PURI NE COVPOUNDS As a consequence of side effects associated with
current oral pharnmacol ogi cal agents, there continues to be a need for the
devel opnew0 20fo/mb3oer nati ve t herapi es for the 5treat ment Pofi/Uysan/067249
Cannabi noi d receptors CBlI and CB2 belong to the class of G protein-coupled
receptors (GPCRs). CBI receptors are expressed both centrally and
peripherally while CB2 receptors are predom nately expressed peri pherally,
primarily on immune cells and tissues. 10The pharnacol ogi cal and

t herapeutic potential of the CB2 receptpor has been reviewed recently (Br.
J. Pharmacol . (2008) 153, 319-334) identifying CB2 as a therapeutic target
for the treatnment of pain, in pRURINEICOMPOMNDS Mt ory and neuropathic

pai n. CB2 agonists, in particular CB2-sel ective agonists,
provide a target for treating 15pain with [imted centrally nedi ated side
effects. AD a0kl 03168 Afideseftbts ecbadted evith atirene ocdbpipoumdd gial use

t hereof as cannapi noi d. receptor |i d in rticular as CBI .receptor

ant agoni ot -eothdner SulbS iR BeR s PO frvalsbmBaS HESe Brepe (PRl o o
13\ N 3\ . tréatmdNt bf paiR/ (CHA R (1) 20 wherein; Rl is selected fromH F, d,
Cl-C2 al kyl, CF3, cycl opropyl, %E}B, and X IS select from
tetrahydrofuran%k?n Ciny Wﬁg%ﬁbg aﬁ%ﬁ?ﬁéggwgﬁ?Wé%%ggéF%B§VWT8“Q d met hyl
ester and t@tdpahy @ratry). @B)eaRpthrskrélé:@rdsdaibofRTehall 208 pERBlaNgSMEth R4 tO
forma fused pyrrolidin-2-one; -2- R4 is selected fromC-C2 alkyl, G-C2
f 1 uor oal kyl CBrigeaplpt HpyredamthaeticrpressRe PrriphsefledtrBirity ghinpuneglsMd CF3; n
is 0 or 1; ly@nd X3 are independently selected fromN, CH and CR6; 5 X2 is
selected fromCH and CR6; with the proviso that only one of X1, X2 and X3
may be Bt her thdeehprmreplogicad andsiberaprutic peteitial of the EP3recaxtpydaghPnOCF3: or a
phar maceut i €@kl ¥y REGERYBRY Sisifthdcof 1R8Os3ThE. BAFPOKNTR, @6, bie present

i nvention have been found to be agonists of the 10CB2 receptor in vitro.
Preferred clberpputicltargst faritlee tppamaanef fany enpartonlasxhfldsimateyead eeurgmthency t han
exi sting Cq%hggonists. More preferred conmpounds of the present invention
are CB2-sel'ective agonists. Mst preferred conpounds of the present

i nventi on exhi biB.ggeasternn GBRcwWa|(@htsclecttve apbrasis, pravedeiartgrgGBRr tagong st s. The
present . d nvention,.pr.ovi d a r eutical conposition conprising a
15conpoﬁ%d %?lvhehﬁggggﬁrabﬁ%%ﬁgggﬁga%%mé'pharnaceutically accept abl e salt
t hereof, and a pkar2e461isee aldigctad wgpiriabte@nghivhdiemt] uer therasfras esinnabinoid

The present _inyvention .provides conpound .of Forrmula I, or a
pharnaceutﬂ@%?%?hﬁ?@@dﬁgﬁ%gﬂ@éF?EPﬁ%EQB??ﬁ%%P“ﬁse in therapy. The present
invention al so pmeyidéas itvb&icapipadid cofmphodmit fbrmuds: a phar maceutical ly
acceptabl e salt thereof for use 20 in,the treatnent of pain, in particular
osteoarthritic pain. In another aspe of the present invention, there is
provi ded the use of the conmpound of rmuk’a |, or a pharmaceutically

acceptabl e salt thereof, for the nuf acture of a nedi canent for the
treatnment of pain, in particular osteoarthritic pain. The present invention
provi des a nethod for the treatnent pai n, which 25 conpri ses

adm ni stering an effective anmount of |a conpou
pharmaceutically acceptable salt t ~Nto a

\

need thereof The present inventionjlal so pr )

of osteoarthritic pain, which c i kfng an effective anount
pha

of a compound of Formula I, or macewtically acceptable salt thereof,
to a human being or animal in need theregy{®B:The present invention

provi des a pharmaceutical conposition f& use in therapy conprising a
conpound of the present invention, or a pmgrnaceutically acceptabl e salt
thereof The present invention provides a pharmaceutical conposition for use
i n pai n20 i nwher@n;- particul ar osteoarthritic pain, conprising a conpound of
t he presentyi: i r pha Ukt C b sal t~t.her eof

It is prefe$r€g8§%%@ﬂ¥%g’Egﬁbghgggﬁgf&%%gk%%ggggﬁkﬁﬁvgﬁﬁf%ﬁ(gg used in the
treat ment ok’ ipadlerted fronpetraliysindfarany Inttrahydeppryylpecndingrbreebpadiciacidl ar |y j oi nt
pai n, nost ticul arl oSt hriti.c_pain. A preferred species of
t he conpouH@g&%kﬂéh%mééﬁgﬁﬁﬁﬁg%%%wﬂh%df?§5@nt i nvention are conpounds of

t he formul aR’is H ddcoMdnks with R to form a fused pyrrolidin-2-one;

of1FornuIa |, or a
n being or animal in
s axfet hod for the treatnent



HBCN'1 ' 2 R (lIl1) or a pharmaceutically acceptable salt thereof, wherein
R-, R, R4, xt, x2 and -.. 3 A are as 10defined herein. A

pr ef er r edwepenvmsasoef t he conpounds of the conpounds of PhE/yse@9On1249

i nvention are conpounds of the formula: RA 1 ..."....N,...... (rren) or
a pharmaceutically acceptable salt thereof, wherein RI-, R2 and R4 are as
defined herein. 15Certain classes of conpounds of Formula I, Il or Ill are
preferred. The follow ng enunerated sel ections describe such preferred
classes: -4- 1) R- is d, CG-C2 alkyla- CF3, cyclopropyl or OCF3; 2) RI-
is d, rrethyl or ethyl; 3) R- is d; 4) R2 is tetrahydrofuranyl or

t et rahydr op&rlaaqld:ctedﬁﬁ)nm s alkgl C&ﬁyﬂn@ﬁﬂkjdmbdclopﬁmymldl@@fést rahydr opyr anyl ;

7) RBis H r8 -C2 fluoroal kyl or cyclopropyl; 9) R4
is methyl, % &eaﬁliisff(%g%g? Iﬁy&Fdr cycl opropyl; 1010)R4 is nethyl or ethyl;
11) RS is Gl—BOoiZ) X1, X2 and X3 are |ndependently selected from CH and CR6

where R6 | sel ted fro 5. 13) X1, X2 and X3 are CH
1514)n is I%ellnge né’fﬁhy?g:?égf @%)a%ﬁﬁls a, methyl or ethyl; and
R4 is mﬂhyX%mél&yéd,ﬁ&CHmﬂWhyl or cyclopropyl 17) Ri- is d, nmethyl or
ethyl; R2 is. tetrahydrofuran et ydr o ny d 20R4 is nethyl,
ethyl, 2- fIY‘J"é}Fg‘ Soéll’*ate'(}l?flog‘b?f??ﬁy% ng 'E%/%tﬁe(‘j ha‘nl'-épl S tetrahydrofuranyl
or tetrahydmﬁ@yélamdlﬁorﬁpcbl%m S)(Jmtah&'bcmt hyl, 2-fluoroethyl or
cyclopropyl; 19) RI- is ; IS tetrahydrofuranyl or tetrahydropyranyl;
and R4 is n‘ﬁtaﬁihPrn@Fe‘E‘PﬂWaCC%@éﬂsﬂ“ g@¥ig: R2 is tetrahydrofuranyl or

t et r ahydr opyr anyfthe caffoudRds bfSth M{ 1n95nt10§h£\2\é|beer?<§eunc?<% RAdortds & the
|ndependentl sel ected from where R6 is selected fromd , CF3,
OCH3 or! 32 receptor ipgprREsEteH é@}PP‘S}mé%:‘éfébff piBieat wxgien erhilibgmater t he
conpounds %otén'@ftlﬁﬁ Exiet (‘JELVa%GMtQ”M%Feepr&@H&PéHMp%&Q otk fcdih@ cfgape of the

present application. 30Preferred conpounds of the present invention include
8- ( 2- Chl or carp{/Bp-iilertige ggopists. Most preferred compounds of the present invention exhibit

g ﬁt Eyll 6- L IRAEIL PERE RA! Risling &; fohRs; t et rahydro-furan-3-yl- 9K purine;
y -

6- (4- net hyI pi péitaprasert inveti@-pfovadas atphainacpyicd rodpysifjonBofprising & | uor onet hyl -
ghE/E%/?]-; c(0£1 OUIECt:OfJ ;s resent 1nvent1?_n 05_51 p]éarlelﬁseu 1cat11Pl gﬁceatabl_e Ts%ll‘; glﬁr_egt:, )a}rid_ 3. (2-
trifluor Onﬂhﬂayhacplhﬁamacc%bh:wdlilu@ﬁt or carrier.

2 R0 oy R LAl Dot .o

8- (2- Chl or ophaheaydtjcally foetiyble ﬁrlt(tmerém floy hgaiip eegpyy NTHe pf&s)eﬂﬁﬂ(/eﬁ)lolﬁ glt¢ ahydro-fu
54 et oy T - BPBAEABE sorogad g Ry L G by SO G oo yblegl Bspoper e

? ( i Cgi(Dr Olnmlﬁ'?ﬂag&])enz of i, Mﬁmﬁru(aﬁ’roﬁ@daﬁhhn@fbm ng;Zﬂd;lzer aspect of the present

c:h?/oz o- pﬁéﬁ%)%t%n Eto r@%[ﬁ%l?ﬂdﬂ&r%ﬁ Ph gzéﬂglyeou?d ﬁglfmgﬂad P aRIPEPAFEY Y r an- 4- I
et hyl ) - IHPAEEADle @It tRrdIRALIMRE Bldhi Gl Yof REREREAG or IR theatrht@f 6Qaif s USed

Lo AT gl BrH R 1 b herci n ot nedt that ook gooun !¢
| CoF The parta T D G B ALl PP ALy Shove and
t hr ough®ut Qopieorld@saémnrpﬂtwrm apfeffe¢ie amowriof @ pompdyad poFeremiardgonaer ms, unl ess
cLrer =g, B L niE Lol Lt AL e (e
G - C2 fl uorwedekyihvangbrenlso pm)wdes@ m@BOdafokshe tigatogpt d@s@eefrihﬁédphe,rvehldl wher ei n

one or nore r o P oLl ne trifluoronethyl,
2-f 1 uor oet hylm{j(l;I es%ﬁgndf ﬁerm On%ﬁ%ﬁw@% ff C?mﬁ?qf“ﬁ%fgoert{ih%s[ R preferred G 2
fl uor oal kyl plgrrnmputlcallﬁadcbmaiﬂ@@ﬂthlydreof%Aﬂlumsedemgmeanrmztl lvended thareof.

phar mafda uti cal |1¥1 %?e%grggn%%rlltleonsp?'(l)\;[ldes a ]Lgrlinsacéu 1caa omposmon th ruse in therapy

comprising a compound of the present invention, or a pharmaceutically acceptable salt

thereof. The present invention provides a pharmaceutical composition for use in pain, in



conpounds of the present invention which are substantially non-toxic to
living organi snms. Such salts and common net hodol ogy for preparing themare
wel | knowwoi2niovdsesoart. See, e.g., P. Stahl, et al., Han#boalsS2@b/067249

Phar maceutical Salts: Properties Selection and Use, (VCHA/ W I ey-VCH, 2002);
and J. Pharm Sci. 66, 2-19 (1977). Preferred 25pharmaceutically acceptable
salts are hydrochl ori de and phosphate. Enbodi nents of the invention include
t he exanpl es provi ded herein, and although the exanple provided may be of
one chiral or conformational form or &@-salt thereof, further enbodi nents
of the invention include all other steroisoneric and or conformational
forms of t hmrtexknpitemritiascpaihedppasngweddmmsndpdizhapesat ineaitiby, caecept abl e
30sal ts thereof . e icn the term"CB2-sel ective agonists” or
"CBZ-seIectQ@ﬁ??ﬁmgg¥%?§a?%ﬁ%%w%%%%;s havi ng greater potency at CB2 than
CBlI . Preferred Icioppdiredshap thetchapmmds efithe prefent inmereioh ibo nseebiinthpitteRnit®O f ol d

CB2-selectivity.. More preferred conpounds of .the present jnvention exhibit?
500 fol d_ ce el bl AgRE B PR A B ralt S el SFESS", Pvenci on
exhi bi t 3 108echeiridicEB- sel ectivity. The conpounds of the present invention
are preferably fornmul ated as har maceuti cal conpositions adm ni stered by a
vari ety of rout e%l?rr‘%lﬁfré% gealst f,stgg%?Poé‘B él?et“iOBWEE‘HEQEﬂIBPreS?‘ﬁFnVemlon

adm ni st r at4r@BomSAuads gy dAe@at i cal conpositions and processes for
preparing same are well known in the art. See, e.g., Rem ngton: The Science
and Practice of Pharmacy (A, GennaRo, et al., eds., 19th ed., Mack
Publ i shing Co., 1995). 10The foll oy ng Schenes, Procedures and Exanpl es are
provided to better elucidate therpragtice of the present invention.

Sui tabl e reaction conditions for|the |steps of these Schenes, Procedures and
Exanpl es are well known in the artydand appropriate nodification of reaction
condi tions, including substitution|of solvents and co-reagents are within
the ability of the skilled artisgamX e, the skilled artisan wll
appreciate that in sone circunstgnce rderxtn which noieties are
introduced is not critical. The [ ar o de%(of steps required to
produce the conpounds of For beff a | Ni s dapendent upon the particul ar
conpound bei ng synt hesi zed, the startind@conpound, and the rel ative
lability of the substituted nnieties,ggf is well appreciated by the skilled

chem st. The skilled artisan will 20appreciate that not all substituents
are conpati bl i J | A . Th Yo 3 be
prot ect ed ogr} a%%i}n#a?gﬁw%%f%@%%&#@egsﬁﬁg% éo%’o‘)ﬂ%fellll% ﬁgR é%ﬂ?ﬁé@?? g%yarsret hods
wel | kntiwn definedileerant . Sui tabl e protecting groups include those
described in T.W Geene, "Protective Gaou in._Organi t hesi s", John
Wiey and Sons.  New Sarierid poierydiCeorpRR ot e shAgniats B B3840 & eene”.
G eene i ndiiaadn@isn apRbOPGUnds ef thofudmtilaons for "protection" and "de-
protection” of suitable protecting groups to be used by the skilled
artisan. The internedi ates arffd final products of the present

i nvention may be further purified, Nif desired by common techni ques such as
recrystallization or chromatograghy OQver solid supports such as silica gel
or alum na 30The nanes for the cqnmpounds of the present invention are
generated using Aut oNom 2000. Abbreviationg:used herein are defined as
follows: -7- "Brine" means a saturlated aqueQus sodi um chl oride solution
"BSA" means bovi ne serum al bum ny % 3 di chl oro-5, 6-di cyano-1, 4
benzoqui none; "DVEA' means N-Et hy|l di i "EDTA" means
ethylenedianinetetraaceticaﬁgg' ; "CGCMS" neans gas

chr omat ogr aphy- mass spectro ?y; "GDP" \neans 5guanosi ne di phosphat e;
"HEPES" neans 4-(2-hydroxyethy|)-1-piper%zineethanesulfonic acid; "IPA"
means 2-propanol; "I PAmM neans 2-prop&iﬁgine; "L.R" means |imting
reagent; "MeOH' neans net hanol; "PTSA" ans para:tol uenesul foni c acid,;
"SCX" nmeans [ ] i =han ) L.sposabl e
cartridge o e Ef AR R A FR RN RNE R R, g SC1umRa RS T
Schenme B CertainTheeses baednipegngsyaf iFpindilank [ @)l iag: prefactde dhevdlowang

appropri at el tit m..ne_and i | e base such as
diisopropyl%%H%#%%ﬁﬁ%ggggggfg%ﬁv aW?%Q%?%ﬁ§9§uitable sol vent such 15as

i sopropanol at elevated tenperature to provide conpound (b). Schenme B

The starting bromde (c-i) is reacted with a strong base such as n-butyl
lithiumat 20 reduced tenperature and N, N-di nethylformam de in a suitable
sol vent such as anhydrous diethyl ether to provide conpound (c).

Usi ng Suzuki coupling conditions the starting al dehyde (c-u) is reacted
with a boronic acid derivative of RlL, a suitable catal yst such as

(1, 1" - bi s(di phenyl phosphi no) ferrocene)palladium11) chloride or Pd(OAc)2




+ H X, X2\, 2 \ 1" NHNX 2/ (CH2),2/1(CH2), R(c)R 5(b)(d) The starting
pyrimdine (b) is reacted with aldehyde (c) (where X1-X4 is independently
sel ect ed woamo@isomad CR6) and a suitable acid such as pPColusesmesai2fioni c
acid or 15%ferric chloride on silica in a suitable solvent such as

1, 4-di oxane or toluene at elevated tenperature. The reaction m xture is
filtered and concentrated before reacting 10 with DDQ in a suitable sol vent
such as di chl oronet hane at reduced tenperature to provide purine (d).

The starting pyrimdine (b) is reacted-aith al dehyde (c) (where one of
X1-X4 is N) and a suitable acid such as p-toluenesulfonic acid in a

sui t abl e sol ventl)sucR' &Clt 61-Gerlkyla€Febwkatay! oedPex at ure. The reacti on
mxture is filtered gm o] trated before reacting 15with thionyl

chl oride at el e\%t edﬂt %n%érrggtgglroere{hgepr ovide purine (d). General Procedure
2-1: Heat 3a mi R{ ir@; of pyrinmidine (b) (1.0 equiv., L.R), aldehyde
(c) (2.0 equiv.), and.15%ferric chlaoride on silica (200 w.9% based on
L.R) in 1,4-dioXane %?titﬁgédff%‘ﬂranf Orztﬁtﬁag%???y%y& and filter off the silica
t hr ough 1i at omageous Réarttthahydongant.rate the filtrate under reduce pressure
to give the residue. Bissolve the residue in dry dichloronethane and add
DDQ (1.0 equiv.)at 8CS HAFHPHREr m to room tenperature with stirring.
Upon reaction conypl eRf@ry; dilute the reaction mxture w th dichloronethane,
wash wi th 15% aqueous,sodi um hydroxi de, water, and brine. Dry the organic

| ayer over anhy ousR2§§60¢WiLﬁlf(é“t%{orqaﬂﬂyf%rrC,YC]QH‘EPP&Ibncentrate under
reduced pressure)to @Fyandthg, di83i digorodttifiof Yycldpeopyesi due by silica gel
flash chronmat ogra$)hy to give purine (d). -9- neral Procedure 2-2:

Heat a Kbl ution 181 prisdhrer ¢Byl (1.0 equiv., L.R), aldehyde (c) (2
equiv.), ptoluengsul Repicgacid (10 wt.% based on L.R), and nol ecul ar
sieves (200 wt.% based on L.R ) in toluene at reflux for 16 hours. Cool
and filter off tlBe ndl e€undX greapdspendentbuspiecsdiftompGead (] whee R is
concentrate the filt UNeE cgduseq. b ure to give the residue.

Di ssol ve the resi duegéla}én&ec?ry dlb%frﬁ’r orre‘ﬂi(ﬁa?l@énd add DDQ (1.0 equiv.) at OC
Allow to warm t d3) oo t¥mperatrer@land stir. Upon reaction conpletion,
dilute %4’]6 react;i 2n m.xg.ure with dichloronethane, wash with 1N sodium

hydr oxi de solution, watér, and brine. Dry the organic |ayer over anhydrous
sodi um sul fate, 1)t & js amel RORCENRL r at e under 10r educed pressure to give

the residue. Purify the residue by siliga gel, flash . chronatography to give
purine (d). Genellﬁil Br %?céé}dlaPt %rﬁ%y%ﬁ%ﬂ' lgels eﬁ@’il(?ﬁygr%@&ors%y?aﬁ th the
pyrimdine (b) (1.0 egwpropyLL. R), aldehyde (c) 15(1.1 equiv.), toluene,
T A T T AN R e
earth, znd concent r aRéisundry, dedUcaehridtiRg sEERIopNgYt;, to the crude oil
(imne) at roomtenperature, under nitrogen add slowy thiopyl chloride

(neat/sol vent). 8 ir Rats GleR] iyfeteBydrafgragylftdiehy dppypra 34’5 apd Bnistesydr at ure and

concentrate under regmggg_fﬁgg,gglyr&.cyagl%%}qj uene and 20 renove tw ce under
reduced pressure. Dissolve jn dichloromethane and basify slowy wth

3¢ (
sat urated aqueoud) solfi kbR ciatesehedrefurapyhor feihytrgmpnyls2pg Br isgyedhyl ahhydr ous
sodi um sul fate, filtgtrhyl.and concentrate under reduced pressure. Purify by
silica gel flash chromat’ogr%phy to give purine (d). 25 Scheme D WO
2010/ 088806PCT/ 382008/ 66728 01s 1chEhydrafurarel or tayapydiogyegnyl; and R” Fhecthst ar t i ng
purine (d) is reactedquw. I ! ¥i1 tats RLPERP %A and a
sui t abl e base such agtfff?(g’t)ﬁzy%ng?h@ﬁ%%aﬁ‘%gﬂguﬁf%%éeeldslg) vent Jggch&’ggget hanol
at el evat ed tenper at & & stloctpd Gvindd, ClonPEtindr 0€F:. Schene E 1 zi nc cyani de
cat al yst . Ln i d-4) is react i th .an
appropriately serrTsEMRELPBCH Bt ot (iioBRE Sl s
tri et hyl am ineentinn aresunttaplaed sdthinghd scopectf thspretcheapplicaibn.el evat ed tenperat ure

t i -1). -1 - . The. i -1 i d with
e ovidF 4o onp e folrbbunds Bf e prssens vpad Bty Gtk BB e o
sol vent suchmashyNo{-ehictiigt-piptrhginiTan)-oeR aletreyarafuea- - grgpe painet 2Mhydr ovi de

conpound ( eé—l(éf—gnéthyl—piperazin— 1-y1)-9-(tetrahydro-pyran-4-yl)-8-(2-trifluoromethyl-phenyl)-9H-



5 Schenme F (b) The starting pyrimdine (b) is reacted with al dehyde (c),
an appropriately substituted piperizine and a suitable oxidant such as

ni t robenzwoeoorosaset i c acid in a suitable sol vent such &sTraskévonygtzenzene or
di nret hyl sul foxide at el evated tenperature to 10 provide conpound (e).
Scheme GC ,3/V, 2 AXill NH2_X NrlYX +X2 NHCl)' RNNHO R(f)R2 x(CH2)n
(b)(g) R4 1 Base (N TR3 NH -12- The starting pyrimdine (b) in a

sui tabl e sol vent such as dinethylacetanide is reacted with an appropriately
substituted acid chloride (f) at reduced tenperature to provide conpound
(9). The pyrimdine (g) in the presence of an appropriately

subst i t ut edbyinpeX-Meihnk6-ghthethy bpiperazinl ey b&6R)-sudly dasfudint splt-Gpy | et hyl ami ne
|naSU|tabI n | evia e ture and
pressure tongl}l%%% c%heH%E ﬁp(u r@g%&g@ o {ﬁ%lﬁt%il:@plpérggn'tl YIRS

6- Chl or o- 2- maﬁyytio—ﬂuﬁ‘aﬂ’ﬂ—(lt&wcaﬁy%{ purper SHi2- Ghipio)plpyyl)Biniting-64A45ndhydm ne 10

*x 0 ol.uti

4 6001 shi oribestint nir o R b R Hepgesg Ghlpro-pheny 2 methy -Gy i )

ingm 28 5; gt(mahgﬁgrl@%mm (gl)g)(l)(g)mﬂahyd}:omalgs-yl 9B -prigjut;\8-(2 - Cadrd-phic\d)-2- | (80
11 opano

oy e D B AT By b ok it edii-fdhtiied PafE ot ar e ¢ &

room t enper @klbiosphamd)- 5@4@%5%1 glp@azzn ﬂ)fy@pﬁﬂl@ﬂhyl-lﬁm@@t&ah@/@ﬂ%eﬁl PyRESYHHH-O0 gi ve

the residue. Dissolve the residue in dichloronethane and wash with wat er
and bri ne. Iﬂrlye’toﬂiépé‘i‘r&’&ﬁ‘?“é‘c? %(;F‘é?epé?\lﬂ?rsa]éHWV&Fous sodium sul fate, filter, and

concentrate undels J&MaFRIndK ﬁﬁssﬁ%ﬁﬁ&ﬁ’loﬁl lit\MEtobeBSdrdb&) thWtcfda %%4&1@ resi due
on silica gel columm eluting t h di chl or omet hane: net hanol gi ve

the titl® conpbethy. “dﬁéle@rhelze}n %A@rm&d@ﬂmi’) that said groypycagefppasses s first] 2 |n

Tabl e 1 may,6riRE SRASEEIEISERLbRh WelPR eg&saﬁlrd'ah%@'tﬁe%aﬁ’%@l@@&eﬁhltfé}ﬂs dr using the
appropriate am ne according to Schene A 13- Prep. No.

