WO 2012/ 037141PCT/ US2011/ 051421 | NH Bl TORS OF NOTUM PECTI NACETYLESTERASE
AND METHODS OF THEI R USE This application clains priority to U S
provi si orab 2per@nt41appl i cation no. 61/382,526, filed SepCeniser11081422010,
the entirety of whi ch i's incorporated herel n by reference. 1. FIELD OF THE
| NVENTI ON 5Thi I

Pecti nacetyl es Sl i H A
use. 2. BACKGROUND OF THE INVENTI ON Bone health depends on the coor di nat ed
activities of bone form ng osteobl asts and bone resorbi ng osteocl asts.

"Bone t urnover Thiedgpticikisn aaiba&lpancs tdnelsmensubdm@saeer&mahmhﬁucm reonet/38cEeabol | ¢
cel lular functions and ensures. t a{ e mature s Ieton an repair itself
when damab'éeiS%Pﬁ%fng‘?félf‘aﬁono'lt'?eserehﬂhff ‘MH ip lﬁ‘ﬁ?:rf’P@F?dﬁVreﬂreﬁ’yerﬁ €*"6f- nineral s such
as cal cium and phosphorous into the circulation.” Allen, J.G et al., J.

Med. Chem, S53pElnoeTHONVEGAON, pp. 4332 - 4353, 4332. Many disease states
alter this balance, resulting in increased or decreased bone nmass or

changes in bonenigiddnitbl reldeeAihibimdiRsR itMibilde® Naturepatingdenyfkieyast,s known as
ost eopeni a; severe |oss of 15bone is known as osteoporosis. Id. The
current sEUPRPAltiaNTOMPEFBE tgm, demethedsohEsl Ushd preventi on of ost eopor osi s
utilizes the bi sphosphonate class of oral, small nolecule antiresportives.

Id. at 4333. Zghadrund Gt invegesnf ene, calcium and vitamn D
suppl ements are also typicallTy used in the osteoporosis treatnent. Id.

Wil e antirespgspideyfeh &FRRAIsonGAJIRliRatBY SYiGREs HBBRe foffide o #BGHRRL Hg 20Nt S
"are 20capabl e of 1 ncreasing bone nass to a greater degree ... and al so
have t he benpaeiorking estéagiasteov@obenenayaaleilegps alprdbnice betwagethberrmalsdlicemyt h. " Guo,
e OB etfteel et GRS ra B Y o opicn S R o il Bmaged "
Al l en at 4333stainBeeadsan©funttioa by adl€dst yf rafnevaisau&haebIcacuarnab@bhcspmgelm;tmof or
osteoporosis treatnent, there is an urgent need _to devel op snal | _nol ecul ar

conpounds ESTEHERN- "t Al I fi §balsh Medy hem.23dIuRe AP 3R, PR AER —dPP283%4e, and
easy to agﬁh\rﬂﬂl%a% state§MQr tH baldhdd- resultln%m mcre:ﬁle& &%Q@a%'ﬂ%oﬁ@?ﬁ@is%‘a%'ﬂ&esm

phar macol ogi cal agents that stinmulate bone formation is | ess advanced

conpar ed ingoamaialies sorqyel o of beneapnersl degsiydy klowpas paieapsniarsevaia aNOft o
facilifat gon%slg &%Wn%%st% %pgslsog}, " Allen at 4338. These pat hways incl ude bone
nor phogeni'c ranstormng growmh factor [3, parathyroid hornone,
insulin-like grrlmMuheﬁm:Irﬂard of cdve €do ltiastie aghemtand Bidfaaioo bf osadtporsiagtiless- t ype
MMIV i ntegration |te signaling. 1d. Guo and coworkers recently
reported FEQPPSPRYNIE: ??FH ri" %“ﬂﬁ"i’?‘%?gcutﬁfa”{'hé%oét"ﬁét Huyrd3s: éﬂf?droé‘ifﬁf'él

parti cul araloxfBRY cdI@RRhE ditdnAD sGsIdrRdnts siHBBS ty%lé’él%s&ﬁﬂlﬁg&t 88@3? and
benzof uran conpounds enhance bone WD 2012/037141PCT/ US2011/051421

mor phogenfreatpyept d¢- nWhilesaosiresBayp e asantprandietirrieveat koneteg apabdipegestsnpunds
repor tedl a t. toration
vt o, fapable PG YRe bR R PAg LY RS U Pl BNSR Hol® 0t Py,
which is bomelqualat/enh intrease\bane ﬂtey\gmf" Gawy &, epamnuvwld crech. r58dErheraayt 25y 2010),
processes. 4340. Th 5and nmuch about

RSO IC T APES S RARUAVT IO SN e R R L S e

it has beggnsuggrsdnadsidratpdeiiteor thalphadity @NSvaldblddhabdlic At ABEOképoRMIsW t h
i ncreased bone mass in humans, and (3-catenin, through which canonical WNT

si gnal i ngt"6¥E\§Ps the’?ﬂﬁ?” wgentseed forflese|orisrpainelsculrr sompernds tgreert thig diSGaSPhe
contr gé OFhap%%o Rie cost) |Ge tive, and easy t adPRRRRL ~ %ﬂ@ M%?E,Of gene expression
dat a ed to the |dent|?| cation o? new targets of 10WNT signaling. See,
e.g., Torisu, YAlthoegh thk deve@pmesyof Bbarmacdegi6) agbmsghalimplatblb%e (ozm%)n is One

E&27Zi‘;—%%ss gd%an'?:lgé lc'lonn]1p|:z:1er'\e tlogﬁ"grgg%rﬁlve earhsp?és saélvesrgl pa{-hways are known to facr]Qate

osteoblast function.” Allen at 4338. These pathways include bone morphogenic proteins,

transforming growth factor B, parathyroid hormone, insulin-like growth factor, fibroblast growth
30  factor, and wingless-type MMTYV integration site (WNT) signaling. /d. Guo and coworkers
recently reported results concerning the first of these pathways. Guo, supra. In particular, they

reported that certain substituted benzothiophene and benzofuran compounds enhance bone



3. SUMWARY OF THE I NVENTION This invention enconpasses conpounds of the
formula: RL E\( /1-R3 R2 &Z 15and pharnaceutically acceptable salts

t her eof , wbeneiai7i4one of E and G is nitrogen, and the orhemsediiBsand G is
ni trogen or CR4; one of Y and Z is CR5 and the other of Yand Zis 0 or
S(0)m wherein m.i

-S(0) nmliQOr%‘Pge”sC(Rij’tﬁN(zFé’i‘%eés'OW\ﬂ&}“&“""Hd ﬁatf sT"tS’ Ofihe F‘pﬁundéé%‘t?&ﬁ%“)&s‘i mulate

i ndependepédeforylioR gNtrec@Ptdonmatilily redbstiod HLRE. @l dikio.aryl, heteroal kyl,
or heterocycle; R2 is hydrogen, halo, -CO2R2A, -C(0)N(R2A)2, -SR2A, -O0R2A,
-N(R2A) 2, or oﬁt‘?tb?faﬂfmﬁsezt’ﬁé%@/@isttmWG'T@PWE‘Y vetmllsmétaé&ddawwetvefr

het er ocyc I e tuted
al kyl, ar %’e oﬁ@%ﬂtraoa ky%%?b%ﬁ&ﬁ&?%rg%% )(gllemég%@l zh‘%gaémpaé{'% I o@%ﬁ%ﬂno,
CO2R35A ar@(rﬁDndH(aiEBlA!t)@and-aSRﬁm,ow-lﬁR@Aponeh(sﬁﬂé@tbpn@rpmamﬂahdlgarsEdnst(ainthlé,dId

al kyl , het er o . heterocycle ther wwth RS and the atons
Fo wii ch My ear BB B PR o B b A er R e e RIS ety
each R3A hemaRgeaendedntn, shrbUsHPERRaNiAPYND BN Stdlistiiayhetheainkad , 25aryl ,
het er oal kyl , or heterocycle; R4 is h%/dro gen, halo, or optionally

subst i t ut GEcHY Ky WNTsigppingpiethercomtrfl pf bongimaset &t ocycl e: R5 is hydrogen, hal o,
[ C2RSA, - CLO) NCBRA By 33 pip a0 s IA) @ Oc RIS ity BTt ut e

al kyl, aryl, heteroal eterocyc , or together with R3 and the atons
to whie¢h Wté’yigaalemgaﬁqeacbteﬁbrisorYnet an Capsei $3n.H9(6): 183851 1188 (R083)c Pne sutbi et y;
and each B?'Aétllsﬁ\l L}/dlﬁ’ocgmace? Iest:)%tI Oaﬁ]saolklt't wnabﬁ(B‘IlL}l\}llgr?odLC?Clllfylll aryl,

het er oal k alg her er Sy ' on enconpasses’ pharnaceuti cal
conposi tions conprl sing the conpounds d| scl osed herel n. WO

2012/ 0371341 PCTSWARMKRY/0FTHE INVENTION | nventi on further enconpasses net hods of
i nhi biting Notum Pectinacetyl esterase ("NOTUM' ), nethods of stinulating
endocorti cal botieinte@tiontndmpagadcomobaiisf tfe forasd: i ng, managi ng, and
preventing di seases and di sorders assgm ated with bone | oss, such as

ost eoporosi s, using conpounds di scl osg¢tl herein. 54. BRI EF DESCRI PTI ON OF THE

FI GURES Certain aspects of the invent y be understood wth reference
to the attached figures. Flg Rprovi des a graphi cal
representation of differences bet nG heZcortl cal thi cknesses of various

bone sites in NOTUM ho%&' ous knockout m ce Hw’%j’e% t hose |n 10t hei r
wi | dt ype PR 4 RNBFRRFeRiEcally F;‘Jab'esa'ts thereofﬁu"‘ﬁ‘ﬁteé“ 2 BPBE/? 'Sa'ttj’ﬁﬁbﬁf‘

repr esent ginePst Ethd @s hiP6ER? ERS; Gn&&rvtah@ﬁts dRORRd tHaIEkRBFB SR AD8 @F S{’(@‘)1 in both
NOTUM honozygous and het er ozygous ("HET") knockout mce as conpared to

t heir wi | whegrgia m[st0 brorratPe§ hald, duw €OR3 pil @i e8(CaOfra@hiSEAIN(Reprvéweain aiisi on of
resultsot r - IL.ne..co |o tests
per f or nedBonb{]ﬁga{? Féri‘gé 0 PﬁtEWﬁrﬁ%Q%g{J%b&ﬁgteﬁgl@f%r 'yg%%rgg'g odgkout

m ce and héteiocyohd; Rt peodent Had, AL RS, C(O)N(RZA)Z -SKi,GORR, -H(RaN) Hwit oteonalygraphl cal
representation of results obtain dfro [ breakln tr th and spine
oy 380 BTl P bbbl etk B o U EO NI HOHEEyaue. and

het er 0zy geptfonkiRGkRibtedhIkR, adfIChetdrBilkyl, 0k hetbdRRId; Rt RfdMSHeRShakDEjaBblr € 5

provi des a graphical representation of mdshaft ferur cortical thickness
measur enerfiCRebt@IMEd):afferOBs -HHyd: eptianalyi substintedalld aybiereiogivpor x C57)
mce with r

2-((5, 6- dpértcgﬁ C:Fe?ﬁl eﬁ%ﬁé%ﬁhﬁgg‘?ﬁ‘% nsf(tg-\'\mfgtt%?o acgﬁ%ﬂg& thQ)Il;—zlt'(g);ntj‘p\(/a
provi des subgtitafEdicgdit noiy; esdiritab |ndepemﬂerttivdhsditaéetn q‘remmnad\t)sutostt:tatedtaﬂwlckness
?)\SIams ?ggﬁnﬁgétse?og éla% ﬂer%:fy% %%{Jslh\l/&rogen :ﬁooofr ogt?osnlaP\?su'tz)lst%gtggglkadfadfyl

chl or 0- 6- fekbkyikyiNdraReldoyde, R RWHSEEH, Rald-FORN IGINE])S - RG], DR MVEREL or ' SHAM
CONTROL" refers to rats that were not ovariectom zed and not adm nistered

conpound; Pty sphys tebnodart hetaspalig of betprersle; prtpestlerevitidt 268 BeirtEtoni zed
but were adpig] SLLLE SRR RHAL an ol IR e Ey%ﬁc%oﬁ %SE%ES&' diat were

ovariectom zed but not adm nistered conpound; and
hydrogen or optionally substituted alkyl, aryl, heteroalkyl, or heterocycle.

