Cl
NP

PN |

Cl N Cl

The mixture of Intermediate AR(4) [7-(2-chlorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine-2,4-diol] (10.85 g, 41.3 mmol), phosphoryl trichloride (57.7 ml,
25 620 mmol) and N,N-diethylaniline (6.78 g, 45.4 mmol) was heated at 103 °C for 2 h. The

reaction mixture was concentrated to remove POCI3 and then poured into ice. The
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10 Intermedi ate AW 4)

7- (4- (di net hyl am no) phenyl) - 6, 7-di hydr o- 5H cycl opent a[ d] pyri m di ne- 2, 4-di ol
OH 15 Thwoporoxwsasre descri bed for the preparati on of | rCEUsedzaeB®6AR(4)
was used with Internediate AW3) to obtain Internmediate AW4). LC- M5 (MHH) +
= 272.1. Preparation AW

2,4-di chl oro-7-(4-(di met hyl am no) phenyl) -6, 7-di hydro-5Hcycl opentaid 1

pyri m di ne The procedure described for the preparation of Preparation AR

\ggg gs egr gp}gglgtéq%%ﬁeg&gm%tgree\v% %;trgc%d%ﬁl%ighyﬁ)reﬁlgra rla[}elcgrrﬁb@l\é\c[l ethge@(/gac(tsmm t =

52- f:hl or o- 7v(§ér4c&1¢iemg;téay E&hﬁbﬁ@é pﬁaﬁﬁk}t /wa_sl_ %hﬂff&?dfbyrllgﬁl &n%hh&@ﬁ}%wgﬁ? 0% toh

cycl opent ai rimdin-4-am ne H e procedure described for the
prepar at i on40]5}1’)¥15?‘%¢d§%a?%ﬁ0 gﬁ’%’é’4\7\%%111‘8@'Jd(z\ﬁ%{%oéfi@%@étdiﬂ@ﬂr%&ﬁ”t o obtain
Prepar at i oncy@fentdf@ip (&Jﬁ*e'éd)sél %@@%mﬁmol,ﬁlﬁﬁi@%d@( ﬂ@OM( B*%l\xl/lirsﬁ?f‘i@S 1.6 7.48 (d,

J=8.8 Hz, 2H), 7.35 (d, J=8. TToH) U427 (m Hz, 1H), 3.26
(s, 6H),% 3.0Zp¢sionte 2.91 - 2.64 (m 3H), 2.14 - 1.99 (m 2H).
Prepar at i on »a%1oro-7-(2-chiorophenyl)-N-methyl-6, 7-dihydro-SH-cyclopenta[d]pyrimidin-4-amine
HN”
NZ |

PN

Cl N Cl

To a solution of Preparation AR [2,4-dichloro-7-(2-chlorophenyl)-6,7-dihydro-5H-
cyclopenta[d|pyrimidine] (900 mg, 3.00 mmol) in NMP (Volume: 3.00E+04 ul) was

10 added 2 M monomethanamine (7525 pl, 15.05 mmol). The resulting reaction mixture
was stirred at RT for 1 h. Water was added ( 120 ml ) to the mixture and stirred for 30
min. The mixture was filtered to get light green solid which was dried to get 2-chloro-7-
(2-chlorophenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (713 mg,
2.424 mmol, 81 % yield). LC-MS (M+H)" =295.9. 'H NMR (400MHz, CD;0D) & 7.50

15 -7.39 (m, 1H), 7.34 - 7.19 (m, 2H), 7.04 - 6.90 (m, 1H), 4.86 - 4.72 (m, 1H), 3.07 (s, 3H),
2.90 - 2.67 (m, 3H), 2.11 - 1.91 (m, 1H).

Preparation AS
2,4-dichloro-7-(2-fluorophenyl)-6, 7-dihydro-5SH-cyclopenta/d] pyrimidine
Cl
N% |
CI/I\\N E

20  Intermediate AS(1)

diethyl 2-(2-fluorophenyl)hexanedioate
®)
o
O~

@)
E
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2,4-dichloro-7-(2-fluoro-4-(trifluoronethyl)phenyl)-6, 7-di hydro-5H
cyclopentaid] pyrimdine CI 15CF3 Internedi ate AX(1l) ethyl
2- (2-f 1 uowo-241210819771 uor onet hyl ) phenyl )acetate F3C The pcoasduze2mescri bed
for the preparation of Internediate AR(1) was used to esterify 2-
(2-fluoro-4-(trifluoronethyl)phenyl)acetic acid to obtain Internediate
AX(1). Internedi ate AX(2) 5diethyl
2-(2-fluoro-4-(trifluoronmethyl)phenyl)hexanedioate 0 F3C  The procedure
ate AR

oot ot o0 SRRHR AP b e s R IR REaMsds) 20ty
3- ( 2- f | uor ocofmbdréibif i@ D-@PE b dARBARY - td B dA NG eI Asasaidmsy| at e
(M+Na)" =319.1. "HNMR (500MHz, CD;0D) & 7.36 (td, /~7.6, 1.7 Hz, 1H), 7.33 -
7.26 (m, 1H), 7.17 (td, /=7.6, 1.2 Hz, 1H), 7.13 - 7.06 (m, 1H), 4.18 - 4.08 (m, 4H), 2.33
5  (td,/=7.3,2.7 Hz, 1H), 2.18 - 2.05 (m, 2H), 1.81 (dddd, /~13.4, 10.3, 8.2, 5.6 Hz, 1H),
1.65 - 1.46 (m, 2H), 1.29 - 1.26 (m, 1H), 1.25 - 1.22 (m, 3H), 1.20 (t, /=7.0 Hz, 3H).

Intermediate AS(2)

ethyl 3-(2-fluorophenyl)-2-oxocyclopentanecarboxylate
O

/0 F

10

The procedure described for the preparation of Intermediate AR(3) was used with

Intermediate AS(1) to obtain Intermediate AS(2). LC-MS (M+Na) =273.1. 'H NMR

(500MHz, CDsOD) & 7.34 - 7.20 (m, 2H), 7.19 - 7.02 (m, 3H), 4.26 - 4.17 (m, 2H), 2.54
15 -2.41 (m, 2H), 2.37 -2.22 (m, 1H), 2.11 - 1.98 (m, 1H), 1.30 (t, /=7.2 Hz, 3H), 1.26 -

1.17 (m, 1H).
Intermediate AS(3)
7-(2-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diol
OH
N™ X
HO/mN/ F

20
The procedure described for the preparation of Intermediate AR(4) was used with

Intermediate AS(2) to obtain Intermediate AS(3). LC-MS (M+H)" =247.1.
Preparation AS
2,4-dichloro-7-(2-fluorophenyl)-6, 7-dihydro-5SH-cyclopenta/d] pyrimidine
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0O CF3 The procedure described for the preparation of Internediate AR(3)
was used with Internediate AX(2) to obtain Internediate AX(3). Internedi ate
AX(4) WO 2012/103297 PCT/US2012/022665
157-(2-fluoro-4-(trifluoronmethyl)phenyl)-6, 7-di hydro-5Hcycl openta[d] pyrim
dine-2,4-diol OH N )& HO N CF3 The procedure described for the preparation
of Internediate AR(4) was used with Internediate AX(3) to obtain
Internmediate AX(4). LC-M5 (MtH)+ = 315.4. 20 Preparation AX
2,4-dichloro-7-(2-fluoro-4-(trifluor oppt hyl ) pheny1l) - 6, 7- di hydr o- 5H
cycl opentaid] pyrimdine CI CF3
N/

|

Cl)\\N F

The procedure described for the preparation of Preparation AR was used with
Intermediate AS(3) to obtain Preparation AS. LC-MS (M+H)" =283.0.
Preparation ASa
5 2-chloro-7-(2-fluorophenyl)-N-methyl-6, 7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine
HN
NZ

Py

CI” N F

The procedure described for the preparation of Preparation ARa was used with
Preparation AS to obtain Preparation ASa. LC-MS (M+H)" =278.1. 'H NMR (400MHz,
CDs;0OD) & 7.34-7.25 (m, 1H), 7.17 - 7.12 (m, 1H), 7.12 - 7.08 (m, 1H), 7.07 - 7.03 (m,
10 1H), 4.61 - 4.52 (m, 1H), 3.05 (s, 3H), 2.89 - 2.67 (m, 3H), 2.12 - 2.00 (m, 1H).
Preparation AT
2,4-dichloro-7-(2,4, 6-trifluorophenyl)-6, 7-dihydro-5 H-cyclopentafd]pyrimidine

Cl
N s
PNy
cI” N F
F
F
Intermediate AT(1)
15 ethyl 2-(2,4,6-trifluorophenyl)acetate

F

joans
F F O

The procedure described for the preparation of Intermediate AR(1) was used to esterify

2,4,6-trifluorophenylacetic acid to obtain Intermediate AT(1). LC-MS (M+H)" = 247.1.
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The procedure described for the preparation of Preparation AR was used with
5 Internediate AX(4) to obtain Preparation AX. Preparation AXa

2- chl or o-wo(Btf 108297 0- 4- (tri f 1 uor onet hyl ) pheny1l) - N- met hyPC@/UR2a@i2loyzb6H- SH-
cycl opentai d] pyrimdin-4-amne HN CF3 10 The procedure described for the
preparation of Preparation ARa was used with Preparation AX to obtain
Preparation AXa. LCMS (MrH)+ = 346.4. 1H NVR (400 MHz, CD30D) 6 ppm 7. 46 -
7.52 (2 H, n) 732(1 ,t, J765Hz) 464-470(1H n, 307(3H,
s), 2.73 - Pr eparati on

2, 4-di chl or 6“‘7‘ 5P9MHF0CQ1QQ)r§ f5|88&41doﬁe% %&Wbﬁ&yﬁ%g @; 7-/di Iﬁ%»&ﬁéa SH

cycl opent ai dl ayyr 1 0% di ne Cliz, 36¢F3 | nternmedi ate AY(1l) et hyl
2-(2-fluoro-4-(trifluoronmethoxy)phenyl)acetate F 0 F3C0

Intermediate AT(2)
diethyl 2-(2,4,6-trifluorophenyl)hexanedioate
@)
F o™
o~
5 F F O

The procedure described for the preparation of Intermediate AR(2) was used with
Intermediate AT(1) to obtain Intermediate AT(2). LC-MS (M+Na)" = 355.2. '"H NMR
(500MHz, CDs0OD) & 8.00 (s, 1H), 7.02 - 6.69 (m, 1H), 4.28 - 3.95 (m, 6H), 2.51 - 2.38
(m, 2H), 2.39 - 2.24 (m, 1H), 2.06 - 1.88 (m, 2H), 1.41 - 1.19 (m, 6H).
10 Intermediate AT(3)
ethyl 3-(2,4,6-trifluorophenyl)-2-oxocyclopentanecarboxylate
0]

/0 F

The procedure described for the preparation of Intermediate AR(3) was used with

15  Intermediate AT(2) to obtain Intermediate AT(3). LC-MS (M+Na)" = 309.0.

Intermediate AT(4)
7-(2,4,6-trifluorophenyl)-6,7-dihydro-5SH-cyclopenta[d]pyrimidine-2,4-diol
OH
N~~~
HO™ N .
F

F

20  The procedure described for the preparation of Intermediate AR(4) was used with
Intermediate AT(3) to obtain Intermediate AT(4). LC-MS (M+H) = 283.1.
Preparation AT