Structure tHerduwal name Physical data 2 Cl NNI-12 NNH
As used above and throughout the description of the invention, the following

terms, unless otherwise indicated will have the following meaning:
15 As used herein the term C;-C, alkyl refers to methyl or ethyl;

As used herein the term C;-C, fluoroalkyl refers to a C;-C, alkyl group as defined
herein, wherein one or more hydrogen is replaced by fluorine and includes,
trifluoromethyl, 2-fluoroethyl, 2,2-difluoroethyl and 2,2,2 trifluoroethyl. A preferred C;-
C, fluoroalkyl group is 2-fluoroethyl.

20 As used herein the term “pharmaceutically acceptable salt” refers to salts of the
compounds of the present invention which are substantially non-toxic to living organisms.
Such salts and common methodology for preparing them are well known in the art. See,
e.g., P. Stahl, et al., Handbook of Pharmaceutical Salts: Properties Selection and Use,
(VCHA/Wiley-VCH, 2002); and J. Pharm. Sci. 66, 2-19 (1977). Preferred

25  pharmaceutically acceptable salts are hydrochloride and phosphate.

Embodiments of the invention include the examples provided herein, and although
the example provided may be of one chiral or conformational form, or a salt thercof,
further embodiments of the invention include all other steroisomeric and or
conformational forms of the examples described, as well as pharmaceutically acceptable

30  salts thereof.
As used herein the term “CB;-selective agonists” or “CB;-selectivity” refers to

compounds having greater potency at CB, than CB, . Preferred compounds of the present



0 6-Chloro-2-nethyl- N<4*(tetrahydro- pyran-3-ylnethyl)-pyrimdine-4,5-
diamne M5 (mz): 257 (Mm1l) 3 Cl NNI-12 L. NNH O 6-Chl oro-2-net hyl -

N* 4* (t et rsibyedrosogegr an- 4- yl met hyl ) - pyri m di ne- 4, 5- di amPog/us®odnebz2ie 257
(Mr1) 4 € N)NH 2 1 -1\INH 6 O 6-Chl oro-2-nethyl - N*4*-(R) -
tetrahydro-furan-3-yl-pyrimdine4,5-diamne Ms (mz): 229 (Ml) 5 c
NNI-12 NNH 0) 6-Chloro-2-nethyl-N4*-(S)-
tetrahydro-furan-3-yl-pyrimdine- 4,5-dianmine M5 (nfz): 229 (M+l) 6 d
NNI-12 NNH )\ O 6-Chl oro-2-net hyl - N*4%s.
(tetrahydro-pyran-4-yl)-pyrimdine- 4,5-diamne M5 (mz): 243 (M1l) -14-
Cl NN H2 1linNhitio€Cp3hitkk 61 @hfolk ©B2schastitifpl. -NRbrd preferred compounds of the present

(et oL oD Gl U CRPUIATL s GpLa on. FadPut, o o
pyri m di ne-idydridn extiisie> 1000 fold CB,-selectivity.

The compounds of the present invention are preferably formulated as

5 pharmaceutical compositions administered by a variety of routes. Preferably, such
compositions are for oral administration. Such pharmaceutical compositions and
processes for preparing same are well known in the art. See, e.g., Remington: The
Science and Practice of Pharmacy (A, Gennaro, ef al., eds., 19" ed., Mack Publishing Co.,
1995).

10 The following Schemes, Procedures and Examples are provided to better elucidate
the practice of the present invention. Suitable reaction conditions for the steps of these
Schemes, Procedures and Examples are well known in the art and appropriate
modification of reaction conditions, including substitution of solvents and co-reagents are
within the ability of the skilled artisan.

15 Furthermore, the skilled artisan will appreciate that in some circumstances, the
order in which moieties are introduced is not critical. The particular order of steps
required to produce the compounds of Formula I is dependent upon the particular
compound being synthesized, the starting compound, and the relative lability of the
substituted moicties, as is well appreciated by the skilled chemist. The skilled artisan will

20  appreciate that not all substituents are compatible with all reaction conditions. These
compounds may be protected or modified at a convenient point in the synthesis by
methods well known in the art.

Suitable protecting groups include those described in T.W. Greene, “Protective
Groups in Organic Synthesis”, John Wiley and Sons, New York, N.Y., 1991, hereafter

25  referred to as “Greene”. Greene indicates appropriate conditions for “protection” and “de-
protection” of suitable protecting groups to be used by the skilled artisan.

The intermediates and final products of the present invention may be further
purified, if desired by common techniques such as recrystallization or chromatography
over solid supports such as silica gel or alumina.

30 The names for the compounds of the present invention are generated using
AutoNom 2000.

Abbreviations used herein are defined as follows:

7



M5 (mz): 243 (M+l) 9 CI NN H2 NN H 6-Chloro-2-nmethyl-N4*-[(R)-1- (tetr
ahydro-furan-2-yl)nethyl]- pyrimdin e-4,5-diamne M5 (nfz): 243 (Mtl) 10
Cl NN H2 wo 2beddsvane3 H 6- Chl or o- 2-met hyl - N¥4*-[ (S)-1-  PCT/US2009/067249
(tetrahydro-furan-2-yl)nmethyl]- pyrimdine-4,5-diamne M5 (mz): 243 (Mtl)
11 G NN H2 Il NNH NK. ...

3-(5- Am no- 6- chl or o- 2- met hyl pyri m di n-4-yl am no) - azeti di ne-1- carboxylic
acid tert-butyl ester M5 (mz): 314 (Mtl) 12 G NN H2 NN =0 8

oSy1l) - 2- net hyl - pyri m di ne-4, 5- -

6- Chl oro- N*4*- (1, 1- di oxot et rahydr o- 11anbda*6*-t hi ophen-3- diamne M5 (m z):
277 (Mrl) “Brie” Peeparsatuiadl ag8coud s@ywh olpugrsolutionz 4B Hehmekas bAviﬁct) mL

t Q. 51. 264
- eyel opropy PRERE, BBk bt da S LR P Bl i R, SO oo phat e
tribasi c N-inyeabs Mlﬁh(lﬂﬂneﬂﬁr&aml @TAB’ 10&hs ghhyletadiamyisdtatmesyicghdsphOHE (1. 081

l es, 303.139 wat 83. 263
ol o5, 1 SBE e ol OGS e B dmT R PR gty e Re O RRX BTt one) o
(540.48% t ng)iae@smejcﬁ[ﬂh.o@’-h%ten‘giEMss”aﬁhiﬁmmmiydrdsvfyemmtlemﬁerazsnepihamdlfanﬁtder

ni trogen and, ed to 10100C. . A 2 hours Qomte erature and
dilute wt ¥t @l% ALy @r?%01ﬁ§%dmﬁﬁs epr?@’ga %y AR [PiFagi ¢ | ayer

over anhydrl@agsensomdm Sédna bR thahdl! t‘E‘TSA’&ﬁlEhn@@ﬂ@@cﬂﬁé’n@&ﬂ?foﬁl@d&ﬂ r‘@d:u;c’ed
pressure. Purify by silica gel chr onat ogr.aphy el uti n%iwl t h hexanes:

di chl ororretrﬁ%ﬂﬁléazkbw%mq Yroag FHiof creengg YFW%C@BWB&W&S HFRNNAE (4 00. 31 MHz,

CdC13) 10 211V6.§nt e E}GZ& s(lﬁéilerltﬂ:_l film@ehrgmgcogﬁph 7 45 (td J=7.5 1.3
(t, 15J= 7.5 1H), 7.09 2. 63-2.56 (m

’ 5)7102(m 2H) , 077073(m 2H) . Preparatlon 14
2 Q/cl opr opydheRY i di ne- 3-car bal dehyde 20

Cl Cl

NN N (CH) NN N

|
RSJ\N/ cl Base /k “
(a)

The starting pyrimidine (a) is reacted with an appropriately substituted amine and
a suitable base such as diisopropylethylamine or tricthylamine in a suitable solvent such

15 as isopropanol at elevated temperature to provide compound (b).

Scheme B

R R ) Br
Br X N X X
\ & H & K \ &

(c-i) (c) (c-ii)
The starting bromide (c-i) is reacted with a strong base such as n-butyl lithium at
20 reduced temperature and N,N-dimethylformamide in a suitable solvent such as anhydrous
diethyl ether to provide compound (c).
Using Suzuki coupling conditions the starting aldehyde (c-ii) is reacted with a
boronic acid derivative of R, a suitable catalyst such as (1,1'-bis(diphenylphosphino)

ferrocene)palladium(II) chloride or Pd(OAc), and a suitable base such as cesium fluoride



A 40 nL reaction vial is charged with 3 nL of 1,4-dioxane and a stirbar.
Degas with nitrogen for 5 mnutes. Next, the vial is charged with

2- br ononiwotznrvaiso®hyde (645. 134 litnol es, 120.000 ng), eg¢Eiuspeopyi2bor oni c
acid (1.290 mvol es, 110.831 ng), and cesium fluoride (1.935 mmol es, 293.995
ng). The vial is then degassed again wi th 25nitrogen. Next,

(1, 1' - bi s(di phenyl phosphi no)ferrocene) pal l adiun(11) chloride (32.257 -16-
nnol es, 26.342 ng) is added and the reaction mxture is heated to 100C
under nitrogen. Upon reaction conpletian, the mxture is cooled to room
tenperature, filtered over a pad of diatonmaceous earth with ethyl acetate
af ford t he miatshigabicoswpouirdch GOMBdiordx)or taluk@e gi\levatd temperati®e p@patlé ons 15- 47
in Table 2 g%é 1%”@epared using the appropriate substituted pyrim dine
according t ch C and using the appropriate general procedure 2-1
through 2-3 as outlined in Table 2. 10Table 2. Prep. No. Structure Chem cal
name Physi ﬁicl(h daha CGeneral Procedure 15 CICl 6-Chl oro-8-(2-chl oro-

phenyl) 2- 9- (tetrahydro- pyran 4-y1)- M5 (mz): 363 (M+l) 2-1
N-"N1 - 141C1 BH-purine gzt 16 Cl A 6-Chl oro- @r(2' 1
rrethyl 9- (tetrahy ran- @yl QH-purlne VS (n1 3% )JVH) 2-1
N\ NI cycl o op I - phepyl G —N).
X3 )\ x3
Rz/(CHz)n © Rz/(CHQ)
5 (b) (d)

The starting pyrimidine (b) is reacted with aldehyde (c) (where X'-X* is
independently selected from CH and CR®) and a suitable acid such as p-toluenesulfonic
acid or 15% ferric chloride on silica in a suitable solvent such as 1,4-dioxane or toluene at
elevated temperature. The reaction mixture is filtered and concentrated before reacting

10 with DDQ in a suitable solvent such as dichloromethane at reduced temperature to
provide purine (d).

The starting pyrimidine (b) is reacted with aldehyde (c) (where one of X'-X" is N)
and a suitable acid such as p-toluenesulfonic acid in a suitable solvent such as toluene at
elevated temperature. The reaction mixture is filtered and concentrated before reacting

15  with thionyl chloride at elevated temperature to provide purine (d).

General Procedure 2-1:
Heat a mixture of pyrimidine (b) (1.0 equiv., L.R.), aldehyde (c) (2.0 equiv.), and

15% ferric chloride on silica (200 wt.%, based on L.R.) in 1,4-dioxane to 100°C for 16
20 hours. Cool and filter off the silica through diatomaceous earth, concentrate the filtrate

under reduce pressure to give the residue. Dissolve the residue in dry dichloromethane

and add DDQ (1.0 equiv.) at 0°C. Allow to warm to room temperature with stirring.

Upon reaction completion, dilute the reaction mixture with dichloromethane, wash with

15% aqueous sodium hydroxide, water, and brine. Dry the organic layer over anhydrous
25  sodium sulfate, filter, and concentrate under reduced pressure to give the residue. Purify

the residue by silica gel flash chromatography to give purine (d).



N 17 A C N---"N 6-Chl oro-8-(2-chl oro-4- nethoxy-phenyl)-2-
net hyl - 9- (tetrahydro- pyran-4-yl1)-9Hpurine M5 (mz): 393 (M+l) 2-1

1, . NNWO02010/08030617- 18 CICl N)--"'N 6-Chl or o- 8- ( 2- chlPOTArS4609/067249
fl uoro- phenyl)-2-nethyl- 9-(tetrahydro-pyran-4- yl)-9Hpurine M (mz):
381 (M+rl) 2-1 'NNsip 19 FFAY-FO

-9-

General Procedure 2-2:

Heat a solution of pyrimidine (b) (1.0 equiv., L.R.), aldehyde (c) (2 equiv.), p-
toluenesulfonic acid (10 wt.%, based on L.R.), and molecular sieves (200 wt.%, based on
L.R.) in toluene at reflux for 16 hours. Cool and filter off the molecular sieves through

5  diatomaceous earth, concentrate the filtrate under reduced pressure to give the residue.
Dissolve the residue in dry dichloromethane and add DDQ (1.0 equiv.) at 0°C. Allow to
warm to room temperature and stir. Upon reaction completion, dilute the reaction
mixture with dichloromethane, wash with 1N sodium hydroxide solution, water, and
brine. Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under

10 reduced pressure to give the residue. Purify the residue by silica gel flash

chromatography to give purine (d).

General Procedure 2-3:
Charge a reaction vessel with the pyrimidine (b) (1.0 equiv., L.R.), aldehyde (¢)

15 (1.1 equiv.), toluene, and p-toluenesulfonic acid monohydrate (0.05 equiv.). Stir at 100°C
under nitrogen for 1 hour. Cool to room temperature, filter over diatomaceous earth, and
concentrate under reduced pressure. Next, to the crude oil (imine) at room temperature
under nitrogen add slowly thionyl chloride (neat/solvent). Stir at reflux for 30 minutes.
Cool to room temperature and concentrate under reduced pressure. Add toluene and

20  remove twice under reduced pressure. Dissolve in dichloromethane and basify slowly
with saturated aqueous sodium bicarbonate. Dry the organic layer over anhydrous
sodium sulfate, filter, and concentrate under reduced pressure. Purify by silica gel flash

chromatography to give purine (d).

25  Scheme D



)---"N 6-Chl oro-2-nmet hyl -9- (tetrahydro-pyran-4-y1)- 8-(2-trifl uoronethoxy-

phenyl)-9H purine M5 (mz): 413 (Ml) 2-1 N JIIT "NN 0 20
Cl 6- Chl ovo-28twsb3eg1- 9- (tetrahydro-pyran-4-yl)- 8-(3 PCEiUSkesoeTRe hoXy-
phenyl)-9H purine M (mlz): 413 (Mtl) 2-1 N N 111 N (s)
21 CI C)--N

-10-

3

R
R\ 1
N =X )
\
Nan W)
X
H2)n

C

N
Rz/zCHz)n Base Rs)\

(d) R 2
(e)

The starting purine (d) is reacted with an appropriately substituted piperizine and a

R* F54
. N
o 1 N_ _R° ]/
R @l
1
Nl)\/EN\ 0% g |
~
N
2

suitable base such as triethylamine in a suitable solvent such as ethanol at elevated

temperature to provide compound (e).

Scheme E
4 R*
N R’
¢ (Y (Y
. N =
Rs)\N/ N \_ & — )NI\)\):\>_<:£(2
e (G Base R*ONT N X
Rz/(CHZ)n

(e-i)

zinc cyanide l catalyst

R4

N R

(J
1
NN _x‘z
pare
RSJ\N/ N \xé

|
Rz/(CHZ)n

(e-ii)

3

The starting purine (d-i) is reacted with an appropriately substituted piperizine and
10 asuitable base such as triethylamine in a suitable solvent such as ethanol at elevated

temperature to provide compound (e-i).



6- Chl or 0- 8- ( 3-chl or o- phenyl)-2-nethy|-9- (tetrahydro-pyran-4-yl)- M
(mz): 363 (Mr1l) 2-1 N 1 N _11 ")....Th N @H purine 22 C
6- Chl or 0-8O(28tomsvivexy - phenyl) 2- nethyl - (tetrahydro- pgmrars2epopd)49 NS
(mz): 359 (Mrl) 2-1 N--"N 1 ' NN), ThI| QH- puri ne 23 QI CF

)---N 6-Chloro-8-(2-chloro-3 - fluoro-pheny 1)-2-nethyl-9-
(tetrahydro-pyran-4-y 1)-9Hpurine M (nfz): 381 (Mtl) 2-1

10

-11-

The purine (e-i) is reacted with zinc cyanide and a suitable catalyst such as
Pd(PPhs), and a suitable solvent such as N,N-dimethylformamide at elevated temperature

to provide compound (e-ii).

Scheme F
R4
N R3
Cl 1
N™ NH2 O}_z: JI
I + E— X e
R“J\N NH H [ :r
2/(CH2)n ( 2/(CH2)

(b) (e)
The starting pyrimidine (b) is reacted with aldehyde (c), an appropriately
substituted piperizine and a suitable oxidant such as nitrobenzene or acetic acid in a
suitable solvent such as methoxybenzene or dimethyl sulfoxide at elevated temperature to

provide compound (e).

Scheme G

C— Y %

NH

Q
99

[}
R R”(

(b) (9)

R4

1

N _R®
Base [ j/

N

H



N -

YNNI 11 ) 'Q -18- 24 FF CIF 6-Chl or o- 2- net hyl - 9-

(tetrahydro-pyran-4-y1)- 8-(2-trifluoronethyl- phenyl)-9H purine ---0.)

(nz): 3970(2Melsodsé1l NN 111 'N N ~ 25 CFF 6- @nlrarsee@aoeuhyl - 9-

(tetrahydro-pyran-4-yl)- 8-(3-trifluoromethyl- M (mz): 397 (Mtl)

10

15

20

25

-12-

The starting pyrimidine (b) in a suitable solvent such as dimethylacetamide is
reacted with an appropriately substituted acid chloride (f) at reduced temperature to
provide compound (g).

The pyrimidine (g) in the presence of an appropriately substituted piperizine and a
suitable base such as diisopropylethylamine in a suitable solvent such as isopropanol at

clevated temperature and pressure to provide compound (e).

Preparation 1:

6-Chloro-2-methyl-N*4*-(tetrahydro-pyran-4-yl)-pyrimidine-4,5-diamine

Heat a solution of 4,6-Dichloro-2-methyl-pyrimidin-5-ylamine (0.008 mol, 1.5 g,
1.0 equiv.), 4-amino tetrahydropyran (0.012 mol, 1.27 g, 1.5 equiv.), and N,N-
diisopropylethylamine (0.0092 mol, 1.1 g, 1.1 equiv.) in 2-propanol (80 mL) at 150°C in
a sealed tube for 16 hours. Cool the reaction mixture to room temperature and remove the
2-propanol under reduced pressure to give the residue. Dissolve the residue in
dichloromethane and wash with water and brine. Dry the organic layer over anhydrous
sodium sulfate, filter, and concentrate under reduced pressure to give a residue. Purify
the residue on silica gel column eluting with dichloromethane: methanol 96:4 to give the

title compound. MS (m/z): 243.41 (M+1).

Preparations 2-12 in Table 1 may be prepared essentially as described in

Preparation 1 using the appropriate amine according to Scheme A.

Table 1.