30 This invention encompasses pharmaceutical compositions comprising the compounds

disclosed herein.



30COVPOUND" refers to rats that were ovariectom zed and were adm ni stered
conpound. Figure 7 provides a graphical representation of m dshaft
ti bi a corwDeal2/3hisekness nmeasur enents obtai ned from t he PsamsS2@eper2nent
associated wth Figure 6. Figure 8 provides a graphical representation of
m dshaft fernur_cortical _thi ckness neasu obt i ned after 25 days of
Gosing F1 mal e TH BHTHOp L8 sampesisdae st S isg e GO b cHipcRy et 30

ng/ kg of tReTOITIIMetHabi &istiRllagng drRo€dMiQr Bonéferation AP ktHdt esmtedtire,

d] pyrimdin-4-yl)thio)acetic acid. Figure 9 provides a graphical

r epr esent BRNENSoINdrAreMeAtiTg difeases pnE Grarderapssedidtekwiss Bonedesssrehasnt s obt ai ned
after sev l e hybrid (129 x C57) mce with 534
Tyl kg of tSﬁ %N%fwsﬂﬁléémpéunqg’é'sé"&eﬂergﬁ

2-((6-chloro-7- msthylthl eno[3 2- d] pyr| m di n-4-yl)thio)acetic acid.

5. DETA LED DESBH B : HSON This invention is based, in
part, on the discovery that i nhi bi t| on of NOTUM can affect endocorti cal
bone for mat i onCerRar dspewt$ efrthampentios may be hedersiomintitronrfeagree batbedttathedt udi es of
m ce 10l aFkI ng a functional NOTUM gene ("knockout mce"), on the discovery
of conpoul®€®that inhibit NOTUM and on the discovery that such conpounds
can be used tOF|§l1'|rbm|bhaﬂioEésEgrl’abh@a'llredﬁél@ﬁtafl@fMffe@éhcésfbem&fh tﬁé]d)rf@'(
5.1.Definitions Unless otherw se indicated, the term"al ken%/ means a
strai ght EHENessesf ¥HioHe pongrripoP N%HV‘&WOFTIPZWEH'%S‘@Q?OHBWCH&\HO% PddRPE R0 20
(e.9.102 tRirlAdlbe Rrtdrhal) (&RFPon atonms, and including at |east one

car bon-carbon doubl e bond. Representative al kenyl noieties include vinyl,
al ly!, 1-but en¥ibyre2-phavideng Eraphisd baprgseetatjon of Bn erraemipcortipal herms thighnesses

‘;’ Hg;g%l | obsgpvrelg)r(]rybnoﬂl\ ﬁoﬁﬂg 8%§?L%u%8ﬁ¥te oz%ﬁﬂus pggp’%ﬂytcléo#;c/Fnce%nyonﬁpare(ﬂ%xenyl
2- octenyl theﬁﬂdtyﬁé]yﬂternﬁtenonenw 2-nonenyl , 3 nonenyl 1- decenyl 2- decenyl
20and 3- decenyl Unl ess. ot herw se i ndi cat ed rm"al koxy" neans

-0-al kyl group: 'g‘Eﬁér?b‘P"%-“i’aﬁraB'P RGP G roap ?fﬁ%ﬁuﬁﬂ%bta'B‘Eﬂfr%{Pée%tbrqaf(H?ted to,
- OCH34 5 - OHRHnd s CHA AR tes{feFbA) ACRkRe borf GHRANIGRTBuNMARozR6EHRNS CHB.
Unl ess otherwi se indicated, the term"al kyl" neans a strai ght chain,

br anched hﬁévo@rgogﬂﬁ\)@éﬂqutm(ce@%U@tﬁlwlid?/ﬂvpg|l’fFﬁV@P’@éar bon. Non-cyclic al kyI
noieties may h o) ;

Cycl 1 ¢ alkyl e afiides b fraflcd PesbongubPor bRt oy Pl RS RORBRET!
Al kyl noi gtténgth dma\zpungcdnnmmsﬂ)ntmt@ecfanMrm tae¢ Borteg bifemeld NIOO Usshohicaygens al kyl .
Exanpl es of  al k u include, but are not limted to, methyl, ethyl,
propyl , |§'ijr?e6‘f5§?ygg‘ﬁ(?<ﬁg‘§\91‘t mige gk thgir wi %b‘ﬁ]ﬁ?fma pentyl, hexyl, isohexyl,
heptybg 4, 4- di ﬁ‘g&rbxlpp&meylagragﬁ.wlrepre%ezbaﬁortcsflnﬂmstheﬁlfémmcwt.calmmaasless 30decy|
undecyl and dodec Cycl oal noi eti es may be nonocyclic or nmulticyclic,

and exanph@ésuf%ﬂh’t@t%?ﬂ HBisF @ﬁ)‘iﬁys Ofdiﬂé'r‘s)bh't“?ﬂe hysfIL Ty ice i | 1aredie B, and
adamanty| g]lglﬂgd:lnh'zgrﬂr?gl/kge(?(fm@ﬁi\? nh% #ryﬂ ((%'d tﬁ\ﬁth ﬁgﬁeld]ﬁ?.ﬁﬂdﬂﬂm anched

and/ or cy porti on t -cyclo e term

"al kyl " i pithiophesticsaidur at ed hydr ocar bons as vveI | as aI kenyl and al kynyl
noieties. WD 2012/037141PCT/ US2011/ 051421 erw se

i ndi cat ed, thegﬁ‘érFr%p‘%’l‘]\?f/Férraﬁ'i"“% GrPresgpRyen %{W?Sha%ea{?ﬂf 633'6%{?@5?%. ety bound

to anzgr ylnemk@ﬁehts obtalned aftebil BBk OSTTHREIME ﬁﬁhéMﬂ@aaternonﬁzlae r:ltBMgh 2'((3'
oun to a

"al kyl heteroa%p I&%I - het er oar)yl_' means an al kyl noi et1y ]
het er oar y Fhlersi §/thy'§Uﬁ‘|° digyrieifiRr S dithipareisped, wherdn 135 CNTRL et Beycl e
or "al kyl rheter \P&X%tﬁ‘ovaf@%ﬁze%n@'nlﬁéddn%ét@rte}i chﬁHMdt %Hﬁmfﬁw&@w&bﬁo i ety.

Unl ess otherw se indicated, the term™al kynyl"™ neans a straight chain,
branched mfer@;Q:datschd’ty@re)mxarommcthmedgutfwemaczmhote%li oepgund; 20 6CNTROL” 2 to
6) carbon ast_one carbon-car on

bond.
Repr esent ae,?ér(s)gsra s%lq"g V\[ererr%varl i %rglzed blﬁ nat adénéré%teregﬁympoungOpynépk p%ﬁ on

30 COMPOUND” refers to rats that were ovariectomized and were administered compound.
Figure 7 provides a graphical representation of midshaft tibia cortical thickness
measurements obtained from the same experiment associated with Figure 6.
Figure 8 provides a graphical representation of midshaft femur cortical thickness

measurements obtained after 25 days of dosing F1 male hybrid (129 x C57) mice with 3 mg/kg,

3



10butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-nethyl-1-butynyl,
4-pentynyl, 1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl,

6- hept ynywWo 20t206typmyl , 2-octynyl, 7-octynyl, 1-nonynyl, PR2T/usoomyoyi421

8- nonynyl , 1 decynyl 2- decynyl and 9-decynyl. Unl ess ot herw se

i ndi cat ed erm"ar [one ng Qr an tic or

par 1 al |y 3Bk iRy EEOTCaRBaBET ke b iRy Rie0gan at oms. An
aryl ﬁDIeHMyﬁﬁMmLﬁﬂﬁﬁgﬁt§Qaﬁu|tlp|e ri ngs bound or fused together. Exanples
of aryl noieties include, but are not limted to, anthracenyl, azul enyl,

bi phenyl , f1 uoFigwgIo Provifean sraphier reareseniaien efynidshati évaricpitiert flickngtseny| |~ and
1,2,3, 4-t he
term"ar yﬁ]te %w % J@g%wer%%manr(rjelagr?saysaoﬁragﬁiﬁ%lﬁﬁoﬁﬁwngg/lu %;Sg)arggg\g\tﬁ Kyl

noi et ys 2®4erg£kgsf bk NST WM ehi bitroti2€ 66t abtbro-7 veet hyithiwp o [3 Rad | mgiendin-drytithid)alett
enconpass quorlne chlorine, brom ne, and iodine. Unl ess ot herw se
i ndi cat ed? “dhe term"heteroal kyl" refers to an alkyl noiety (linear,
branched or cyclic) in which at |east one of its carbon atons has been

repl aced with pEIIIEEDEStRIPTION.GF.THEMIVENTIGN S). 25Unl ess ot herw se
indicated, the term"heteroal kylaryl" or "heteroal kyl-aryl" refers to a

het er oal kyl noirigé Mvebﬁidﬁd bagedain pattkanl thém.is@wry that |nh|b|t|onldlﬂNe$L$MQhr|ﬂﬂféM se
indicated, the term"” heteroalkylheterocycle or "heteroal kyl het erocycl e"

refers toeRioReitied ganadgImation e FatigtaiAgPects OH@F&VSEWI e pasp ey Studipg of guice

ot her v se bRkl £Bh&[BnallNITUMEAL (RRSREAMIY], oNBRNBscARNAEEbmPRIRL Yra¥ARHRI N at
| east 30 one of its carbon atoms has been replaced with a heteroatom
(e.g., N, NOTYW, &d. onEbteawowv that sush eomiprvindaigae ba oted tp slimdattetcortica denali nyl |
be”Zi”idaF?mFumnFﬁu%%L anyl, benzoi sot hi azolyl, benzoi soxazol yl,
benzoquinazo énzo %lazolyl benzoxazol yl, fury!, imdazolyl,

i ndol yI, |soth|azolyl i soxazol yl, oxadi azol yl, oxazolyl, phthal azinyl,
pyrazi nyl , pyrazolybgﬁmumﬁdazinyl, pyridyl, pyrimdinyl, pyrimdyl,

pyrrol yl, quinazolinyl, quinolinyl, tetrazolyl, thiazolyl, and triazinyl.
WO 2012/ 0371419617€£SLd‘B'2€®\2ll[ké @lﬂﬂ:aﬂﬁ%d, the term alkeldml essnod fimight dain, hidndatl @od/ot he

term " heter | al k "het ero al k nmeans a hetero noi ety
bound! o S VMRIAETEN BT T LG fe? Bt L1or24PL b Seiee TP ne o