2,4-dichloro-7-(2,4,6-trifluorophenyl)-6, 7-dihydro-5 H-cyclopenta/d]pyrimidine
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The procedure described for the preparation of Internediate AR(1) was used
to esterify 2- (2-fluoro-4-(trifluoronethoxy)phenyl)acetic acid to obtain

I nt er nediwoeo®03»7 5 Intermedi ate AY(2) diethyl PCT/US2012/022665
2-(2-fluoro-4-(trifluoromethoxy)phenyl)hexanedi oate o F3C00 The procedure
described for the preparation of Internediate AR(2) was used with
Internmediate AY(1l) to obtain Internediate AY(2). 10 Internedi ate AY(3)
ethyl 3-(2-fluoro-4-(trifluoronmethoxy)phenyl)-2-oxocycl opent anecar boxyl ate
0 OCF3 The procedure described for t preparation of Internedi ate AR(3)
was used with Internediate AY(2) to o tain Internediate AY(3). 15

I nt ermedi ate AY(4)
7-(2-fluoro-4-(trifluoromnet hoxy)phe)ig
ine-2,4- diol OH OCF3

7-di hydr o-5H cycl opent a[ d] pyri m d
F

The procedure described for the preparation of Preparation AR was used with
Intermediate AT(4) to obtain Preparation AT. LC-MS (M+H) = 319.0.
Preparation ATa

5 2-chloro-7-(2,4,6-trifluorophenyl)-N-methyl-6, 7-dihydro-5 H-cyclopenta/d]pyrimidin-4-

amine

The procedure described for the preparation of Preparation ARa was used with
Preparation AT to obtain Preparation ATa. LC-MS (M+H) = 314.1. '"H NMR

10  (500MHz, CDs;OD) 6 6.89 - 6.80 (m, 2H), 4.62 (t, /=9.0 Hz, 1H), 3.00 (s, 3H), 3.07 -
2.96 (m, 1H), 2.91 - 2.82 (m, 1H), 2.80 - 2.71 (m, 1H), 2.70 - 2.61 (m, 1H), 2.18 - 2.07

(m, 1H).
Preparation AU
15 2,4-dichloro-7-(4-chloro-2-fluorophenyl)-6, 7-dihydro-5 H-cyclopenta/d]pyrimidine
Cl
N ’ad
PNy
cI” N F
Cl
Intermediate AU(1)

ethyl 2-(4-chloro-2-fluorophenyl)acetate
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20 The procedure described for the preparation of Internmediate AR(4) was
used with Internmediate AY(3) to obtain Internediate AY(4). LCMS (MtH) + =

331. 4. Pwveparzamsmn AY PCT/US2012/022665
2,4-dichloro-7-(2-fluoro-4-(trifluoronethoxy)phenyl)-6, 7-di hydro-5H
cycl opent ai dl pyri m di ne Cl OCF3 5 The procedure described for the

preparation of Preparation AR was used with Internediate AY(4) to obtain
Preparation AY. LC-MS (MtH)+ = 367.3. Preparation Aya

2-chl oro-7-(2-fluoro-4-(trifluoronethox )pgen 1) - N- et hyl - 6, 7- di hydr o- 5H10c
ycl opent ai dl pyri m di n-4-am ne HN bﬂ

ocedure described for the
preparation of Preparation ARa wa W th Preparation AY to obtain

BT RO, G © o
(4-chloro-2-fluorophenyl)acetic acid to obtain Intermediate AU(1). "H NMR (500MHz,
CDs;OD) & 7.32(t, J/=8.4 Hz, 1H), 7.25 - 7.13 (m, 2H), 4.17 (q, /=7.1 Hz, 2H), 3.70 (d,
5 J=0.9 Hz, 2H), 1.26 (t, J/=7.2 Hz, 3H).
Intermediate AU(2)

diethyl 2-(4-chloro-2-fluorophenyl)hexanedioate
®)
o
o~
2l F ©

The procedure described for the preparation of Intermediate AR(2) was used with
10  Intermediate AU(1) to obtain Intermediate AU(2). 'H NMR (500MHz, CD;0D) & 7.41 -

7.32 (m, /=7.9 Hz, 1H), 7.25 - 7.17 (m, 2H), 4.20 - 4.07 (m, 4H), 3.51 (t, /=6.6 Hz, 1H),

2.34 (td, /=7.3,2.1 Hz, 1H), 2.12 - 2.06 (m, 1H), 1.80 (dddd, /=13.5, 10.3, 8.2, 5.5 Hz,

1H), 1.67 - 1.48 (m, 2H), 1.30 - 1.18 (m, 7H).

Intermediate AU(3)
15 ethyl 3-(4-chloro-2-fluorophenyl)-2-oxocyclopentanecarboxylate

o

/0 F

Cl

The procedure described for the preparation of Intermediate AR(3) was used with
Intermediate AU(2) to obtain Intermediate AU(3). LC-MS (M+Na)" = 307.0.
20  Intermediate AU(4)
7-(4-chloro-2-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d Jpyrimidine-2,4-diol
OH

)l\/

HO” N F

Cl
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15H, m, 2.70 -2.91 (3 H nm, 2.03 -2.14 (1 H m. Preparation AZ
2,4-dichloro-7-(6-(trifluoronethyQpyridin-3-yl)-6, 7-di hydro-5H cycl opentai d
1 pyrim owoeoy103873 | nternedi ate AZ(1l) ethyl PCT/US2012/022665
2-0xX0-3-(6-(trifluoronethyl)pyridin-3-yl)cycl opentanecar boxyl ate CF3
2-(6-(trifluoromethyl)pyridin-3-yl)cycl opentanone (700 ng, 3.05 nmol) was 5
added to a solution of LDA (2.291 nL, 4.58 mmol) at -78 C. After stirring
for 30 mn at -78 C, ethyl carbonocyanidate (0.329 n, 3.36 nmol) was added

to the reaction mxt esultln rmed . to. room
t enper at ur o HATEEELE AP e SRl Tened e SR B s M enched vi t
1 mb of watBfermydsbed (3t BbiiInermdidtedUeyeLCNgSQU;+Hand 2pupi fied by Bi ot age
(Hexanes/ Et0Ac 2:1) to afford ethyl 2-oxo-3-(6-
10(trif|uoronethyl)pyridin-3-y|)cyc|opentanecarboxylate (764 ny, 2.54 mol,
83 % vyi el d) prebbruliby 4iyHH) + 302.2. | nt ernedi ate AZ(2)
7-(6- (trlfluoronethyl)p r|d|n 3 -yl 7 di hydro-5H-cyc | op enta
[d] pyri M di neddichigirei’ @thoafséﬂzomp en;v )po- %lh%??HdWCIQF@&l[(ZJ%&I’SmF@?e 12. 45
mmol) at 150 C was added et hyl 2-oxo-gr (6-
(trifluoronethyl)pyridin-3-yl)cycl opent anecar boxyl ate (750 nmg, 2.49 mmol)
dropwi se. The reaction was stirred ‘éq ght . The reaction m xture was
cool ed and the resulting solid nmag oken up and suspended in MeOH.
The m xture was diluted with a |arge xco§s of water and cooled in an
ice bath. The suspension was filtered ang e residue was washed with water
and dried to afford the sem -pure products=7-(6-
(trifluoromethyl)pyridin-3-yl)-6, 7-di hydro-§H cycl opent a[ d] pyri m di ne-2, 4-d
iol (334 ng, 1.124 mmol, 45.1 %yield). LCGCM (MH+ = 298.0.

The procedure described for the preparation of Preparation AR was used with

Intermediate AU(4) to obtain Preparation AU. LC-MS (M+H) = 317.0.

Preparation AUa
10 2-chloro-7-(4-chloro-2-fluorophenyl)-N-methyl-6, 7-dihydro-5 H-cyclopenta/d[pyrimidin-
4-amine

HN™

Py

cI” N F

Cl
The procedure described for the preparation of Preparation ARa was used with
Preparation AU to obtain Preparation AUa. LC-MS (M+H) = 313.9. 'HNMR
15 (500MHz, CD;OD) § 7.19 (dd, /=10.2, 2.0 Hz, 1H), 7.16 (dd, /=8.2, 2.1 Hz, 1H), 7.07 -
7.01 (m, 1H), 4.51 - 4.44 (m, 1H), 3.01 (s, 3H), 2.87 - 2.61 (m, 3H), 2.11 - 1.98 (m, 1H).

Preparation AV
2,4-dichloro-7-(3-methoxyphenyl)-6, 7-dihydro-5SH-cyclopenta/d]pyrimidine
Cl
g
CI/I\\N
O/

20  Intermediate AV(1)
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Preparation AZ

252, 4-di chloro-7-(6-(trifluoromethyQpyridin-3-yl)-6, 7-di hydro-5H cycl opent a
[ d] pyri mwOree12/1@5297 CF3 To a flask charged with PCT/US2012/022665
7-(6-(trifluoromethyl)pyridin-3-yl)-6, 7-di hydro-5Hcycl opent a[ d] pyri m di ne-2
,4-diol (334 ng, 1.124 mol ) phosphoryl trichloride (3142 p.1, 33.7 mol)
and N, N-diethylaniline (198 p.1, 1.236 mpl) were added. The reaction was 5
heated at reflux (105 C) for 4 h. The reaction nixture was concentrated to
evaporate the excess POCl3, .a s the to approx. 25 nL of ice.
The mixture was extracted WF&%“%@@?%EW”@F [ ?@Q %) and the conbined
extracts were dried & concentrated in vacugm The crude product was
purified by Bi otage (Hexanes/Et0Ac 4:1 gAafferd the purified product,
2,4-dichloro-7-(6-(trifluoromethyl)pyr d|$ -y1l)-6, 7-di hydro-5H 10

cycl openta[ d] pyri m dine (33 ng,” O ~8.79 /0 yield). LGM (MtH + =
334.0. Preparation AZa
2- chl or o- N-RE fycbandre G@scﬁBéd bt ﬂl@[if%ﬁrﬁiatt%%ﬁtbﬁﬁé&a% NAP) Gad ulli y@r o- SHeycl open

ta[ d] pyri m di n-4-am ne a sol ution of

2, 4- di chl orenmuqrgalcthyi ?1(&@&6@&%@3%@% tnobgaiy intergiediatgiAa/dy- oGS
cyclopen;a{@%$ﬁg+nggjpe (33 ng, 0.099 mml) in NWP (Volune: 5 nmL) was added
met hanam n 247 m., 0.494 mmol ). The reaction m xture was stirred at
room t enperlateomediftoAVA2)h. The product was partitioned between ethyl acetate
& water. The organic r uumto afford

2- chl or 0- N- met hy1- 7- (gél?}}fg (§ Mo%y&%m5 Q%QO%%pg{tén%garb&yY%C
20(trifluoronethyl)pyridin-3-yl)-6,
ine (8 ng, 0.024 muol, 24.64 @6¥}3$

- di hydro-5H cycl opent a[ d] pyri m di n-4-am
-M5 (MtH) + = 329.0. EXAMPLES

10 The procedure described for the preparation of Intermediate AR(3) was used with
Intermediate AV(1) to obtain Intermediate AV(2). LC-MS (M+H)" =263.1.