2-1

\%S3
\



I I- " N)...... % Qphenyl ) - 9H puri ne 26 Cl C
6- Chloro 8 (2-chl oro- phenyl) - 2-net hy -9-(R) -
9H- pur i newoNBL)(ash30p: 349 ( Mtl) 2-1 N N--"" 1

ad

t et rahydro-furan-3-yl -

)____

t et rahydro-furan-3-yl -
" NPLT/US2009/0672M L

N 6- Chl or o- 8- (2-chl or o- henyl )-2-met hyl -9-(9) -
O9H purine M5 (mz): 349 (M+l) 2-1 N 1.
-13-
Prep. No. Physical
Structure Chemical name
data
2 Cl
N7 NH, 6-Chloro-2-methyl-
)l\N/ NH N*4*(tetrahydro- MS (m/z):
o pyran-3-ylmethyl)-pyrimidine-4,5- | 257 (M+1)
diamine
3 Cl
N7 NH, 6-Chloro-2-methyl-
)l\N/ NH N*4*(tetrahydro- MS (m/z):
pyran-4-ylmethyl)-pyrimidine-4,5- | 257 (M+1)
0 diamine
4 Cl
o NH,
N 6-Chloro-2-methyl-N*4*-(R)-
P Hedro-furan 3oy Lovrimid MS (m/z):
tetrahydro-furan-3-yl-pyrimidine-
N° 'NH y yl-py 220 (M+1)
4,5-diamine
O
5 Cl
NH
N™ 2 6-Chloro-2-methyl-N*4*-(S)-
PP | MS (2
N~ “NH tetrahydro-furan-3-yl-pyrimidine-
: 229 (M+1)
O 4,5-diamine
O
6 Cl
X NH,
N 6-Chloro-2-methyl-N*4*-
A etrahyd oyl pyrimidine. | M5 @2
tetrahydro-pyran-4-yl)-pyrimidine-
Ry 243 (M+1)
4,5-diamine
O

27



28 Cl N 6-Chloro-2-nethyl-9- (R)-tetrahydro-furan-3-

y1l-8-0-tolyl-9Hpurine M5 (mz): 329 (M1l) 2-1 N Inill U 29
Cl 0/ 6- ChWwonotr@80e et hoxy- phenyl) - 2- net hyI 9- (R) - t et rPamyuse@foran- 3-yl -
O9H-purine \ . M5 (nmz): 345 (M+l) 2-1 N | -19- 30 F F CY-F

0 6-Chl oro-2-nethyl-9-

-14-
7 Cl
N)\TLNHQ 6-Chloro-2-methyl-N*4*-
)l\N/ N/\LO) (tetrahydro-furan-2-ylmethyl)-
H pyrimidine-4,5-diamine
3 Cl
NH
NI 2 6-Chloro-2-methyl-N*4*-
)l\ _ MS (m/z):
N~ "NH (tetrahydro-furan-3-ylmethyl)-
243 (M+1)
KE/O pyrimidine-4,5-diamine
9 cl 6-Chloro-2-methyl-N*4*-[(R)-1-
NH tet
AN 2 etr
N\ ahydro-turan-2-yl)methyl |-
NN | 243 (M+1)
pyrimidin
e-4,5-diamine
10 Cl
NH 6-Chloro-2-methyl-N*4*-[(S)-1-
NS 2 Y
)l\ Z o) (tetrahydro-furan-2-yl)methyl] MS (m/z)
N Hm 243 (M+1)
pyrimidine-4,5-diamine
11 Cl
N NH,
N2 i
3-(5-Amino-6-chloro-2-methyl-
NZ TNH (5-Am _ T MS (i
A pyrimidin-4-ylamino)-azetidine-1-
. 314 (M+1)
3\ K carboxylic acid tert-butyl ester
0 O
12 Cl
NﬁNHz 6-Chloro-N*4*-(1,1-dioxo-
)l\N/ NH tetrahydro-1lambda*6*-thiophen-3- | MS (m/z):
é y1)-2-methyl-pyrimidine-4,5- 277 (M+1)
$=0 diamine
O




( ) tetrahydro-furan-3- yl1l-8-(2-trifluoronethoxy- phenyl)-9H purine U M
(mz): 399 (Mt1) 2-1 N..---N | O e B NI L 31 FF G F

6- Chl or o-wormetansh30s-

phenyl)-9H purine M (mlz): 385 (Mtl) 2-1 NI\ N JI L
6- Chl or 0- 8- (2- cycl opropyl - phenyl)-2- nethyl-9-(R)-tetrahydro-
U uran-3-y1-9Hpurine M (nfz): 355 (Mtl) 2-1 NI\ N

5

10

15

20

25

-15-
Preparation 13:

2-Cyclopropyl-benzaldehyde

O

H

A 60 mL reaction vial is charged with 2-bromo-benzaldehyde (10.810 mmoles,
1.264 mL), cyclopropylboronic acid (14.053 mmoles, 1.207 g), potassium phosphate
tribasic N-hydrate (37.834 mmoles, 8.031 g), tricyclohexylphosphine (1.081 mmoles,
303.139 mg), toluene (283.654 mmoles, 30.000 mL), and water (83.263 mmoles, 1.500
mL). The mixture is then thoroughly degassed. Next, Pd(OAc), (540.482 umoles,
121.343 mg) is added and the mixture is placed under nitrogen and heated to
100°C. After 2 hours, cool to room temperature and dilute with ethyl acetate (50 mL) and
brine (50 mL). Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate under reduced pressure. Purify by silica gel chromatography eluting with
hexanes: dichloromethane 20-50% to afford the title compound. "H NMR (400.31 MHz,
cdcl3): 10.57 (s, 1H), 7.78 (dd, J= 1.3, 7.9 Hz, 1H), 7.45 (td, J="7.5, 1.3 Hz, 1H), 7.28 (t,
J=7.5 Hz, 1H), 7.09 (d, J="7.9 Hz, 1H), 2.63-2.56 (m, 1H), 1.07-1.02 (m, 2H), 0.77-0.73
(m, 2H).

Preparation 14:

2-Cyclopropyl-pyridine-3-carbaldehyde

O =N

HN\_7

A 40 mL reaction vial is charged with 3 mL of 1,4-dioxane and a stirbar. Degas with
nitrogen for 5 minutes. Next, the vial is charged with 2-bromonicotinaldehyde (645.134
umoles, 120.000 mg), cyclopropylboronic acid (1.290 mmoles, 110.831 mg), and cesium
fluoride (1.935 mmoles, 293.995 mg). The vial is then degassed again with

nitrogen. Next, (1,1'-bis(diphenylphosphino)ferrocene)palladium(II) chloride (32.257

(R) -tetrahydro-furan- 3- y1 8- ( 2- t riPCIromsecax s T2yd -

32 cil



JI

nmet hyl - 9-(S) -t etrahydro-

NI\ N WO 0/ 80306
phenyl) - 2-met hyl - 9-
363 (M+l) 2-1 NN\4*

(tetrahydro-furan-2- ylnmethyl)-9H purine

1

33 C1 6-Chloro-8-(2-
af uran- 3-y1l- 9H puri ne

34 A dC

cycl opropyl - phenyl ) - 2-

MS (M z):

355 (Mr1) 2-1

6- Chl or 0- 8- ( 2- chl or ®CT/US2009/067249

-16-

M (mz):

umoles, 26.342 mg) is added and the reaction mixture is heated to 100°C under nitrogen.

Upon reaction completion, the mixture is cooled to room temperature, filtered over a pad

of diatomaceous earth with ethyl acetate afford the title compound. GCMS (m/z): 146

(M).
5
Preparations 1547 in Table 2 may be prepared using the appropriate substituted
pyrimidine according to Scheme C and using the appropriate general procedure 2-1
through 2-3 as outlined in Table 2.
10  Table 2.
Prep.
Physical | General
No. Structure Chemical name
data Procedure
15 Cl Cl
N 6-Chloro-8-(2-chloro- MS
N™ 2
| >_© phenyl)-2-methyl-9- (m/z):
N N 2-1
(tetrahydro-pyran-4-yl)- 363
o 9H-purine (M+1)
16 ol
6-Chloro-8-(2- MS
NN
| \ cyclopropyl-phenyl)-2- (m/z): 51
NT N methyl-9-(tetrahydro- 369
b pyran-4-yl)-9H-purine (M+1)
O
17 Cl Cl
)iN 6-Chloro-8-(2-chloro-4- MS
DRSPS
I o thoxy-phenyl)-2- m/z):
PN A methoxy-phenyl) (m/z) 51
methyl-9-(tetrahydro- 393
o pyran-4-yl)-9H-purine (M+1)




35 CC

6- Chl or 0- 8- (2- chl or o-
-(tetrahydro-furan-2- yl)nethyl]-9H purine
|1 NMO 2010/086306- 36 Cl Cl
1 -(tetrahydro-furan-2- yl)nmethyl]-9H purine

6- Chl or o- 8- (2- chl or o-

phenyl)-2-methyl -9-[ (R) -

MS (M z):
M (T z):

1

363 (Mr1l) 2-1 NN .
phenpCrAB200006m249 9- [ (S) -
363 (M+l) 2-1

Ni |\ 4l I\rN i 37 Ad 6-Chloro-8-(2-chloro-
phenyl)-2-nethyl -9- (tetrahydro-furan-3- ylnethyl)-9Hpurine M (nz):
(MH1) 2-2
-17-
18 Cl cl
6-Chloro-8-(2-chloro-4- MS
NN
)l\N P N>_©7F fluoro-phenyl)-2-methyl- | (m/z): -
9-(tetrahydro-pyran-4- 381
o y1)-9H-purine (M+1)
19 F F
Y-F
Cl o 6-Chloro-2-methyl-9- MS
Nl)tN\>_© (tetrahydro-pyran-4-yl)- (m/z): 51
)\ NN 8-(2-trifluoromethoxy- 413
phenyl)-9H-purine (M+1)
o
20 F
Cl o +F
N)\IN\ j = | 6-Chloro-2-methyl-9- MS
I .
/kN/ N (tetrahydro-pyran-4-yl)- (m/z): 51
b 8-(3-trifluoromethoxy- 413
o phenyl)-9H-purine (M+1)
N 6-Chloro-8-(3-chloro- MS
NT N
/I|\ _ >_© phenyl)-2-methyl-9- (m/z):
N~ N 2-1
(tetrahydro-pyran-4-yl)- 363
o 9H-purine (M+1)
22 Cl o—
N 6-Chloro-8-(3-methoxy- MS
NT 2
)|\ _ phenyl)-2-methyl-9- (m/z):
NT N 2-1
(tetrahydro-pyran-4-yl)- 359
o 9H-purine (M+1)
23 Cl cl E 6-Chloro-8-(2-chloro-3- MS
N™™ N\ fluoro-pheny
)|\ _ (m/z):
N~ N 1)-2-methyl-9- 2-1
(tetrahyd 4 sl
tetrahydro-pyran-4-
ydro-py y (M+1)
O 1)-9H-purine




N N I\41

(tetrahydro-pyran-4- yl nethyl)-9H puri ne
1 NN WQQ010/088%6 Cl Cl

NN 38 Cl C

L 6-Chl oro-8-(2-chloro-

6- Chl or 0- 8- (2- chl or o-

MS (M z):

377 (M)

phenyl) - 2- et hyl - 9-

2-2 NN.O\

phenyl ) PRTrusSR609I06 249

(tetrahydro-pyran-3- ylnmethyl)-9Hpurine M (mz): 377 (M+l) 2-1 N N 1141
-18-
24 Cl F_F
\ F 6-Chloro-2-methyl-9- MS
A
)Nl\)l N (tetrahydro-pyran-4-yl)- (m/z): 51
N -
N 8-(2-trifluoromethyl- 397
<\> phenyl)-9H-purine (M+1)
O
25 cl F F
N F 6-Chloro-2-methyl-9- MS
X
/Ij\l|\ _ N (tetrahydro-pyran-4-yl)- (m/z): -
N -
N 8-(3-trifluoromethyl- 397
phenyl)-9H-purine (M+1)
O
Cl
26 L 6-Chloro-8-(2-chloro- MS
A
)N|\ _ N\>—© phenyl)-2-methyl-9-(R)- (m/z): 51
N tetrahydro-furan-3-yl- 349
0 9H-purine (M+1)
Cl
27 - 6-Chloro-8-(2-chloro- MS
X
)NL ) N\>—© phenyl)-2-methyl-9-S)- | (m/z): .
N 2 tetrahydro-furan-3-yl- 349
</\‘O 9H-purine (M+1)
28 Cl MS
NN 6-Chloro-2-methyl-9-
)|\ N (m/z):
N N (R)-tetrahydro-furan-3- 320 2-1
1-8-o-tolyl-9H-purine
2?0 TR v+
29 /
cl 0 6-Chloro-8-(2-methoxy- MS
/I\LAIN»_@ phenyl)-2-methyl-9-(R)- (m/z): 51
\ -
N tetrahydro-furan-3-yl- 345
o 9H-purine (M+1)




NN . O 40 CICl 6-Chl oro-8-(2-chl orophenyl)-9-(1, 1-di oxotetrahydro-1 | anb
da*6*- thiophen-3 -yl)-2-nethyl 9Hpurine M (nfz): 397 (Mtl) 2-1 NN\

11. 1\r WO 2bioB8e306 O 41 CICl 3- [6-Chloro-8-(2 PCT/US2009/067249
- chl oropheny1) - 2- et hyl - purin- 9-yl]-azetidine-1- carboxylic acid
tert-butyl ester M5 (nfz): 434 (M+l) 2-2 NN 11 ' M11 N1
-19-
30 FF
cl O>L F 6-Chloro-2-methyl-9- MS
NI )j N\>_© (R)-tetrahydro-furan-3- (m/z): 51
/kN/ N y1-8-(2-trifluoromethoxy- | 399
phenyl)-9H-purine (M+1)
O
31 cl FF
F 6-Chloro-2-methyl-9- MS
)NI\ \/ N\ (R)-tetrahydro-furan-3- (m/z): 51
N" N y1-8-(2-trifluoromethyl- 385
o phenyl)-9H-purine (M+1)
32
Cl 6-Chloro-8-(2- MS
/'\i)\j; "\ cyclopropyl-phenyl)-2- (m/z): -
N methyl-9-(R)-tetrahydro- 355
o furan-3-yl-9H-purine (M+1)
33
Cl 6-Chloro-8-(2- MS
/'\i)\j; "\ cyclopropyl-phenyl)-2- (m/z): -
N methyl-9-(S)-tetrahydro- 355
</\C‘) furan-3-yl-9H-purine (M+1)
34 ¢l cl 6-Chloro-8-(2-chloro- MS
)Nl\/j N\>_© phenyl)-2-methyl-9- (m/z): 51
NN o (tetrahydro-furan-2- 363
\\Q ylmethyl)-9H-purine (M+1)
35 ¢l cl 6-Chloro-8-(2-chloro- MS
)NI\J\/I N\>_© phenyl)-2-methyl-9-[(R)- | (m/z): 51
NN & 1-(tetrahydro-furan-2- 363
yl)methyl]-9H-purine (M+1)




0 oLoX -21- 42 C
y1-8-(4-trifluoronethyl -
N | NNO 2010480385 Cl

(R -tetrahydro-furan-3- yl-9H purine
o] 44 CI M 6-Chloro-8-(2- cyclopropyl-pyridin-3- yl)-2-nethyl-9-(R)-

6- Chl or o- 2- net hyl - 9-
pyridin-3-y1l)-9H purine
6- Chl or o- 8- (4-chl or o-

(R) -t etrahydro-furan- 3-
MBS (nz): 384 (M¥l) 2-3
pyri di n- 3- y PYIarsowloy24®-

M5 (mz): 352 (M+l) 2-3

tetrahydro-furan-3-yl 9Hpurine M5 (nfz): 356 (Mtl) 2-3 I\/
220-
36 cl Cl 6-Chloro-8-(2-chloro- MS
N
)Nl\J\I \>_© phenyl)-2-methyl-9-[(S)- | (m/z): .
— -
NN o -(tetrahydro-furan-2- 363
Lﬁj yl)methyl]-9H-purine (M+1)
37 ¢l cl 6-Chloro-8-(2-chloro- MS
N
/N(i \>_© phenyl)-2-methyl-9- (m/z): .-
~ -
NT N o (tetrahydro-furan-3- 363
\\C' ylmethyl)-9H-purine (M+1)
38 ¢l cl 6-Chloro-8-(2-chloro- MS
NN
/m P \ phenyl)-2-methyl-9- (m/z): .-
NT N (tetrahydro-pyran-4- 377
\\C\O ylmethyl)-9H-purine (M+1)
39 ¢ cl 6-Chloro-8-(2-chloro- MS
NN
)|\ _ \ phenyl)-2-methyl-9- (m/z): 51
N -
N ') (tetrahydro-pyran-3- 377
\\Q ylmethyl)-9H-purine (M+1)
40 Cl cl 6-Chloro-8-(2-chloro-
N N . MS
| N phenyl)-9-(1,1-dioxo-
A A~ (m/z):
é tetrahydro-1lambda*6*- 397 2-1
thiophen-3-yl)-2-methyl-
d=0 p yD A VRN
0 9H-purine
Cl
4 Cl 3-[6-Chloro-8-(2-chloro-
NTX—N ) MS
)I\ P P phenyl)-2-methyl-purin-
N~ N - (m/z):
9-yl]-azetidine-1- 2-2
boxylic acid butyl S
carboxylic acid tert-but
3\ X Y v
o” O ester




N 45 C Br

(tetrahydro-pyran-4-yl)-

QH- pur i €0 20104B030h Br

409 (M+1) 2-1 11

N)---"N 8- (2-Brono-phenyl)-6- chloro-2-nethyl
M5 (M z):

-0-

NN

N)---"N 8- (2-Bronp-phenyl)-6- chl ecoAR2emb5249 9- (R) -

tetrahydro-furan-3-yl- 9Hpurine M (mz): 393 (Mtl) 2-1
D1-
42
6-Chloro-2-methyl-9- MS
(R)-tetrahydro-furan-3- (m/z): 53
y1-8-(4-trifluoromethyl- 384
pyridin-3-yl)-9H-purine (M+1)
43 6-Chloro-8-(4-chloro- MS
pyridin-3-yl)-2-methyl-9- | (m/z): 53
(R)-tetrahydro-furan-3- 352
0 yl-9H-purine (M+1)
44 . 6-Chloro-8-(2- - S
)N\’ | N\ \_,j ci/clopropyl—pyr1d1n—3— ()
SN y1)-2-methyl-9-(R)- 356 2-3
tetrahydro-furan-3-yl-
o 9H-purine M)
45 Cl Br
NN N\ 8-(2-Bromo-phenyl)-6- MS
)l\N _ N> z > chloro-2-methyl-9- (m/z): -
(tetrahydro-pyran-4-yl)- 409
Q 9H-purine (M+1)
46 ¢ Br 8-(2-Bromo-phenyl)-6- MS
i \/ N\>—© chloro-2-methyl-9-R)- | (m/z): .
NT N tetrahydro-furan-3-yl- 393
2?(‘) 9H-purine (M+1)
47 7 \ Br 8-(2-Bromo-phenyl)-6- MS
)N'\N\/ N\>—© chloro-2-methyl-9-(S)- | (m/z): .
% tetrahydro-furan-3-yl- 393
</\C‘) 9H-purine (M+1)

I\1) N



U 47 Cl Br 8-(2-Brono-phenyl)-6- chloro-2-nethyl-9-(S)-
tetrahydro-furan-3-yl- M5 (mz): 393 (M1l) 2-2 NN 1lik

a9H puri &0 2010/08236 Pr eparati on 48: PCT/US2009/067249
6- Chl or 0- 8- (2- chl or o- pyri di n- 3- yl) 2- nethyl 9-(R)-tetrahydro-furan-3-yl-9H
purine CICl N---"N1, "..,), . Z. ---- NN Charge a reaction

vessel with R-6- Chloro 2- nethyl hm (tetrahydro-
5furan-3-yl)-pyrimdine-4,5-diamne (2.186 mmol es, 500.000 nmg), 2-

br ononi cot i nal dehyde (3.280 mol es, 6102046 ng), toluene (94.551 mmol es,
10. 000 nlL), and PTSA nonohydrate (109.323 nnoles, 20.795 ng). Heat at 100C
under nitrO@EMHﬁ®n4$ hour. Cool to roomtenperature, filter and

concentrate yndey r gy&%gmlopgggﬁ;g[.owm?sf@l RS g% Lgg) at room

t emper at ur e under rogen or| de mol es,
5.000 m.). Heat to 80C for 30 m nut €5k. Coacentrate under reduced pressure.
Add toluene (-10nL) and renbve tw er uced pressure. Dissolve the
resi due in dichloromethane and bas) fyl si ith saturated agueous sodi um
bi carbonate. Dry the organic | ayeTJ\u em an rous sodiumsul fate, filter,
and concentrate under reduced pressure. rify by silica gel chromatography

eluting with 15hexanes: acetone to affdérdspthe title conmpound. (648 ny). M5
(mz): 350 (Mtl). Preparation 49: 1-(2-Fl uoro-ethyl)-piperazine

hydrochl ori de satHarge aZeactibt¥astdChvitB RS6-€Rloks-2-methyl- NAh@dtu@Ry o €act i on vessel
Wi th N-tert-butoxycarbonyl pi perazine (8.590 mmol es, 1.600 g), potassium

carbonat®e (7B Wmhﬁﬁq,e 435- 5@1211@)(2 15@&@[@5@)&0@@@@ .) (66.714 nnol es,
10. 000 ng), br%mgfm(cjolt%)él chyde %3 280 mmo es, 6|18 ?)46 mg), toluenm( 4. 55]i-rrt1)nrnglgg?_l(%.-(){)(l) uor oet hane
mL), and PTSA monohydrate (109.323 pmoles, 20.795 mg). Heat at 100°C under
nitrogen for 1 hour. Cool to room temperature, filter, and concentrate under reduced
pressure. Next, to the crude oil (imine) at room temperature under nitrogen add slowly
10 thionyl chloride (68.630 mmoles, 5.000 mL). Heat to 80°C for 30 minutes. Concentrate
under reduced pressure. Add toluene (~10mL) and remove twice under reduced
pressure. Dissolve the residue in dichloromethane and basify slowly with saturated
aqueous sodium bicarbonate. Dry the organic layer over anhydrous sodium sulfate, filter,

and concentrate under reduced pressure. Purify by silica gel chromatography eluting with

15  hexanes: acetone to afford the title compound. (648 mg). MS (m/z): 350 (M+1).

Preparation 49:

1-(2-Fluoro-ethyl)-piperazine hydrochloride salt
F

®
N
H
HCI
20  Step 1:
Charge a reaction vessel with N-zfert-butoxycarbonylpiperazine (8.590 mmoles,

1.600 g), potassium carbonate (25.771 mmoles, 3.562 g), sodium iodide (cat.) (66.714
umoles, 10.000 mg), 1,4-dioxane (234.262 mmoles, 20.000 mL), 1-bromo-2-fluoroethane



-23- (9.449 mol es, 704.029 [EL), and a stirbar. Heat with stirring
overni ght at reflux. Upon reaction conpletion, cool to roomtenperature and
concent r awe 20rvdsn3oseduced pressure. Partition with ethylPCaast@vescrnd wat er.
Separate the organic |layer and dry over anhydrous sodiumsulfate, filter,
and concentrate under reduced pressure to afford pure 4-(2-fluoro-

5et hyl ) - pi perazi ne-l-carboxylic acid tert-butyl ester. GCM5 (nmz): 232 (M.
Step 2: Add 4N HC1 in 1, 4-di oxane (86.096 mmol es, 21.524 nL) to a
stirred solution of 4-(2-fluoro-ethyl)2piperazi ne-1-carboxylic acid
tert-butyl ester (8.610 mmles, 2.000 g) in dry dichloronethane (60 niL) at
room t enper@t4d? emmmce704020ndgemd aStitber. dlket witlyktirrid® ovedeghtai teflogeldpon

Concent ri‘t $r§gé“%§ cm{@gté’ 693(7% §§1%Et§mé§au%f&% g?ntc rale dnla§& SRIBPHRL (8- 679

mol es,
8- (2- Chl or OPgiirgmysdi)h eﬁh;(laemthgnid-\patgerSalzame ﬂhe;ojtganz laget yd dr@ o(dretinalhydr o- pyr an

-4-y1)-9H15 rlne ride 3

o chi or o- 8- I PE BT e SR st oused BRSRr S SRR RN AT yorene pur i ne
0. 0005 ol et@ylﬂp@érazmd\l-leﬁlbyiyhplaﬁéﬁﬁﬁzbmﬁl ok Qr. QUGS (olz): 202 0d9g, 1.1 equiv.),
and trieth*% n%ne (0.0006 nol, 0.061g, 1.1 equiv.) in ethanol (5.0 nL) at
reflux for 26 20hours. Alternatively, heat the reaction with m crowave

irradiation. Upouidreerati @n,4£eoRineliéamms masieent sa4 fnU; ’aﬁ JtiRRe tol@bnorXt ur e
under reduced pressure. Dissolve the. resjdue in i chl or onet hane and

wash with shtZfug %8thglﬂdWH?FﬁZBiecla?aﬂ??ﬁélﬂcea%do‘Fﬁtbi“%eSt‘M? @]ro mERS ¥R Dry the
organic |a%ﬁ"drﬁ€ﬁ@ﬁlo@ﬁf@ﬁﬁﬁ@(ﬁ§ n9@} ¥mSbrh é‘ilﬁtﬁre ufnlilértn@cfogef?-nﬂlr%%%m rate under
reduced pressure to give the residue. Purify by silica

chr omat ot IEFQﬁePn §ongentiate aidsh @uce&@éﬁtse%w@éf%@hﬁ 6%?%0@%(& %’8ebase.
Add HC1 (thﬁgkynyg@g?nngﬁﬁgo;%(g@49 equiv.) to the freebase (0.23 g,
0.500 mmmol ) in diethyl ether (5 nL) at OC and stir for 2 hours at room
tenperature. Filter and wash precipitate with diethyl ether. Dy the
precipitate under vacuumto give the title conmpound (0.2 g). M5 5(m z):

441. 28 (NM1§MHm@Qbrnat|vely, prepare the HC1 salt by dissolving the
freebase in acetone, 1:1 acetonitrile: water, or another suitable organic

sol vent, t hén2addorpinhpnydy6-F4-pthy-ripesesint ybre-wethalfieetieby dio-noranet- BaPHHCL. Then

| yophi |l {ze to afford the hydrochl efdid8,S@blide salt Exanples 2-72 in
Tabl e 3 may be prepared essenti§+lylgvﬂﬁesér?aéd in Exanple 1 10using the

appropriately substituted purine d the appropriately substituted

pi perazi ne according to Schenme D. bIe %C Exanpl e No. Structure Chem cal
name Physical data 2 rc) NHC | C) N"¢- N1 1- {4-[8-(2-Chl oro- phenyl) - 2-
met hyl - 9- (t et rahydr o- pyran-4-y1) - 9H— urin-6-yl1]-piperazin-1-yll-

hydrochl oride salt M5 (mz): 455 (M¥l) \gJdl 4. NN aet hanone 0 3 1

NHC | () Na NN

\
)l\N/ N

0]

Heat a solution of 6-chloro-8-(2-chlorophenyl)-2-methyl-9-(tetrahydro-2H-pyran-
4-y1)-9H-purine(0.0005 mol, 0.2 g) , N-ethyl piperazine (0.0006 mol, 0.069g, 1.1 equiv.),
and triethylamine (0.0006 mol, 0.061g, 1.1 equiv.) in ethanol (5.0 mL) at reflux for 20
20 hours. Alternatively, heat the reaction with microwave irradiation. Upon reaction
completion, concentrate the reaction mixture under reduced pressure. Dissolve the
residue in dry dichloromethane and wash with saturated sodium bicarbonate solution,
water, and brine. Dry the organic layer over anhydrous sodium sulfate, filter, and

concentrate under reduced pressure to give the residue. Purify by silica gel



8- (2-Chl or o- phenyl) - 2- net hyl - 6-

(tetrahydro-pyran-4-yl)-9H purine hydrochl oride salt

NN

. . .W0.2010/08D§06

IN Q

-25- 4 F NQHO I

N

(4-met hyl - pi perazin-1-yl1)-9-

MS (M z):
PCT/US2009/067249

427 (M#1)

8- (2-Chl oro-phenyl )-6-[4-(2- fluoro-ethyl)-piperazin-I|-yl]

met hyl - 9- (t et rahydr o- pyran-4-y1) -
459 (M+1)

NN Jl

VK 13. Th

"N U0

2-[ 8- (2-Chl oro-phenyl) - 2- net hy1-
9- (tetrahydro-pyran-4-yl)-9Hpuri n- 6- ylb4hexahydro-pyrrol o[ 1, 2-
a] pyrazi n-6-one hydrochl oride salt,
1 chromatography eluting with hexanes: acetone 90:10 to give the freebase. Add HCl 2M

5 FIC I

| somer 2a M5 (nml z):

425 (M¥1)

-2

9H- purine hydrochloride salt M5 (nfz):

NN X

solution in ethanol) (1.0 equiv.) to the freebase (0.23 g, 0.500 mmol) in diethyl ether (5

mL) at 0°C and stir for 2 hours at room temperature. Filter and wash precipitate with

diethyl ether. Dry the precipitate under vacuum to give the title compound (0.2 g). MS

5 (m/z): 441.28 (M+1). Alternatively, prepare the HCI salt by dissolving the freebase in

acetone, 1:1 acetonitrile: water, or another suitable organic solvent, then add with stirring

a solution of aqueous or ethercal HCl. Then lyophilize to afford the hydrochloride salt.