"het er ocy @b onk EfrBérScariBbnafduBIE BERY. iRepreb@titivallkinyRerRBtd ifcl@le VYN ai,omat i ¢
monocyclic or polycyclic ring or ring system conprised of carbon, 5hydrogen
and at | eidvtesyle- K@@@w o@ﬂobtmemé Bpentqqyl, @-pgptesyl, 3-methul lebuies 12emeray)- 2corrpr| se
mul tiple r rocycl es
i ncl ude hé?%ﬁ%éﬁi anp ﬁg]iﬁgﬁdgg%% ﬂﬁfgﬁg%ﬁgliﬁ&ﬁEﬂﬁ E%G%Q »
benzo[ 1, 3]1€htenvbll3dcten2|, Bodety, Grastdnginz-opriendl] Zthaneinply3-nor@npinbtieaeynyl, 2-dacemhy| |
hydan $|n% golinyl, oxetanyl, oxiranyl, piperazinyl, piperidinyl,
pyrrofT di %h? B rrolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
t et r ahydr opyT i ghieyothdr@lse AaEHEBNE temda|w®, mad&Hsah rehyidl eblb. oRbapKE of
t et rahydrot hi opyranyl and val erol acta Unl ess ot herw se

|nd|catedam@ﬁé“W@?W@UW%PEV%%V@WENPRV?qﬁ%ﬁ “ORH1CEr o\ Hal -RifH:GBf ers to a
heterocychﬂcﬁgkgtgnyqﬂag kg, an al kyl nolety Unl ess ot herw se

i ndicated, the térm'’ heterocycloalkyl refers to a non-aromatic
heterocycle lsmnﬁegmﬂwbhewmm@éthﬂurméwéd’meh@atewdﬂthenérnm?@i@dﬁkylaIkyI"
or "heterocycl.oal refers het er oc oal k ound to an
aI kyl %m)l e\{c 1c(“ cyalo:lm{yl )%@%(@Sr%onotNﬁgrc GtIIC aI%{I moielies 1 eéy hﬁv fro elrt@b? ﬁtgoglta..
"managi ngor amoh) CarBsTegems Ry clic eIRg aTBRARS mpy BM@ ol 20 (89., BEOWF BEN&ebadf t he
speci fied di sease or disorder in a patient who has already suffered from

t he di sead®@msr Ayl Serictiss havﬁﬁdyoﬁ}ﬂoéh‘@ft}?@ﬁ?rﬁ@efﬁﬁ%d oiarelorRERIKVA” 6%’5&”?%%0 who
20has suf BIWI%Q)UB:{ ROLANButdr S RATMItRY todhéﬂ{yfj%{hyf B1EBlINSogrébyl. RIBuBS ik By, The terns
enconpass nodul ating the threshold, devel opment and/or duration of the

di sease oisollitgoredint, hem* mhaw@hmylm@dwmyhvﬂmatvl actpbﬁ Qérttlmﬁéwp@mlanrwl t he
d;)ﬁ:?‘%(gcg{ﬁcy(:al ecﬁ an%%opdte \fl)l Cycggllkﬁ m,0|e(%|e]§ \Moésr%o}s\%ﬁy%hc or mul’tl CP%1 a?(?examples
pharnaceunmmaéhyma@map@@bbawnqaob@uwawa@mﬂﬁ @Mabaﬁaﬁwln&huﬂmngampmgganlc

aci ds 25and bases and or anlc aC|d? and bases. Suitable harnaceutlcally
accept abl & Bagoéet'aawe."a% Laincheq diqsgeclic perfions (g anbethy|- WHH' palohexsbal 1 i ¢

sal ts madend lR AWThIHES sdt@h el WHarotdrbds Yive TRGIKRSYI HAA alRPLASGEEE)  Ssodium
and zinc or organic salts made from|lysine, N, N -di benzyl et hyl enedi am ne,
chl oroprocai ne, choline, diethanolam ne, ethylenedi am ne, neglum ne
(N-met hyl gl ucam ne) and procai ne. Suitable non-toxi c acids include, but are
not limted to, inorganic and organic acids 30such as acetic, alginic,
anthranilic, benzenesul fonic, benzoic, canphorsulfonic, citric,



et henesul fonic, formec, fumaric, furoic, galacturonic, gluconic,

gl ucuronic, glutamc, glycolic, hydrobrom c, hydrochloric, isethionic,

| actic, msibebr/o3melti c, mandel ic, nethanesul fonic, nuci cpPCmiuseé1a/05@aNDI C,
pant ot heni c, phenylacetic phosphori c, propionic salicylic, stearic,
succinic, sulfanilic, , fartaric aci t ol uenesul foni ¢ aci d.
Speci 11 6 non- t Bt isrtle e EiahS e souraon slBer mSot arohl e

hydr ochl opbhd tgly,dgrqhﬁ@@gyc phosphorl c, sulfuric, and nethanesul fonic acids.
Exanpl es of specific salts thus incl ude hydr ochl ori de and mesyl ate salts.
O hers are wel Poirgssiperivise indisatge tthe g “alylkpterommpyirion gilyhheterompyl meaeeait i cal
Sci ences Easton PA: 1990) and Rem ngton: The
Sci ence ang\ﬁyb ?P%U&WKE’{QQL‘ FMB.Qg,gth ed. (Mack Publishing, Easton PA:
1995) .5 5Unl ess Uolessertvargise |ndatatea,ttedtermHekxtllmterscvttat‘ evalkyl; Hetérpeyelebmeamgh and

"preventio cont te _an action that occurs before a patient begins to
suffer frd t*}?ée%ﬁg}éf'??%t}etamé L?srgo'?)tty di sorder, which inhibits or reduces

the severity obnfkehatsliraram@icoed th& e esikynkn n%hﬁd’stff/éﬂglhd&aint Branéhed BBcyclic
enconpass prophyl axis. Unless otherw se indicated, a "prophylactically

ef f ect i vehghieRgrion héY'”%fr%?rﬁ%&Qt@gr 240 Q'O?aﬁ?tﬁJFﬁrb%*Lﬁth&|a@‘i'1t“c't1€i”$ﬁté¢ﬁéh?”ea

di sease OEarG&pg'rﬁdnqnpleQBnQO%pr%Een@pcrvgaI%Vr{Wrtng*eﬁeseﬁtﬁtR% B dbyhlier di sease
or condition, or prevent Its recurrence actically ef¥ect|ve
amount0 obutanyd @rpdwnyd 1ivestmsyl, 2rpeatmund-mefhyt- hemtamé,tﬂtpmtmglehhexyatlo&ﬁteexmvl| n
conbi nat i nW|th t her ent s OVId a rohla ic benefit in the
prevent 1 of TgrY Rt 28BN Y 4R BT 2t B PR e Srount - can
enconpassnarynarmhwﬁyntlj‘uaxkcl/rﬁmrzetée\,ﬁwyoafﬁ@ajekyrprophyl axi s 15or enhances the

prophyl actic efficacy of another prophylactic agent. Unl ess

ot herwi se i ndi EaeELHhaHise indicated Shptrnt’ art/tea*eanmorn%tedmgar YL EMPfP a

chem cal  84&MGTa M RatR inE®s&hYeonfpR &l ot cirBorfarelyliat é‘c@m@fAM}?ttmo?ét(/Hf%%We or
noi ety wherein one or nore of its hydrogen atons is substituted wth a
chem tal pamrsisy moitipteurings Paumd lor gnsemqggetherh Examplesiof arybnoiktigsiincudlet lyt agginodhol |,
al dehyde, .. al koxy 0 | kax rbpn

nmet hyl , Zbett {x antl%ace%yl XZ&’)%B ob'&englf)( ?nlgﬁtnﬁ /I ap\kynf}li]th% ﬁ%n?rﬁtgrre t)‘nyl oxy
(-0 0) al Inrydn)/l ara 1:!@4(t€tr@ydro@(aﬁl)tNHenei| kyl -, - aI Kyl NHC( 0) al kyI ), am di nyl
(e.g., -C(NH) NH al k){ C”;g % am ne prlrrar secondary and tertiary
such as al kyl aHgE,° haerr‘Q’!S%t ﬁﬁ)tedatt‘ fesn Al ng) ‘anvkryT meagsan aNAROIEBy | azo,
car bamoyl p§&dde an alioRH- al kyl -, -0C(0) NH-al kyl ), carbanyl (e.g., CONHZ,
CONH- al kyl, CONH-aryl , Har y| al kyl), carbonyl, carboxyl, car boxyl ic aci d,
carboxylic aci élnlaﬁwytmfwemdeateb&dhﬁ:/teirr@s deloger’ind r'halie’ engBesaanidoriest er

epoxi de, r y, ethoxy), guanidino, halo, haloal kyl (e.g.,
-Ca 3, C&ﬁaﬁ] Cé%?—l% 34@%&3@8&0& kyl, hem acetal, imne (primary and
secondary), i soOo¢saieewise Btdtcklted)ayateaméhetkr@bldmerefmis torainlaﬁgyl mcbuéw(()ljneerxo,

phosphodi sul fide, onam d NH sul f onyl

(i b ad e oS b RIS FRRe Gt U 5P B RUATS B FGAPY 2 ul Foxi de,

thi ol (e. geterostdnf @¥AMNYb, ortshhi oet her) and urea (e g., -NHCONH al kyl -).