Intermediate AV(3)
7-(3-methoxyphenyl)-6,7-dihydro-SH-cyclopenta[d|pyrimidine-2,4-diol
OH
N7
P
HO N
O/
15
The procedure described for the preparation of Intermediate AR(4) was used with
Intermediate AV(2) to obtain Intermediate AV(3). LC-MS (M+H)" =259.1.
Preparation AV
2,4-dichloro-7-(3-methoxyphenyl)-6, 7-dihydro-5SH-cyclopenta/d]pyrimidine
Cl
N ’d
PNy
Cl N
/
20 ©

The procedure described for the preparation of Preparation AR was used with

Intermediate AV(3) to obtain Preparation AV. LC-MS (M+H)" =295.0. '"H NMR (400
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Exanpl es JA and 1B

(S)-2-methoxy-4-(7-(2-nmet hoxyphenyl)-4-(net hyl am no) -6, 7-di hydr o- 5H5cycl ope
nt ai dl pyrwoi2dizir229y| am no) benzonitrile and PCT/US2012/022665

(R) - 2- met hoxy- 4- (7- ( 2- met hoxyphenyl ) - 4- (et hyl am no) - 6, 7- di hydr o- 5H

cycl opent ai dl pyri m di n-2-yl am no) benzonitrile e idNe i dN 10The m xture of
2-chl oro-7-(2- et hoxypheny1) - N-net hyl- 6, 7- di hydr o- 5H

cycl opent a[ d] pyri m din-4-am ne (Preparation AQa) (165 ng, 0.569 mml) and
conmer ci al avai |l abl e 4-am n oxyhenzonitrile 0.569 nmol )
has i ssol VUHZ DN T (- 7%3§]4Hpmi)683n§%%%?@aﬁ%’dwr?@%ﬂ)fur|c abi d
(39.5 pi, O04.7444Q HO{D)—)S 53?&? Jﬁﬁ(@'ﬁ isg. 10 >3t211f(13HNQ§ heateh @ty 99, £760r 24 h.
After the heat was stop wat er (60 vvas added dropwi se. The crude
product wasHplidi/fil &4l 8%)4+%5LP@)(2 Bb %fn&l 10% MeOH - 90% H20 - 0. 1%
TFA, Solvent B = 90% I\/EOH - 10% H20 - 0. 1% TFA CoI umm. PHENOMENEX LUNA 30
x 100mm S10, Flowrate: 40 M / mn, 40 - 80%B, 35 mn) to obtain

2- met hoxy - 4Bregargdandthoxyphenyl) - 4-

(et hyl am no) zonitrile,
TFA 20( 145@,2‘8}'13@? Qm‘ft%x?iﬁ (¢ @9@'?%%?5[ ﬁ!flﬂe‘mr) m:'fhgé Q{Oee%‘gg@tg?g%jg'zg was
separated into the enantionmers by chiraireSFC purification (Chiral cel QJ-H
30x250 mm col unm, 30% MeOH (0. 1%DEA An C2 at 35C and 150 bar, 70 ni/m n)
Enantioner A: LC-MS (MH) + = 402. 2. "TH NVR (400 MHz, CDC13) 6 ppm 8.08 (d,
J=1.8 Hz, 1H), 7.35 (d, J=8.5 Hz, 1 25 - 7.19 (m 1H), 7.16 (s, 1H),
7.00 (dd, J=7.7, 1.6 Hz, 1H), 6.94 I¢ & (m 2H), 256.65 (dd, J=8.4, 1.9
Hz, 1H), 4.67 - 4.58 (m 1H), 4.5Y (¥, J&5.0 Hz, 1H), 3.82 (s, 3H), 3.60
(s, 3H, 3.14 (d, J=4.8 Hz, 3H), 2.80 - (m 3H, 2.10 - 1.92 (m 1H).
The anti pode had identical 1H NVR and L& MZ—spectra. Exanples 2A and 2B
(S)-4-(7-(4-fluorophenyl)-7-nethyl -4-(nethyl am no) -6, 7-di hydr o- 5H

cycl opent akThepyodedird idescibad fanthp pep@atmmt didxsportizoARE miak @sedvdth

10 Preparation AV to obtain Preparation AVa. LC-MS (M+H)" = 290.1.

Preparation AW
2,4-dichloro-7-(4-(dimethylamino)phenyl)-6, 7-dihydro-5 H-cyclopenta/d]pyrimidine
Cl
g
Cl )\\N
/N\
Intermediate AW(1)
15 ethyl 2-(4-(dimethylamino)phenyl)acetate

o~

The procedure described for the preparation of Intermediate AR(1) was used to esterify 2-
(4-(dimethylamino)phenyl)acetic acid to obtain Intermediate AW(1). LC-MS (M+H)" =
208.2.
20  Intermediate AW(2)
diethyl 2-(4-chloro-2-fluorophenyl)hexanedioate
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(R -4-(7-(4-fluorophenyl)-7-nethyl -4-(net hyl am no) - 6, 7- di hydr o- 5H5cycl opent
akl | pyri m di n-2-yl am no) - 2- met hoxybenzonitrile FF In a manner simlar
to that dweanizws2drn Exanple 1, commercially avail abl e 2CT/US2012/022665
am no- 2- net hoxybenzonitrile and Preparati on APa were reacted to give 44744-
fl uor ophenyl)-7- et hyl-4- (et hyl am no) - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di
n-2- 10 yl am no) - 2- met hoxybenzonitrile. LCM (MtH)+ = 404.2. 1H NVR (500
MHz, CDC13) 6 ppm 12.3 (1H, br. s), 7.52 (1 H, s), 7.42-7.49 (2 H m,
7.25-7.31 (2 H m, 7.00 (2 H t, J=8.6 Hz), 5.55 (1 H d, J=4.3 Hz), 3.91
(3 H s), 3.22 (3 H d, J=4.9 Hz), 2.70 - .82 (2 H m, 2.58 (1 H, ddd,
J=13.4, 8.3, 4.6 Hz), 2.36 (1 H, ddd, "60" 79, 7.8 Hz), 1.85 (3 H, s).
The racenmate so obtai ned was separz (poQ +t he enantioners by chiral SFC
15 purification (Chiralcel QJ-H 3Q col um, 30% MeOH (0. 1% DEA) in
C2 at 35 C and 150 bar, 70 nl/TNh arrpl es 3A and BB
(S)-2-methoxy-4-(7-(2- chI or ophenE/I) 4-( % 7-di hydro 5H20cycl ope
nt ai dl pyri niHingecsdyr deicHbydfends HTGP'T‘IF“II@ Oo{ﬁ%rermedlate AR(2) was used with
(R - 2- et hopyniedidie (v A PoQhORNAILh) ke (MELIY @IS ) Z3gh by dr 0- S
cyclopentaid 1 pyrim din-2-ylam no)benzonitrile In a manner simlar
to that des@FeFfB%féatFﬁ\’éﬁhrrpl e 1, commercially avail able 4-
?g no- 2-qiet hgxyben%&pwm | dEn@ffa BB RREAN 20 ARAofRlAedaRREIEL tO gi Ve

4- (7-(2-chl orophenyl) - 4- (et hyl ani n§) - 6

5 , 7-di hydro-5Hcycl openta[d] pyrimdin
-2- ylam no)benzonitrile. The raceg p obtai ned was separated into the
enantionmers by 5 chiral SFC purificati (Chiral cel QJ-H 30x250 mm col um,
35% MeOH (0.1% DEA) in CO2 at 35C and® 15r, 70 nL/min) Enantiomer A
LC-M5 (MHH) + = 406. 1. 1H NWR (500 MHz, C 6 ppm 8.33 (br. s., 1H), 8.00
(d, J=1.8 Hz, 1H), 7.48 - 7.33 (m 2H), 7. 24/N/7 11 (m 2H), 7.04 - 6.92
(m 1H), 6.87 (dd, J=8.2, 1.8 Hz, 1H), 4.78 - 4.68 (m 1H), 4.66 (d, J=4.6
Hz, 1H), 3.74 (s, 3H), 3.17 (d, J=4.9 Hz, 3H), 2.81 - 2.62 (m 3H), 10 2.07
- 1.91 (m "ﬂlfd)proc‘Ebﬂeﬂéﬁchb@ﬂbr thadrepatetidn fahterhidd MR R0 whChdvbwsthect r a.

Exanpl es 4A and 4

(S)-2-meth ?r%ed(‘afe V@) QabBIHRRgdigte %@hﬁ%%%@ﬁ@ 7-dPHydr o- 5H

10
Intermediate AW(4)
7-(4-(dimethylamino)phenyl)-6,7-dihydro-SH-cyclopenta[d |pyrimidine-2,4-diol
OH
N™~
Mo
HO N

15  The procedure described for the preparation of Intermediate AR(4) was used with
Intermediate AW(3) to obtain Intermediate AW(4). LC-MS (M+H)" =272.1.
Preparation AW

2,4-dichloro-7-(4-(dimethylamino)phenyl)-6, 7-dihydro-5 H-cyclopenta/d]pyrimidine
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cyclopentaid 1 pyrimdin-2-ylam no)benzonitrile 15and
(R)-2-met hoxy-4-(7-(2-fluorophenyl)-4-(methyl am no) -6, 7-di hydr o- 5H
cycl opentwpAby108297di n- 2- yl am no) benzonitrile I n a mann@cTAisadizar26ésd t hat
described in Exanple 1, commercially avail able 4- 20
am no- 2- net hoxybenzonitrile and Preparati on ASa were reacted to give
(S)-2-met hoxy- 4-
(7-(2-fl uorophenyl)-4-(nethyl am no) -6, 7-di hydr o- 5H cycl opent a[ d] pyri m di n-2
- ylam no)benzonitrile. The racemate 80 obt ai ned was separated into the
enantiomers by chiral SFC purificatiofi (Chiralcel QJ-H 30x250 mm col um,
25% MeOH (0. 1% DEA) in CO2 at 35C amd bar, 70 nmiL/m n) Enantioner A
LC-M5 (MrH) + = 390.1. 1H 25 NWR (500 M4, /CDC13) 6 ppm 8.56 (br. s., 1H),
7.99 (d, J=1.8 Hz, 1H), 7.38 (d, ¥8.Y Hz\ 1H), 7.28 - 7.18 (m 1H), 7.15 -
7.00 (m 3H), 6.89 (dd, J=8.5, 1.8 Hz, 1pf,\4.66 (d, J=4.6 Hz, 1H), 4.55 -
4.45 (m 1H), 3.76 (s, 3H), 3.17 (d, J=4. , 3H), 2.82 - 2.61 (m 3H),
2.14 - 2.06 (m 1H). The anti pode had identical 1H NVR and LC/ M5 spectra.
Exanpl es 5A and 5B N~

t

(S)-2-nmeth -4-(4- t hyl am no)-7-(2,4,6-trif.l ugrophenyl)-6, 7-di hydr o- 5Hcy
G bpent ai df LypAEgT SSObion By Bishirofin i rerstn A ROPR R &

(R) - 2- met homyeredifte AMBY MOl BN B:pafat{od, V6 LMK (MO PR8OYD.) - 6, 7- di hydr o- 5H-
cycl opent ai dl pyri.m dj n-2-yl am no) benzonitrile FF In a manner simlar to
that describ&ror= fipl e” 1, commercially available 4- 10

fzim nﬁ] 2-5fet4h?zyben@OJHZerJﬂ@-@%@t@[a@ﬁﬁ)ﬁﬁekﬁﬁNMe&hﬂﬁrﬁwhﬁa&&Iﬂd to give

- Met hoxy- 4- ( 4- - ,

(met hyl ami no) - 7- (2, 4, 6-t ri f | VBFOPHEHYIDY rigidin-diHiyér o- 5H cycl opent a[ d] pyri mi d
in-2- ylamno)benzonitrile. The racepgte so obtained was separated into the
enantioners by chiral SFC purification (Chiralcel QJ-H 30x250 nm col um,
15% MeOH (0.1% DEA) in CO2 at 35C a bar, 70 niL/m n) Enantioner A
LC-MS (MrH) + = 426.1. 1H 15NMR (500 13) 6 ppm 8.14 (br. s., 1H),
8.00 (d, J=1.8 Hz, 1H), 7.37 (d, SEts.