Examples 2-72 in Table 3 may be prepared essentially as described in Example 1

10 using the appropriately substituted purine and the appropriately substituted piperazine

according to Scheme D.
Table 3.
Example Physical
Structure Chemical name
No. data
YO
N HCI
[ j 1-{4-[8-(2-Chloro-phenyl)-2-
) N a methyl-9-(tetrahydro-pyran-4-yl)- MS (m/z):
N
N| P \>—© 9H-purin-6-yl]-piperazin-1-yl}- 455 (M+1)
N
N b ethanone hydrochloride salt
@)
|
N HCI
[ j 8-(2-Chloro-phenyl)-2-methyl-6-
N
; Y d (4-methyl-piperazin-1-yl)-9- MS (m/z):
N
)l\N _ N\>_© (tetrahydro-pyran-4-y1)-9H-purine | 427 (M+1)
@ hydrochloride salt
O




-I\V1----NW 60 6 YHC 1 N C 8-(2-Chloro-phenyl)-6-(4-

cycl opropyl - pi perazin-1-yl)-2- nethyl-9-(tetrahydro-pyran-4-yl)- 9H purine
hydr ochl owoge1s@biooMs (m z): 453 (Mrl) N N . PTTIUSR@9D6T2MD LN?

8- (2-Cycl opropyl - phenyl ) - 2- met hyl - 6- (4- et hyl - pi per azi n- 1-
y1l)-9-(tetrahydro-pyran-4-y1)-9H purine hydrochloride salt M5 (mz): 433
(Mt1) NN\ ¥ j1 uo -26- 8 (N Hc 1 N\3--Na /M I \ wr\JNO

25

8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2- MS (m/z):

HCI
4 a
NI/S:N»—Q methyl-9-(tetrahydro-pyran-4-yl)- | 459 (M+1)
)\ “ N 9H-purine hydrochloride salt

2-[8-(2-Chloro-phenyl)-2-methyl-
9-(tetrahydro-pyran-4-yl)-9H-
MS (m/z):

a
5 N urin-6-yl]-hexahydro-pyrrolo[1,2-
Nl)j \>_© pamEny vy 425 (M+)
Z~N a]pyrazin-6-one hydrochloride salt,
b Isomer 2°
O

j 8-(2-Chloro-phenyl)-6-(4-

cyclopropyl-piperazin-1-yl)-2- MS (m/z):

a
6 z N
N I methyl-9-(tetrahydro-pyran-4-yl)- 453 (M+1)
NS
N@> 9H-purine hydrochloride salt
O

[ j 8-(2-Cyclopropyl-phenyl)-2-
N
. Y methyl-6-(4-methyl-piperazin-1- MS (m/z):
N
Py N\ y1)-9-(tetrahydro-pyran-4-yl)-9H- | 433 (M+1)
b purine hydrochloride salt
O




8- (2- Chl or 0- 4- et hoxy- phenyl) - 6- (4-ethyl-piperazin-1-yl)-2-nethyl -

9- (tetrahydro-pyran-4-y1)-9H purine hydrochloride salt Ms (mz): 471 (M1l)
9 | N LNHgol20fwosdsoaf r NN 8- (2- Chl or o- 4-fl uor o- pheny1l) - 2PCT/US2009/067249

met hyl - 6- (4- net hyl - pi perazin-1- yl)-9-(tetrahydro-pyran-4-yl)-9H purine
hydrochloride salt M5 (mz): 445 (Mfrl) 10 FHHC |1 N C) Na M N

8- (2- Chl or 0- 4- net hoxy- phenyl) -6- [4-(2-fluoro-ethyl)-piperazin-1-yl]-

2-met hyl - 9- (t et rahydro-pyran-4- yl1)-9H purine hydrochloride salt Ms (mz):
489 (M+l) 11 INCl N ( )F F Y-F O 2- Methygl - 6- (4- et hyl - pi per azi n-1-

yl)-9-(tetrahydro-pyran-4-y1)-8-(2- . tnfluoronethoxy-phenyl)-9H purine
hydr ochl or| de sal I\/B\{ mz): 477 (Mrl) NN NI\ 1) Th --)0 -27-
12.0 [Nj ! 8-(2-Chloro-4-methoxy-phenyl)-6-
N a (4-ethyl-piperazin-1-yl)-2-methyl- MS (m/z):
’ )f,\lI:»—OO/ 9-(tetrahydro-pyran-4-yl)-9H- 471 (M+1)
@ purine hydrochloride salt
o
\
[ j el 8-(2-Chloro-4-fluoro-phenyl)-2-
9 N/N N a methyl-6-(4-methyl-piperazin-1- MS (m/z):
S | N\>—OF y1)-9-(tetrahydro-pyran-d-y))-9H- | 445 (M+1)
@ purine hydrochloride salt
o}

[Nj 8-(2-Chloro-4-methoxy-phenyl)-6-
0 N a [4-(2-fluoro-ethyl)-piperazin-1-yl]- | MS (m/z):
N)IN@O/ 2-methyl-9-(tetrahydro-pyran-4- 489 (M+1)
SN NC> y1)-9H-purine hydrochloride salt
O
| HCI
N
F F
[ ] >L|: 2-Methyl-6-(4-methyl-piperazin-1-
N
» NN © y1)-9-(tetrahydro-pyran-4-yl)-8-(2- | MS (m/z):
N
| N\>_© trifluoromethoxy-phenyl)-9H- 477 (M+1)
N

b purine hydrochloride salt
O




HJO N Q- F Y-FO 1-

{4-]2-Met hyl-9-(tetrahydropyran-4-yl)-8-(2-trifl uoronethoxy-

phenyl ) - 9Moparoasedey 1] - pi per azi n-

(mz):

505 (M+1) NN\ 1.

NymN 0

131 NOHCI NO

1-yl | - et hanone hydr ockrConisd@9seatuo Ms

2- Met hy1l- 6- (4- net hyl - pi perazi n-1yl)-9-(tetrahydro-pyran-4-yl)-8-(3-

trifluoronethoxy-phenyl)-9H hydrochloride salt M5 (nz):
"e----Nik apurine 0O
8- (3-Chl or o- pheny1l) - 2- net hy1- 6-
(tetrahydro-pyran-4-y1)-9H purine hydrochl oride salt

14 |

N ( )Ho I
(4- methyl - pi perazin-1-yl1)-9-
MS (mlz):

N N--1IN 11 a0

477 (M#1)

O
I N \14 HCl
N F F
[ j E 1-{4-[2-Methyl-9-(tetrahydro-
. N \ O pyran-4-yl)-8-(2-trifluoromethoxy- | MS (m/z):
X
N| _ \>—© phenyl)-9H-purin-6-yl]-piperazin- | 505 (M+1)
N N@> 1-yl}-ethanone hydrochloride salt
O
|
N
[ j HCI F 2-Methyl-6-(4-methyl-piperazin-1-
N o—F _
3 AN = | yD-9-(tetrahydro-pyran-4-yl)-8-(3- | MS (m/z):
L N\ trifluoromethoxy-phenyl)-9H- 477 (M+1)
N
@ purine hydrochloride salt
O
|
N
[ j HCI 8-(3-Chloro-phenyl)-2-methyl-6-
N
” N d (4-methyl-piperazin-1-yl)-9- MS (m/z):
N ’d
N | N\>_© (tetrahydro-pyran-4-yl)-9H-purine | 427 (M+1)
@ hydrochloride salt
O
|
N
[ j HCI 8-(3-Methoxy-phenyl)-2-methyl-6-
s \ \ o~ (4-methyl-piperazin-1-yl)-9- MS (m/z):
N
l)NjA/N\>_© (tetrahydro-pyran-4-yl)-9H-purine | 423 (M+1)
@ hydrochloride salt
0O

427 (M+1) 15




OHCI N/,..--NMNM NN)_Th 0 8-(3-Methoxy-phenyl)-2-nethyl-6-

(4-met hyl - pi perazin-1-y1)-9- (tetrahydro-pyran-4-yl)-9H purine

hydr ochl owode1smbiooMs (m z): 423 (Mrl) -28- 16 0 NHC | PCY/UN2M09/067249
{4-[8-(2-Chl oro-3-fl uorophenyl)-2-nethyl-9-(tetrahydropyran-4-yl)-9H purin-
6-yl] - pip-ethanone hydrochloride salt M5 (mz): 473 (Mtl) N.,---N \ Il
N * N13. Th "--)0 17 1 rNHC | LNaF 8-(2-Chl oro-3-fluoro-phenyl)-2-

met hyl- 6- (4- et hyl - pi perazin-1- yl)-9-(tetrahydro-pyran-4-yl)-9H purine
hydrochl oride salt M5 (mz): 445 (Mt1)28NN \ Jl

O
[ j HC! 1-{4-[8-(2-Chloro-3-fluoro-
phenyl)-2-methyl-9-(tetrahydro-
16 I 4-y1)-9H-purin-6-yl] MS (m/z):
N ran-4-yl)-9H-purin-6-yl|-
NHi >—© e 473 (M)
NZ N piperazin-1-yl}-ethanone

@ hydrochloride salt
O

N HCI
[ j 8-(2-Chloro-3-fluoro-phenyl)-2-
17 \ )jN methyl-6-(4-methyl-piperazin-1- MS (m/z):
I N\>_<\ /> y1)-9-(tetrahydro-pyran-4-yl)-9H- 445 (M+1)

b purine hydrochloride salt
O

[ ] F F 2-Methyl-6-(4-methyl-piperazin-1-
N
8 Y F y1)-9-(tetrahydro-pyran-4-yl)-8-(2- | MS (m/z):
N
)l\ _ N\ trifluoromethyl-phenyl)-9H-purine | 461 (M+1)
@ hydrochloride salt
O
HCI . .
[ j £ E 2-Methyl-6-(4-methyl-piperazin-1-
” N N P | y1)-9-(tetrahydro-pyran-4-y1)-8-(3- | MS (m/z):
N
I):[N\ trifluoromethyl-phenyl)-9H-purine | 461 (M+1)

@ hydrochloride salt
o)




-N--""N 60 18 IHC I rNL )F F NF
2- Met hyl- 6- (4- net hyl - pi perazi n-1yl)-9-(tetrahydro-pyran-4-y1)-8-(2- t
nf | uor omewbybtopisesvg 1) - OH- puri ne hydrochl oride salt M5 (RCT)US2608D672M41)
N---"N 1IN uo 191 (NNCI FFN/1 ..-N1\ I’
2- Met hy1l- 6- (4- net hyl - pi perazin-1yl)-9-(tetrahydro-pyran-4-yl)-8-(3-
trifluoronethyl-phenyl)-9H purine hydrochloride salt M5 (mz): 461 (M+l)
-29- 20rHC I N( ) N
8- (2-Chl or o- phenyl) - 6- (4- et hyl pi perazingl -yl1)-2-net hyl-9-
(tetrahydro-furan-3-y1)-9H purine hydrochloride salt, Isoner Ib M5 (nmz):
427 (MF1) | NN\ 1 (

N HCI

[ j 8-(2-Chloro-phenyl)-6-(4-ethyl-
20 N \ a piperazin-1-yl)-2-methyl-9- MS (m/z):
)NI\ t \>_© (tetrahydro-furan-3-yl)-9H-purine 427 (M+1)
N~ N hydrochloride salt, Isomer 1°
.
¢ e
[ j 8-(2-Chloro-phenyl)-6-(4-ethyl-
51 N \ a piperazin-1-yl)-2-methyl-9- MS (m/z):
N|)I \>_© (tetrahydro-furan-3-yl)-9H-purine 427 (M+1)
N~ N hydrochloride salt, Isomer 2°
.
O
s
[ j 1- {4-[(R)-8-(2-Chloro-phenyl)-2-

methyl-9-tetrahydro-furan-3-yl-9H- | MS (m/z):

a
22 N
)NI\ N\ purin-6-yl]-piperazin-1-yl}- 441 (M+1)
s
N zj cthanone hydrochloride salt
O

[ j 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2- MS (m/z):

N
23 a
N/S:N\ C methyl-9-(R)-tetrahydro-furan-3- 445 (M+1)
)l\ Z yl-9H-purine hydrochloride salt




-e--N

8- (2-Chl or o'- phenyl) - 6- ( 4- et hyl pi per
(t et rahydwo-2biuwenm08- y1) - 9H puri ne hydrochl ori de salt,

O 21 rHC |

N() N
azin-1-yl)-2-nmethyl-9-

| omarS2@b/obR4¢ ' z) :

427 (Mrl) NN . IL< N- O 22 0O NHC 1 O N 1-
{4-[(R)-8-(2-Chl oro-phenyl)-2- nethyl-9-tetrahydro-furan-3-yl-9H
purin-6-yl]-pi perazin-1-yll- ethanone hydrochloride salt M5 (nfz): 441
(M+1) N-----N 11 1 Nvx C10
-30-
F
H HCI
[Nj 8-(2-Chloro-phenyl)-6-[4-(2-
Y N q fluoro-ethyl)-piperazin-1-yl]-2- MS (m/z):
N)\IN\ >: methyl-9-(S)-tetrahydro-furan-3-yl- | 445 (M+1)
/“\N/ N 9H-purine hydrochloride salt
3
|
N HCI
[ j 8-(2-Chloro-phenyl)-2-methyl-6-
55 N N a (4-methyl-piperazin-1-y1)-9-(S)- MS (m/z):
A
)Nl\/i \>—© tetrahydro-furan-3-yl-9H-purine 413 (M+1)
N
N Z hydrochloride salt
3
O
7\1/ HCI
[ j 1- {4-[(S)-8-(2-Chloro-phenyl)-2-
y N a methyl-9-tetrahydro-furan-3-yl-9H- | MS (m/z):
)Nl\)jN»_@ purin-6-yl]-piperazin-1-yl}- 441 (M+1)
P
N N, ethanone hydrochloride salt
!
O
N HCI 2-[(S)-8-(2-Chloro-phenyl)-2-
[ methyl-9-tetrahydro-furan-3-yl-9H-
27 ) “ in-6-yl]-hexahyd o[- | VS ()
urin-6-yl]-hexahydro-pyrrolo[1,2-
NS Py YOV 453 (M+1)
/“\N/ N a]pyrazin-6-one hydrochloride salt,
f Isomer 1°
-




23 F HNFIC |

C© N 8-(2-Chl oro-phenyl)-6-[4-(2-

fluoro-ethyl)-piperazin-1-yl]-2- nethyl-9-(R)-tetrahydro-furan-3-

y1l- 9H purwoeotwdoimehl ori de salt MS (nf z):
N C) N 8-(2-Chloro-phenyl)-6-[4-(2- fluoro-ethyl)-pip

-30- 24 F ?HC |

445 (M#1)

NNPLT/US2009/067244\ 1

erazin-l-yl] -2- nmethyl-9-(S)-tetrahydro-furan-3-yl- 9H purine
hydrochloride salt M5 (mz): 445 (M+l) NN I-..... " N11 CO Co
Il rNHC | LN
31-
0]
N HC| 2-[(R)-8-(2-Chloro-phenyl)-2-
[ methyl-9-tetrahydro-furan-3-yl-9H-
28 ) “ in-6-yl]-hexahyd lo[1,2 MS (m/z):
urin-6-yl]-hexahydro-pyrrolo[1,2-
NN P ‘y oy ' 453 (M+1)
)l\N/ a]pyrazin-6-one hydrochloride salt,
éj‘ Isomer 1¢
O
,L HC|
[ j 2-Methyl-6-(4-methyl-piperazin-1-
- N N y1)-9-(R)-tetrahydro-furan-3-yl-8- MS (m/z):
X
){\)I \>—© o-tolyl-9H-purine hydrochloride | 393 (M+1)
N éj salt
O
| HCI
F F . .
F 2-Methyl-6-(4-methyl-piperazin-1-
30 N \ O y1)-9-(R)-tetrahydro-furan-3-yl-8- MS (m/z):
X
/I\]L)I \>—© (2-trifluoromethoxy-phenyl)-9H- 463 (M+1)
N
N purine hydrochloride salt
O
| HCI
N
[N] FF 2-Methyl-6-(4-methyl-piperazin-1-
31 \ F y1)-9-(R)-tetrahydro-furan-3-yl-8- MS (m/z):
X
)Nl\/i N (2-trifluoromethyl-phenyl)-9H- 447 (M+1)
N
N z/\‘ purine hydrochloride salt
o

25



a 8-(2-Cnhl oro-phenyl)-2-nmethyl-6- (4-nethyl-piperazin-1-y1)-9-(S)-
tetrahydro-furan-3-yl-9H purine salt Cohydrochloride M5 (mz): 413 (M+l)
NNI\ W0.2010/080306 CO 26 Oy HOl N C N 1- PCT/US2009/067249
{4-[(S)-8-(2-Chl oro-phenyl)-2- nethyl-9-tetrahydro-furan-3-yl-9H

purin-6-yl]-pi perazin-1-yll- ethanone hydrochloride salt M5 (nmz): 441
(MF1) NI\ 1\ 1441 CO Co 27 % ... I\L)HC I C Na
2-[(S)-8-(2-Chl oro-phenyl) - 2-
met hyl- 9-t et rahydro-furan-3-yl-9Hpuri n36- yl1] - hexahydr o- pyrrol o[ 1, 2-
a] pyrazi n- 6-one hydrochloride salt, le ns (mz): 453 (Mt1l) NN\
O
7\1/ HCI
[ j EE 1-{4-[(R)-2-Methyl-9-tetrahydro-
1 N F furan-3-yl-8-(2-trifluoromethyl- MS (m/z):
)NI\)\IN\ phenyl)-9H-purin-6-yl]-piperazin- | 475 (M+1)
NT N 1-yl}-ethanone hydrochloride salt
O
|
N HCI
[ j 8-(2-Cyclopropyl-phenyl)-2-
13 N N methyl-6-(4-methyl-piperazin-1- MS (m/z):
)N'\)\/I N y1)-9-(R)-tetrahydro-furan-3-yl-9H- | 419 (M+1)
N 2/\‘ purine hydrochloride salt
O
,L HCI
[ ] 8-(2-Cyclopropyl-phenyl)-2-
24 N \ methyl-6-(4-methyl-piperazin-1- MS (m/z):
X
)NLJI 3 y1)-9-(S)-tetrahydro-furan-3-yl-9H- | 419 (M+1)
N N purine hydrochloride salt
-
@)
Y HCI
[N] 1-{4-[(S)-8-(2-Cyclopropyl-
henyl)-2-methyl-9-tetrahydro-
35 I If)u y3) 1-OH . in-6 1]y MS (m/z):
ran-3-yl-9H-purin-6-yl]-
N|)\iN\ PR 447 (M1)
)\N/ N piperazin-1-yl}-ethanone
@ hydrochloride salt
o




--- N N, al soner -31- 28 HC I 2-[(R) -8-(2-Chl oro-phenyl)-2-
nmet hy1l- 9-t etrahydro-furan-3-yl-9Hpuri n-6-yl] - hexahydro-pyrrol o[ 1, 2-
a] pyrazi rwo-20re8m3pdr ochl ori de salt, Isonmer |d M5 (m z): PEBRISEOMD724NN
\ 1 -1\ 1 29 1 rNHC | LN
2- Met hy1l- 6- (4- net hyl - pi perazi n-1yl)-9-(R)-tetrahydro-furan-3-yl-8-
o-tolyl-9H purine hydrochloride salt M5 (mz): 393 (Mrl) NN\ 1, -N
30 1HC I rN LNF F
-33-

N HCI
[ j 8-(2-Methoxy-phenyl)-2-methyl-6-
(4-methyl-piperazin-1-y1)-9-(R)- MS (m/z):
| N tetrahydro-furan-3-yl-9H-purine 409 (M+1)
)\ N

N b hydrochloride salt
o

[ ] 6-(4-Ethyl-piperazin-1-y1)-8-(2-
N o} methoxy-phenyl)-2-methyl-9-(R)- MS (m/z):

37 2 N .
/'\l‘\ T tetrahydro-furan-3-yl-9H-purine 423 (M+1)
NS
N 2? hydrochloride salt
O

[ ] 6-[4-(2-Fluoro-ethyl)-piperazin-1-
/ yl]-8-(2-methoxy-phenyl)-2- MS (m/z):

N
38 O
N JI N\ >: methyl-9-(R)-tetrahydro-furan-3- 441 (M+1)
/I\\ yl-9H-purine hydrochloride salt

[ j 8-(2-Chloro-phenyl)-6-(4-ethyl-
piperazin-1-yl)-2-methyl-9-

MS (m/z):
39 NTXN (tetrahydro-furan-2-ylmethyl)-9H-
)I\ > 441 (M+1)
“N purine hydrochloride salt, [somer