Particul ar substituents are al koxy, al kyl, am no 30(| ncl udi nlg al kyl am no,
r

di al k¥t ami no) , Valessotheryisp idightied, thetedm * bﬁstarﬁélkvlwat ar Wéqr@fﬁ'fyk?ﬂy tetsé? deycl e,
and hydr 0¥k oaikvi bd855n 9 W.se indicated, a "therapeutically
ef fective atrrg)ant/ mo(')?tya corrportlmg\bﬁ{so é\r;t anount suffl cient to provide a
t her apeut i ¢ betelesstothanwish sdicatedttheterm dhetemalagbetentycf’ oa“teisedise or
mze o tonms associated with the

oo nee opety 5 19 oo et estet P b e Bt PR A"t hor aneut | cal 1 v

ef fective anpuphlesstftheawk®MaRsRE, tAERAS “Réte@BBIMeadf ard IPMANEYIWhEreRGE st al one
or in conbination with other therapies, which provides a therapeutic

benef ?Q i ANg Pfdfs £3r8aR FHEME hﬁrbe%m&&é??e‘ﬁ*th ’t‘)'ﬂet?flﬁ’étom (€€adleO6F Slc &¥MRGSon. The

term 't NefARGULLEAL hit IRffe8 e VR ATBURmiAEAR| BOGAMPARE baRoAERHRI Nat

i nproves overal | therapy, reduces or avoi ds 5synptonms or causes of a

di sease obertzoquatqlxdrbenmqueamamwntottmazphebapemzoltzl fmf, urwtezsolxd)ﬁmb)tvbt her

therapeutlc a treat
treat ng oUW, resgohd e pBhE et R PORTE Bt b o

patient i pyrayf p@miigigylf gyamidyh yrsq@Cddidaeslingl Geasiay oetrgiosQ tiglgdolyl, Whd ﬁhz.ﬁe.duces

the severity of the disease or disorder, or retards or slows the
progression of the disease 10or disorder. Unless otherw se indicated, the

term"include" has the same neaning as "include, but are not |limted to,"
and the term"includes" has the sane neganing as "includes, but is not
Iinited to." Simlarly, the ternt"such as" has the sane neaning as the term
"such as, but not limted to." 15Unl ess otherw se indicated, one or nore
adjectlves |nned|ately precedlng a serles of nouns IS to be construed as

o g,



substituted al ky, aryl, or heteroaryl"” has the same neaning as "optionally
substituted al ky, optionally substituted aryl, or optionally substituted
het er oar yWo"201203%t3oul d be noted that a chem cal npiety Phatustanmsi4part of a
| ar ger conpound may be 20descri bed herein using a name conmonly accorded it
when it exists as a single nolecule or, a na cQ nly accorged its
Fadical . For oRARFIAUENHE HHERRE thy(Er dnelaman kot U MetRparvi iyl 2B tied ¢ he
same nmeanh&grodlBmodsaduh®tdBshd i Rsled. Noi ety attached to other chem cal

noi eties. Thus, the two phrases "XOH, wherein X is pyridyl" and "XOH,
wherein X is pyplegioeerwise Bdisetertietermhbetergaeemeripns kgyan HAN BT HPNSS t he
conpounds Ldi n- 2- |d] - 1d - i din-4-0ol It should
al so be n%@gﬁh?{z@t&ia?ér?ﬁg)ﬁg{ng%@%%%%hlwg\?%'%? éﬁés%lrs%@:kgﬁ] rIgf)erd Oécaprg?nt'i on of a
st r uct ur ehydsogeotand adeasaorechedrodtomi(@g., Bx@aond).eA hétetodyar mala®hedsd malgsle t he
structure,or the portion_of the structure |s tq he interpreted as
encompassl g4 7 el uirirdourd fopshily Setsfedy deslRg drBHPARYS PR dr awi ng
W t h unsatncisfié, ®8dt sraheneeedits basumdiokdy 63 -aihjRe-betto 101 aengRinAYItKDgen
30atons to satisfy the valences. In addition, chem cal bonds depicted with
one sol i dfurdmyk hysepiainve morgholimé cyetameexirink PeARaRYadrRe By hPYTAHgINeand doubl e
(e.g.. arpimaliibl RA9ERrorhn) ALEREADERERT thtrahy¥pyridiny, tetrahydropyrimidinyl

2012/ 037141 PCETWJSZOl%/%(r)% VOIS %rﬁ’%ouﬁﬁs”% VP AVent T on entompasses
conpolhds tapfahydiethfophenyl, tetraRidrgdhiopyRRyGand valeZolagtemphar maceut i cal | y accept abl e
salts thereof, erein: . one. of and i.s nitrogen,.and the 5qther of E and
S ni trogen’ YPERe g NG ake T Ron heeBial AR P BB e A R 170
or S(0) m awkereyde Moies bdundlto adfalkdmdtyi s hal o, -Ri A, -O0RLA, -S(0)nRI1A,

-S(0) nOR1A, or -S(0)nN(R1A)2, wherein nis O, 1, or 2: each RIAis

i ndependent | y Hy@rssifesiwise indisetediihs fymstseiorycloplsd” mfsry fo 2 RanAromptist er oal ky!
or heteroguelyad i s hydrogen, halo, -CORR2A, -C(0)N(R2A) 2, -SR2A, -O0R2A,
-N(R2A) 2, or optionally substituted al kyl, aryl, heteroal kyl, or

het er dtycl e; eHuolrssRERrvise inddetperibeterhyhdtgdesipatiylalky’l @opetiemeedidajkykalbst i t ut ed
al kyl , aryl et.eroal kyl r.heter | e; . 1s hydrogen, hal o, cyano,

- CO2R3A, ye&rf)?(?\?(%%)o%(:%yg@&'ew wﬁgygﬁ%ﬁ%ﬁw'opti onal ly substituted

al kyl, aryl, heblessaahdtylse indicateettes aenicteanags,” trogragingrandi“tnbndgbmamd t he at ons
to which they are attached forns an oEti_o_naI_I substituted cyclic noiety;
each R3A FREOMRAEPETYGRHE e WHF%‘Q%?I“B? RSRHIFOH aF‘ilorsddFBEGleft”L?_tF@Her&IWIh,as aryl,
het er oal k)(*eadf)fuﬂfé?édefdﬁp%‘é|d%éasg49r HiSor 5 RY&engh2h g t tindPihh OGNt who
substituted al kyl, aryl, 15heteroal kyl, or heterocycle; R5 is hydrogen,

hal o, 20 COpRsAffere€Cfron NI zORSe or-dBRBIAT renBRB A renSIRBAJHE teigirs eppernrasal | y

substi t ut I r er [ r wih R3
and the. al5aged s fsthor J baRACha AR SR e S b 9P b i o
cycl i ¢ nothetway tlend pedenia rd2pdhds so thy disegyenr disoro@t i onal | y substituted al kyl,
aryl, heteroal kyl, or heterocycle. 1t should he noted that $he inner bonds
fr 2w bet veen UNefAEhed L GHETBIVAS toRm A S cep U BRI AR s Bt RO, 201 n
SOme conpprpsied froMtghafmaaadictiyalcee ptible RBQBxic dds 2PPRes icllidingnorkgthisie, Y is
S. | n some conpounds, R1L is -Rijn, or -S(0)nR1IA. In sone, RAis
subst P ut &efl kassand organip agies ad ibasesconipbla RBIMargulicylly aefspiablspiapdditiBr falts ut ed

w th one f © 4G : = . S(: .

"s(0) pora §- T80 Sreiitfee o efsedt R g MRS cush BT ORs g, oo,
wher ei n epathssRing sodiurn Akezeral @ rga hiy sditg dradg nmadysinepll NG dikeénzyledwlesedidnined al kyl
aryl, heteroal kyl., or heterocycle; is.0, 1, or I n me coppounds,
Ry s optl AR SiRPF R o i, Sdeegre b Bine TR

(i ncl udi ngroddiky | Ak BI®norfioRi KydsARdIWHR) but@Fatot liGRED@Xybigeniagidhrgfyca@s hal o,
hal oal kyl , heterocycle, or h%droxyl. 30l n some conpounds, RIAis

subst % ut _élt?h_af ragre, aB_H"%@J’ﬁBraB_ frpenAsassulfegionbprzois, (38 ?ra‘_ﬂ'@ﬁ'cvﬁ'tt”ﬁ -C(0)OR13. In
_Ot hers, Rletﬁehe%uﬁ&hbcﬂo'r%létﬁ%am,tfd}orc,%(ag):tjhlﬁdﬁac?’élgcon'cﬂglmwdic(,:gbt%hic‘?g ‘RH”ds, Ri g
is hydrogen or |ower alkyl. I'n sone conpounds, R2 1 s hydrogen,

hal o, or hginerromlckiyidrochliaripdsethianid articcoriptuMa s, mRRlelis mejdnegdonic, mucic,

nitric, pamoic, pantothenic, phenylacetic, phosphoric, propionic, salicylic, stearic, succinic,

sulfanilic, sulfuric, tartaric acid, and p-toluenesulfonic acid. Specific non-toxic acids include



In some, R3 is cyano, halo, hydroxyl, or optionally substituted alkyl. In
sone, R4 is hydrogen. 5In sonme, R5 is cyano, halo, hydroxyl, or optionally
substi t utwo 2a12kph141Sone conpounds are of the fornmula: @cmarssoiansi4of the
formul a: 10Some conpounds are of the fornula: 0 X S(0)n R5 30 ¢, R2 NO

wherein X i RlA is in endent | dr ogen_ or
oheT enal | DvEeBar (il o pheseRets Uyt are BERS T nsties BOprES R i s
hydr ogen efeciiptdiaalk intuas Bydrbdnibriad add rlﬁydy;at@ﬁﬁh GRB&s b wernd@eﬁnﬁlﬂnébry
hydr ogen or optlonally substituted al kyl, yl, heteroal kyl,

het er ocyche; e-R3RENYNGIBH £IPEIrMace Ul NORSKES 187 SRéMaCk-PGN@Nng'-ERIEtRBBé\ 2199@;§‘f‘ﬁ onal | y
substi t ut ﬁgrrlﬂbt%x he ¥idlce aPc?ﬁrSEtR?Fﬁﬁarrg&’#l felg J%}{Iﬁﬂ’tﬁilshﬁcfﬁ thﬁ Al $ogs

i ndependent |y hy rogen, optiona tute eteroa]kyl or
het er otycl e; RBnIless dnladrmse mﬁmtl@&,Ahe W@)N\Rﬁﬂ) ZbreveSR@Aand WA{\’EIGI’N( R5A) 2, or
optionall tltut ed a het er ocygcl g:. each R5A
B ndopel RS nD A op T Obbr stk p Jouh BT e SRR SRy fed el kyl
or het er ogiy&der, waidklinRibits olted ke Othe Zeved Bl of tHedideh &b @fsor@NMIVBHAESWEHS, thd S
formula, nis 1 or 2. In sonme, nis 0. In some conmpounds, X is N(RLA)2. WO

2012/ 037 1FEIPETIONPEE P/ PHL29E One embodi nent of the i nvention encompasses
conpounds of tUﬁmis%rtﬁ@ﬂwéeH\Qé%d%Bproq,ﬂga&iaé\rygff@&%5&6&&% %?n‘b% i€aval t's

t her eof , wherein rogen or optionally substitut al kyl, aryl,
het er bl kymourmsufheerért@wwréa dRRase or W\drtlgg,em ooe orUp@negmwtbms gusbaated wited

al kyl; g\Ch ﬁ'gf\%s%orgondqde‘pengg/@\ll% re% &e%”oFopRﬁ |6:j Nﬁ%&’%?’%%‘t’fw al kyl,

aryl, hetero P8t EP6e - OR3A,

-N( R3A) 2, c@mduamaielarys amb&hhttdi&leada;ﬁhkyigenawhe ohetarigadtion hith@thehegeatspcycl e;
each R3A is_jndependent | 1&] hy dro optionally substituted al kyl, aryl,
het er oal kyhich Broviqat 2prgeiacts beF?S ‘i'§ tfr?anr%vent'wmd'seaa OPRIGBA) 2, - SR5A,

- ORSA, - - Nt Rgdhyfacti@lly SRIHRNA dufie SHP S b b £ dn BBt tha it brovdl@LELP o|5b(\)laxusor

het er ocycl e; and each R5A is independently 10hydrogen, optiona
subst 1% ut e'dertialhrktw the@rqﬂhylaﬁ@teé‘m@/ldfy'hothefrprmleﬁtw@gmte Parti cul ar corrpounds

are such that: Umss otfﬁéw;sg mIa%?th ﬁﬁe E\ES b%tlt%qutd h)(rﬁ\’ep %‘Qe% toRﬁ?scﬁbe :1 ?h%mlc’al Rigis

not ethyl; and
substi t ut ecicpireniymoietyretni® acmrmﬁuadsmaﬂ%&uuﬁrermtmduely\@heralnlﬁy\b of oK. of its
met hyl ). In sonme, R5 is not |ower a met hyl ). 15l n sone