The procedure described for the preparation of Preparation ARa was used with
Preparation AW to obtain Preparation AWa. LC-MS (M+H)" =303.1. "H NMR
10  (400MHz, CDs;OD) 6 7.48 (d, J/=8.8 Hz, 2H), 7.35 (d, /=8.5 Hz, 2H), 4.41 - 4.27 (m,
J=8.5 Hz, 1H), 3.26 (s, 6H), 3.02 (s, 3H), 2.91 - 2.64 (m, 3H), 2.14 - 1.99 (m, 2H).
Preparation AX
2,4-dichloro-7-(2-fluoro-4-(trifluoromethyl)phenyl)-6, 7-dihydro-5 H-
cyclopenta[d]pyrimidine

Cl
N/
Py
CI” "N F
15 CF,

Intermediate AX(1)
ethyl 2-(2-fluoro-4-(trifluoromethyl)phenyl)acetate
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Hz, 1H), 6.83 (dd, J=8.5, 1.8 Hz, 1H), 6.74 - 6.60 (m 2H), 4.67 - 4.53 (m
2H), 3.78 (s, 3H), 3.15 (d, J=4.9 Hz, 3H), 2.88 -2.77 (m 1H), 2.77 -2.68
(m 1H), woe817@3%8 (m 1H), 2.26 - 2.09 (m 1H). The amCirpsde2/020$65
identical 1H NVR and LC/ MS spectra. 20 Exanples 6A and 6B

(S)-4-(7-(4-chl oro-2-fluorophenyl)-4-(nmethylam no)-6, 7-di hydro- 5H

cycl opent akl | pyri m di n-2-yl am no) - 2- net hoxybenzonitril e and
25(R)-4-(7-(4-chl oro-2-fl uorophenyl) -4-(net hyl am no) -6, 7-di hydr o- 5H

cycl opent akl | pyri m di n- 2-yl am no) - 2- et hoxybenzonitrile CICl In a
manner simlar to that described in Exanple 1, comercially available 4-
am no- 2- net hoxybenzonitril e and Prep I nﬁﬁ(Ua were reacted to give
4-(7-(4-chl oro- 2-

f I uor opheny, | a %dlh 5H cycl ta[d rimdinp-2-ylam
o) 2- St TSRS AR hbrepSp i Entgwegﬁeﬁﬁﬁﬁwa%@egiwre&&% "nto
the enant i oremrd¥-(@ifus@dmehFGpiRuyldotiddcid® obfeli mahhetatéd X )30x250 mm
colum, 25% MeOH (0.1% DEA) in CO2 at 35C and 150 bar, 70 nli/m n)

Enanti oner ACTPRgESAXEH) + = 424. 1. 1H NVR (500 MHz, CDC13) 6 ppm 7.99 (d,
J=1.8 Hz 1H), 7.67 (d@’thyl@ I&% fﬂ:lbi)oA @rlﬁgor&ﬂethﬂlﬁﬁe@ljﬂéxanmue .16 - 6.99 (m
3H), 6.76 (dd, J=8.5, (d, , 4.52 - 104.41
(m 1H), 3.72 (s, 3H), 314(d J49Hz f , 2.82 261(m 3H), 2.15 -
1.98 (m 1H). The anti pode had identica dMYR-and LC/ M5 spectra. Exanpl es
7A and 7B o

15(S) - 2- met hoxy-4- ( 7- ( 3- met hoxyph ) - 4 (et hyl am no) - 6, 7- di hydr o- 5H
cyclopenta Id | pyrimdin-2-ylam, nzéhitrile and

The procedure described for the preparation of Intermediate AR(2) was used with

Intermediate AX(1) to obtain Intermediate AX(2).

Intermediate AX(3)
10 ethyl 3-(2-fluoro-4-(trifluoromethyl)phenyl)-2-oxocyclopentanecarboxylate
@)
/\O
O F

CF;
The procedure described for the preparation of Intermediate AR(3) was used with

Intermediate AX(2) to obtain Intermediate AX(3).

Intermediate AX(4)
15 7-(2-fluoro-4-(trifluoromethyl)phenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diol
OH
N
A~
HO” N F

CF;

The procedure described for the preparation of Intermediate AR(4) was used with
Intermediate AX(3) to obtain Intermediate AX(4). LC-MS (M+H) = 315.4.
20  Preparation AX
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(R) - 2- met hoxy- 4- (7- ( 3- met hoxyphenyl ) - 4- (et hyl am no) - 6, 7- di hydr o- 5H
cyclopenta |Id | pyrimdin-2-ylam no)benzonitrile ei dNoHN N) NNH

In a manrwo 28i2ioBmr to that described in Exanple 1, comremraisadizp2zesni | abl e
4- am no- 2- met hoxybenzonitrile and Preparation Ava were reacted to give

2- met hoxy-4-(7-

( 3- met hoxyphenyl) - 4- (et hyl am no) - 6, 7- di hydr o- 5H- cycl opent a[ d] pyri m di n- 2-
yl am no) benzonitrile. The racenate so obtai ned (Exanple 7) was separated

into the enantioneys by chiral prep HPLC purifijcati (Chiral pak AD 21x250
mm col urm, 35% Et cfr#s'{’lézflli’%'%@ﬁ%@ﬁﬁaﬂf?@?@%f@l’)ﬁﬁ”ﬁé'ﬁ%ﬁ%’@%‘ P A LG MS
(MrH) + = 402.6. 1H NMR (500 MHz oyd@Xehid)dpypponnd. 04 (d, J=2.0 Hz, 1H), 7.35
(d, J=8.5 Hz, 1H), 7.24 (t, J=7.9 Hz,C|2H), 6.84 - 6.70 (m 3H), 6.66 (dd,
J=8.5, 2.0 Hz, 1H), 4.60 (d, J=4.8 Hzy 1H), 54.25 - 4.10 (m 1H), 3.79 (s,
3H), 3.63 (s, 3H), 3.13 (d, J=4.8 Hg~* 2.84 - 2.65 (m 3H), 2.17 - 2.00
(m 1H). The anti pode had identi cal)gH and LC/ M5 spectra. Exanple 8
4-(7-(2-fluoro-4-(trifluoronethyl Pbhedyl )\ 4- €met hyl ani no) - 6, 7- di hydr o- 5H10c
ycl opent akl | pyri m di n- 2-yl am no) - 2- net ho nzonitrile

CF,
The procedure described for the preparation of Preparation AR was used with
5 Intermediate AX(4) to obtain Preparation AX.
Preparation AXa
2-chloro-7-(2-fluoro-4-(trifluoromethyl)phenyl)-N-methyl-6, 7-dihydro-5SH-
cyclopenta[d] pyrimidin-4-amine
HN”
NP

PN |

cI” N F

CF,

10 The procedure described for the preparation of Preparation ARa was used with
Preparation AX to obtain Preparation AXa. LC-MS (M+H) = 346.4. 'HNMR (400
MHz, CD;0D) é ppm 7.46 - 7.52 (2 H, m), 7.32 (1 H, t, J/=7.65 Hz), 4.64 - 4.70 (1 H, m),
3.07(3H,s),2.73 -2.93 (3H, m), 2.05-2.17 (1 H, m).

15  Preparation AY
2,4-dichloro-7-(2-fluoro-4-(trifluoromethoxy) phenyl)-6, 7-dihydro-5H-
cyclopenta[d]pyrimidine
Cl

PNy

CI” N F

OCF,
Intermediate AY(1)
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e HN In a manner CF3 simlar to that described in Exanple 1,
comercially and Preparation AXa were reacted

(trifluorwoebteyioyphenyl) - 4- (et hyl am no) - 6, 7- di hydr o- S5SHPCYaiSo@enemwpsl] pyri m
din-2- available 4- to give 4-(7-(2-fluoro-4- am no-2-nmethoxybenzonitrile

ethyl 2-(2-fluoro-4-(trifluoromethoxy)phenyl)acetate
F

o
F4CO

The procedure described for the preparation of Intermediate AR(1) was used to esterify 2-
(2-fluoro-4-(trifluoromethoxy)phenyl)acetic acid to obtain Intermediate AY(1).
5 Intermediate AY(2)
diethyl 2-(2-fluoro-4-(trifluoromethoxy)phenyl)hexanedioate
®)
F o™
o~
F3CO ©
The procedure described for the preparation of Intermediate AR(2) was used with
Intermediate AY(1) to obtain Intermediate AY(2).
10 Intermediate AY(3)
ethyl 3-(2-fluoro-4-(trifluoromethoxy)phenyl)-2-oxocyclopentanecarboxylate
@)
o

o F

OCF;
The procedure described for the preparation of Intermediate AR(3) was used with

Intermediate AY(2) to obtain Intermediate AY(3).
15  Intermediate AY(4)
7-(2-fluoro-4-(trifluoromethoxy )phenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine-2,4-
diol
OH

OCF,

20  The procedure described for the preparation of Intermediate AR(4) was used with
Intermediate AY(3) to obtain Intermediate AY(4). LC-MS (M+H)" =331.4.
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15 yl am no) - 2- net hoxybenzonitrile. LCM (MtH) + = 458.6. 1H NVR (400MHz,
CD30D) 6 ppm 7.70 (d, J=1.5 Hz, 1H), 7.66 - 7.54 (m 3H), 7.51 - 7.44 (m
1H), 7.22wW020/10329(m 1H), 4.89 J=8.8 Hz, 1H). -4.77 ( mPCIR)S2013/022%6%s, 3H),
3.20 (s, 3H), 3.01 -2.75 (m 3H), 2.18 (d, 20 Exanple 9

Preparation AY
2,4-dichloro-7-(2-fluoro-4-(trifluoromethoxy)phenyl)-6, 7-dihydro-5H-
cyclopenta[d]pyrimidine
Cl
NP

PN |

CI” N F

OCF,

5 The procedure described for the preparation of Preparation AR was used with

Intermediate AY(4) to obtain Preparation AY. LC-MS (M+H) = 367.3.

Preparation AYa
2-chloro-7-(2-fluoro-4-(trifluoromethoxy)phenyl)-N-methyl-6, 7-dihydro-SH-

10 cyclopenta[d]pyrimidin-4-amine
HN™
N/
BNy
CI” N F
OCF,

The procedure described for the preparation of Preparation ARa was used with

Preparation AY to obtain Preparation AYa. LC-MS (M+H) =362.3/364.3. "H NMR

(400 MHz, CD;0D) é ppm 7.21 (1 H, t, J/=8.28 Hz), 7.10 - 7.17 (2 H, m), 4.56 - 4.63 (1
15 H,m),2.70-2.91 (3 H, m), 2.03 - 2.14 (1 H, m).