16
@)




Y-F 0 2- Met hyl - 6- (4- net hyl - pi perazin-1- yl1)-9-(R)-tetrahydro-furan-3-yl-8-
(2-trifluoronethoxy-phenyl)-9H hydrochloride salt M5 (nfz): 463 (Mtl) NN
1. wOporo/eseso6 31 | NHCI G F F NF PCT/US2009/067249

2- Met hy1l- 6- (4- net hyl - pi perazin-1yl)-9-(R)-tetrahydro-furan-3-yl-8-
(2-trifluoronethyl-phenyl)-9H hydrochloride salt M5 (mz): 447 (Mtl) NN
\' AN 411 i\r Lpuri ne -32- 32 O NHC ( j" NF 1-

{4-[(R)-2- Met hyl-9-t et rahydrofuran-3-y1-8-(2-trifluoronethyl -

phenyl)-9H purin-6-y1] - pi perazin- 1-yl34-et hanone hydrochl oride salt M
(mz): 475 (M+1)

[Nj HCI 8-(2-Chloro-phenyl)-6-(4-cthyl-

N cl piperazin-1-yl)-2-methyl-9- MS ()
40 NTX—N (tetrahydro-furan-2-ylmethyl)-9H- '
P > ' ' 441 (M+1)
N~ N purine hydrochloride salt, [somer
26
O
0]

1-{4-[8-(2-Chloro-phenyl)-2-
methyl-9-(tetrahydro-furan-2-

HCI
41 N o Imethyl)-9H-purin-6-yl] MS (m/2)
A met -YH-purin-6-yl|-
NHI \>—© A 455 (M+1)
Z~N piperazin-1-yl}-ethanone
EJ) hydrochloride salt

1-{4-[8-(2-Chloro-phenyl)-2-
methyl-9-(tetrahydro-furan-2-

HCI
42 N . Imethyl)-9H-purin-6-yl] MS (m/2)
RN met -YH-purin-6-yl|-
NHI \>—© A 455 (M+1)
“~N piperazin-1-yl}-ethanone
51) hydrochloride salt, Isomer 1

1-{4-[8-(2-Chloro-phenyl)-2-
methyl-9-(tetrahydro-furan-2-

HCI
43 N . Imethyl)-9H-purin-6-yl] MS (m/z):
A met -YH-purin-6-yl|-
NHI \>—© mm 455 (M+1)
“~N piperazin-1-yl}-ethanone
QJ) hydrochloride salt, Isomer 2°




NN\
nmet hyl

- 6- (4- et hyl

NV_ U

33 | NHC

hydr ochl owoQe1@bioe MS (m z) :

-'N 8-(2-Cycl opropyl -

(Mt1)

() N ? 8-(2-Cyclopropyl

419 (M+1) N.'N \

phenyl)-2- nethyl-6-(4-nethyl -
y1)-9-(9S)- tetrahydro furan-3-y1-9H purine hydrochloride salt M5 (nfz):

- phenyl) - 2-
-pi perazin-1- yl1)-9-(R)-tetrahydro-furan-3-y1l-9H purine

UPCT/UB4000/0b83@® C) N?

pi perazin-1-

S V1 A A
-35-
! HC
[ j 8-(2-Chloro-phenyl)-2-methyl-6-
14 N o] (4-methyl-piperazin-1-y1)-9-[(S)-1- | MS (m/z):
NI )j N\>_© (tetrahydro-furan-2-yl)methyl]-9H- | 427 (M+1)
~
N N\\<Oj purine hydrochloride salt
F
NH HC| 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2-
[N] MS (m/z):
45 o] methyl-9-[(S)-1-(tetrahydro-furan-
N . 459 (M+1)
NI NN 2-yl)methyl1]-9H-purine
NZ N \\<Oj hydrochloride salt
|
N HCI
[ ] 8-(2-Chloro-phenyl)-2-methyl-6-
46 N Cl (4-methyl-piperazin-1-y1)-9-[(R)-1- | MS (m/z):
N
)N\ AI \>_© (tetrahydro-furan-2-yl)methyl]-9H- | 427 (M+1)
NS
N N\”““ lo) purine hydrochloride salt
F
H HCI
N 8-(2-Chloro-phenyl)-6-[4-(2-
[ ] fluoro-ethyl)-piperazin-1-yl]-2-
47 methyl-9-[(R)-1-(tetrahydro-furan-
N7 N\ ‘ 459 (M+1)
~ | N 2-yl)methyl]-9H-purine
N 1% hydrochloride salt
@

419



Co

35 0 HO N C)

N? 1-

{4-1(S)-8-(2-Cycl opropyl phenyl)-2-net hyl-9-tetrahydrofuran-3-yl-9H purin-6-

yl] - pi pewazor/dse3pkl - et hanone hydrochl oride salt M5 ( mPeYX/US4ebg/067a4d)
N---"N\ - A co - -33- 36 1 NHCI C ) No/
8- (2- Met hoxy- phenyl) - 2- met hy1- 6- (4-nethyl -pi perazin-1-y1)-9-(R)-
tetrahydro-furan-3-yl-9H purine hydrochloride salt Ms (mz): 409 (M1l)
b "Lk Nik U 37 r NHC
-36-
O
HCI
[N 2-{8-(2-Chloro-phenyl)-2-methyl-
9-[(R)-1-(tetrahydro-furan-2-
48 I ¢ 1( )h 1( 9H g in-6-yl MS (m/z):
met -9H-purm-6-ylg-
N)IN\ yDmethyl]-9H-purin-6-y1} 467 (M1
/I\\N N hexahydro-pyrrolo[ 1,2-a]pyrazin-
\' LO) 6-one hydrochloride salt
0]
3? el | 2-18-(2-Chloro-phenyl)-2-methyl-
[ 9-[(S)-1-(tetrahydro-furan-2-
N o (5)-1-{retrahydr MS (m/2):
49 yl)methyl]-9H-purin-6-yl}-
N N\ 467 (M+1)
)I\ Ay hexahydro-pyrrolo[ 1,2-a]pyrazin-
N
© 6-one hydrochloride salt, Isomer 1%
[N] HC 8-(2-Chloro-phenyl)-6-(4-cthyl-
N iperazin-1-yl)-2-methyl-9-
50 N . I()p hyd ;’u) 3 1y hyl)-9H MS (/)
N tetrahydro-furan-3-ylmet -9H-
Py \>—© A Ty 441 (MH+1)
N~ N purine hydrochloride salt, Isomer
o)
O
[N] HC 8-(2-Chloro-phenyl)-6-(4-cthyl-
N iperazin-1-yl)-2-methyl-9-
51 N : I()p hyd ;’u) 3 1y hyl)-9H MS (/)
NTX tetrahydro-furan-3-ylmet -9H-
PP \>—© ‘ Y Iy 441 (M+1)
N~ N purine hydrochloride salt, Isomer
o)
O

NN\



C) N o NLN 6-(4-Ethyl-piperazin-1-yl1)-8-(2-

nmet hoxy- phenyl ) -2-nethyl -9-(R)- tetrahydro-furan-3-yl-9H purine

hydr ochl owoQe1s@biooMs (m z): 423 (MF1l) \ * 3@CF/URRIOL/0bI2® ) NO/
6- [ 4- (2- Fl uor o- et hyl ) - pi perazi n- 1y1] - 8- ( 2- met hoxy- pheny1) - 2-

met hyl - 9- (R)-tetrahydro-furan-3- yl-9H purine hydrochloride salt M5 (mz):
441 (MF1) N...-Np V1w N"sl0 39 (HCQ () G NN).--N

8- (2- Chl or o- phenyl) - 6- (4- et hyl pi perazin-1-yl)-2-methyl-9-
(tetrahydro-furan-2-yl nethyl)-9Hpuri ne3hydrochl oride salt, Isonmer le M

(mz): -
Y~

[Nj HCl 1- {4-[8-(2-Chloro-phenyl)-2-
N methyl-9-(tetrahydro-furan-3-
52 N : 1 yh 1)(9H y' 6-yl1] MS (/)
N ylmethyl)-YH-purin-6-yl|-
| >Ht> o 455 (MH+1)
N~ N piperazin-1-yl}-ethanone
(\f hydrochloride salt, Isomer 1*
o
@)
[N HCl 1- {4-[8-(2-Chloro-phenyl)-2-

methyl-9-(tetrahydro-furan-3-

53 N ? Imethy1)-9H-purin-6-yl] MS (m/z):
NS ylmethyl)-YH-purin-6-yl|-
| \>—© 455 (M+1)
N

piperazin-1-yl}-ethanone

({ hydrochloride salt, Isomer 2'
o
HF

[N] HCI 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2-
N Cl MS (m/z):
54 N methyl-9-(tetrahydro-furan-3-
NS . | 459 (M)
| \ ylmethyl)-9H-purine hydrochloride
N

[{ salt, Isomer 1)
(0]




441 (Mmr1) 11 , . d -34- 40 r EN NCI NCI

8- (2- Chl or o- phenyl) - 6- (4- et hyl pi perazin-|-yl)-2-nethyl-9-

(t et rahydwo-2buwensog- yl met hyl ) - 9Hpur i ne hydrochl ori de salPCT/uss@ames7222 NS
(mz): 441 (Mrl) N---"NQ N W N d 41 O NNCI C) NC 1-
{4-[8-(2-Chl oro-phenyl)-2- nethyl-9-(tetrahydro-furan-2-

yl met hyl )-9H purin-6-yl]- pip erazin-1 -yll -ethanone hydrochloride salt M
(mz): 455 (M+l) NIN\ *

-38-
V)F
[N] HCI 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2-
N o yD)-pip y MS (m/2):
55 N methyl-9-(tetrahydro-furan-3-
N™ YT 459 (M+1)
| N ylmethyl)-9H-purine hydrochloride
N .
(\f salt, Isomer 2’
O
I
[N] HCI 8-(2-Chloro-phenyl)-2-methyl-6-
4-methyl-piperazin-1-yl)-9-
56 I ¢ E h 21, pfi 3 IY)h 1)-9H MS (m/z):
N tetrahydro-furan-3-ylmet -9H-
Nl)j \>_© o S 427 (M+1)
Z~N purine hydrochloride salt, [somer
N
Q"
O
|
N] HCI 8-(2-Chloro-phenyl)-2-methyl-6-
[ (4-methyl-piperazin-1-yl)-9-

57 I “ (tetrahydro-furan-3-ylmethyl)-9H MS (/)
N tetrahydro-turan-3-ylmet -YH-
Nl)\i»_@ o T 427 (M+1)
NP purine hydrochloride salt, Isomer
=
@)
F
H HCI

[Nj 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2-
58 ) “ h 19Z)p}11)d . 4 MS (m/z):
methyl-9-(tetrahydro-pyran-4-
NS y ey | a3 v
| NP ylmethyl)-9H-purine hydrochloride

d salt
O




NN & 42 0 cNjNClI NCI

nmet hyl - 9- (t et rahydr o- f ur an- 2- yInethyl)-9kkpurin-6-y}]-

1- {4-[8-(2-Chl oro-phenyl)-2-

pip erazin-1 -yll

- et hanoneweabto/osb®ener | f MS (nmfz): 455 (M+l) N NPCT/US2049/067249
dhydrochloride 43 (1\(;NC N C 1- {4-[8-(2-Chloro-phenyl)-2-
met hyl - 9- (tetrahydro-furan-2- ylnmethyl)-9H purin-6-yl]- pip erazin-1 -yll
- et hanone hydrochloride salt, Isomer 2° M5 (mz): 455 (M+l) NN \' N*
N &
-39-
OY
N HCI
[ j 1-{4-[8-(2-Chloro-phenyl)-2-
N methyl-9-(tetrahydro-pyran-4-
cl v (tetrahydro-py MS (m/z):
59 N N\ ylmethyl)-9H-purin-6-yl]-
| ) i 469 (M+1)
N~ N piperazin-1-yl}-ethanone
(j hydrochloride salt
O
I
[N] HCl
N 8-(2-Chloro-phenyl)-2-methyl-6-
Cl
0 N N\ (4-methyl-piperazin-1-yl)-9- MS (m/z):
)l\N/ N (tetrahydro-pyran-4-ylmethyl)-9H- | 441 (M+1)
(j purine hydrochloride salt
O
O
HCI
[N 2-[8-(2-Chloro-phenyl)-2-methyl-
N 9-(tetrahydro-pyran-4-ylmethyl)-
61 N i 9P§ 'y6 15)}},1 h }cll . MS (m/z):
A -purin-6-yl]-hexahydro-
AL [
NZ N pyrrolo[ 1,2-a]pyrazin-6-one
hydrochloride salt, Isomer 2!
O
F
') HCI
[Nj 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2-
62 ) ¢ hyl-9 Z) p}Il) d . ]3 MS (m/z):
methyl-9-(tetrahydro-pyran-3-
Nl/iN\ Y Py 473 (M+1)
)\N/ N ylmethyl)-9H-purine hydrochloride
d salt, Isomer 1™
O




-35- 44 1 NHC ( ) NG 8-(2-¢Chloro-phenyl)-2-nethyl -6-

(4-met hyl - pi perazin-1-y1)-9-[(S)-1- (tetrahydro-furan-2-yl)nethyl]-9H
purine hywsoaetwmspiode salt MS (mz): 427 (Mrl) NN PCIL@S2004H6 4% NHCI C
) NCI 8-(2-Chloro-phenyl)-6-[4-(2- fluoro-ethyl)-piperazin-|-yl]-2-

met hy1-9-[(S)-1-(tetrahydro-furan2-yl)nmethyl]-9H purine hydrochl oride salt
M5 (mz): 459 (M+l) NN\ * 1, NN.O 46 1 CN)HCI NC

8- (2- Chl or o- phenyl ) - 2- et hyl - 6- (4-net hyl - pi perazin-1-y1)-9-[(R) - 1-
(tetrahydro-furan-2-yl)nmethyl]-9H purigpe hydrochl oride salt

F

o

N 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-1-yl]-2-
yD)-pip y MS (m/2):

[N] o]
63 methyl-9-(tetrahydro-pyran-3-
Nl/iN\ y1-9+( ydro-py | s owen
)\N/ N ylmethyl)-9H-purine hydrochloride

salt, Isomer 2™

o)
N HCI

[ ] 8-(2-Chloro-phenyl)-6-(4-ethyl-
N Cl piperazin-1-yl)-2-methyl-9-

64 NN (tetrahydro-pyran-3-ylmethyl)-9H- MS (m/z):
/m _ N\ 455 (M+1)

N purine hydrochloride salt, [somer
ln
O
NS Hcl
[ j 8-(2-Chloro-phenyl)-6-(4-ethyl-

N Cl piperazin-1-yl)-2-methyl-9-

65 N (tetrahydro-pyran-3-ylmethyl)-9H- MS (m/z):
PP N\ 455 (M+1)

purine hydrochloride salt, [somer

s
O




53 °5

t

(
CN

h

(

m
)
yl-

4

mz

)
cl
9-
):

427 (M¥1)

8- (2- Chl or o- phenyl) - 6 [4 (2
-WORpt0108030et r ahydr o- f ur an2- yl ) met hy1]

NN \

"1-. N N V',

0J 47 F HC

fI uor o- et h'yl) pi pera2| n-1-ylj-2-
9H pur i ne Paydrseailoen2uge sal t

459 (M+l) N M1 \ k| -NNO -36- 48 0 ril DHCI L NC
41-
OY
N
[ ] HCI 1- {4-[8-(2-Chloro-phenyl)-2-
N methyl-9-(tetrahydro-pyran-3-
N cl y1-9-( y‘ py MS (m/2):
66 NS\ ylmethyl)-9H-purin-6-yl]-
| 469 (M+1)
N~ N piperazin-1-yl}-ethanone
d hydrochloride salt, Isomer 1°
O
O
N
[ ] HCI 1-{4-[8-(2-Chloro-phenyl)-2-
N methyl-9-(tetrahydro-pyran-3-
cl _ MS (m/z):
67 NT™ N\ ylmethyl)-9H-purin-6-yl]-
| 469 (M+1)
N~ N piperazin-1-yl}-ethanone
d hydrochloride salt, Isomer 2°
O
I
[N j HCI 8-(2-Chloro-phenyl)-2-methyl-6-
4-methyl-piperazin-1-yl)-9-
- N N cl E . Z PP 3 IY)h -9 MS (m/z):
NS tetra ro-pyran-3-ylmet -HH-
\ \>—© YOy 441 (M+1)
NZ N purine hydrochloride salt, [somer
\O 1P
o
|
[N] HCI 8-(2-Chloro-pheny!)-2-methyl-6-
4-methyl-piperazin-1-yl)-9-
69 I N ° E h 21, - 3 IY)h 1)-9H MS (miz):
> tetra ro-pyran-3-ylmet -YH-
NHI \>—© SR RENTTE | aa e
NZ N purine hydrochloride salt, [somer
ko 2
O




2- {8-(2-Chl oro-phenyl)-2-methyl 9-[(R)-1-(tetrahydro-furan-2-

yl ) met hyl] - 9H puri n-6-y11- hexahydro-pyrrol o[ 1, 2-a] pyrazi n- 6-one

hydr ochl owode1smbiooMs (m z): 467 (Mrl) N \' N11 JPOT/US4@Inb@® L a 1
, NN \....... c.) NN 2- {8-(2-Chloro-phenyl)-2-net hyl 9-
[(S)-1-(tetrahydro-furan-2- yl)nethyl]-9H purin-6-yl11-

hexahydr o- pyrrol o[ 1, 2-a] pyrazi n- 6-one hydrochloride salt, Isonmer |g M5
(mz): 467 (M+l) 50 r EN)HCI NC

8- (2- Chl or o- phenyl) - 6- (4- et hyl pi perazinzl -yl)-2-net hyl-9-

(tetrahydro-furan-3-ylnethyl)-9H purine hydrochloride salt, Isoner 0 M5
(mz): 441 (M) NN\OY NN dp S1r
[Nj HCI 1- {4-[8-(2-Chloro-phenyl)-9-(1, 1-
N cl dioxo-tetrahydro-1lambda*6*-
MS (m/z):
70 N N\ thiophen-3-yl)-2-methyl-9H-purin-
| 489 (M+1)
N~ N 6-yl]-piperazin-1-yl}-ethanone
b hydrochloride salt, Isomer 19
70
O
I
N HCI
[ ] 8-(2-Chloro-phenyl)-9-(1,1-dioxo-
N Cl tetrahydro-1lambda*6*-thiophen-
SN N MS (m/z):
71 N N 3-y1)-2-methyl-6-(4-methyl-
M 461 (M+1)
N~ N piperazin-1-y1)-9H-purine
{j hydrochloride salt, Isomer 1"
i
O
|
N HCI
[ j 8-(2-Chloro-phenyl)-9-(1,1-dioxo-
N Cl tetrahydro-1lambda*6*-thiophen-
72 N N\ 3-yl)-2-methyl-6-(4-methyl-
P 461 (M+1)
N~ N piperazin-1-y1)-9H-purine
C‘ hydrochloride salt, Isomer 2°
-0
O
,L HCI
[ j 8-(2-Chloro-pyridin-3-yl)-2-
7 \ cl \ methyl-6-(4-methyl-piperazin-1- MS (m/z):
N =
)N'\)I Y ) | ¥D-9-(R)-tetrahydro-furan-3-y1-9H- | 414 (M+1)
N
N b purine hydrochloride salt
O




EN) HCI NCI 8- (2- Chl or o- phenyl) - 6- (4- et hyl pi perazi n-1-yl)-2-nethyl-9-
(tetrahydro-furan-3-yl nethyl)-9Hpurine hydrochloride salt, |Isomer M5 (nlz):
441 ( MF1)wOIdbL0/080306, 1 NN C2h O -37- 52 C) ('NN) PCIr/USR002467249
{4-[8-(2-Chl oro-phenyl)-2- methyl-9-(tetrahydro-furan- 3-

yl met hyl ) - 9H puri n-6-y1l] - piperazin-l-yll -ethanone hydrochloride salt,

| soner 11 M5 (m z): 455 (M+l) NN\ (-30 530 (NNHC G 1-
{4-[8-(2-Chl oro-phenyl)-2- methyl-9-(tetrahydro-furan- 3-

yl met hyl ) - 9H- puri n- 6-y1] - pi perazin-|-yBl -ethanone hydrochloride salt,

| soner 2' MS (mz): 455 (M+l) NNMIIK

| HCI

N
[ j 8-(4-Chloro-pyridin-3-yl)-2-
5 N\ N Cl _ methyl-6-(4-methyl-piperazin-1- MS (m/z):
)N'\)I Y 2 | yD-9-(R)-tetrahydro-furan-3-yl-9H- | 414 (M+1)
N N purine hydrochloride salt
O

2-Methyl-6-(4-methyl-piperazin-1-
y1)-9-(R)-tetrahydro-furan-3-yl-8- MS (m/z):

B (4-trifluoromethyl-pyridin-3-yl)- 448 (M+1)
9H-purine hydrochloride salt
,L HCI
[ j 8-(2-Cyclopropyl-pyridin-3-yl)-2-
N N methyl-6-(4-methyl-piperazin-1- MS (m/z):
70 )N'\/N\i:\ \ ) | ¥D-9-(R)-tetrahydro-furan-3-y19H- | 420 (M+1)

%/\‘ purine hydrochloride salt
O

Superscripts a-r represent chiral separation conditions: Isomer 1 is first to elute from

analytical chiral column and isomer 2 is the second to elute from the chiral column.
RegisPack SFC, Eluent: 10% EtOH (0.2% IPAm)/CO,

. Chiralpak AS-H, Eluent: 100% MeOH (0.2% DMEA)

Chiralpak AD-H, Eluent 40:60 IPA:heptane (0.2% DMEA )

. Chiralpak AD-H SFC, Eluent: 20% IPA(0.2% IPAm)/ CO,

Chiralpak AD-H SFC, Eluent: 7% MecOH (0.2% IPAm)/ CO,

Chiralpak AS-H, Eluent: 100% EtOH

. Chiralpak AD-H, Eluent: 30:70 IPA:heptane (0.2% DMEA)

. Chiralpak AD-H SFC, Eluent: 10% EtOH(0.2% IPAm)/ CO,

)
c @

e o

10

5 g = o



Jl 00 54 F? NHC C NC 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-|-yl]-2- nethyl-9-(tetrahydro-furan-3-
yl met hyl )wWOHemnsizve hydrochl oride salt, Isoner |i M5 459CTNS2009/04%229
J1IN. N-.-)NO O -38- F ? NHCI C) NC 55
8- (2-Chl oro- phenyl1)-6-[4-(2- fluoro-ethyl)-pip erazin-1-yl] -2-
nmet hyl - 9- (t et rahydr o-furan-3- yl net hyI )-9H puri ne hydrochl oride salt,
| soner 2J \ M5 459 (M+1l) NN -
_44_

I. Chiralcel OJ-H SFC, Eluent: 10% MeOH(0.2% IPAm)/ CO,

J. Chiralpak AD-H SFC, Eluent: 10% EtOH (0.2% IPAm)/ CO,

k. Chiralpak AD-H, Eluent: 15:85 IPA:heptane (0.2 DMEA)

1. Chiralpak AD-H SFC, Eluent: 20% MeOH(0.2% IPAm)/ CO,

5  m. Chiralpak AD-H SFC, Eluent:10% EtOH (0.2% IPAm) CO;

Chiralpak AD-H SFC, Eluent: 10% EtOH (0.2% IPAm) CO,
. Chiralpak AS-H SFC, Eluent: 10% McOH(0.2% IPAm)/ CO,
. Chiralpak AD-H, Fluent: 5:95 EtOH:heptane (0.2% DMEA)

p
q. Chiralpak AS-H, Eluent: 100% MeOH (0.2% DMEA)

B

o

10 r. Chiralpak AS-H, Eluent: 100% MeOH (0.2% DMEA)
Example 77:
8-(4-Methoxy-2-methyl-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-
furan-3-yl-9H-purine
I
N
N
NN
N N \
15 °

Dissolve 6-chloro-2-methyl-N*4*-(R)-tetrahydro-furan-3-yl-pyrimidine-4,5-

diamine (0.100 g, 0.402 mmol), 4-methoxy-2-methylbenzaldehyde (0.091 g, 0.603
mmol), N-methylpiperazine (0.044 g, 0.443 mmol) and nitrobenzene (0.050 g, 0.402
mmol) in methoxybenzene (1.2 mL) and heat to 140°C for 2 days. Next, stir at room

20  temperature for 3 days. Next, concentrate under reduced pressure and partition between
aqueous 2N HCI and dichloromethane, wash with dichloromethane. Basify aqueous phase
to pH 12 and extract with dichloromethane. Load organics onto 5g SCX-2 column, wash
with methanol then elute product with 2N ammonia in methanol. Purify by prep high-
pressure liquid chromatography and lyophilize from water/acetonitrile to afford the title

25  compound as the freebase. MS (m/z): 423 (M+1).