Conpounds MG Eiort e GEH o B e SR LD SR U RIT DG | ovier
al kyl) orjigfyd toh:lléthF(iEIHérﬁ/H!e %TkoQ\PHPQWQQ% alRbGcdrBorlyy IkEGERIKAT .l K¥thy, | N sone,
a SZOaI kgtlhylopl;ropyl cycloprbgyl 't butyl)ogll?y)nyl alkylcarbonyloxy (-OC(O)alkyl), amide (e.g. -C(O)NH-
alkyl-, -alkyINHC(O)alkyl), amidinyl (e.g., -C(NH)NH-alkyl-, -C(NR)NH,), amine (primary, secondary
and tertiary such as alkylamino, arylamino, arylalkylamino), aroyl, aryl, aryloxy, azo, carbamoyl
(e.qg., -NHC(O)O-alkyl-, -OC(O)NH-alkyl), carbamyl (e.g., CONH,, CONH-alkyl, CONH-aryl, CONH-
arylalkyl), carbonyl, carboxyl, carboxylic acid, carboxylic acid anhydride, carboxylic acid chloride,

25 cyano, ester, epoxide, ether (e.g., methoxy, ethoxy), guanidino, halo, haloalkyl (e.g., -CCl;, -CF;,
-C(CF3)3), heteroalkyl, hemiacetal, imine (primary and secondary), isocyanate, isothiocyanate,
ketone, nitrile, nitro, oxo, phosphodiester, sulfide, sulfonamido (e.g., SO,NH,), sulfone, sulfonyl
(including alkylsulfonyl, arylsulfonyl and arylalkylsulfonyl), sulfoxide, thiol (e.g., sulfhydryl,
thioether) and urea (e.g., -NHCONH-alkyl-). Particular substituents are alkoxy, alkyl, amino

30 (including alkylamino, dialkylamino), aryl, carboxylic acid, cyano, halo, haloalkyl, heterocycle,
and hydroxyl.

Unless otherwise indicated, a “therapeutically effective amount” of a compound is an

amount sufficient to provide a therapeutic benefit in the treatment or management of a disease

or condition, or to delay or minimize one or more symptoms associated with the disease or



In sone, R5 is alkyl (e.g., lower alkyl) or halo. One enbodinent of the
i nventi on enconpasses conpounds of the formula: 0 OR 1B S(C))n R5 20R2 NO
and phar nsoeoatzsal4ly acceptabl e salts thereof, wherein: PRrgiSeaiihoydebgen or
optionally substituted al kyl, aryl, heteroal kyI or heterocycle; R2 is
hydr ogen, A or -N(R2A) 2, or
optional | W‘gmﬁ’gt ﬁ%@aeﬁlcﬁﬁe@e&&ﬁﬁ’%%ﬁ 8? %ﬂ”r&?f‘” Farﬁé'f‘éFBéVcﬂf e; each R2A
i s i ndepepedpelivc ¥ HGRbr LI AREbA Wit et inkkbRE vatidhrovidts ¥ therdRLa¢ 0al kyl ,
or heterocycle; R3 is 25hydrogen, hal o, cyano, -CO2R3A, -C(0)N(R3A) 2,
- SR3A, - OkEfit mmmﬁf@entwmaammew @‘di'%‘ﬂ”fetaﬁﬁ@éo%d'k%ﬂ Thekeym, "”ﬁ?@tpéw@al'\kyl or
het er ocyc Yen WY I ted
al kyl, ary Lﬁecn et eroaﬁh%néoﬂ&%%ga{ﬂ g&gghtctrﬁ HE@Q@JBVﬁBQEHeﬁ’%ﬁ Heﬁa‘lég?rsafv R5A,
-C(0) N( RSMTﬁo,tomSREAuses Gﬁaﬂ@easdmc@ﬁlﬂtﬂfno&7elﬂm€§whlﬂﬁﬂi®dﬁbbﬂ6éfﬂ®ty ofNQBBW) 2, or
optionall substl tuted al kyl, aryl, heteroal kyl, or heterocycle; each R5A
is i ndepeﬁ\tﬁI LREYYF 385 8r ogen, " opti onal Iy substituted al kyl, aryl, heteroal kyl,
or heterocycl eumafsd)tuibrme thdRkted, the terms “treat,” “treatihg¥ aﬁ@"ﬁeﬁﬂ@?ﬁwm&nﬂﬁtet hi s
formula, Rig is hydrogen or optionally substituted al kyl (e.g., 5l ower
al kyl) or amsgjipn thahogsupspihile p aptienbinseiaias fromithe srecifigdidissgespralisoreryyhich| n some
conpounds redﬁges'tl$e J%V&%rtfglecne ﬁg a?ep%r' o%?)?de'r yor?é’cprﬁg brtslrl;v@‘SQh@H&/ essdnrbfﬁ%' Bisease
compounds, R3 is al kyl or al o g., chloro) sone, R3 iIs not T over
al kyl 1¢ e. gr disamrhyl ) . I n sone, R5 |s al kyl (e g., lower
al kyl') or halo t. | ower al, e.g.
corpounds of  HEe R ETFIso sy 80f o8 et h: b S s e drBFl n x i s
ORI A or NaRhe) Eniteiach alli theitérni ‘Metejaestdantheamy tleigfdlasOmcdPés, Burad oy
substituted alkyl, aryl, heteroalkyl, or heterocycle; R2 is hydrogen or
opt i onal | §mEeiet’i %”Eit'%‘é @FWF‘ sechap” R A Sé‘mieﬁt?éb'é%ﬁfetﬁ? FRFMAHP Ay dHt Bt
optional | yhsapst-i tuted al kyl, aryl, heteroal kyl, or heterocycle;, R3 is
15hal o, -C(0)N(R3A)2, -SR3A, -ORSA, -N(R3A) 2, opti onal Iy substituted al kyl,
aryl , 1het er oal Kyless otirerivise éndmtydloeae opaeote FABAtives immeréﬁélmaemedig}g fsedeogfen,

ﬁg_lt '()O”alcoéﬁg\g\l%%g é gc;rgﬁ 5 A pplyl éacmﬁlﬁgi\ggdnlél{% &)?arénpl %?%g l"%ﬁtllonglyl S

substi t ut adasaiut@ﬁlajkyaerrw ar hb&h&lﬁpalhdﬁylhe safve nieahiag @s:'yxpheqallﬁambnt%a aiks,

i ndependent |y hydr o% t| onal I[)z/ substituted al kyl, aryl, heteroal kyl, or
het er ocycP%t‘O”éch”HSt ‘éte@)ary gptionally yhstinted hetsiPHY! conpounds of this for mul a,

nis 1 or 2. |RsUEbe AbtdSthB:a dhBmRAIMTEOIE) MR RS parkol Slaf¥etbMpdund Sy
enbodi ment of the invention enconpasses conpounds of the fornmula: 0 CR 1B
20  described herein using a name commonly accorded it when it exists as a single molecule or a

IM

name commonly accorded its radical. For example, the terms “pyridine” and “pyridyl” are
accorded the same meaning when used to describe a moiety attached to other chemical
moieties. Thus, the two phrases “XOH, wherein X is pyridyl” and “XOH, wherein X is pyridine”
are accorded the same meaning, and encompass the compounds pyridin-2-ol, pyridin-3-ol, and
25 pyridin-4-ol.

It should also be noted that if the stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed lines, the structure or the portion of
the structure is to be interpreted as encompassing all stereoisomers of it. Moreover, any atom
shown in a drawing with unsatisfied valences is assumed to be attached to enough hydrogen

30  atoms to satisfy the valences. In addition, chemical bonds depicted with one solid line parallel to

one dashed line encompass both single and double (e.g., aromatic) bonds, if valences permit.



R5 and pharnmaceutically acceptable salts thereof, wherein: Rig is hydrogen
or optionally 25substituted al kyl, aryl, heteroal kyl, or heterocycle; R2 is
hydr ogen wo 20ptG3onal | y substituted al kyl; each R2A is i rdepsadensiagl
hydrogen or optionally substituted al kyl, aryl, heteroal kyl, or WO
2012/ 037141PCT{5382011/ 051%21 het erocycle; R3 is halo, -co2R3A,

-C(0O)N(R3A) 2 2 or -N(R3A) 2, optional Iy substituted al kyl,
aryl, heteroal kyl, heterocglcl e; eac A is independently hydrogen,
opt i onal | y subs f'ﬂ"ﬂeiné'anﬁn‘i?mpa S&Y SIMPOHRESf BYIMRYNIYa o heterocycle; R5 is
hal 0, - CO2R5A, -C(0) N(R5A) 2, - SR5A, -QRSA -N(R5A) 2, or optionally
substituted al kyl, aryl, heteroal kyI het erocycl e; and each R5A is
5i ndependent | y hydr ogen, optlonally 5 uked al kyl, aryl, heteroal kyl,
or heterocycle. In sone corrpoundsRoiJ\ for la, R2 is hydrogen or
optionally substituted al kyl . 2 I n sorre Rig is hydrogen or

opti onal | ynsspHarhdeui@mly RLddbid Ritdtherdo®\WdlereM: konk bf ©indBd ¥hitrosn, BAd tHeCul ar
compounds, Rig is hydrogen or alkyl. I'n sonme conpounds, R3 is alkyl or halo

(e.g.,> CchPBEDIF E and CdonfiEoseR®r (8:; ﬁ@ﬁOfIY@\‘ﬂé?'Sé]Rde (h@ ogher O&bﬁ@tmw)or S(Ph sone,
RS is al k%her(agzﬁng 0, i% ORd?slﬂ%l R, 0 o a'é?o)nrl SR, R SQWREM |, QVRFeiRh KY!