Preparation AZ
2,4-dichloro-7-(6-(trifluoromethyl)pyridin-3-yl)-6,7-dihydro-5 H-cyclopenta/d] pyrimidine
Cl
N |
Cl)\\N
7\
N=
CF;
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4-(7-(2-fluoro-4-(trifluoronethoxy)phenyl)-4-(methylam no)-6, 7-di hydro-5H
cycl opent akl | pyri m di n-2-yl am no) - 2- met hoxybenzonitrile e i dN OCF3

In a manrwo 28i2ioBmr to that described in Exanple 1, comremraisadizp2zesni | abl e
4- am no- 2- met hoxybenzonitrile and Preparation AYa were reacted to give
4-(7-(2-fluoro-4-

(trifluoronethoxy)phenyl)-4-(nethyl am no) -6, 7-di hydr o- 5H cycl opent a[ d] pyri m
i di n-2- ylam no) - 2- et hoxybenzonitrile. LCGMs (MH) + = 474.6. 1H NWR
(400MHz, 12.07 (s, 1H), 7.58 (d, J=1.8 Hz, 1H), 7.53 - 7.34
(m 2H)), Cqﬁc‘ﬁff&edgt‘ig&?% 1H), 7.11 -6.89 (m 2H), 5.62 (d, J=5.0 Hz, 1H),
4.64 (t, J=7.3 Hzthylkoxo-3- (94tr1&1%0r03idﬂhyl)§yr}%l7n §-g1)cybtdpefhakdtarbdtlate 2. 99 - 2. 87
(m 1H), 2.87 - 2.74 (m 2H), 2.40 - 2. (mClH) Bl OLOG CAL METHODS
10Cel | ul ar assays for inhibition of @0\ f| 5~“hd A fil-42 production H4

APP751 SWE cl one 8. 20, devel oped 5) were maintained in | og phase

t hrough twi ce weekly passage at 1:20 split. For ICso determ nations, 30
pi cells (1.5 x 104 cells/well) yn DMEM nedi a containing 0.0125% BSA (Si gma
A8412) were plated 15directly into 384-well conpound plates (Costar 3709)
contai ning 0.1 prtderlualdnetiyiDpptidin3adlepderrdtanencDVBS0. niopl 3.6 mgol neabat i on
fpr 19 kB I ndﬁe/a %qzsoﬂlttlo$ZfﬁDAQb%§F§1FV\Eg§m 1) aftlig‘%en%ﬁeltr sﬁ'rgﬁ fc(r]?agggm LPM 5
mn). A10 pi a dot f ror each well was transferte econd assay

pl at e (CostdB °(37e®19_>)1 cdrbonoAsthd)tertéééﬁméné%mmth‘twsbddgd toahda’ealtlbsmlmne freshl y

pr epared by dllut on_i.nto mM Tr.i s- HC1 H th 0. 2% BSA added
Po 50" assay piedhhl iR 5, St frbbl Bt dnit wih e S T Pl e

A134§ neolepneﬁampe rﬁlgﬁﬁehwde\zmbmhaﬁw?ﬂa B, otﬁomajtmgaztaﬂﬂdtmt}t hﬁnél\airieamveeaglent .
P in E 1

o efs,l B A COR Qgat bl B Apes (PP A Erero et D RE LAY LS 5P-Ba?e¥ﬁfe°pel
Concent 1t GRS G RA %‘%g@g%&%%%é?@*ew%% PR Aag 7

LC—MS (M+H)" = 302.2.

Intermediate AZ(2)
7-(6-(trifluoromethyl)pyridin-3-y1)-6,7-dihydro-5H-cyclopenta[d pyrimidine-2,4-diol
OH
]
HO™ N
7\
N=
15 CF3

To a melt of urea (748 mg, 12.45 mmol) at 150 °C was added ethyl 2-0x0-3-(6-
(trifluoromethyl)pyridin-3-yl)cyclopentanecarboxylate (750 mg, 2.49 mmol) dropwise.
The reaction was stirred overnight. The reaction mixture was cooled and the resulting
solid mass was broken up and suspended in MeOH. The mixture was diluted with a large
20  excess of water and cooled in an ice bath. The suspension was filtered and the residue
was washed with water and dried to afford the semi-pure product, 7-(6-
(trifluoromethyl)pyridin-3-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diol (334 mg,
1.124 mmol, 45.1 % yield). LC-MS (M+H)" = 298.0.
Preparation AZ
25 2,4-dichloro-7-(6-(trifluoromethyl) pyridin-3-yl)-6,7-dihydro-5 H-cyclopentald]pyrimidine
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25neasur ement s,

anti bodi es specific for the A1340 neoepitope (TSD,
devel oped at BME5;

conjugated to the Wallac reagent (Perkin Elner)) and 26D6

as descriwodoehos®7were m xed and 20 pi of the m xture wras/isdded21665t he 10
pi aliquots which had been renoved previously fromthe cell plate yielding
a final concentration of 1.6 ng/well TSD and 17.5 ng/well|l 26D6. Assay

pl ates contai ning anti bodies were sealed with alum numfoil and 30

i ncubat ed overnight at 4 C. Signal was deternmined using a View ux counter

(Perkin Elnmer) and |1 Cso val ues deter

ned using curve fitting in

CurveMaster (Excel Fit based). WO 201 1'103297PCT/ US2012/ 022665 The

activity of representative conpound®<o
A1342 cellular 1Cso values in H4 APBZ5

Table 1 (bel ow).
Exampl e Activity

e present disclosure, based on
clone 8.20, are illustrated in
|l e Activity Ratinga Conpound of

5Tabl e 1 Conmpoun®of NExa
.a Rating | A 13 1B ++

CF,

To a flask charged with 7-(6-(trifluoromethyl)pyridin-3-yl1)-6,7-dihydro-5H-

cyclopenta[d]pyrimidine-2,4-diol (334 mg, 1.124 mmol), phosphoryl trichloride (3142 pl,
33.7 mmol) and N,N-diethylaniline (198 ul, 1.236 mmol) were added. The reaction was

5 heated at reflux (105 °C) for 4 h. The reaction mixture was concentrated to evaporate the

excess POCI3 and was then poured into approx. 25 mL of ice. The mixture was extracted

with diethyl ether (3x25 mL) and the combined extracts were dried & concentrated in

vacuum.

purified

The crude product was purified by Biotage (Hexanes/EtOAc 4:1) to afford the
product, 2,4-dichloro-7-(6-(trifluoromethyl)pyridin-3-yl)-6,7-dihydro-5H-

10  cyclopenta[d]pyrimidine (33 mg, 0.099 mmol, 8.79 % yield). LC-MS (M+H)" = 334.0.

Preparation AZa
2-chloro-N-methyl-7-(6-(trifluoromethyl)pyridin-3-yl)-6, 7-dihydro-SH-

cyclopentald]pyrimidin-4-amine

7\
N\
CFs

15 To a solution of 2,4-dichloro-7-(6-(trifluoromethyl)pyridin-3-yl)-6,7-dihydro-5SH-
cyclopenta[d]pyrimidine (33 mg, 0.099 mmol) in NMP (Volume: 5 mL) was added

methanamine (0.247 mL, 0.494 mmol). The reaction mixture was stirred at room

temperature for 2 h. The product was partitioned between ethyl acetate & water. The

organic layers were combined and dried in vacuum to afford 2-chloro-N-methyl-7-(6-

20 (trifluoromethyl)pyridin-3-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (8 mg,
0.024 mmol, 24.64 % yield). LC-MS (M+H)" = 329.0.
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WO 2012/103297 PCT/US2012/022665

EXAMPLES

Examples 14 and 1B
(S)-2-methoxy-4-(7-(2-methoxyphenyl)-4-(methylamino)-6, 7-dihydro-5SH-
cyclopental[d]pyrimidin-2-ylamino)benzonitrile
and
(R)-2-methoxy-4-(7-(2-methoxyphenyl)-4-(methylamino)-6, 7-dihydro-5 H-
cyclopental[d]pyrimidin-2-ylamino)benzonitrile

o~  HNT o~ HNT
& 50, <A
HA\N \ HA\N Q\O
The mixture of 2-chloro-7-(2-methoxyphenyl)-N-methyl-6,7-dihydro-SH-

cyclopenta[d]pyrimidin-4-amine (Preparation AQa) (165 mg, 0.569 mmol) and
commercially available 4-amino-2-methoxybenzonitrile (84 mg, 0.569 mmol) was
dissolved in NMP (Volume: 1134 ul) and was treated with sulfuric acid (39.5 ul, 0.740
mmol). The resulting mixture was heated at 90 °C for 24 h. After the heat was stopped,
water (60 ml ) was added dropwise. The crude product was purified by Prep-HPLC (
Solvent A = 10% MeOH - 90% H20 - 0.1% TFA, Solvent B = 90% MeOH - 10% H20
-0.1% TFA. Column: PHENOMENEX LUNA 30 x 100mm, S10, Flow rate: 40 ml /
min, 40 - 80% B, 35 min) to obtain 2-methoxy-4-(7-(2-methoxyphenyl)-4-
(methylamino)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-2-ylamino)benzonitrile, TFA
(145mg, 0.253 mmol, 44.5 % yield). The racemate so obtained was separated into the
enantiomers by chiral SFC purification (Chiralcel OJ-H 30x250 mm column, 30% MeOH
(0.1% DEA) in CO; at 35 °C and 150 bar, 70 mL/min). Enantiomer A: LC-MS (M+H)"
=402.2. "HNMR (400 MHz, CDCls) & ppm 8.08 (d, J=1.8 Hz, 1H), 7.35 (d, J=8.5 Hz,
1H), 7.25 - 7.19 (m, 1H), 7.16 (s, 1H), 7.00 (dd, J=7.7, 1.6 Hz, 1H), 6.94 - 6.83 (m, 2H),
6.65 (dd, J=8.4, 1.9 Hz, 1H), 4.67 - 4.58 (m, 1H), 4.52 (d, J=5.0 Hz, 1H), 3.82 (s, 3H),
3.60 (s, 3H), 3.14 (d, J=4.8 Hz, 3H), 2.80 - 2.57 (m, 3H), 2.10 - 1.92 (m, 1H). The
antipode had identical '"H NMR and LC/MS spectra.

Examples 2A and 2B
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aActivity based on Al1342 cellular ICso values in H4 APP751 SVE cl one 8. 20.
+++ = 1.5 nM- 0.0099 M++ = 0.010 - 0.100 iiM+ = 0.100 - 1.OiiMIt will
be evi derwoto120108293ki | l ed in the art that the present diPSEIUSSURA2i685 Not
limted 10to the foregoing illustrative exanples, and that it can be
enbodied in other specific fornms without departing fromthe essenti al
attributes thereof It is therefore desired that the exanples be considered
in all respects as illustrative and not restrictive, reference being nade

to the appended cl ai rat her t to t fore and all
changes whi ch corrég\'/ér?h(ﬁl ”PW@hWZfﬁ[]Wﬁfggﬁ%ﬁ’?egH&@%’&ﬁ) ag}l%(frépeﬁiy of the
clainms are therefore dbbpdriyapsl-it@iibe-yemtaCee@b&LMirilk 1), Or a
pharmaceutically acceptabl e salt thereofd wherein Ais a nitrile group;

B is selected from phenyl and pyridi nyf’“ wherei n the phenyl and pyridinyl
are optionally sug@u km@%omp%%@nﬁm@ﬁh ztmnesmzh&mnyﬁzymdﬁpendently

sel ected from G Oy ZK am no- 6al koxy, cyano,

G _3di alkyl ani noCi ealykewfa/ﬁ&vﬁml%w&m%h %@é@oxyheaﬂlzw”l%m kyl , hydroxy,
met hyl ami no, and ami no; D)s Sﬁ \ected fromthe grouyp of: LI\ T

denot es the poi nt of att to the nltrc%en a mof t he parent
nol ecul e; "denotes nt achﬁ@n@\ noi ety;

\

N~ T{"CHs Hs

In a manner similar to that described in Example 1, commercially available 4-

F F

amino-2-methoxybenzonitrile and Preparation APa were reacted to give 4-(7-(4-
fluorophenyl)-7-methyl-4-(methylamino)-6,7-dihydro-5SH-cyclopenta[d]]pyrimidin-2-

10 ylamino)-2-methoxybenzonitrile. LC-MS (M+H)" =404.2. "H NMR (500 MHz, CDCl;)
dppm 12.3 (1H, br. s), 7.52 (1 H, s), 7.42-7.49 (2 H, m), 7.25-7.31 (2 H, m), 7.00 (2 H, t,
J=8.6 Hz), 5.55 (1 H, d, /4.3 Hz),3.91 3 H, s),3.22 (3 H, d, /4.9 Hz), 2.70 - 2.82 (2
H, m), 2.58 (1 H, ddd, J=13.4, 8.3, 4.6 Hz), 2.36 (1 H, ddd, J=13.6, 7.9, 7.8 Hz), 1.85 (3
H, s). The racemate so obtained was separated into the enantiomers by chiral SFC

15  purification (Chiralcel OJ-H 30x250 mm column, 30% MeOH (0.1% DEA) in CO, at 35
°C and 150 bar, 70 mL/min).