N,0O 56 I (NHCI ) C 8-(2-Chloro-phenyl)-2-nethyl-6-

(4-met hyl - pi perazin-1-y1)-9- (tetrahydro-furan-3-ylnethyl)-9Hpurine

hydr ochl owode1smbios | somer M5 (mlz): 427 (M+1l) NN\ PCTAUS2009/0672M m O

57 1 CNHClI ) NCI 8-(2-Chloro-phenyl)-2-nethyl -6-

(4- et hyl - pi perazin-1-y1)-9- (tetrahydro-furan-3-ylnethyl)-9H purine
hydrochl oride salt, Isomer 2k M5 (mz): 427 (M+l) NN\ 11...... mwv NN
0 58 F ?HCI

-45-
Example 78
2-[2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H-purin-8-yl1]-

benzonitrile hydrochloride salt

| HCI
N

o
O

5  Step I:
Heat a solution of 8-(2-bromophenyl)-6-chloro-2-methyl-9-(tetrahydro-2H-pyran-

4-y1)-9H-purine (0.0023 mol, 1.0 g), 1-methyl piperazine (0.0025 mol, 0.25g, 1.1 equiv.)
and triethylamine (0.0025 mol, 0.25 g, 1.1 equiv.) in ethanol (10.0 mL) at 90°C for 16 h.
Concentrate the reaction mixture under reduce pressure. Dissolve the residue in dry

10  dichloromethane and wash with saturated sodium bicarbonate solution, water, and brine.
Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate to give the
residue. Purify the residue by silica gel chromatography eluting with dichloromethane:
methanol 97:3 to give 8-(2-Bromo-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-
(tetrahydro-pyran-4-yl)-9H-purine (0.71 g). Used as such for the next step.

15  Step 2:

Charge a microwave reaction vessel with 8-(2-Bromo-phenyl)-2-methyl-6-(4-
methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H-purine (0.0015mol, 0.7g), zinc
cyanide (0.0022 mol, 0.256 g, 1.5 equiv.), and dry N, N-dimethylformamide (5.0 mL).
Degas three times with nitrogen. Add Pd(PPh;)4 (0.0001mol, 0.17g, 0.1 equiv.) and

20  degas again three times with nitrogen. Seal the reaction vessel and irradiate at 150°C for 1
hour in microwave. Cool the reaction mixture to room temperature, quench the reaction
mixture with water and extract with ethyl acetate. Wash the organic layer with brine, dry
over anhydrous sodium sulfate, filter, and concentrate under reduced pressure to give a
residue. Purify the residue on silica gel column eluting with dichloromethane: methanol

25 99:1 to give the freebase. Add HCI (2M solution in diethyl ether) (0.026 g, 0.0007 mol,



N C) NCI 8-(2-Chloro-phenyl)-6-[4-(2- fluoro-ethyl)-piperazin-I|-yl]-2-

net hyl - 9- (t et rahydr o- pyran-4- yl nmethyl)-9H purine hydrochl oride M5 473

(MF1)  NNWO\2010/088306 Niisalt (Oi -39- 59 0 HCI N C PCNUSR009/067249

1- 14-[ 8- (2- Chl or o- phenyl) - 2- nethyl-9-(tetrahydro-pyran-4-

yl met hyl )-9H purin-6-y1] - piperazin-Il-yll -ethanone hydrochloride salt M

(mz): 469 (Mrl) NN\ 1. NN (0-) 60 I CN)HC Cl

8- (2- Chl or o- phenyl) - 2-met hy1l- 6- (4- et hyl - pi perazi n-1-y1)-9-

(tetrahydro-pyran-4-ylnmethyl)-9H puring- hydrochloride salt M5 (nfz): 441
Vi1

( ) 1.0 equiv.) to the mixture of 2-(2-methyl-6-(4-methylpiperazin-1-yl)-9-(tetrahydro-2H-

pyran - 4- yl)- 9H - purin - 8-yl) benzonitrile (0.3 g, 0.0007 mol) in diethyl ether (5 mL)
at 0°C and stir for 2 hours at room temperature. Filter the precipitate, wash with diethyl

cther, and dry in a vacuum to give the title compound. MS (m/z): 418.29 (M+1).

5
Examples 79-80 in Table 4 may be prepared essentially by the same procedure
over two steps as example 78 using the appropriately substituted purine according to
Scheme E.
10  Table 4.
Ex. No. Physical
Structure Chemical name
data
79 | Ha
[N] 2-[(R)-2-Methyl-6-(4-methyl-
N
)NI \\: piperazin-1-yl)-9-tetrahydro-furan- | MS (m/z):
N™ X N\ . e
)l\N/ N 3-yl-9H-purin-8-yl]-benzonitrile 404(M+1)
b hydrochloride salt
o
80 'L HCI
[ j 2-[(S)-2-Methyl-6-(4-methyl-
N
N \ piperazin-1-yl)-9-tetrahydro-furan- | MS (m/z):
x>—N
)Nl\)IN\ 3-yl-9H-purin-8-yl]-benzonitrile | 404(M-+1)
N :
@ hydrochloride salt
o
Example 81:

2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-8-o-tolyl-9H-purine
hydrochloride salt.



NN 1. -1\IN 61 O ril-DHCl LN C

2-[8-(2-Chl or o- phenyl) - 2- net hyl 9- (t et r ahydr o- pyr an- 4-yl net hyl ) -

9H pur i n-woybjv/dsesoahydr opyrrol o[ 1, 2- a] pyrazi n- 6- one hydPoghisesnoder2sal t |

| somer 21 M5 (miz): 481 (Mtl) NN\ N (0---) F HO (N ) NCd
N)---N1 62 8-(2-Chl oro-phenyl)-6-[4-(2- fluoro-ethyl)-piperazin-I|-yl]-2-
nmet hyl - 9- (t et rahydr o- pyran-3_ yl net hyl )-9H purine hydrochloride Isoner Im
M5 (mz): 473 (Mtl) \ A,

To a solution of 6-Chloro-2-methyl-N*4*-(tetrahydro-pyran-4-yl)-pyrimidine-4,5-
diamine (1 g, 4.12 mmoles) in dimethyl sulfoxide (5§ mL) is added o-tolualdehyde 4.12
mmol), N-methylpiperazine (4.12 mmol) followed by acetic acid (9.89 mmoles, 566.635

5 uL). This reaction is heated to 90°C open to the atmosphere for 8 hours. Material is
charged onto a pre-conditioned SCX column and eluted with 7N ammonia in methanol,
solvent evaporated and crude is purified reverse phase chromatography. To the material is
added 1 equivalent of HC1 4M in 1,4-dioxane. The excess solvent is evaporated to give
the title compound. MS (m/z): 407 (M+1).
10
Examples 82-83 in Table 5 may be prepared essentially as described in Example

81 using the appropriate pyrimidine, aldehyde, and piperazine according to Scheme F.

Table §.
Ex. No. Physical
Structure Chemical name
data
82 L no
[ ] 8-(2-Fluoro-phenyl)-2-methyl-6-
N/N\iN F (4-methyl-piperazin-1-yl)-9- MS (m/z):
I 7 N\ (tetrahydro-pyran-4-yl)-9H-purine | 411 (M+1)
@ hydrochloride salt
o




N jsalt, U0 -40- F HCl (N ) NCI 63 8-(2-Chloro-phenyl)-6-[4-(2-
fluoro-ethyl)-piperazin-l1-yl] -2- nmethyl-9-(tetrahydro-pyran-3_

yl met hyl )wWOHemmsizve hydr ochl oride salt, |soner 2nl \ PBT(UsL@p067248 ( M+1)
NN A, Ni p* Uo 64 r CN jHC NC

8- (2-Chl or o- phenyl) - 6- (4- et hyl pi perazin-1-yl1)-2-nethyl-9-
(tetrahydro-pyran-3-yl nethyl)-9H purine hydrochloride salt, Isoner in M5

(mz): 455 (M+l) NN . 1 1\14i 1 Uo 65 r
-48-
83 |
N HCI
[ ] 8-(2-Ethyl-phenyl)-2-methyl-6-(4-
N
methyl-piperazin-1-yl)-9- MS (m/z):
NN
)I\ Ay (tetrahydro-pyran-4-yl)-9H-purine | 421 (M+1)
N
hydrochloride salt
O
Example 84:

3-[8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-purin-9-yl]-azetidine-1-
carboxylic acid methylester

g

N

ol
sty
&

>~o

5 -0
Step 1:

Heat a solution of tert-butyl 3-(6-chloro-8-(2-chlorophenyl)-2-methyl-9H-purin-9-
yl)azetidine-1-carboxylate (0.012 mol, 5.5 g), N-ethyl piperazine (0.013 mol, 1.59 g, 1.1
equiv.), and triethylamine (0.013 mol, 1.41 g, 1.1 equiv.) in ethanol (25.0 mL ) at 90°C

10 for 16 hours. Concentrate the reaction mixture under reduced pressure. Dissolve the
residue in dry dichloromethane. Wash with saturated sodium bicarbonate solution, water,
and brine. Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate
under reduced pressure to give the residue. Purify the residue by silica gel
chromatography eluting with dichloromethane: methanol 98:2 to give tert-butyl 3-(8-(2-

15  chlorophenyl)-6-(4-ethylpiperazin-1-yl)-2-methyl-9H-purin-9-yl)azetidine-1-carboxylate
(3.0 g). MS (m/z): 512.31(M+1).

Step 2:



¢ NNHCI NC  8-(2-Chl oro-phenyl)-6-(4-ethyl pi perazin-|-yl)-2-methyl-9-
(tetrahydro-pyran-3-yl nethyl)-9Hpurine hydrochloride salt, |sonmer 2' M
(mz): 4580(2Me1080305IN \ 1. -N L ) W0 -41- 6@CO/UShIIBCI24C  1-
{4-[8-(2-Chl oro-phenyl)-2- methyl-9-(tetrahydro-pyran- 3-
yl met hyl ) - 9H puri n-6-y1l] - piperazin-l-yll -ethanone hydrochloride salt,
| soner 10 M5 (mz): 469 (Mtl) NN\ JI. uo 67 C) (NNJHCI C 1-
{4-[8-(2-Chl oro-phenyl)-2- methyl-9-(tetrahydro-pyran- 3-
yl met hyl ) - 9H- puri n- 6-y1] - pi perazin-|-ybl -ethanone hydrochloride salt,
| somer 2 M5 (mz): 469 (M1) NN

Add trifluoroacetic acid (15 mL) to a solution of tert-butyl 3-(8-(2-chlorophenyl)-

6-(4-ethylpiperazin-1-yl)-2-methyl-9H-purin-9-yl)azetidine- 1 -carboxylate (0.005 mol, 3.0
) in dichloromethane (15 mL) at 0 °C and stir for 2 hours at room temperature. Quench
the reaction mixture with saturated sodium bicarbonate solution and extract with

5 dichloromethane. Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate under reduced pressure to give 9-(azetidin- 3 -yl)- 8-(2-chlorophenyl )- 6-(4 -

ethylpiperazin- 1-yl)-2-methyl-9H-purine (2.4 g). MS (m/z): 412.22 (M+1).

Step 3:
Add methyl chloroformate (0.0024 mol, 0.22 g, 2.5 equiv.) to a solution of 9-
10 (azetidin- 3 -yl)- 8-(2-chlorophenyl )- 6-(4 -ethylpiperazin- 1-yl)-2-methyl-9H-purine
(0.0009 mol, 0.4 g) and pyridine (2 mL) in dry dichloromethane (2 mL) at 0°C and stir
for 2 hours at room temperature. Quench the reaction mixture with saturated sodium
bicarbonate solution and then extract with dichloromethane. Dry the organic layer over
anhydrous sodium sulfate, filter and concentrate under reduced pressure to give the
15  residue. Purify the residue by silica gel chromatography eluting with dichloromethane:
methanol 98:2 to give the title compound as the freebase (0.155 g). MS (m/z):
470.63(M+1).

Example 85:
20 8-(2-Chloro-phenyl)-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-ylmethyl)-9H-
purine hydrochloride salt

[Nj HCI
N cl
N
O3
N N
0

Step 1:

Charge a microwave reaction vial with 4,6-dichloro-pyrimidin-5-ylamine (12.20

25  mmoles, 2.00 g), isopropyl alcohol (5 mL), C-(tetrahydro-pyran-4-yl)-methylamine



\ : uo 68 1 (NNHCI NC 1,-N 8-(2-Chloro-phenyl)-2-nethyl-6-
(4-met hyl - pi perazin-1-y1)-9- (tetrahydro-pyran-3-ylnethyl)-9Hpuri ne

hydr ochl owode1smbios | somer |p MS (mz): 441 (Mtl) Nm  PCT/US2000406 7249
CN)HCI CI' N 8- (2-Chl oro-phenyl)-2-nmet hyl -6- (4-nethyl-piperazin-1-y1)-9-
(tetrahydro-pyran-3-yl met hyl )-9Hpuri ne hydrochloride salt, |soner 2P M5

(m2z):

441 (Mr1) N .--N\ YJN--NW 0

10

15

20

25

-50-

(14.63 mmoles, 1.69 g), and N,N-diisopropylethylamine (15.85 mmoles, 2.76 mL).
Irradiate with stirring at 140°C for 2 hours with high absorbance mode in the microwave.
Solvent is evaporated and residue triturated with dichloromethane to afford 6-Chloro-
N*4*_(tetrahydro-pyran-4-ylmethyl)-pyrimidine-4,5-diamine.

Step 2:

Prepare 6-Chloro-8-(2-chloro-phenyl)-9-(tetrahydro-pyran-4-ylmethyl)-9H-purine
is using 6-Chloro-N*4*-(tetrahydro-pyran-4-ylmethyl)-pyrimidine-4,5-diamine according

to general procedure 2-1.

Step 3:
Displace 6-Chloro-8-(2-chloro-phenyl)-9-(tetrahydro-pyran-4-ylmethyl)-9H-
purine with N-methylpiperazine and prepare hydrochloride salt using the same procedure

as example 1 to give the title compound. MS (m/z): 427 (M+1)

Example 86:
8-(2-Chloro-phenyl)-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-2-
trifluoromethyl-9H-purine hydrochloride salt

|
n.  HC

ol
gge!

Step 1:

Charge a microwave reaction vessel with 4,6-dichloro-2-trifluoromethyl-
pyrimidin-5-ylamine ( 4.31 mmoles, 1.00 g), isopropyl alcohol (3 mL), (R)-(tetrahydro-
furan-3-yl)amine (5.17 mmoles, 639.24 mg), diisopropylethylamine (12.93 mmoles, 2.26
mL). Irradiate with stirring at 140°C for 2 hours using the high absorbance mode.
Concentrate under reduced pressure, dissolve in dichloromethane, and wash with water (2
x 150 mL). The organic layer is dried over magnesium sulfate and evaporated to afford a

brown oil. Purify by silica gel chromatography eluting with hexanes: ethyl acetate 0-

69



-42- 70 ) NHC C NC 1- {4-[8-(2-Chloro-phenyl)-9-(1, 1-

di oxo-tetrahydro-I| 1| anbda*6*-

t hi ophen-woyd)o/@o3vet hyl- 9H puri n6-y1] - pi perazin-1-yl | - @ChHAISRI09/067249
hydrochl ori de salt, Isomer Iqg M5 (mz): 489 (Mtl) NN . \ NN S=0 8
71 1 NHCI C NC

8- (2- Chl oro- phenyl)-9-(1, 1- di oxot et rahydr o-I | anbda*6*-t hi ophen3-y1l) - 2- net hy
| - 6-(4-nmethyl - piperazin-l-yl)-9H purine hydrochloride salt, Isoner Ir M

(mz): 461 (ML) I N 1 -11 N55=0 8 72 1 N HC
100% to afford 6-Chloro-N*4*-(R)-tetrahydro-furan-3-yl-2-trifluoromethyl-pyrimidine-
4,5-diamine.
Step 2:

Treat 6-chloro-N*4*-(R)-tetrahydro-furan-3-yl-2-trifluoromethyl-pyrimidine-4,5-
5  diamine ( 2.67 mmoles, 0.756 g) and 2-chloro-benzaldehyde (2.94 mmoles, 331.39 uL) in
anhydrous 1,4-dioxane (10 mL) with 15% ferric chloride on silica (8.56 mmoles, 1.39 g)
and heat at 100°C overnight. Filter through diatomaceous earth and wash with ethyl
acetate. Evaporate filtrate to afford 6-Chloro-8-(2-chloro-phenyl)-9-(R)-tetrahydro-furan-
3-yl-2-trifluoromethyl-9H-purine.
10 Step 3:

Displace 6-Chloro-8-(2-chloro-phenyl)-9-(R)-tetrahydro-furan-3-yl-2-
trifluoromethyl-9H-purine with N-methylpiperazine and prepare hydrochloride salt using
the same procedure as example 1 to give title compound. MS (m/z): 467 (M+1).

15  Example 87:
8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran-4-
ylmethyl)-9H-purine hydrochloride salt.

g

Sl
L0

Step 1:

20 In a 1 L rbf fitted with reflux condenser, nitrogen inlet and stirring bar, dissolve 5-
amino-4,6-dichloro-2-methylpyrimidine (25 g, 140 mmol), 4-
aminomethyltetrahydropyran hydrochloride (36.2 g, 239 mmol), triethylamine (57 mL,
407.3 mmol) in isopropyl alcohol (280 mL) and heat to reflux. After 42 hours allow to



c d
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8- (2- Chl or o- pheny1) - 9- (1, 1- di oxot et rahydro- 1| arbda*6*-t hi ophen3-y1) - 2- met hy
1- 6- (4- mewbybpygsesvazi n-1-y1l) - 9H pur| ne hydrochl ori de salPCI/uss@am®s7229 NS
(mz): 461 (M+1l) NN . ...... : N' S=0 8 IHCI N L N cl
8-(2-Chloro-pyridin-3-yl)-2- nethyl-6-(4-nethyl -pi perazin-1-
y1l)-9-(R)-tetrahydro-furan-3-yl1-9H purine hydrochloride salt M5 (mz): 414
(M) A N..O WO 2010/ 080306PCT/ US2009/ 067249 -43- 74 IHCI r N L
N cl 8-(4-Chloro-pyridin-3-yl)-2- methgb-6-(4-nethyl-piperazin-1-
y1)-9-(R)-tetrahydro-furan-3-yl-9H purine hydrochloride salt M5 (mz): 414
(M+1l) N cool to room temperature. Remove the solvent under reduced pressure and dissolve the

resulting residue in dichloromethane (300 mL). Wash the organic layer with water (2 x

150 mL) and brine (150 mL), dry over anhydrous sodium sulfate, filter and evaporate to

afford 6-chloro-2-methyl-N-4-(tetrahydro-pyran-4-ylmethyl)-pyrimidine-4,5-diamine (38
5  g). MS (m/z): 257/259 (M+1).

Step 2:

In a 3 necked 1L rbf, fitted with thermometer, condenser and a fritted air inlet
dissolve 6-chloro-2-methyl-N-4-(tetrahydro-pyran-4-ylmethyl)-pyrimidine-4,5-diamine
(37.6 g, 146.4 mmol) and copper(Il) trifluoromethanesulfonate (26.5 g, 73.2 mmol) in
10 dimethylformamide (585 mL) at room temperature. Then add triethylamine (41 mL, 293
mmol), N-ethylpiperazine (20.6 mL, 161.1 mmol) and 2-chlorobenzaldehyde (24.7 mL,
219.7 mmol) and heat the mixture to 100°C with stirring and air sparging.

After 5.5 hours, stop heating and cool to room temperature. Dilute with ethyl
acetate (1 L) and wash with saturated aqueous sodium hydrogen carbonate (1 x 200 mL)
15  and ammonium hydroxide (1 x 200 mL). Dry the organic layer over anhydrous sodium
sulfate, filter, and evaporate to afford a brown oil and purify by silica gel chromatography
(4% methanol in dichloromethane) to afford 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-
y1)-2-methyl-9-(tetrahydro-pyran-4-ylmethyl)-9H-purine (17.6 g). MS (m/z): 455/457
(M+1).
20  Step 3:

Stir 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran-
4-ylmethyl)-9H-purine (5.23 g, 11.5 mmol) in diethyl ether (45 mL) and add hydrogen
chloride (4N in 1,4-dioxane, 2.9 mL, 11.5 mmol) at room temperature. After 2 hours
collect the solid obtained by filtration and wash with diethyl ether. Vacuum dry to afford

25  the title compound (5.4 g) MS (m/z): 455/457 (M+1- HCI).

Example 88:
8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-y1)-9-(R)-tetrahydro-furan-3-yl-
9H-purine hydrochloride salt
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2- Met hy1- 6-
(4-trifl vsoammidsyioepyri di n-3-y1l) -

448 (MF1)

| HCI CNF F
(4-met hyl - pi perazin-1yl)-9-(R)-tetrahydro-furan-3-yl- 8-

N\ /' N 76 1 NHO () NN 'N N

8- (2-Cycl opropyl -pyridin-3-yl)-2- nethyl-6-(4-nethyl-piperazin-1-

y1l)-9-(R)-tetrahydro-furan-3-y1-9H purine hydrochloride salt M5 (mz):

(M+1)
condi ti ons:

9H puri ne hydrochl ori eeTABRe0INE 24N 2) :

N "NK, -10 Superscripts a-r represent chiral separation

Isomer 1 is first to elutesgromanalytical chiral colum and
Isomer 2 is the second to elute fromthe chiral
Eluent: 10% EtOH (0.2% I PAM/CX2 5 p. Chiral pak AS-H, Eluent: 100% MeOH
(0.2% DVEA) c. Chiral pak AD-H, El 4@;-69 | PA: heptane (0.2% DVEA )

d.

420

colum. a. Regi sPack SFC,

Chiral pak AD-H SFC, Eluent: 20% I PA(O. 2% | PAM)/ CO2 e. Chiral pak AD-H SFC,
Eluent: 7% MeOH (0.2% 1 PAnm)/ CQ2 1~ €hiral pak AS-H, Eluent: 100% EtOH 10 g.