(e.g., net I 'ment I nverit i on' efco Ses“€onpounds of
the for mubas ofe; @Rhlf& is Rﬁewamderphawdlrngmnrlooadmaw atbsiﬁptealalkal gl heserohlkyl gof |

wher ei n: n_or opal substituted al ky

het er oal kB?ftgrO(SYd%g’c '«%B Mgl ?Cg?é!q @“ﬁy@%@@ﬂ', '§%I'§F2A'-'&%2‘§€2ﬂf °pt'&¥ﬁ5VN( R2A) 2,

- SR2A, - ORZAituedd atd( E%ZA%aeroemylp&tHewa@Jytw; eSEHIS], isirdle pehdahdiptlydrogendr,

het er oal kyl , or heterocycle; each RRAis i ndeﬁgndentl hydr ogen, optionally

subst 19 ut Betiogplkyaubstisytod alkheandrhsiarRakyl, ophetpropstes Ryt hslrogrs, halo, FW8P.0gen, hal o,
cyano, - C%R@r\ kC('Oﬁ(Q)AB\I( E@;,A) 8R3A ﬁﬁg/)\ opt%iﬁ'subm&tﬁgﬂlzyl a?ﬁtﬂewérjlllyy or

substi tuted et er or heterocycle; each
[ ndependehetlel;ocmpldgeetheropth Ralaadl thy amomm@@vzwtt@thd favm}slan dpeoraﬂlv)al kyl ,
or heteroc cle dro | o r ona Stit IkyI
oyl het Bt oty saes Rl R4 SRR oPrgHEy bt A
- C( 0) N( R54&Y)R heteDRf, or-HeRbdsycle; W, Rwlrzgerohalopirlopnﬂiahwsuwh&bu tanuwmlwal kyl,
aryl, heteroal kyl, or heterocycle; each R5A is |ndependentI¥ hydr ogen,
el

opti ohal | Qetéij’B%‘Y'l SrifeEsEoyFIRyRs 1 *éi/rdfﬂge” taloer Beftsk yH OISR s et o'y (RSAén?f nis 1

or 2. In é&%aﬁ&ﬁpﬁh&ﬂ@&am atrﬁ'P%tér@d’llm"lo@-hetaogyc\esomgé’tﬁ’&%thq{_; af?d)tth'egﬂﬂsl y
substituted alkyl (e.g., 25lower alKyl) or aryl. In particular conpounds,

Rig is hythegenthey aralattydhed fq1ims@mmtwoﬂltyoubﬁ@@temdlCSnMWIa@g@nchd?sA iopt i onal | y
substi tut gd r?glée%)élr)?pt;og\aﬁos aﬁt%&%@%k‘ﬁ‘%?\}l hR?'etr%a%ITy or Neter%lg: ceallt%gétﬁd ge cr(teﬁﬁ]l or o).

In sone, r (e.g.,
| ower al kyHa} thefinneabénds brawamaeyeeRY, the c:{’rbtbnﬂo@wﬁdh F@isléyﬂacf(eﬁ dhd Zan@dahyéd) WO
2012/ 037141PCT/ US2011/ 051421 One enbodi rent of the invention enconpasses

conpothds of t ReCMECANPYNdRPOLN 379\ ArRaitrosen.

In some, Z is S.

In some, Y is S.

In some compounds, R; is -Ry4 or -S(0),R1a. In some, Ry, is substituted alkyl. In particular
compounds, Ry, is optionally substituted with one or more of: cyano, halo, hydroxyl, -N(R1z),,

25 -S(O)uR1s, —S(0)pOR 15, -S(O)pN(R1g)2, —C(O)OR 15, -C(O)N(R1g),, or -C(O)N(R15)S(O),R1s; wherein
each Ry is independently hydrogen or optionally substituted alkyl, aryl, heteroalkyl, or
heterocycle; and pis 0, 1, or 2. In some compounds, Ry is optionally substituted with one or
more of alkoxy, alkyl, amino (including alkylamino, dialkylamino), aryl, carboxylic acid, cyano,
halo, haloalkyl, heterocycle, or hydroxyl.

30 In some compounds, Ry, is substituted alkyl. In some compounds, Ry, is substituted with
—C(O)OR4z. In others, Ry, is substituted with -C(O)N(Ryg),. In particular compounds, Ryg is

hydrogen or lower alkyl.



and pharmaceutically acceptable salts thereof, wherein: each RAis
i ndependently hydrogen or optionally substituted al kyl, aryl, heteroal kyl,
or het er o8@ebhe/03RA1i s hydrogen or optionally 5substitut @edTalskyh/smach R2A
i s independently hydrogen or optionally substituted al kyl, aryI
het er oal kyl , or heteroc is hal g, -CQO2 . - C(0 SR3A,
“OR3A, or -N(REAPDE opP %‘H%HRF &%‘UB%‘%”? %ﬁ?@a'oare@@'- '&%Wt?‘:mg\& 8&”%}?2 > or
heterocychfﬁo%@ch R3A is independently hydrogen, optionally substituted
al kyl, ary eteroal kyl, or heterocycle; R5 is halo, -CO2R5A,
-C(0) N(R5A) 2, Inspme, R IR, haleyhmdreyy,, Oroptlfmst'\r WhRitytpd al¥stituted al kyl ,
aryl, heteroal ycl e; each RS5A is 10i ndependently hydrogen,
optronally subE%?PS?gdn§PE%9$ aryl, heteroal kyl, or heterocycle; and nis
0, 1, »r 2. In some, R?asrdyarm,rhao hydropoomdstianally sibghutehialkyl. when R2 is
hydrogen R3 agd R5 are ot f hh hen | ; when RIAis substituted
pyri m di ne, T8¢ FRYHPEY ﬁ”e%ﬁ g substituted phenyl, R5 is not nethyl:
when R2 is hydrogen R3 and R5 are noR, bogh nethyl; and when RiA is
substituted phenyl, 15R2 is hydrogen, land i s substituted phenyl, R5 is
not hydrogen. In sonme conpo N |s substituted alkyl. In
particul ar conpounds, R A is substi ith one or more of: cyano, hal o,
hydroxyl, -N(R1B)2, -S(0)pR1B, é%b)p R13, -S(:0) pN(R1B)2, -C(0)OR1B,
C(O)N(RlB)2 Bﬁﬁ% 260) pPR1B; wherein each Rig is independently
hydr ogen or op??§n§¥?&wg |%uted al kyl, aryl, heteroal kyl, or
heterocycle; and p is 0, 1, or 2; 20I't™ sone, Rrg i's optlonally substituted
wi th one or nore of al koxy, aIkyI, i ncl udi ng al kyl am no,
di al kyl am no), aryl, carboxylic aci -Rhal o, heterocycle, or
hydroxyl. In particular conpounds, hydrogen or optionally
substituted al kyl (e.g., lower alkyl) or a&yl. In some, Rig is hydrogen or
alkyl. In sone, R2 is hydrogen or optionally substituted al kyl. 25In soneg,
R3 i si1@l kyl or Séraé e@mponndsaineef tRbforaulal kyl or hal o. One enbodi nent of the
i nventi on enconpasses conpounds of .the formula: RIAN S(0)n A--) RR N WD
2012/ 037141PCT/ US2011/ 051421 and a armaceutically acceptable salts
t hereof, wherein: each R Ais indep dentIy hydrogen or optionally
substituted al kyl, aryl, heteroal kyl, nhgterocycle R2 is hydrogen or
optionally substituted al kyl; each R2 i ndependent |y hydrogen or
optionally substituted al kyl, aryl/i\ atRyl, or heterocycle; R3 is
hal o, - CO2R3A, -C(0)N(R3A)2, -SR3 NTT13A, or -N(R3A)2, optionally
S5substituted al kyl, aryl, heteroal kyl, or heterocycle; each R3Ais
i ndependewherymﬁyd%gehN(Rom eoharsllyn@qpeedeintluh@dow r@ypptloaalylsubsrﬁletteq* dilkyl , or

het erocycl R5A) 2, or
opti onal | y&é ugﬁgmaik U ad ﬁr%&?g *‘r@%‘%@ﬁ"ﬁg%ﬁ ?u-b %d ark?@%% IR@N( each R5A
is i ndepermdemwhynthymddrog@mr opmnaohsajblstytu&dlam/li dryit I&derahlkw qr hateydeycld@t sr oal kyl ,
0 "R OEE! £ M 2h Bt b oo B B E, STRRAEIL] o o sueh thar

d] pyri m dhéedeyde) bdth @) .étmaarera&@rtrynq&bmn@m)narmemm@mmmyr ihstepab®lyl, t hat R3
and R5 are not both phenyl. I n sone conpounds, RIAis substituted

al kyl . | nophsterpeygieahs '-‘c't?r*ﬂacﬁﬂz%bs -CR)MRind, SBipsPRuuNE Pt optigRRlvarbshisted of -

120, b AT VB DL B AR AN D)
i ndependemdsytuteyidﬂ@gam bete@pmvlmrarleteyoqdosahd bustedoad.kyl, aryl, heteroalkyl,
or he% rocycle: and jg is optionally

Lo IvFaBstaRes gt B iy s k912 MRS i chel Ut m a1 Kol B o,

subst

di al kyl am no) , &bk cobpsdpax wlid ¢ragl d, cyano, hal o, heterocycle, or
hydroxyl. I n particul ar conpounds, Rig is hydrogen or optionally
substituted al kyl (e.g., lower alkyl) or aryl. In 20sone, R g is hydrogen
or alkyl. In sone conpounds, R2 is hydrogen or optionally substituted

al kyl. I'n sone, R3 is al kyl or halo.
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In sone, R5 is alkyl or halo. Particular conpounds have an | C50 of |ess
than about 0.1, 0.05, or 0.025 p.M as 25determ ned by the bindi ng assay
descri bedwbeneias7i4Par ti cul ar conmpounds have an EC50 of [pesaisthiansabout 5,
2.5, or 1 p.Mas determned by the reporter assay described herein.

Conpounds of the inveption_(i.e., conpounds discl osed herei can be
orebared by, mePRHECA LRGN b PG Gsree BB n e RO e M own -t he
art. See, e.g., U S. patent no. 6, 0882 to Stewart et al.; EP patent no.
0447891 to Wesenfeldt et al. 305.3.]Met hods of Treat nent Thi s

i nvention enconpasses a net hod of st'gula%%ng endocortical bone formation
in a patient, which conprises adm nisferi to a patient in need thereof an
ef fective anmount of a conpound of t ntion. It also enconpasses a

met hod of increasing cortical bone SARY'S

2012/ 037141PCT/ US2011/ 051421 conpRi'si Ng admi ni stering to a patient in need
t hereof a f i i [ Thi s
inventionQ%Fégﬁﬁgféﬁgﬁggﬁg%ﬂ%%wg?ﬁ%%%ﬁ??%5£{g%%gavﬁégnéka%Fnghting a

di sease osubdiitaticikyl, agk bete@bikg, siheterdgeie R, 39gdrogdn @hptarapy substdtuted alkyl;

adm ni steri to atient in need thereof a ergpeutically or

o ophy! acFIRRMnErRaLHY Srdertit OBt CORBBLRA B TH U BN, Exanpl es
of di seasggerpgticdlrsiOnslS - 60)NMALUASROSORIPAIRIS], Sptichal: subft@staBRARAMS al _
osteoporosi s, steroid- or glucocorticoid-induced osteoporosis), osteopenia,
and Paget heteglkdagrdieterocycle; eagl] Ryois nfepensiasteirdisgen Retionalenbrtnter iy met hod
acin i ot o TR Pl RV e Rhe A g PP cBaNS R Sl PR NGO 16°

pr ophyl acbptmbliysubdtitged aling, aayierdroaifyl, ar beraoycieciaraf eatin Bs, i sindependently

Parti cul fract . jated with netastatic b di ,
oo Wankb SRR o A naRuB SPORAS] B BhmlY. SR ake0r cancer s that tan

met ast asi ze t opfraffaricB@boiias e@sdhahs: wWheRASE hydréled, R, &ty hnd RDM ckibney
cancer. _ This invention al so enconpasses a nethod of treating,

managi ng, Rors N9t ehEntndiyendais My Rasseemathgler apianalhoiubgivisgahesy! m di sease
or i SOT i WRIKEInSORRL ot ity IRYI T 5 GLHDE 1h Sorle, KPRAL BALr dnfy @Ged her eof
therapeutlcéi y or prop ylactlcaYIy effective anmount of a conmpound of the

i nvent i onmetwhnpl es of di seases and di sorders include celiac disease,

Crohng_ Di sease, Cushing' s syndrone, hyperpar at .0i dj i nfl anmmt ory bowel
i seals, and_ ulcaraereBeR R e P R BRI P A LTl R BBHERY  *From
met hods Ofiryl i particW=R b pouUNdE) @ LR drszan angkywonen aged 55 years or ol der,
post - nenopausal wonen, and patients suffering fromrenal 20insufficiency.
Conpounds of t MeoMAvsitallyhordale (B dierPhi stered in combination (e.g., at the
same or at diffebRRIRbd MESk. Mdutkr QiNEsr Hlcugs known to be useful in the
treatment, managenent, or prevention of diseases or conditions affecting

t he bone. ExanPhesmbedihedef thertheatdmrencensesstas compaiundaefdhgforbilsphosphonat es;
cal citonin; cal cium sensing recepg9r aRt agoni sts; cat hepsi n K 25i nhi bi tors;
estrogen and estrogen receptor uRat of'’s; i ntegrin binders, antibodies,
and receptor antagonists; parathyroild hornone (PTH) and anal ogues and

m mcs thereof; and Vitam n D and synthetiRe Vitam n D anal ogues.