Examples 34 and 3B
(S)-2-methoxy-4-(7-(2-chlorophenyl)-4-(methylamino)-6, 7-dihydro-5 H-
20 cyclopenta[d]pyrimidin-2-ylamino)benzonitrile
and
(R)-2-methoxy-4-(7-(2-chlorophenyl)-4-(methylamino)-6, 7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)benzonitrile

o~ HNT o~  HNT
LD UL
\Y NS
N~ N Cl N~ N = g
H H j
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Ra is selected from hydrogen, G _6al kyl, C2_6al kenyl, and hydroxy; Rb
is -VWRY, wherein Rx and RY are independently selected from hydrogen,
C _4al koxwo 2@i2/wwadokoxyC _4al kyl , C _4al koxycar bonyl , C P6alusg12/022665
C3_7cycl oal kyl , (C3_7cycl oal kyl )G _4al kyl, hydroxyC _4al kyl, and
trideuteronethyl, wherein the alkyl part of the (C3_7cycloal kyl)C _4al kyl
can be optionally substituted with a C _4al koxy group; or, Rx and RY,
together with the nitrogen atomto which they are attached, forma four- to
seven- nenber ed nocyclic .or ycli ionally contai one doubl e
bond and opt | ondl FaE e ar T i sl b anEP et ar e B SRR Ea T r om 0.
IC\I)RZ4 ?Ed S; arﬁvgeaendthdig/gérﬁv\gﬁeileﬁtdaﬁeﬁata@hh lmdrv@ge@ act% tlo@alel(%j -2- r@ﬂﬂ)xyé— ]

a oxycar n erein the rin opti ona su stltute wi th one
or two subst It(ozeqyttchIﬁﬁepébéﬁlaehtlﬁw%ﬁéé? hopirg-5 W@Pp%laqﬁawm Z6al kyl

hal 0, hal oG aftab¥hzon ANIEY PKY sacerimé I%gobtm,wa%@eﬂa%&ght&h@ér@ﬁmr@éayt wher ei n
Rf and Rg are independent l(ﬁésel ected from hydroge 4al koxycar bonyl and

G _6al kyl ; chiral SFGraurjficatiqay trélaelpﬂcthﬁwa? Bﬁle?f’lu@’ 346{4 M@EI&PMM@A) in

Gi _4al kyl S%@f&t%a@ag@wm Mdm ahlﬁé’ﬂn%fﬂef‘& e N@d%@I oy Lagk 10/H
C3_7cycl oal kyl am no, hydroxy, and 4al koxy i's selected from

hydr ogen, GNM&(ISQQ/MHZCCD@&D Rorp@Gi334ht. Rylﬂh&@@tﬁﬂw—l CHzoHiL k 3%y e aBBoOmy| ,
C _6al kyl c y L kyl.sul I
3 7oyl oal B pliges bé%f‘?’aj&h L3 aIfE‘ZQI Fﬁs%gﬂﬁr élzggrgg%nflﬁ?ﬁgﬁd 408

hal oG 4a| k(yﬂ, | Hinheteid =t e Tzl Ky, 13. 7I4€(I§ BHOF3. e, Bdkoost, Gai somlyd 2.6 (e 3H),

Cundt it Ubnt > B2 b FpoRiCrmin ot et g Nt Bed ol ana " O«

sel ected from O _6al kyl, C4_6cycloal kyl, (C4_7cycl oal kyl )O 4al kyl, benzyl,
phenyl , andE;azna‘pi’égeAata@wi x- menber ed het er oar OITB.tI cring cont ai ni ng one or
two nitrogen ato wher ei hen the henyl e benzyl, and
t he het er oar onat in%) ?l”IfdwéJf' (%:Z%q e@ﬂél"I(W Betrot- éﬁézﬂh %}:)'one, two, or

t hree substituents i ndepeﬂ%@mbydp)emgﬁieﬂyzg,hgmb@m@ﬁhj@yI C _6al koxy,
cyano, hal o, halo G _6al koxy, hal oG _6al kyl . 2. A conpound of claim1,
or a phlasr maceutical ly acceptable salt f#ereof , wherein B is selected from
phenyl and pyri diRyb.Jheseim (theo@p%yﬂ) 4%%%%) @ytdzhﬁt@mptl onal |y
substituted with one or two substituents independently selected from

G _6al koxy and halo. 3. axlepswpsipdingtincliminp)begionigiighar maceut i cal | y
acceptabl e salt thereof, Wher eh,@/E i s phenyl ,optl ﬂnaI |y substituted with

one, two, or three subst % uent ' ndependentl el ected from G _6al kyl

C _6al koxy, cyano, héFs, ~- 0@ oxy N A‘ o¥e kyI 4. ”A conpound
of claim3, or apharma |c I ceptab ~f wherein Dis
sel ected fromthe group F\’B N\O and NUI fzUNA. 5. A conpound

of claim4, or a pharmaceutlcally ptable salt the wherein Rb is
-NVRY, wherein Rx and RY are indep ntly selected f hydr ogen,

G _4al koxyC _4al kyl, G _6al kyl, C3_7cycl oal kyl, hydr oxyCl 4al kyl , and

t ri deut er omet hy|In awapcssimitani thatdgicriped in Fspmpled . ¢aamareiply BailRYIE G 4al ky|
can be gpti aeﬁtﬁt) bxnat@@tén%m@e Wat e Rrdon AL mzﬁeyreg;téaqg -Aogpound of

claim4, or a pharnacéutically acceptable salt ther eo?we\%er el n IS
_NVRY, wher@(@-fiRgroahenyRed- (madhydanhine)- 6/»'1’ ﬂthydﬂquPhcxctngen ddyoimidin-2nhi ch t hey are

attached, {900 LoMhil OTRENELIPIDSLSFTRROGNE En R DL NEG. 100

opt i onal I y ‘contal ning one ad et eroat om se ect e rom
wherein Rz ahgabﬁICemrédammdﬁh®1106&lJ@BQX%&@H@MMI{,@%V@ME@HKQIl% RIRA) mher ei n

the ring is t||aII bst r (e S

i ndependent @Pste’se@t e%lfd.{)or%ﬁf&nﬁé% oxyantlﬂn%%lgl %hwiéf—ﬁ&) %?8% 1Ijlal kyl ,
hygroxyzds tI\IIFI{ﬁfll RQKS?@W{HZdG]P@lﬁﬁlﬁplg%'(Br @toﬁpha%cﬂ J= wberbzelfrm R3S ad)d= RQGalrE -
i ndependent] y sel ecte om yro xycar bon al ky
T conpout 1B, it gHa B RHebdrh- e g4 dekeph Al ar 66 ther eof
wherein D |ﬁ=4%€}|Iz€QH?dI $sr-amst@e 195 8ul (9f3H), 3817(/d r;qm@mdt)@fgzclmmﬂ or a
phar maceut i cal accept abl e salt  thereof VRY, wherein Rx

and RY are IPHd%één%Qh{myl@eITé%t“etH’Ofi‘F]éﬂhlh‘i}’él%g@ﬁ\IM&andlhp%§§/@°tr%al kyl ,

C _6al kyl, C3_7cycl oal kyl, hydroxyG _4al kyl, and tri deut er onet hyl vx,her ein
the al kyl part of the (C3_7cyc| oal kyl )C1_4al kyl can be optionally
substituted with a G _4al koxy group.
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9. A conpound of claim?7, or a pharmaceutically acceptable salt thereof,
wherein Rb is -WRY, wherein Rx and RY, together with the nitrogen atomto
whi ch t heyoane/ms1vached, forma four- to seven-nenber ed PabruseyIRi02zs6DHr
bicyclic ring optionally containing one additional heteroatom selected from
0 and NRz; wherein Rz is selected from G _6al kyl, and G _4al koxycar bonyl ;
and wherein the ring is optionally substituted with one or two substituents
i ndependently selected from G _6al koxy, C _6al kyl, hal o, hal oC _4al kyl,

hydr oxy, -NRfRg, oxo, and spirocycle dioxolanyl; wherein Rf and Rg are

i ndependently sel ected from hydrogen, C _4al koxycarbonyl, and C _6al kyl .

10. A conpomngpek salaagvB3, or a pharmaceutical ly acceptable salt thereof,

wherein Dis selected from 1) JAJI 11. A
conpound of cl al) fenzi’ffthocﬂf 46(4[5’%{@%’8@81?76%? W”g %&é@fﬁ sdé{%vtd”t'#e"r eof ,
wherein Rb is -WRY, wher @j,cqbﬂ@gtaﬁgﬂyrﬁ){dﬁirﬁym,ﬂgzg}b@%@ﬁﬁlky selected from

hydr ogen, G _4al koxyC _4al kyl, G _6al k cycl oal kyl , hydroxyC _4al kyl

and tri deut er omet hyl, wherein the al kyFm art of the
(C3_7cycl oal kyl M@M&}?’M (Qfmellﬁflaﬂ%) qubléﬁrﬁ&%ﬁﬂetzﬂ} B89-ylihp-8C _4al koxy

group. 12. A conhpound of phar maceut’i cal |y accept abl e salt

t hereof, wherein Rb is - RKWWWJ@WHCZWZ “HfdinRbenzoogékeher with the nitrogen
atomto which they are at t/acheg ~forma four - -to sewen- menber ed nonocyclic
or bicyclic ring optionalQy conf ai n| ng one atidi t| onal het er oat om sel ect ed
fromO and NRz; wher &F i S NSE ed Nsprs and

C _4al koxycar bonyl and rej ring ig t| aI| substituted wth one
or two substituents inde enc”ant’l‘y sel eEt ed onthl Ngal koxy, C _6al kyl ,

hal o, hal oG _4al kyl, hydroxy, -NRLZ

oxo, and Spl r di oxol anyl ;
wherein Rf and Rg are independent| | ected from hyd n,
C _4al koxycar bonyl, and C _6al kyl . . A conpound sel e [; ed fromthe group
consi sting of:
2- et hoxy 4- ( 7- (Iﬂamhhmxymhenytmatdésc(nm inyAxaniplea) edmnierdialy alradlaldtidy cl opent af d
] pyrim ﬁﬁ nlibnzonl &
AT Gl rtprare e et e e Aoy ook B g ehEy et Bbent af d] p
yrim di n- 2-ylediyildnano)2- et haxibpaanitd, 7-tdydro-SH-cyclopenta[dJpyrimidin-2-
ylamino)benzonitrile. The racemate so obtained was separated into the enantiomers by
chiral SFC purification (Chiralcel OJ-H 30x250 mm column, 15% MeOH (0.1% DEA) in
CO; at 35 °C and 150 bar, 70 mL/min). Enantiomer A: LC-MS (M+H)" =426.1. 'H
15 NMR (500 MHz, CDCls) & ppm 8.14 (br. s., 1H), 8.00 (d, J=1.8 Hz, 1H), 7.37 (d, J=8.5
Hz, 1H), 6.83 (dd, J=8.5, 1.8 Hz, 1H), 6.74 - 6.60 (m, 2H), 4.67 - 4.53 (m, 2H), 3.78 (s,
3H), 3.15 (d, J=4.9 Hz, 3H), 2.88 - 2.77 (m, 1H), 2.77 - 2.68 (m, 1H), 2.68 - 2.56 (m, 1H),
2.26 -2.09 (m, 1H). The antipode had identical '"H NMR and LC/MS spectra.