Chiral pak AD-H, Eluent:
SFC, Eluent: 10% Et OH(O0. 2% | PAM) /N N
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n
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Step 1:

In a 1 L rbf fitted with reflux condenser, stirring bar and nitrogen inlet, combine
5-amino-4,6-dichloro-2-methylpyrimidine (20 g, 112.3 mmol), (R)-(tetrahydro-furan-3-
yl)amine hydrochloride (20.8 g, 168.5 mmol), triethylamine (45 mL, 325.81 mmol) and
isopropyl alcohol (225 mL) and heat to reflux with magnetic stirring. After 4 days stop
heating and allow to cool to room temperature. Remove the solvent under reduced
pressure and dissolve the resulting residue in dichloromethane (300 mL) and wash with
water (2 x 150 mL) and brine (150 mL). Dry the organic layer over anhydrous sodium
sulfate, filter and evaporate to afford 6-chloro-2-methyl-N*4*-(R)-tetrahydro-furan-3-yl-
pyrimidine-4,5-diamine (23.1 g). MS (m/z):229/231 (M+1)

Step 2:

Dissolve 6-chloro-2-methyl-N*4*-(R)-tetrahydro-furan-3-yl-pyrimidine-4,5-
diamine (23.1 g, 101 mmol), 2-chlorobenzaldehyde (17.0 mL. 151.5 mmol), N-
methylpiperizine (12.3 mL, 111.12 mmol) and nitrobenzene (10.3 mL, 101.01 mmol) in
Methoxybenzene (300 mL) and heat to 130°C (internal temp) open to air. After 36 hours
the mixture was cooled to room temperature and pour onto a pad of SCX-2 resin (80 g)
and elute with methanol (500 mL) followed by 3.5N ammonia in methanol (500 mL).
Remove the solvent from the ammonia in methanol fractions to afford a brown oil and
purify by silica gel chromatography eluting with dichloromethane : methanol 3-20% to
afford 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-
3-yl-9H-purine as a dark oil (10.1 g). MS (m/z): 413/415 (M+1).

Step 3:

Dissolve 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-y1)-9-(R)-

tetrahydro-furan-3-yl-9H-purine (8.62 g, 20.9 mmol) in diethyl ether (105 mL) and treat

30: 70 | PA: hept a e 0. 2% DVEA) h. Chiral pak AD-H



|. Chiralcel QJ-H SFC, Eluent: 10% MeOH(0.2% I PAM/ C2 J. Chiral pak AD-H
SFC, Eluent: 10% EtOH (0.2% I PAM)/ CO2 k. Chiral pak AD-H, Eluent: 15:85

| PA: hept awie 200/@03WVEA) 1. Chiral pak AD-H SFC, El uent: 20¢aNSM00672%9 | PAN) /
C2 5 m Chiral pak AD-H SFC, El uent:10% EtOH (0. 2% | PAM) CO2 n.

Chiral pak AD-H SFC, Eluent: 10% EtOH (0.2% | PAM) CO2 o. Chiral pak AS-H SFC,
El uent: 10% MeOH( 0. 2% | PAM/ CO2 p. Chiral pak AD-H, Eluent: 5:95

Et OH: hept ane (0. 2% DVEA) g. Chiral pak AS-H Eluent: 100% MeOH (0.2%
DMEA) 10 r. Chiral pak AS-H, Eluent: 108% MeOH (0.2% DVEA) Exanple 77:

8- (4- Met hoxy- 2- net hyl - pheny1l) - 2- net hy1- 6- (4- met hyl - pi perazin-1-y1)-9-(R)-te
t r ahydr of urwih Byrdydged ehlpudd HeN In dibx@ng, SN INEL 20N 8-mmob). Stir NN miBture for 15 Di ssol ve

6- chl or o- 2- t p 5-..di am ne
(0100 g, oI slidt g Fhich Bt ARYLE bUARLSL MR il B by T 5
mrol ), N nmetohiy| Thepej@aiy nﬁth(sﬁna@eﬂrthl gas mepéibﬁe mmfejrednch utd memzé flesk( 0. 050 g,
0.402 mol) hoxybenzene (1 1) and h 0C fo ays. Next,
stir at rooﬂ@fﬁw?i g¥g§gwgn}%ﬁngﬁﬁgb»cmﬁgng?%gﬁggﬁﬁ( N %ﬁé%g r educed
pressur & and-pRHCI oiyi’ berneeroase aalichl@dintiGdneand di chl or onet hane, wash
wi t h di chl oronet hane. Basify aqueous phase to pH 12 and extract with

di chl oronet hane. Load organics onto 5g SCX-2 col umm, wash w th net hanol
then el ute phagucto:wi th 2N amonia in nmethanol. Purify by prep

hi gh-pressure_ |iquid chraomat ography and | yophilijize fromwater/acetonitrile
to afford t¥#é* Fhkor%pffsyléarm%ﬁé dhgthd-pineBepa kDN tehyGy-pyasd-yomi) . - 45-

Exanpl e 78 purine phosphate salt.

2-[ 2- Met hy1- 6- (4- et hyl - pi perazi n-1-y1)-9-(tetrahydro-pyran-4-yl)-9H puri n-
8-y1]- benzonitrile hydrochloride shlt 5Step 1: Heat a sol ution of
8- (2- bronophenyl)-6-chl oro-2-neth -(tﬁkkahydro 2H pyran4-y1) - 9H purine
(0.0023 mol, 1.0 g), 1-nethyl p|p ra2|ne {0'0025 nol, 0.25g, 1.1 equiv.)
and triethylanine (0. 0025 nol , eqU|v ) in ethanol (10.0 nlL) at
90C for 16 h. Concentrate the react on nlx re under reduce pressure.

Di ssolve the residue in dry 10di chl OMOTI& and wash wi th saturated

sodi um bi carbonate sol ution, watefl Dry the organic | ayer over
anhydrous sodium sul fate, filte dﬁd ncentrate to give the residue.
Purify the residue by silica gel "chro raphy eluting with

di chl or onet hane: nethanol 97:3 to give

8- (2- Brgyro- phenyl ) - 2- net hyl - 6- (4- et hyl =y per azi n- 1-y1) - 9-
(tetrahydro;pyran-4-yl)-9H purine (0.71 g). Used as such for the next step.
15Step 2: S®P Ll charge a nlcromave reacti on vessel with

8- (2- Brono- phenyl) - 2- et hy1- 6- ( 4-

met hyl - pi per azi ry¥n9390_L5nL¢-la(S§ @F?S&wa%orpgﬂ%neé Yo hG-dehPive?-( 0. 0015mol |

0.79), zi NCm&UAPIERid{R @mg 970l ,10@0 %5160194 ailnn%t&ﬂtﬁyd/ro%yrarﬁlﬂ@r&hhbrlde

N, N- di et hyl f or mam de (5 m.) . gas three tinmes with nitrogen. Add

Pd( PPh3) 4 (@!8e0irot mml)lchgsopeopyleéwéﬂwng (S2Qdmb.dedasmelyaidisqienye times with
nitr 0Q€é{x Sﬁ@dhof-{’@O ﬁl@?cgéa@ﬂle%%sﬁﬁé Vé%MtllgﬁtfyaghﬁEt?rrlﬁé aﬁéQ&usft Qe sét rin

m crowave. he reaction mxture to roomtenperature, quench the

reacti on mift igabcaptrohtol80 &¢. awdthesixtereat 0K @Fﬁﬂ'hoﬁée@%{ﬂé}le st the

organi ¢ | &y t6Pic Rens (Ve QY 6 prBIILALUTA SQiR Bl fan {11 ter, and
concentrate under reduced pressure to give a reS| y the resi due on
silica gel1@@hmhbné¢ﬁﬁﬁnglﬁﬁtmn®)dhi@ﬁbmevﬁaﬁdwmwhthmMmhtQE@Qﬁqndo gi ve the
f Lgebisg eq 88&‘%%{6(0% IYhé 9& Lﬁlfl Qﬂ f|01rl afndadﬁﬁlla}{il 2(3thh1?rlé Cgcg tlQe rgagibn 911}9[91%7 ol ,

2- (2- metthy 1&rﬁs1¢r4{amqietaydrp|vpetrtharemetdr of PyesQu¢, tand trahgedﬂm-cﬁiﬂpwts torm recaberyyl) - 9H -
purin - 8-y b zonltrl e .3 g, 0.0007 nol ieth r (5 m) at
B and sci Ly CORRRtE e Bt Rar i Ao P FHP T ¢ e, waeh

with diet hyd>r1gedaﬂle(51umanéid¢ﬂwytei (rxoanﬂa@nwahylaccghwezmhﬁ)tamﬂ h@ns&ﬁﬁﬂ’m)und VB
(mz): 418. 29 g P gny g 79-80 in Table 4 ¥ ared
essential | y°BY gHEXE’é%? PR eT°PERRLS 1 apes. %6’8?8{}% g1u7g Sd% “%hg the
gppr opri at &wh aﬂﬁlsawatbltm e i@orgﬁlﬁ@ﬁlgbgﬂgi@nﬁ&cél) \$§sm0 NNm vaterk@%abb er4. Ex. No.
tructure em cal nane ca ata

2-[ (R) -2 MeteyP1ing (109 myas thext %Mm{% lgyqy pyergnpydrous sodipg selftan- Ms (M2): N




) IN* 3-yl1-9H purin-8-yl]-benzonitrile hydrochloride salt 404(M+1) 80 I HCl
N C)N 2-[(S)-2-Methyl-6-(4-methyl - N

pi per azi rwb-29myos@obet r ahydro-furan- Ms (MZ): NL'N PCT/US2009/067249
3-y1-9H purin-8-yl]-benzonitrile 404(M+l) NN_ a hydrochloride salt

Exanpl e 81:
2- Met hyl- 6- (4- net hyl - pi perazi n-1-yl)-9-(tetrahydro-pyran-4-yl)-8-o-tolyl-9H
-purine hydrochloride salt. -47- To a sol ution of

6- Chl or 0- 2- et hyl - N*4*- (t et rahydr o- pyr3p- 4-y1) - pyri m di ne-4, 5- diamne (1
g, 4.12 moles) in dinethyl sulfoxide (5 nL) is added o- tolualdehyde 4.12
mol ), N me€mgbipiateumalzi méJC(idlpﬂ:qummmﬁmfdcﬂ -thbwe d-thsthd et -Getebiydro201-89 nmol es,

566. 835 5P hokay T0L SRR LS flle Rt RG,0PRR LOSNG, AlsRber e for 8

hours. arged "ont pre- cond eluted
with 7N anmmmﬂa I n nethanol solvent evaporated and crude is purlfled
reverse phgﬁ ghronatography To the material is added 1 equival ent of HCl
AMin 1, 4- The excess solvent is evaporated to give the title

g?gggrggseggeg?ﬁg#Pfe h&@%é %@gbﬁ4*é§Fﬁﬁﬁg %ﬁpﬁ?HQBIinéﬁgg%go rrggeb
pyri m di ne, mahdehyHEglaadnmmﬁﬁmaﬁmamym@mmndimgsnmoﬁmhﬂnnnE3Iﬁahhe 5. Ex.
No. Struct utrlaesk gr?c?errna %%roggnaagglosp CC%OI tﬂe resultlr%g s|0|1_1|1ct:£0n to 0-5 °C. Via addition
funnel, add 2-chlorobenzoyl chloride (15.5 mL, 122.4 mmol) over 20 minutes,
maintaining the internal temperature below 10 °C. Rinse the addition funnel with
10 dimethylacetamide (1.0 mL). Allow the resulting mixture to stir overnight while self-
warming to ambient temperature. Charge ice cold de-ionized water (250 mL) to a second
500 mL flask and then transfer the reaction mixture into the cold water over 20 minutes.
Stir the resulting slurry for 2 hours. Filter the solids, wash with cold water (120 mL)) and
vacuum dry overnight at 50 °C to afford 2-chloro-N-(4-chloro-2-methyl-6-(tetrahydro-
15  2H-pyran-4-ylamino)-pyrimidin-5-yl) benzamide as an off-white solid (33.1 g). MS
(m/z): 381/382 (M+1).

Step 3:

Combine 2-chloro-N-(4-chloro-2-methyl-6-(tetrahydro-2H-pyran-4-ylamino)-
pyrimidin-5-yl) benzamide (45.0 g, 118.0 mmol), 1-methylpiperazine (23.0 mL, 207.0
20  mmol), di-isopropylethylamine (23.0 mL, 131.9 mmol) and isopropyl alcohol (225 mL)
ina 1 L Parr reactor. Seal the reactor, start stirring, and adjust the set-point for heat
control to 160 °C. After the internal temperature reaches 160 °C, stir the mixture for 24
hours. Cool the reactor contents to 60 °C, vent the vessel of pressure, and transfer the
contents to a 2 L flask equipped with overhead stirring apparatus. Rinse out reactor flask
25  with isopropyl alcohol (25.0 mL) and combine the rinse with main solution. Add cold,
de-ionized water (780 mL) to the mixture over 30 minutes and stir the resulting
precipitate for 30 minutes. Filter the mixture, wash the solids with de-ionized water (2 x
270 mL) and pull dry on the funnel. Further dry the product overnight at 45 °C to afford
the 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro pyran-4-yl)-
30  9H-purine as an off-white solid (44.8 g) MS (m/z): 427/429 (M+1).

Step 4:



N C) N 8-(2-Fluoro-phenyl)-2-nethyl-6- (4-nethyl-piperazin-1-y1l)-9-
(tetrahydro-pyran-4-yl)-9H purine hydrochloride salt Ms (mz): 411 (M1l)

NN WN)2010/0803061 N Q WD 2010/ 080306PCT/ US2009/ 06 P24AIS2eD3/06 839 | NHCI
C) 8-(2-Ethyl-phenyl)-2-nmnethyl-6-(4- met hyl -pip erazin-1-yl1l)-9- M
(mz): N'N1* (tetrahydro-pyran-4-yl)-9H purine 421 (M1) \

-N---N O hydrochl oride salt

-56-

Combine 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro
pyran-4-yl)-9H-purine (3.0 g, 7.1 mmol) and absolute ethanol (24 mL) in a 50 mL 3-
necked flask set up for reflux. Heat the resulting suspension to 70 °C and add 85%
phosphoric acid (0.49 mL, 7.2 mmol) in absolute ethanol (6.0 mL) over 25 minutes. Stir

5 the mixture at 70 °C for 45 minutes, cool slowly to ambient temperature and stir for an
additional 2 hours. Filter the mixture, rinse the product cake with absolute ethanol (6
mL) and pull dry. Further dry the product overnight at 55 °C to afford the title compound
as a white crystalline solid (3.6 g). MS (m/z): 427/429 (M+1).

10 CB; and CB; in vitro functional assays
Exemplified compounds are tested in agonist mode using a SPA based GTP-y->S
binding assay. All assay components are prepared in assay buffer made up of 20mM
HEPES, 100mM NaCl, 5SmM MgCl,, (pH 7.4 at room temperature). Semi-log compound
dilutions are done in assay buffer containing BSA (final 0.125%). GTP-y*-S binding is
15  measured in a 96 well format using a whole membrane capture technique for the CB;
assay and modifications of an antibody capture technique previously described (DeLapp
ct al. J Pharmacol Exp Ther 289:946-955, 1999) for the CB, assay. All incubations are

done at room temperature.

20 CBqg:
hCB;-CHO membranes, GDP (1uM final), and saponin (10ug/mL final) are added
to assay buffer and homogenized. Diluted compounds, GTP-y-*>S (500nM final) and
membranes are added to the assay plate and incubated for 30 minutes. Then 1mg/well
Wheatgerm Agglutinin SPA bead is added, and the plates are sealed, vortexed, and
25  incubated for an additional hour. Plates are then centrifuged at 700 x g for 10 minutes

and counted for 1 minute per well using a scintillation counter.

CB,-S19:
hCB,-St9 membranes and GDP (1uM final) are added to assay buffer and
30  homogenized. Diluted compounds and membranes are added to the assay plate and pre-
incubated for 15 minutes. This is followed by addition of GTP-y->>S (500nM final) and

another 35 minute incubation. Next a mixture containing Nonidet P40 detergent (0.2%



Exanpl e 84:

3-[8-(2-Chl oro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-nethyl-purin-9-yl]-azet
i di ne-1- warzboxgbioe aci d net hyl ester Step 1: Heat paTAskamiooT24Df
tert-butyl 3-(6-chloro-8-(2-chlorophenyl)-2-nethyl-9H purin-9-

yl )azetidi ne-I-carboxylate (0.012 nol, 5.5 g), N-ethyl piperazine (0.013
nmol, 1.59 g, 1.1 equiv.), and triethylamne (0.013 nol, 1.41 g, 1.1 equiv.)
in ethanol (25.0 nL ) at 90C 10for 16 hours. Concentrate the reaction

m xt ure under reduced pressure. Dissolye the residue in dry

di chl oronet hane. Wash wi th saturated sodi um bi carbonate sol ution, water,
and brine. fbDray), arhithm@hmyc(ﬁhd)ﬂéimi@w@rl Hahyod b2s mgodiiushbgahfitadg, filter, and
concentrat e er ress t he e residue
by silica g f#nﬂanonﬁ?gxlﬁ%ﬁ%a ﬁes?ﬁ ?Qedgfﬁe qleﬁ[es daré ﬁﬂ%h g%lr?%lt og{e]:)égdy aﬁi] hanol 98- 2
to give terihelbatey Eor&n(a&dl(lé’l}al 2 hours before centrlfuglng and counting as for CB;.

15chl or ophenyl) - 6- (4- et hyl pi perazi n-1-yl)-2-net hyl - 9H purin-9-yl)azeti di ne-
1-carboxylate (3.0 g). Ms (mz): 512.3 1(M+l). Step 2: -49- Add
trifluorpaceti c Tacnalytddtdyiiyst tubtractdatigidvan fiom dlierdlis b Weytmine percent
3-(8-(2-chl oroph

6- (4- et hyl p%gBE‘F'a;F‘?\%‘ z’bi}E?m‘?hﬂB% PSANISEINV BT Fgenst dops srrinsafidiaton Bl hoxyl at e
(0.005 ol , agdnidk (%tﬁaﬂarﬁhﬁﬂbwegfmﬁéﬁamwaﬁlembﬂa uding @ 4Gasitted ldgistitor 2 hours
at room tenperature, g‘% h_the reac,ti on mxture with saturated sodi um

bi car bonat eedwedfif gith H"l@’)@%%@% JHKR- 5di chl or onet hane. Dry the organic

| ayer over anhyd&l%ﬁh@%hﬁéﬁﬁé&’do&%@nds%e‘rét%§ted @s@éﬁhﬁl@ﬁ&%&i@&&r%&&aﬁbﬂ@%d reduced
pressure to give 9-(azetidin- ‘Sﬂgl- H@Z chl or opheny
\ia

et hyl pi Per aFhwerp-fgund to hastapglpti foroCBp of )= 10QMY. @z@ple@ham (M+1) .
Step 3: Addreﬁﬁwws&v@l&rf@lf@ﬁgﬁtl% n@a&pl%flC b19304R1. 9, 2.5 equiv.) to a
solution of 9- 10(azetidin- - Iorophenyl )- 6-(4

- et hyl pi per azi n-ThBS ylle)compmdwrthgmrq@@mwem(@ sDOO G Bt vitrQ activggy. Emﬂielpyri di ne
(2 m) in ' t 1%19 Jfoom

t enper at ur g&ly %&h&’s&ﬁ%@%@ﬁ lgﬁengn@(%}%%esgl\%t h g gli %]%Zacivg{jcé o%(a O?/E:dar bonat e
sol uti on aniimitdlgrteeutlfanctenimltymaiiadd adeortetthane. Dry the organic | ayer over
anhydr o sodiumsul fate, filter and concentrate under reduced pressure to
give the 15residue. Purify the residue by silica gel chromatography eluting
w t h di chl oPispiatdnaene of J{CRASO40 ﬁBmZhunm inderat 68, téceptersconpound as t he
fg?g?i?p%gnii?_@ (I}?I\@g ﬁ{/lize)l({?r ctal. (?430 Wl)maolczglam)h& %% 1399§wgre utilized

i perazin-| wﬁl) m&ro( imetlifiafias. OS;&yﬁ“ﬁﬂiﬁmehMBaﬁlhybﬂlo@hhtespﬂdimﬂﬂlshyodry(m‘hl oride

salt Ste 14. 6 and N, iisopr.o | am ne
O35 85 mop BlasicnRocsolesiie e Pug e e e dblor mewgwa{l\kd% RN s O

hi gh abxpr banes iMeASoinMITHE qulsf@way% mﬁqug'@latz 5 mMVEEBPAT adad 'aBIAr esi due
triturated vvlth di chl or onet han

b i or o APUFlr cSTeals QM TGP LR Ao itk aMHR5940. dTherbilsy ot ep 2.

Prepare compounds to dlS laces emﬁc 3H-CP55940 blndlng was tested over a range of
6- Chl or o- 8- (2-chl or o- -9-(tetrahyd ‘P Eyran 4-yl methyl)-9H-purine is

usi ng 6- mm&enmafaewlt@?r aw\ég%h BiR Tk Hythg pisance@idi“mdingethyl di ani ne
accordi ng tﬁlf@ﬁﬁ@ﬁ}aincwaﬁﬁg,e&wB&n Serberair€ Ror 30 nAlthsSR b 86Rime of 300 ul.