Exanpl es of androgen receptor nodul ncl ude finasteride and other
5a-reductase inhibitors, nilutam de, ride, bicalutam de, liarozole,
and abjraterone acetate. 30ExanplR biSphosphonat es i ncl ude al endronat e,

ci madronate, clodronate, etidronate, ibandronate, incadronate, m nodronate,
neri dr onaf®dl PhaIpRear Akt scensahis itsihsfesl, Wherain Rariabysirogen oeeptionalive
ti | udronat g @R A9l SYORABRERy!, AN PRILEBS RULAGR, HaiBCeSRL AR GNER))L S and
esters thorsap B S0 hrERaky Ak U@Ol’l/z05%42§é' o R@kakr%l il

cat hepsi n-SRaai 9RbAot-BRsA)i, ACORIGRIVELLSORERE) allAHEES hetebzlkyt at hetgrocyig 06t B4,
SB462795 (rel acat i VK- 082 danacat i b and - 6. _oExanpl es
of st r ogBiehe e gttt 2Bl AR ehy AN et trera o5 8t 1 ng
est r ogens hydeodgn, halo, €aho,add B, -CEINIRNEL ;SRaNERES IN(RQ),,)apticdlly siatietkdasidr ogens
(e.0., con!ugated equi ne 5estrogens), oral contraceptives, sulfated

est r ogens?VpPeigeatdgaiheteserrle gt Ra ffinsiep1ceRBevaroseT oKLY subsiitiedxi f ene,
TSE- 424, LR iRRerodi % hEBRcydeY BT3B Rkogeh hlo AR, L OIORIRE SNER,, f bhyest rant,
4-[7-(2,2-d|ne%hylfi-ggopropo§§-4-%et y?$b-[4-?%%€i-giper%§lnfﬁeth%xy]pheny
| ] - 2H1- benzopyr an- 3-y1] - phenyl - 2, 2- di net hyl pr opanoat e,

4, 4' - di hydr oxybenzophenone- 2, 4- di ni trophenyl - hydrazone, and SH646.
10Exanpl es of integrin binders, antibodiles, and receptor antagonists

i ncl ude vitaxin (MEDI -




522), cilengitide and L-000845704. 5. 4. Pharmaceutical Fornmul ations

Thi s invention enconpasses pharmaceuti cal conpositions conprising one or
nore conpworde/@fidthe i nvention, and optionally one or morasetih@si4dr ugs,
such as those described 15above. Certain pharnaceutical conpositions are
single uni osage .fornms suitable for oral, nucosa! (e.g., nasal,

subl i ngua['\}(RS\?)agqr%8’1'0”3@)\(&5’8%"”"‘9& 'k\%e"‘lﬂ’l ateferoglyyl é’ﬁg%tte%ﬂcycéeéeg‘h Regtibcut aneous,

| Nt ravenogepd@bity hydoB&H, btibnallytubAEE Hkdlaryl Q{etérmmyaar h&Biodyce; ain is 1
transdermal administration to a patient. Exanples of dosage forns include,
but are nBt2limted to: tablets; caplets; capsules, 20such as soft elastic
gelatin capsul fisoEaGHBIG: bi S ﬁmua' | RZENGF e mﬂar%g%@hm%st.tﬁfém@ tgries;

oi ntments; catapl asns pouf ices % ressi ngs

pl ast €¥ s; loget dkyllamsryl. papatiegar camp@m'(dlssRu(leh‘girqgenasdkylSpr ays or inhaler s) ;

gel s; quuid dosage forns suit r ora r micosal admnistration to a
battent . el ulAgesoBpamer Sk RS o aaliBuL s THE Ahieous 11 qui o
suspensi ons, OinlsomBT¥@bEUNdS Muls SIKAMS halB (., AWK 1] SBMR] R, id oy Wivikr BIRY&4.0NS)
sol uti ons, and elixirs; 25liquid dosage forns suitabl e for par ent er al
adnlnlstrﬁPﬂUH to a patient; and sterile solids (e.g., crystalline or

amor phous Sol i bt AAMNERE R AR5 itrdlol h dotheDRAYhH T B e #0520 1 OF M
suitable for parentera adnlnlstratlon to a patient e fornulfation should
suit the node &fmachmpousdsradthiedomventi@rarerbtipfemubr al adm ni stration requires
enteric coatings to protect the cqgpoynds of this invention from
30degradation within the gastrointestinal tract. Simlarly, a fornulation
may contain ingredients that fadli?ﬁde delivery of the active
ingredient(s) to the site of action. Bthexanple, conpounds may be
adm ni stered in liposomal formulati@psy 4+ order to protect themfrom
degradative enzynmes, facilitate tran§pgit smRgcirculatory system and effect
delivery across cell menbranes torjntNacell ul ar sites. The
conposition, shape and type of a dosage Rermw || vary depending on its
use. For e dos formused in the acute treatnent of a dj sease
oy cont alHoPREPR RO NRLD: P Birds BecrrB b SPvepssn ot DR pLo TR P Db BT
conpri ses artyhﬁéleﬂ)aﬂms@fgﬁtécr&ryab U6 RthyliRdgé & o@)hmm Subbtit@RUARYE eRh RLAE sane

di sease. Simlarl V a parenteral dosage formmay contain smaller 5 amounts
of one or ingeReadeft VthM@roa‘%ﬂqr\Pét'?ﬂﬁ‘QY %@F@HEé ajkyl, i‘fdn%ﬁ‘?@é‘ky"t%dﬁtem\/%? &kisdosage
form uysed h dj r ch specific
dosag g§fopﬂg gn k3Aasgre Y Hﬁg v %ﬁ?ﬁéﬁbﬁﬁﬁfgagﬁar ro%?gﬁgwghother\mll
be r ead| | yetalp)p\ailfeeadchtR@ i$ hdmnseiﬂtlh/lhaﬁogerm Oﬂt@naMsubsﬁBEQd dkyd aryl, Reteronditybn' s

Py o eubt oSl e, B i AN e afver BRIy B BB it t or e

orally. 10y SeyeictereNSRBEhdtercafles bach@RDl i€infi&fen®rally hpdtBadnl &itloadliyon i ncl ude
tablets (e.g., chewable tablets), caplets, capsules, and liquids (e.g.,

fl avor ed §¥FUE§¥3W$MEN'H@gaﬁewf%ﬁﬁﬁﬂ%dﬁ?éPﬁ”ﬁdédéfernlned anounts of active
i ngredy ent s, amdpammapgonwo%n@sro% DS RGBS o0S IRRARIRGY, Wel | known to those
skilled in the art .g., Remngton's Pharnaceutical Sciences, 18th
ed. (Mack Publk@hmngwnﬁaddemuﬁﬂﬁmb990) 15Typi cal oral dosage forns are
prepared by copbi ni .th ti.ve ingredi ent jmat e adm xture

o Choac 1 east e RRtmrE o Hh G b R me o Re B R eut | cal
conmpoundi ng techni ques. Exci pi ent O gabRiake a wi de variety of forns
dependi ng on the form of preparatid%:desired for adm ni strati on. Because of
their ease of admnistration, tabletsgand capsul es represent the nost
20advant ageous oral dosage unit fornmns,
standard aqueous or nonaqueous tech
prepared by conventional nethods of
conpositions and dosage forns areR@reHare by uniformy and intimately
adm xi ng the active ingredients with liquid carriers, finely divided solid
carriers, aff pHRphiteudafl, iB@RaARE HardoR QvhRFRA UG is hjtrSzchBRoSIRBAIN

presentation if necessary. 25D sintegrants may be incorporate |n solid
dosage® f opypstitutedfatih privk Yeterpgikd, fihstanPayele:diais hydnsesrncmptonsty subtigted alkyl;

i hcor por a t f tabl ets).
6.EXANPLE;ﬁ BTSV&%%Eh%%@ ﬁgﬁ@%m%?gH&ﬁﬁhgiﬁqﬂteQ%ﬁ?Qﬁw @%%??%glgy engi neer ed
mutation in the nmurine ortholog of the

If desired, tablets can be coated by
S SHch dosage forns can be
.3 1n general, pharmaceutica
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30 human NOTUM gene were generated using correspondi ng nutated enbryonic
stem (ES) cell clones fromthe OV BANK col | ection of nutated nurine ES
cell clome®20pes7generally, U S. Patent No. 6,080, 576). PCm/useéiefns14E6 cel |
cl ones containing a nutagenic viral insertion into the nurine NOTUM | ocus

were mcroinjected ipto blasto which were in turn anted into WO
15/ 0571 Bulerdsesot Miasaa s Sliblinr Moy S Riaotly At Eted 0o o
term TheakRsdi)itHeRGokyl, IR héteroefdes Pach g, .y\mmeﬁu@ﬁleqweéényoﬁiroamyto C57 bl ack
6 female mce and the of fspring checked for the I ne transm ssi on of

t he knoc kMSWHtedNWth‘?té'loé'ky'A@ﬂhﬁ‘éﬂr@,cyﬁ@tpersé‘i&?gngsRs# I OtN{Rs s bRt €@RsNOT UM
allele wer p h zygous for
the mutate R%k%?u a F bp[rtﬁtg’? é@gzgrgg\tbg& %Ejlﬁébgéﬁcg{%én%%cﬁﬁ@{?el e, or
wi | d typeindédempentlydydriogeam optjmpalbysubwit@ed alkyl,arnofheler@alkyl, or heterocycleM ce
honozygous (-/ NOTUM gen in