20
Examples 64 and 6B
(S)-4-(7-(4-chloro-2-fluorophenyl)-4-(methylamino)-6, 7-dihydro-5 H-
cyclopenta[d]pyrimidin-2-ylamino)-2-methoxybenzonitrile
and
25 (R)-4-(7-(4-chloro-2-fluorophenyl)-4-(methylamino)-6, 7-dihydro-5SH-

cyclopenta[d]pyrimidin-2-ylamino)-2-methoxybenzonitrile
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2- met hoxy-4-(7-(2-chl orophenyl)-4- (et hyl am no) - 6, 7- di hydr o- 5Hcycl opent a[ d]
pyri m di n-2-yl am no) benzonitrile
2- met hoxywo-20i2/10229f71 uor ophenyl) - 4- (et hyl am no) - 6, 7- di hpdTarszdHepeisepent af d]
pyri m di n-2-yl am no) benzonitrile
2- met hoxy-4-(4- (net hyl am no)-7-(2,4,6-trifluorophenyl)-6, 7-di hydro-5Hcycl op
ent a[ d] pyri m di n-2-yl am no) benzonitrile
4-(7-(4-chloro-2-fluorophenyl) - 4-(net hyl am no) - 6, 7- di hydr o- SHcycl opent a[ d] p
yrim di n-2-yl am no) - 2- et hoxyben;onl trile
2- met hoxy- 4- ( 7- ( 3- met hoxppheny'i ~4- (et hyl arno) - N7 di hydr o- 5Hcycl opent a[ d
]pyrlmd|n2ylamnoNb Qni t fiA~e NC

4-(7-(2-fluoro-4-(trifl mathy” enyl) - tﬁx 0) - 6, 7- di hydr o-5Hcyc
| opent a[ d] pyri m din-2-y J) -2- me§ hogybenz&nrinTi Ne, andr
4-(7-(2-fl uoro- 4- (trlfluororHathoxy phgny1) - 4- (n'éthyla §) - 6, 7- di hydr o- 5Hcy
cl opent a[ d] pyri m di n-2-yl am no) - 2- poxybenzonitril e, a
pharmaceutically acceptabl e salt the eof 14. A pharmacéutical conposition
for the treatnment of disorders resporfdive to the reducti®n of 13-anyl oid
peptide product iR GARRKINSIPS tﬁattdQ&'hﬁP@fﬂtEx‘&ﬁHeM @cfrﬁrﬁ@rt:fa avaﬁmél@t of a
compound of claim1, or a pharmaceutically acceptable sa thereof, in
associ at i oremihe-- r@ptmbm@@mﬂ@ wll Argpazation pllabyyese t,ea¢t¢d @rgl‘@r4 Gr(|4v?é}wo 2-15. A
met hod for Iy r of
13-anyloid %%gtéhglgﬁ H@ﬁ%}g??n&ﬂl ?8"7(!{?1{&,31 ?ﬁiQ?ﬂ%@\é% ?)ﬁﬁe@ggl 29%{%ﬂ(?ﬁacorrpr| ses
adni ni ster i methoxybemroditmianiied racematiesoaybened owb kgpartddantoitheecnamtourers nf  a
conmpound of i t I her . 16. A
rot nod of oS T R es G C BB et 5L R CBRAE 258 PEOH AT ETE i S
Di sease (AD)O, HAMIC Syd d¥0dnme,,70mill/chigo Gnarttiower AmﬁﬂM&(MJrH)NI%M)Zé,Llc&ﬂ ebr al

Materal ol SvRart VLB PREPIPAR B8y F e Eoy el 7af R IEH S oo

macul ar degﬁﬁqmtu mm@mh gaxr)lczs%(dd JJZS 5A1 srﬂtzhno) %1 @d k41 16, Mhes g2 0 sai d
di sorder is selec L %id one, 18.A

met hod Bt ct-&h ﬁl)’v@h@' & ] %H)s%x#‘b(ddﬂ < Hér3H)s2 X z%é Ef%»r SehdE(m,

1H). The antipode had identical '"H NMR and LC/MS spectra.

Examples 74 and 7B
15 (S)-2-methoxy-4-(7-(3-methoxyphenyl)-4-(methylamino)-6, 7-dihydro-5SH-
cyclopenta[d]pyrimidin-2-ylamino)benzonitrile
and
(R)-2-methoxy-4-(7-(3-methoxyphenyl)-4-(methylamino)-6, 7-dihydro-5 H-
cyclopenta[d]pyrimidin-2-ylamino)benzonitrile

o~  HNT o~  HNT
TER 0L
N)\\ N N)\\ N™
H H 2
. o O

In a manner similar to that described in Example 1, commercially available 4-
amino-2-methoxybenzonitrile and Preparation AVa were reacted to give 2-methoxy-4-(7-
(3-methoxyphenyl)-4-(methylamino)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-2-

ylamino)benzonitrile. The racemate so obtained (Example 7) was separated into the
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enantiomers by chiral prep HPLC purification (Chiralpak AD 21x250 mm column, 35%
EtOH:(0.1% DEA/Heptane), 15 mL/min). Enantiomer A: LC-MS (M+H)" = 402.6. 'H
NMR (500 MHz, CDClsz) 6 ppm 8.04 (d, J=2.0 Hz, 1H), 7.35 (d, J=8.5 Hz, 1H), 7.24 (t,
J=7.9 Hz, 2H), 6.84 - 6.70 (m, 3H), 6.66 (dd, J=8.5, 2.0 Hz, 1H), 4.60 (d, J=4.8 Hz, 1H),
4.25-4.10 (m, 1H), 3.79 (s, 3H), 3.63 (s, 3H), 3.13 (d, J=4.8 Hz, 3H), 2.84 - 2.65 (m,
3H), 2.17 - 2.00 (m, 1H). The antipode had identical 'H NMR and LC/MS spectra.

Example 8
4-(7-(2-fluoro-4-(trifluoromethyl)phenyl)-4-(methylamino)-6, 7-dihydro-5 H-
cyclopentafd]pyrimidin-2-ylamino)-2-methoxybenzonitrile

o~  HNT
PNy
N~ N F
H

CF3

In a manner similar to that described in Example 1, commercially available 4-
amino-2-methoxybenzonitrile and Preparation AXa were reacted to give 4-(7-(2-fluoro-4-
(trifluoromethyl)phenyl)-4-(methylamino)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-2-
ylamino)-2-methoxybenzonitrile. LC-MS (M+H)" = 458.6. '"H NMR (400MHz,
CDs;OD) & ppm 7.70 (d, J=1.5 Hz, 1H), 7.66 - 7.54 (m, 3H), 7.51 - 7.44 (m, 1H), 7.22 -
7.11 (m, 1H), 4.89 - 4.77 (m, 1H), 3.94 (s, 3H), 3.20 (s, 3H), 3.01 - 2.75 (m, 3H), 2.18 (d,
J=8.8 Hz, 1H).

Example 9
4-(7-(2-fluoro-4-(trifluoromethoxy)phenyl)-4-(methylamino)-6, 7-dihydro-5H-
cyclopenta[d[pyrimidin-2-ylamino)-2-methoxybenzonitrile

o~ HNT
S
N~ N F
H

OCF,4
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In a manner similar to that described in Example 1, commercially available 4-
amino-2-methoxybenzonitrile and Preparation AYa were reacted to give 4-(7-(2-fluoro-4-
(trifluoromethoxy)phenyl)-4-(methylamino)-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-2-
ylamino)-2-methoxybenzonitrile. LC-MS (M+H)" = 474.6. '"HNMR (400MHz, CDCls)
d ppm 12.07 (s, 1H), 7.58 (d, J=1.8 Hz, 1H), 7.53 - 7.34 (m, 2H), 7.34 - 7.16 (m, 1H),
7.11 - 6.89 (m, 2H), 5.62 (d, J=5.0 Hz, 1H), 4.64 (t, J=7.3 Hz, 1H), 3.94 (s, 3H), 3.27 (d,
J=5.0 Hz, 3H), 2.99 - 2.87 (m, 1H), 2.87 - 2.74 (m, 2H), 2.40 - 2.14 (m, 1H).

BIOLOGICAL METHODS
Cellular assays for inhibition of AF1-40 and AP1-42 production

H4 cells stably transfected with APP751 containing the Swedish mutation (H4
APP751 SWE clone 8.20, developed at BMS) were maintained in log phase through
twice weekly passage at a 1:20 split. For ICso determinations, 30 pl cells (1.5 x 10*
cells/well) in DMEM media containing 0.0125% BSA (Sigma A8412) were plated
directly into 384-well compound plates (Costar 3709) containing 0.1 pl serially diluted
compound in DMSO. Following incubation for 19 h in 5% CO, at 37° C, plates were
briefly centrifuged (1000 rpm, 5 min). A 10 ul aliquot from each well was transferred to
a second assay plate (Costar 3709) for AP40 measurements. Antibody cocktails were
freshly prepared by dilution into 40 mM Tris-HCI (pH 7.4) with 0.2% BSA and added to
assay plates. For AP42 measurements, antibodies specific for the AB42 neoepitope (565,
developed at BMS; conjugated to the Wallac reagent (Perkin Elmer)) and the N-terminal
sequence of AP peptide (26D6, developed at SIBIA; conjugated to APC (Perkin Elmer))
were mixed and 20 pl of the mixture was added to each well of the incubated cell plate
yielding a final concentration of 0.8 ng/well 565 and 75 ng/well 26D6. For the AB40
measurements, antibodies specific for the AB40 neoepitope (TSD, developed at BMS;
conjugated to the Wallac reagent (Perkin Elmer)) and 26D6 as described above were
mixed and 20 pl of the mixture was added to the 10 pl aliquots which had been removed
previously from the cell plate yielding a final concentration of 1.6 ng/well TSD and 17.5
ng/well 26D6. Assay plates containing antibodies were sealed with aluminum foil and
incubated overnight at 4° C. Signal was determined using a Viewlux counter (Perkin

Elmer) and 1Csg values determined using curve fitting in CurveMaster (Excel Fit based).
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The activity of representative compounds of the present disclosure, based on

APA2 cellular ICsg values in H4 APP751 SWE clone 8.20, are illustrated in Table 1

(below).
5 Table 1

Compound of Activity Compound of Activity
Example Rating” Example Rating”

1A 13 1B ++

2A 200 2B +

3A +++ 4A ++

SA 11 6A ++

7 ++ 8 ++

9 12

*Activity based on AP42 cellular ICso values in H4 APP751 SWE clone 8.20.