6- Chl or o- 8- (2- chl or o- phenyl) - 9- (t et r ahydr o- pyr an- 4-yl net hyl -9H— puri ne

wi t h N-Zet hlynigitgrdoayshaicganptgs megitgpied with Oo¢hpadyviaepwtdlidongsPAp t he sane

g(g frgldgr g 6%1&%&%'2@ it whdr Sh&akig thied e COMPAUNFris DReck TR readind (ML)

158- ( 2- Chl onxtyrhenythyn Gansemegtdthe fijsérpéatainimediatgly pefore(t@®minaging vy dr o- f ur an- 3-
yl-2- triflyonofst v 1%|fl_ltpalt|10b & tﬂ\gs% &B h| Orslhg SRk 1d %ﬁ?&f?e Qﬁé‘if HE 2

mi cronave react i onved Al 0F 0= 2 rlof uor onet hyt -

20pyri m di nfilfer plagridried, ni¢roRint aﬁWaesddedtcﬂﬁclg)Vpll|th®gﬂate|sgdledadnd©bmited(f3r m),

(R -(tetyah ur anm ne

i sopr Spyl Sinali & bk BabRos SE RegiReenpufds SRR 14 1 ng a
140C for 2 theussltibgKingalid dcthinghedbiamha@rampadriésm.Concent rat e under reduced
pressure, dissolve in dichloronethane, and wash with water (2 x 150 nL).
The organic layer is dried over nagnesi um sul fate and evaporated to afford
a 25brown oil. Purify by silica gel chromatography eluting with hexanes:
ethyl acetate 0- -51- 100%to afford

6- Chl oro-N*4*- (R) -tetrahydro-furan-3-yl-2-trifluoronethyl-pyrimdine4, 5-di a
mne Step 2: Treat

6-chl oro-N*4*- (R) -t et rahydro-furan-3-yl-2-trifluoronethyl-pyrimdine-4,5-
5diamine ( 2.67 mmles, 0.756 g) and 2-chl oro-benzal dehyde (2.94 nmol es,
331 39 pL) |n anhydrous 1, 4 d| oxane (10 mL) with 15%ferr|c chI orlde on

~ ™~ o - a ”~ N 1 . o, A NN ~N



10Step 3: Di spl ace

6- Chl or 0- 8- (2-chl or o- phenyl )-9-(R) -tetrahydro-furan-3-yl-2-

trifl uorowethywlos@ddepuri ne wi t h N-net hyl pi perazi ne and preparseotaperechl ori de

salt using the same procedure as exanple 1 to give title conpound. N5

(mz): 467 (M+l). 15 Exanple 87:

8- (2- Chl or o- phenyl) - 6- (4- et hyl - pi perazi n-1-yl)-2-nethyl -9-(tetrahydro-pyran

-4- ylmethyl)-9H purine hydrochloride salt. Step 1. 20ln a 1 L rbf fitted

with reflux condenser, nitrogen inlet gRd stirring bar, dissolve 5-

am no- 4, 6-di chl oro-2-net hyl pyri mdine (25 g, 140 mol ), 4-

am nonet hyl t et r dhxyadplpyhana yaimoedepor Kdeal(86f 33.9nM 2802 rtrpdcyptot Kiivatuy | am ne

(57 L, 407 ) in isopropyl alcohol (280 nL) and heat to reflux. After

42 hours allTowto -52- cool to roomtenperature. Renpbve the sol vent under

reduced pressur erhamdhecﬁomohndeofﬁEpree&mliﬁviemg)nraessiIﬂwet@hindl'toclirdtlohtmmt hane (300
nic layer. with water (2 x 150 nL) and brine (150 nm.), dry

Wash t%‘g trC% /
over anhydr BJ43SSHITRPON P 4¥'E: filter and evaporate to afford
6- chl or & 2- net hyl - N- 4- (t et r ahydr o- pyran-4-yl net hyl ) - pyri m di ne- 4, 5-di am ne

(38 59). 257/ 259 (M+1 Step 2: In a 3 necked 1L rbf,
fitted vm'ltvﬁMg’ﬁ‘é‘P (%/?Iéd er and a fritted air inlet dissolve

6- chl or o- 2- net hwor&hﬂu&lteselhﬂawms@atpw@@ro%rydtagmh%bllscmégé Mithdimeod, 5
-di am ne (37 6.9, 146.4 nmol ) and copper ( trifl uoronmet hanesul f onat e

(26.5 g, 73 éAe%aﬂ)m g uggs! tam?é%uﬁw%mﬁh%e IT(@S‘STHI)MS&EG hyssf 1 8FAYEY at ur e.
Then add tréf@tdmlp%mazgeaﬁc%mmamea%wﬁ@tlaﬂtterhbe@m%laﬁa Beh RZhAR 1igROL26 m, 161.1
mmol ) and 2-chl orobenzal deh (24.7 L, 219.7 mml% and heat the m xture
to 100C Qi thpusdark eychey Aalﬁaaleﬁl e%aﬁ@eﬁgo food and wafet girallgings gyigpsduri@g op heat i ng
and cool togkpQmdeaperature. Dilute with ethyl acetate (1 L) and wash with
saturated aqueous sodi um hydrogen carbonate (1 x 200 nmL) 15 and amoni um
hydroxi de (1 x zm@em}ldarMAtmedebﬂlgalgh@npesﬁleaqb\retraremw@ﬁw@053@@9 um
sulfate, fi silica
el chr omat ur SoiEF O S REBITOE RuARI0R SRLAHE i 1 FRGRAT Y L

8- (2-Chl or ot-npd;selrﬁtyt M-L@-lr(]eb-tlenhy)ltnmpéy beforg-10-day post MIA injection) usmg

Zé)S / 4215% rl\]A{ Sapa((é%ge tgp égrﬂmp MR g'th%ld%eré}%!e }n hlﬁﬁ 19 W &Eht(b]lem% ‘t%}weellys (mz):
8- (2-Chlor othphﬁmaﬁglsaﬁm(mnmtddydneqm qnelrea«zh meaﬂsmyiﬂn)snﬂs the tabgrhgePf Gtseparady dr o- pyr an
4-yl met hyl ) - 9H- A gl gd(ﬁ rm(gl in diethyl ether (45 nL) and add
hydr ogen chlflféalsllﬁgle?ﬁfi?o ﬁnefsuﬂ VS%\FF@ 9 nm, 11.5 mvl) at room

t enper at ure. Af tRer st2d1bwuﬁ1$CBphgoeists rhith eresoldothiRb b o6d geoups (1 + 5 af 6on and

e L O Set: RS et 0 BE 100 28 Tt L g SomBPHRd (54 9)

8- ( 2- Chhmr omPleRnYdr kack- rﬁﬁnb)ﬂa&eﬁtﬁerﬁﬂehmkneﬁioﬁt dose (usually 2 hours), pain
erazin-1-yl1)-9-(R) -tetrahydro-furan-3 -yl- 9H purine ha/drochl oride salt

-53- |/ NH-1agasuredl ggjng incapalitance fepfing. %tuﬂle% HF rql’i“fl?le&lwltﬂh perpuXchidhdenser,
stirring banoanehorl WeBFeetiudsen, whS m)ezs% lysorbate 80) and 3 d

5- am no- 4, g(rdl chl osr,o egg'ﬁet pyrvrm ?JS po O fze S)ErlrlTlmI yompotn

(R) - (t et r ahgravRs-Yhighsao e el@y:r §lag#> ﬁ@nwaﬂw ﬁlseeled’esq gohgsage copgowdishd| ) |
triethyl am nge( 4Qsdlls arc3porfl amld)ff&é}fée iN@é@Wéﬂr@b@%@ﬁ sdlféandMiaand heat
toreflux wth magnetic stirring. After ays stop heating and allow to
cool t 0¥ ooliceiesrseqcapnst satisRearpareparibens gis) medﬁtbemedeveln@@meaé@ wdessure and

di ssol ve t ) sh with
water (2 xhCEIE)S o &éaﬂ% fr?]?a!rllsceth Sg% ﬂi@c%f‘%ﬁﬁh@ﬁ@?%ﬁ%@ Fln;}re?}fggl\l/dear@ anhydr ous
sodi um 10sul f at éi,xalﬁlplet?%émaamteé\wpmraély @s doycrafefl @belve and found to significantly

6- chl or o- 2- ngt hyl - t r | - pyrimdine-4,5-di am ne
(23.1 g). ?cr# Vﬁé@%‘%ﬁ%l %Qﬁgégggf({zya&nlégﬂy 'Di ssol ve

6- chl or o- 2- net h;ﬂ]huﬁ;l’tlib*co(ﬂﬁ))uﬁdetofﬁlhyodasaﬁﬁnylemtmn&reydhowmhauklefuem&hé di am ne
(23.1 g9,, 101 I 2-C enzal dehyde (17.0 nL. 151 5 mmol ), N

15met hytbi pteefa?lg‘%)nﬁéﬁiaf?}%paﬁ_cu aﬂofr%ﬁmrmol) and nitrobenzene (10.3 nL, 101.01
mol ) in Methoxybenzene (300 nmL) and heat to 130C (internal tenp) open to
air. After 36 hours the m xture was cooled to roomtenperature and pour
onto a pad of SCX-2 resin (80 g) and elute with nethanol (500 niL) followed
by 3.5N anmonia in nmethanol (500 nL). Renove the solvent fromthe amoni a
in nmethanol fractions to afford a brown oil and 20 purify by silica gel

chr omat ogr aphy eluting with dichloronethane : nethanol 3-20%to afford

8- (2- Chl or o- phenyl) - 2- net hy1- 6- (4- net hyl - pi perazin-1-y1)-9-(R)-tetrahydro-f
uran3-yl-9H purine as a dark oil (10.1 g). M5 (mz): 413/415 (M+l). Step 3:
Di ssol ve 8-(2-Chl oro-phenyl)-2-nmet hyl - 6- (4-net hyl - pi perazin-1-y1)-9-(R)-
25tetrahydro furan 3 yl 9H—pur|ne (8 62 9, 20 9 mmol) in diethyl ether (105

o, A Ny o* N L o~ q NN NS



Step 1: In a 300 nL glass pressure reactor, conbi ne 5-am no-4, 6-di chl oro- 2-
met hyl pyrimdine (20.0 g, 97% 109 O mmol ), 4-am notetrahydropyran

hydr ochl owpde1(@a300 g, 152.6 mmol ), di-isopropyl et hyl amPog/usaao06Tet9 326 9
mol ) and i sopropyl 15al cohol (100 nL). Seal the pressure vessel tightly,
start stirring, and adjust the set-point for heat control to 100 C. Stir
the m xture at 100 C for 24 hours. Cool the reactor contents to 60 C, vent
the vessel of pressure, and add 4-am notetrahydropyran hydrochl oride (2.25
g, 16.3 mmol). Re-seal the vessel, heatsothe contents to an interna
tenperature of 100 C, and stir for an additional 24 hours. Cool the
reacti on m WEWIAIM 20anbi ent tenperature, vent the reactor of pressure,
and transfer the contents to a recovery flask. Concentrate the m xture
under reduced pressure to approximately 1/3 of its original volune. Add

wat er (200 nlL) dnd etAhympauvet Ettiee foifida:nl) and transfer the resulting

m xture to a separatory funnel Separate the |ayers, re-extract the agueous
| ayer with ethyl acetate (100 nL) and conbine all organics. Wash with water
(2 x 100 nL) 25and brine (100 nL), tlen dry the organic |ayer over
anhydrous sodium sulfate. -55 - Condentrate under reduced pressure to
afford N R
6-ch|oro-2-nethy|-hF4*-(tetrahydrﬁigHéﬂF;n-4-yl)-pyrinidine-4,5-dianine as
an off-white solid (25.0 g). M ( ~243/ 245 (M+rl). Step 2: 5Dissol ve

6- chl or o- 2- met hyl - N*4*- (t et r ahydr o- 2K pyran- &/\y1) - pyri m di ne- 4, 5- di ami ne
(24.4 g, 100 4 mmol ) in dinmethylacetaq dey(175Wlx' in a 500 nL 3-necked

fl ask under a nitrogen atnosphere.NCoo ul tyag solution to 0-5 C.
Via addition funnel, add 2-ch|orq9£Q; chl or\\de {ﬁS.S m., 122 4 mmol)
over 20 minutes, maintaining the’ i ntel nal\tenpe Xure below 10 C. Rinse the
addi tion funnel w th 10di nethyl acetam de (dH)) n). Allow the resulting

m xture to stir overnight while self- wafing to anbi ent tenperature.
Charge ice cold de-ionized water (250 nlL) jo a second 500 nL flask and then
transfersthe reaction mxture into the coll water over 20 minutes. Stir the
resul ting sy for 2 hours. Filter the solids, wash with cold water (120

m)) and vacuumdry overnight at 50 C to afford

2- chl or 0- N-R4is et¢cirddiam Hel Hyl1 C6Cf allsylr @y ercdppropyl, OCHs, OCF3 and CN;

152H pyr an-ge: j S Lg didn- By, 1de a0 af §.- Whi solid (33.1
0 M (2 ST Ry R A5 R Qhbo B

2- chl or o- N-1hethgllektor @d2etraby drgthic@hériteel, F-dioyden- 2H- pyr an- 4- yl ami no) -

pyrim djn- 55y.1 nzam de. ( 45, 18, 0 | 1- net hyl pi perazine (23.0
076 2B R OARM b R oo SRR 4R 13170 ol ) and

i sopropyl aRtiekhdéctdd2dREn 61-1; klhylaCLCh fiRavalkyleactopropySadlCACH; r eact or, start
stirring, agg qg% §f th§:§§¢-@g' t for heat control to 160 C. After the
internal tempsrarire edchls® 60" c, stir the mixture for 24 hours. Cool the
reactor comgmts 1o 60 C, vent the vessel of pressure, and transfer the
contents to_ga flask equi d with averhe gtirring apparatus. R nse
out reactorXf"rrés)t"‘?eS ‘?pr‘?n&élﬂ‘z?%?ﬁﬂw%% h§ a{@g.RO mL) and conbine the rinse
wth main sylivkéledted sk cendnd .CRYe- 1 oni zed water (780 nL) to the m xture over
30 mnutes and stir the resulting precipitate for 30 mnutes. Filter the

m xture, wa¥ih thReraspithig oy ope -P%h? Way by othy BandZ ) and pull dry on
the funnel kUL th&keqdrom the, erodiddt, .ayeomi:ght at 45 C to afford the

8- (2- Chl or o- phenyl ) - 2- et hyl - 6- (4- net hyl -'pi perazi n- 1-y1) - 9- (t et r ahydr o

pyr an- 4- y1)ar aghoipaseiticHly aggepiabloRft thgiofe solid (44.8 g) Ms (mz): 427/429
(M+l). Step 4: -56- Conbine

8- (2- Chl or o- phenyl ) - 2- met hyl - 6- (4- net hyl - pi perazin-1-yl)-9-(tetrahydro

pyr an- 426/1) - 9H gur i né qoBpouiyl acgordingip¢yimah @r abkrmegeatiealliapasbtablpgali ) in a

50 nL 3- n { f hux. appl 1 uspension to
70 C and agg&ggié%ﬂgéﬁﬁgi$%£§@9@“?%7Qbéﬁﬂgﬁ7§5“?ﬁ%@?aﬁﬁggﬂgg Ute et hanol
(6.0 nL) over 25 minutes. Stir 5the m xture at 70 C for 45 m nutes, cool
slowy to anbient tenperat . Stif.fo it | hour Filter
the m xture, ri%Se tﬁgmp 8§%§Fa%§n§5%ﬁ?ﬁlggﬁgpﬁ?@&%%%%ﬁgﬁﬁ(g&%g blgmd pul
dry. Furt hewltdieyeof veheprioBUstClover ni ght at 55 C to afford the title conpound
as a white crystalline solid (3.6 g). M5 (mz): 427/429 (Mtl). 10 CBI and
CB2 in vitro functional assays Exenplified conpounds are tested in agoni st
node using a SPA based GIP-7-35S binding assay. Al assay conponents are
prepared in assay buffer nade up of 20mM HEPES, 100mM NaCl, 5nM MyCl2, (pH
7.4 at roomtenperature). Sem -log compound dilutions are done in assay
buffer containing BSA (final 0.125%. GIP-735-S binding is 15 neasured in a
96 well format using a whole nmenbrane capture technique for the Cl31 assay

N 1 I L o, o o o, [T 1 . o M o o 1 I [T 1




Al'l of the exenplified conmpounds were tested essentially as described above
and 10 each were found to have a relative EC50 value for CB2 of <100 nM.
Exanpl e 6xohan/mozvel ati ve EC50 val ue for CB2 of 18 nM amdTfuseoo@B672¢¢ 1950
nM Thus, the conpounds of the present invention show CB2 in vitro
activity. Further, the conpounds of the present invention show selectivity
for CB2 over CBlI and so provide |imted potential for centrally nediated
side effects. 15 Displacenent of 3H CP55940 from human and rat CB2
receptors The net hods of Felder et al..g)Ml. Pharnaocol. 48:443-450, 1995)
were utilized with mnor nodifications. Specifically, nmenbrane honogenates
fromcells stably or transiently expressing the human or rat CB2 receptor
wer e washed by centri,fugatio . i.luted .i.nt i C1 (pH
7.4), 5 nMMCLZ: 2. 5 PR Aaf"%;rglc‘i‘ég‘? %%Oé%ﬂg%lﬁsgfg OE%B}E%M ggé”“ ?a#?ﬁi ng of

3H CP55940 avesptabdd sahelebranifiwhekdiARf SREBAED ror Ingrahpirbfiutayylafndconpounds t o

di spl ace sggcific 3H-9P55940 bi ndi ng was tested over a range of

concent r at | SREYVIRPYR® Tri's, MyCl2, EDTA, BSA buffer in the presence of 1%
di met hyls sul f oxi de by i ncubating at roomtenperature for 90 mnutes in a
volunme of 300 1.1,1. 25UnifiJter 96-well m ¢cropl tfs retreated with 0.5%
pol yvi nyl pyrr ol iPdone?* GMPOHHAC SWSS{@WZ@cPﬁdwgﬁzf’Réggmﬁﬂgﬁﬁﬂmpﬁree times
Wi th col d Tict&tddf aRtherdbieviic@achisan m xture was then transferred to the
filter plate imedi ately before term nating the incubation by rapid
filtration and three 2001.1,1 washes with cold Tris buffer. After the
filter plates drg ed, Andosfp8sid dtbordidg WRsyadeflcihiths@as br Mhdrmadchficapl at e seal ed
and counted for 30determ nation of disintegrations per mnute. The

di spl ackhenccaniblegitireolgyheptie8 BAH t he resulting Ki val ues determi ned
utilizing G aphpad Prism -58- Exanpl e 76 has a human receptor Ki

val ue of 33.9 nMand a rat receptor Ki value of 31.3 nM Thus, the
conpounds of thé. pr edetvmpomdeastordmg &r anyshiowhclpiosdidr ¢ phapoedsuhepltein and r at
CB2 recepto e SRR AT i pd / ) r all studies
mal e Lew s Jrcg%ﬂstd%é%gagﬁ)%g%%%?% 5 g%{%\lgct'et sﬁ:%lﬁlwég@é a[a?ti}f’i?J he 225 ¥ A
injection atyelopspdl. t 0 neasure pain in the MA nodel. The rats are housed in
groups 2 or 3 per cage and nmintained in a constant tenperature and on a
12 hour T1ight/12 10 hour dark cycle. Animals have free access to food and
water at all tirses exoepipooildcogdulgt@anyaink e€¢lhion.1-7, or a pharmadehtcadly andard M A
nodel the right . kne of .each.raf. inected wwth 0.3ng MA in 50ul of
sal i ne and %ﬁ%“¥§??ﬁﬁ%%%§‘Nf?%ngoﬁﬁigka’ tine. Pain is measured at varying
times after MA injection (not normally before 10 day post MA injection)
usi ng 15i ncapaci tance testing. THjs neasureﬁlthe gifference in hind paw

wei ght bearing Bet weérPoPREUN RCYAHS LaYae PR IRES d e I0h s Rarmageyticaliy

measur enent act&tdoiesap Vit @geviRicisRSBEA:at e measurenent s each nmeasured over 1
second. For studies with CB2 agonists rats are randonm zed into dose
groups (n =5 or 6) and then dosed once with the conpound under

investigation. Dgsing do%qg@ﬁ&%@&r@ﬁ an%r%n@@ﬂ&lﬁ‘iﬁ{sqsq,fo%pl@a@ﬁ'ﬁbehﬁéallﬁnd at a
predeterm ned tine Rost- ose (usyaﬁly hours), pain neasured usin

. g
| ncapaci t antSecniabia sardheraot.ogicean Fr.e Bt Al ydependenit s5leated fiomdst aykhi cl e (1%
car boxy netfyd kel RelQsectrWRicercm! veHarRIePo! ysorbate 80) and 3 conpound
groups which can be either single conpounds at a single dose or the sane
conpoundd at 3 doses. Results are reported as the di fference in weight

beari ng between sal i ne.and, M A P8R, S AShiEAlcafipmPar | SONS

%ﬁf’n Jg%%y
are nmade between vehicle treated a conpound treate imals to assess the

ef fect of conpabldsltdrerdoficehepai X i anh& podeth CH. Exanpl e 88 was tested
essentially as descri bed above and found to significantly reduce pain
versus vehicle at oral doses of 0.3 and | ng/kg. Thus, the

conpounds of t hd2pr eseimpomubsrtording & daishbyatected flven &6 Chillord-pyridime3-

oot o1 bRy DR bRl b My B o it i i 2 & o1 2
AR ey 40 S vt it o 2t e i SR
bot oo O R g SRR Sy Sy V) O P Yot and it R

to forma fused pyrrolidin-2-one; R4 is selected fromCl-C2 al kyl, Cl-C2
fluoroal kyl, cyclopropyl and COCH3; R5 is selected fromH CH3 and CF3; n
is 0 or 1; X1 and X3 are independently selected fromN, CH and CR6; 15 X2
is selected fromCH and CR6; with the proviso that only one of X1, X2 and
X3 may be other than CH, R6 is selected fromF, d, CF3, OCH3 and OCF3; or
a pharmaceutically acceptable salt thereof 202. A conpound according to
claim1l1, or a pharmaceutically acceptable salt



thereof, wherein Rl is selected fromd, Cl-C2 alkyl, CF3, cyclopropyl and
OCF3. -60- 4. A conmpound according to any one of clainms 1-3, or a
phar macewpDcaldogomecept abl e salt thereof, wherein R2 isPsgltsSetads2nom

tetrahydrof uranyl and tetrahydropyranyl. 5 5. A conmpound according to
any one of clainms 1-4, or a pharnmaceutically acceptable salt thereof,
wherein n is O. 6. A conpound according to any one of clainms 1-5, or
a pharmaceutically 10acceptable salt thereof, wherein R3 is H. 7. A

conpound according to any one of claimgil-6, or a pharnaceutically
acceptable salt thereof, wherein R4 is selected fromGC -C2 al kyl, Cl-C2
f1 uor oal kyI (2griflegramethy leghghy)-28-purine; 2-ethyl-te Grpethylebiperoar-tiybg-Ro- any one of
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11. A conpo cordi 0, an or i caI |y
accept abl e @ﬁ’@%%ﬂ?‘? T\Eimleﬁlﬁ%?lz“}( ; ﬁﬁ@geﬁaﬁ’@d@ “Cézlyﬁlnet Y- Lﬁl

VD) o et ﬁ%ﬁ@l%@'("igph?ﬁﬁf@“m aﬁ@p%&“ﬁ”“?{% et ranydr oo fur an- 3. ?OgH

y1) - 2- net hyl - 6- (4- net hyl - pi perazi n-1-y1)-9- -tetrahydro-furan-3-yl- pur
i ne; 2-
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t et rahydro-furan-3-y1l-8-o0-tol yl- 9H puri ne;

B 20, BRI Rl R Gt g oYl g s ahyor o T
(4- met hyl - pingef alzinms-1-13; j a phafiR)cetiadatin hgadptablf salather8ofy dndd-phprmicaeically

8- (2- Ch r

5net hy1- 50 fg%eﬁ %ﬂu%moéfag?fern 1-y1)-9- (tetrahydro-pyran-4-yl)-9H purine;
and 8 (2-
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13. A conpoitbéeptavtcaart diongfifor vk i tierhpppei ng 8- (2- Chl or o- pheny1l) - 2- et hy 1- 6-
10( 4- net hyl - pi perazi n-1-y1)-9-(tetrahydro-pyran-4-yl)-9H purine; or a

phar maceutical |y acceptable salt thereof 14. A pharmaceuti cal
conposi3j on conpki Si AGommpeAIRREMAdinaeSaydindgf ¢18inANy3, e phfrmataaticmdlyl- 13, or a
pharmaceutical ly acceptabl e salt thereof, and a phar maceutical ly

15accept abl ¥4 t thgreof.fpy ysg i the treatmentpf pai ¢onpound accor di ng t o any one
of claim1-13, or a pharmaceutically acceptable salt thereof, for use in

t herapy. 2016. A conpound according to any one of claim1-13, or a

phar maceut i cal | Y 7accéproappundsasrerding & dum 16 or 2 pivemacsugally pscepteeralt of pai n.
17. A conpoypdo@fis Qfcth Mg th@intdn®dMskBartRfic painhar maceutically acceptabl e salt
thereof, for use in the treatment of osteoarthritic pain. 25 18. A
met hod 2%r the treatment of pai n, which conprises admnistering an
effective am)um180f A (4 Pﬂlle"ﬁ%gt egt'd} altnowﬁlw 8@159 adgﬂlﬁkt@ﬁng]anl?’ or a
pharmaceutically accepta sa er eo a h eing or animal in
need ther eodffecu‘ﬁtzaamomtoiamhalpnlw_rdelucqrdlagtmmospfqlumSﬂdﬁ ouse in therapy
conpri sing c n i a

phar maceut iéhgfw?:g%gg}b Cg%q%o%sa t? Qe[r%] t%g%ugjﬁb%g%ﬁlja%&g%é% eljeggl e&)({co(grrpom tion
for use in the treatnment of pain conprising the conpound according to any

f 1- I bl h f 22. A
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of osteoarthritic pain.
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20. A pharmaceutical composition for use in therapy comprising the

compound according to any one of claims 1-13, or a pharmaceutically acceptable salt

thereof.

5 21. A pharmaceutical composition for use in the treatment of pain comprising
the compound according to any one of claims 1-13, or a pharmaceutically acceptable salt

thereof.

22. A pharmaceutical composition according to claim 21 for use in the

10 treatment of osteoarthritic pain.