+++ = 1.5nM-0.0099 M
++ = 0.010-0.100 uM
+ = 0.100-1.0 uM

It will be evident to one skilled in the art that the present disclosure is not limited
10 to the foregoing illustrative examples, and that it can be embodied in other specific forms
without departing from the essential attributes thereof. It is therefore desired that the
examples be considered in all respects as illustrative and not restrictive, reference being
made to the appended claims, rather than to the foregoing examples, and all changes
which come within the meaning and range of equivalency of the claims are therefore

15 intended to be embraced therein.
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CLAIMS
What is claimed is:
L. A compound of formula (T)
Al
B\ /D\
N E
H
@,

or a pharmaceutically acceptable salt thereof, wherein

A is a nitrile group;

B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl are
optionally substituted with one or two substituents independently selected from
Ciealkoxy, Cyealkyl, C;zalkylamino-C, galkoxy, cyano, C; sdialkylamino-
Cyalkoxy, halo, haloC, ealkoxy, haloC salkyl, hydroxy, methylamino, and amino;

D is selected from the group of:

R® Rb Rb R®
AN R® S BN
i R N = . )Nl\ o . )Nl\
Z ’ ’ P ’ P o]
771‘/I\N R? ?\N/ R? Li N %—&) N
G IR R TR
RP R RP b o
R />
)Nl\ DG ' 1 > ; N ° NS o
’ ’ | ; |
Z z N.
?‘i N lLL'/I\N RY 271')\N/ LL%)\N/ R
R RS RS AR
RP o— RP Rb o Rb
W o VY ) i /oj NS
; ’ ; | o
‘%‘L')\N/ e{kN/ o %\N/ ILA)\N/
VA GAN RS SR
RP RP
- ; and | ;
P ’ P )
s?‘) N ?'gﬁ)\ N Re
R R

" 2 " denotes the point of attachment to the nitrogen atom of the parent

molecule;
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" J\XJ‘\? " denotes the point of attachment to the 'E' moiety;

R" is selected from hydrogen, Cyealkyl, C, galkenyl, and hydroxy;

R" is -NR*R?, wherein R* and R” are independently selected from hydrogen,
Ci.qalkoxy, Ci.4alkoxyCi_salkyl, Cy_salkoxycarbonyl, C;ealkyl, Csscycloalkyl,
(Cs_qcycloalkyl)Cy 4alkyl, hydroxyCi 4alkyl, and trideuteromethyl, wherein the alkyl
part of the (Cs_scycloalkyl)C;_4alkyl can be optionally substituted with a C;_salkoxy
group; or, R* and R?, together with the nitrogen atom to which they are attached,
form a four- to seven-membered monocyclic or bicyclic ring optionally containing
one double bond and optionally containing one additional heteroatom selected from
O, NR?, and S; wherein R” is selected from hydrogen, Cy_6alkyl, and
Ci.salkoxycarbonyl; and wherein the ring is optionally substituted with one or two
substituents independently selected from Cy galkoxy, Cy ¢alkyl, halo, haloC; salkyl,
hydroxy, -NR'RE, oxo, spirocyclic dioxolanyl; wherein Rf and R® are independently
selected from hydrogen, Ci_salkoxycarbonyl, and Ci_salkyl,;

R® is selected from hydrogen, Cy 4alkylsulfonyl, C; salkylsulfonylamido,
amino, Cy.¢alkylamino, C;.¢dialkylamino, Cs_scycloalkylamino, hydroxy, and
Cy_4alkoxy;

RY s selected from hydrogen, Cy salkyl, Cy 4alkoxyCy 4alkylcarbonyl,
Ci.¢alkoxycarbonyl, C;.¢alkylcarbonyl, C;.¢alkylsulfonyl, Cs;cycloalkylsulfonyl,
Cs.scycloalkylcarbonyl, Cy.¢dialkylaminoC,4alkylcarbonyl, and haloC, salkyl,
wherein the alkyl part of the alkoxycarbonyl, the alkylcarbonyl, and the alkylsulfonyl
are optionally substituted with one substituent selected from C, 4dialkylamino, and
Cy_4alkoxy; and

E is selected from Cy.galkyl, Cy.scycloalkyl, (Csscycloalkyl)Ci salkyl, benzyl,
phenyl, and a five- to six-membered heteroaromatic ring containing one or two
nitrogen atoms, wherein the phenyl, the phenyl part of the benzyl, and the
heteroaromatic ring are each optionally substituted with one, two, or three
substituents independently selected from C, galkyl, C; ¢alkoxy, cyano, halo, halo

Cyalkoxy, and haloC; ealkyl.

2. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein B is selected from phenyl and pyridinyl, wherein the phenyl and pyridinyl
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are optionally substituted with one or two substituents independently selected from

Cisalkoxy and halo.

3. A compound of claim 2, or a pharmaceutically acceptable salt thereof,
wherein E is phenyl optionally substituted with one, two, or three substituents
independently selected from Cy galkyl, Cy¢alkoxy, cyano, halo, haloC; salkoxy, and
haloC, ealkyl.

4. A compound of claim 3, or a pharmaceutically acceptable salt thereof,

wherein D is selected from the group of:

RP Rb R®
N o N NN
| ; | ;and )l\ Z
l%s)\)N)i\H %ﬂ)\)NIP) LLL' N
R R o
5. A compound of claim 4, or a pharmaceutically acceptable salt thereof,

wherein R® is -NR*R?, wherein R* and R are independently selected from hydrogen,
Cy_4alkoxyCy 4alkyl, Cqalkyl, Cs scycloalkyl, hydroxyC; 4alkyl, and
trideuteromethyl, wherein the alkyl part of the (Cs.scycloalkyl)Ci_salkyl can be
optionally substituted with a C; 4alkoxy group.

6. A compound of claim 4, or a pharmaceutically acceptable salt thereof,
wherein R” is -NR*RY, wherein R* and R, together with the nitrogen atom to which
they are attached, form a four- to seven-membered monocyclic or bicyclic ring
optionally containing one additional heteroatom selected from O and NR”; wherein
R” is selected from Cy.salkyl, and Cj.4alkoxycarbonyl; and wherein the ring is
optionally substituted with one or two substituents independently selected from
Cyalkoxy, Cy_galkyl, halo, haloC, 4alkyl, hydroxy, —NRng, oxo, and spirocycle
dioxolanyl; wherein R and R€ are independently selected from hydrogen, C;.

salkoxycarbonyl, and C,_salkyl.

7. A compound of claim 3, or a pharmaceutically acceptable salt thereof,

wherein D is selected from the group of:
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RP RY Rb
NI N Re - N R® and NI X
; | ;
1%’)\ N 1&/]\ N . ’-i)\ N g
GAN R R
8. A compound of claim 7, or a pharmaceutically acceptable salt thereof,

wherein R” is -NR*RY, wherein R* and RY are independently selected from hydrogen,
C.qalkoxyCi.4alkyl, Cialkyl, Cs.scycloalkyl, hydroxyC;_salkyl, and
trideuteromethyl, wherein the alkyl part of the (Cs_scycloalkyl)C, salkyl can be
optionally substituted with a C; 4alkoxy group.

9. A compound of claim 7, or a pharmaceutically acceptable salt thereof,
wherein R® is -NR*R?, wherein R* and R?, together with the nitrogen atom to which
they are attached, form a four- to seven-membered monocyclic or bicyclic ring
optionally containing one additional heteroatom selected from O and NR*; wherein
R” is selected from Cy6alkyl, and C;4alkoxycarbonyl; and wherein the ring is
optionally substituted with one or two substituents independently selected from
Cr.ealkoxy, Cy.ealkyl, halo, haloCy_salkyl, hydroxy, -NR'RE, oxo, and spirocycle
dioxolanyl; wherein R' and R are independently selected from hydrogen,

Cy_4alkoxycarbonyl, and C ¢alkyl.

10. A compound of claim 3, or a pharmaceutically acceptable salt thereof,
wherein D is selected from

RP

Rb
_R¢
NT N N7
)l\ = and )l\ p N
N N “Rd
wilunwgs [VaqVavs
N SN .

11. A compound of claim 10, or a pharmaceutically acceptable salt thereof,
wherein R” is -NR*RY, wherein R* and RY are independently selected from hydrogen,
C.qalkoxyCi.4alkyl, Cialkyl, Cs.scycloalkyl, hydroxyC;_salkyl, and
trideuteromethyl, wherein the alkyl part of the (Cs_scycloalkyl)C, salkyl can be
optionally substituted with a C; 4alkoxy group.

12. A compound of claim 10, or a pharmaceutically acceptable salt thereof,
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wherein R® is -NR*R?, wherein R* and R?, together with the nitrogen atom to which
they are attached, form a four- to seven-membered monocyclic or bicyclic ring
optionally containing one additional heteroatom selected from O and NR*; wherein
R” is selected from Cy6alkyl, and C;4alkoxycarbonyl; and wherein the ring is
optionally substituted with one or two substituents independently selected from
Cr.¢alkoxy, Cy.ealkyl, halo, haloCy_salkyl, hydroxy, -NR'RE, oxo, and spirocycle
dioxolanyl; wherein Rf and R are independently selected from hydrogen,

Cy_4alkoxycarbonyl, and C ¢alkyl.

13. A compound selected from the group consisting of:
2-methoxy-4-(7-(2-methoxyphenyl)-4-(methylamino)-6,7-dihydro-SH-
cyclopenta[dJpyrimidin-2-ylamino)benzonitrile
4-(7-(4-fluorophenyl)-7-methyl-4-(methylamino)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)-2-methoxybenzonitrile
2-methoxy-4-(7-(2-chlorophenyl)-4-(methylamino)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)benzonitrile
2-methoxy-4-(7-(2-fluorophenyl)-4-(methylamino)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)benzonitrile
2-methoxy-4-(4-(methylamino)-7-(2,4,6-trifluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)benzonitrile
4-(7-(4-chloro-2-fluorophenyl)-4-(methylamino)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)-2-methoxybenzonitrile
2-methoxy-4-(7-(3-methoxyphenyl)-4-(methylamino)-6,7-dihydro-SH-
cyclopenta[d]pyrimidin-2-ylamino)benzonitrile
4-(7-(2-fluoro-4-(trifluoromethyl)phenyl)-4-(methylamino)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)-2-methoxybenzonitrile, and
4-(7-(2-fluoro-4-(trifluoromethoxy)phenyl)-4-(methylamino)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-2-ylamino)-2-methoxybenzonitrile; or a pharmaceutically

acceptable salt thereof.

14. A pharmaceutical composition for the treatment of disorders responsive to the

reduction of B-amyloid peptide production comprising a therapeutically effective
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amount of a compound of claim 1, or a pharmaceutically acceptable salt thereof, in

association with a pharmaceutically acceptable carrier or diluent.

15. A method for the treatment of disorders responsive to the reduction of
B-amyloid peptide production in a mammal in need thereof, which comprises
administering to said mammal a therapeutically effective amount of a compound of

claim 1 or a pharmaceutically acceptable salt thereof.

16. A method of claim 15 wherein said disorder is selected from Alzheimer’s
Disease (AD), Down Syndrome, mild cognitive impairment (MCI), cerebral amyloid
angiopathy (CAA), dementia with Lewy bodies (DLB), amyotrophic lateral sclerosis
(ALS-D), inclusion body myositis (IBM), age-related macular degeneration, and

cancer.

17. A method of claim 16 wherein said disorder is selected from Alzheimer’s

Disease and Down Syndrome.

18. A method of claim 17 wherein said disorder is Alzheimer’s Disease.

228