Cony et on' i T camRErdr SYE pas: § AGED AR eT St GRS Wb NOTUM
gene and W | d- tryseme(Rh{ it hydrbgen@i optiin@By subktitiite@alk|)i(&g. ABRENSMYS or e 1T ce wer e
subj ect to a nedical work-up using an 10i ntegrated suite of nedical

di agnost i BIBFUR canPed i dsi iyielireed Oadokss the function of the major organ
systems in a MRRIARSHRL ACk alkior AL EHLE MAIdE NBARZLIONS tdhick alky (&?ockout "
mce in the descrl bed nunbeérs and in conjuncti'on wth heterozygous +-)
and w0 d- tmggwl)(+/ +) litter mates, rmre reliable and repeatable data were
obt ai ned. Assownl avmg i sruption of
t he NOTUM gene 1§Wehdr'snas”g’y(e(gx dvf)erta %rrhgg)t dFso8st By 'Sn (%/"ﬁe E}ﬁlgsgesgﬁwﬁ)‘

vari ous bone SOh@Smb&mﬁ@'&roedwetuﬁ/ehﬂ’tﬁid’ncc\jmﬂ)ﬁté,éla@mbcbdnﬂediﬂfﬂé%m&lb. 16 weeks of
age (nunmber of mice N = 10 for both groups). These differences, which were
measured by mcroCT (Scanco |i CT40)3 ffe: 28% (p <0.001) at m dshaft
femur; 19% (p <0.001) at mdshaft huwrerous; 17% (p < 0.001) at m dshaft
tibia;, and 11% (p <0.001) at tibia-fi B(Q)a junction. As shown in Figure 2,
at 16 weeks of age, the mdshaft fe tical bone 20 thickness of mce
het er ozygous for the NOTUM nutation t; Rywas al so greater than that of
their wildtype littermates: naleﬂae'tj‘s 50) exhibited a 6% (p = 0.007)
i ncrease conpared to their W|Idtype littergates (N = 23); and female hets
(N =57) exhibited a 9% (p < 0.001) increase conpared to their wildtype
littermat ad r(hmrr&aczgt)ca"ncawa%ﬁaltﬁﬁﬁrwéwhatq'rbrfés inRydregen ebertionalty

redistgib f on 4l S fI n Fi gures
3 and5g4 \%i ted all&/PS\g %FSB@% g é}gﬁ%r&ggﬁ%% e eﬁal% hC('? §§Af s ()Egmr)or med by
Skel eTech; SRﬂmQRRL GTBNUHA)BDOWIOBMWGSI:)StIUSed’Egkya asf, aantmad(ymerpmtmcvblenﬁlchngnt est.

As shown in whi ch i des_results obtai ned for ce 16
wecks of dulepfiteSuyctbtsd PolirminT PR gyt ety oahy. FheFRees Rt o
br eaki ng &jdredea] uld; ofERar-eo,rt O-AMRIR;,)WIRGL ke, IN(RL B ropEbRSY (NstruB)alkymher eas
hons (N = 17% exhibited a 28% (p <0.001) increase. On the other 30hand,

spi ne conpivk 88rHalkyledthstesecygigiencNGTIIMdsBeRs eathch vHEOBEN. @PHONIBY SUbREfed

si gni 4 canyy, ra‘?ﬂ%rtér%k\)l %r B RTHE. R H@dr&g%ﬂﬂ{ Fo ot &H.ohﬂ@%bsﬂﬁjt&%m%ﬁﬂj to

wi | dt ype control Sim'lar results were obtained for female mce at 16
weeks of hegeroalkg, th@moque MRis Gy eroden, halo, SCQ MR~ CRON(Rehi Ihbat €Rsa-NIR b, (Orp

0. 04) |ncrease|nf rea Str to their wldty

i ot br e 2R R e 2100 Y SRR BEhaRRE B e BOshedh So” Bo1)

i ncr ease. hﬁmageyiz@ihbﬂamy@iﬁbstuMEéoQéM;%QBKét@ﬂdﬂWl/ &1920:kd4,08 143 id hese and ot her
data reveal ed a strong correl ati on between cortical thickness and fenur
breaking str enltsAMeoPPREES PhthIs f%ﬁ‘é‘&yR@éﬁ‘iﬁ@fﬁﬁﬂ‘s‘” optteyyllywbgtitutegalky (e-g.,

det er g neﬁ)m}éﬁélm) drhye |ﬁ§§r@1¥ular%in?9ur{afs'd i€ Rlir&RAd} fikypned Snedia that was
prepared as follows. Plasmd contai ni ng human not um pecti nacetyl t ransferase
i n pcDNA3. 1( +) Insetespmpeunds, Rais bf drogenchr ontianaliErKR9Buted blkg. and cl ones were

sel ecting by grow in enc 00 ug/ of (418 Th cl on ont ai ni ng
hi ghest expressgion. o?mﬂ?fﬁ]ari AGE UM opr)ggi Pe gth[rt?)t \;nzfr?sm é$3és‘sré 1T Iﬁyl?

condi ti onedthygdi a was mai ntai ned for aI | future activity assays L cells
overexpressing and secreting Wit3a into the condi tioned nedi a

pur chased fronl"s8ReCkEs alkyl 3, lowes alkg s dwlop teBteolts iRt '%Y%erPBY'I(%stmethV')
Approximately 5 mllion Cell Sensor. LEF/ TCF-bla FreeStyl eTm 293F cells were
grown to near confluency in 15-cm plates. The cell growth nedi um consi sted
of DMEMwith 10% Di al yzed FBS, 5 [Wrl Blasticidin (Invitrogen, R210-01),
0.1 mM NEAA, 25 nM HEPES and 1xGPS. Cells were then trypsinized by first
rinsing with PBS, followed 15by additidd of 5 nL of trypsin and incubation
of plates at roomtenperature for two mnutes. A



total of 10 nL of assay nedia (Opti-MEM plus 0.5%di alyzed FBS, 0.1 nM
NEAA, 1nmM sodi um pyruvate, 10 nM HEPES, |x GPS) was then added per 15 cm
pl ate. CaWb=o0mm#3el4ecount ed and suspended at 0.75 m |l i onPcelusgopesidrl. Cells
were seeded into Biocoat 384-well plates (Fisher, Catal ogue #356663) at a

density of 15000 I, Aft f cells at 2037C
s o o508 Erbbn e P BR o Syt SRS RSP gBlocel | 751 PO

by incubation at 37C for another RMhours. Meanwhile, conpounds were
acoustically pinged into Geiner 384- ﬁ@))L ml ates (catal og #781076) using an
ECHO followed by addition of 104 pe el ¥ of Wit 3a conditioned nedia and
10A per well of notum pecti nacetyl esé crndi tioned nedia. Ten i_d_ of

t he Wit 3a/ not um penti nacetyl transgeragé ryxture was then transferred from
25Gei ner plates to each well of the 384-wel | pl ates contai ning the

Cel | Sensoandy@lalrsaceddidaly ackeptatibadaltorhendof, odleten: ceael*r nkgMdeaéndﬁﬁ@ hydeget bons

wer e devel o ed by additi of 54 of 1xCCF4 Catal o nunber
K1085) ¢ o RERMAPTAStES o RY Rt s o etsshulRe e iLAteen OLHPENL | o 1 ocki ng
i Nt hes dagdpsidutddQ, RARS!iShbERnd ity BydiBstnsor otichbBSsuBRitéel IR, drgad on an
Envi si on Pl ate Reader usi n& an excitation wavel ength of 400 nm and em ssi on

wavel engt hetewplkgoerdeteneayeeids 53810meO2R8a §(BiM&Ahgs%ﬁs%'§BA or -N(Rsa);, apgafdunds'
1 G50 val ugs, . WGIQ aﬂ?F g&ﬂh&@gafk 'cgg\g%egéc?éj%éﬁrym deper*dl{eht]ll\) rﬁ/ﬁ%géﬁ' sodi um 8-

oct anoyl oxypyr ene- 6-trisulf wat er so e enzyne
subst r at eofptamalfyl substitured alky, ar‘a.siﬁaqrsallwl oeb¢temases Ranbhald,i-pa8es- C(CH’NGRsm d

t ai ni h t ] t f 3.1 _
Cranat ect Sy KRG ko s? gataranGRbrEh AR R et i a s R
presence MbegkdQerty/hidirogdn, %tﬂo&ally@@ﬂdit&tb@ﬁlkﬂ%‘ﬂﬂ&mefé’r@dﬂyl Ber&e@eyces an@s isused

for the assay. An ECHO was used to acoustically dispense 75 nL of conpounds
into dry @lePher 384- 5well plates (catal og # 781076), followed by addition

of 10 uL of 50PMUT§r cgﬁbgndgpr@s@chakatt Q/h@?(ﬁ |¥h\)’<\ﬁ<l)éenq\f3 aFI(lf'ﬁsa‘?e ﬁ&dbowll assay

pl ates. Conditioned media contai ning human not um pect | nacetyl transferase
was di | ut eltenyBwhen RikisAslsaiutBUiyiiendifse: lﬁMdToges,arprﬂzBs@bstlﬁltm\M@am Rjis ®t5 v

MyCl2), and 4 of th d by a
10 m hut amar e Rt ooy Tt et BRNERAR. R R Rty B BERN b

154 OPFS subBijdrédes, a(nSleﬁaubsﬂ;Qﬁ@tF&Jeﬁg r#§|s7r4>8wz'zi)ro§ea a final concentratl on of 5
p.Mand reaction times were for 10 mnutes at roomtenperature. All plates
were read on al SERGICeNBoHNBP Krods ﬁ@%é‘i‘ed\ﬂlkt" '%?”&%@ff%ﬁﬁ%ﬂd%\évéﬂ%%‘ﬁ%%f

485nm and,gRbasSboreBY &y 51thdlo, fydr%;%\{p N@B)ﬁ s(b)(%qpeﬁ(@s oﬁxng(f@?wé 3L\/Et hod A:

Preparation of 3-chloro-2-nethylthieno yridi'ne-4-
3- br ono- 2:-Gi@IO0Rysl ﬂ@)élfi’@e[)ﬁo':}ﬁlﬂ)bwﬁu)iﬂ@}a&s4Nh9relr(@)Ch R%th@eg@mévhvdr%@pmach to

t he synt hﬁal'o%a'?fsugﬁmg&mﬁ.aﬁ\gﬁ“%ggﬁ@ﬁ%ﬁﬁ?@%%l' %vquRIts?‘gln zs illustrated b)r/ﬂ_

the specific ex; esc - ‘13 20ln a 100
round2tott om f |na;sk1eﬁ%1§fﬁbblydriahu @bgt@ed with py¢ onhche pf élkoady alky(, 1|ggn06|n2ucm‘rg)| )
was taken E\Eln ac id (12 m, i

and stirre omte erat ure.
this bronfiéapigogl Va”B”OE ey b%)éP aggqeioahie: ?‘ﬁ “}% \dul Bw"%vmre vvas
stirred a'barE|QJMFC{)ﬁB&ﬁfd@‘tleU@h\fd%geQ\tS%ﬂHogmg subSREUtELAGH () INVAS atktmf@r fyemched
wth ice and stirred until ice was nelte Product was then filtered off

washed wi edinadteérhvdrpgenieiadal.to obtain (1g, 66%yiel d)
3- br ono- 2- met h%' stome%q)s[l%/d?b-gen or optionally substituted alkyl.

25 In some, Rz is alkyl or halo.
In some, R; is alkyl or halo.
One embodiment of the invention encompasses compounds of the formula:

Ria
S(O)s

0O
R
Boss
Rs
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25b] pyridine-4-o0l 2 as a dry product. In a 3 L round bottom fl ask

6- met hyl t hi eno[ 2, 3-d] pyrim din-4-ol 1 (50 g, 310 nmol ), was taken up in
acetic acw02082B7miL) and NCS (37.5 g, 372 mmol ) was addedT/Ush@1meset i on was
WO 2012/ 037141PCT/ US2011/ 051421 heated at 55C for 8 hours. The reaction was
t hen cool ed, t oomte er at hed with water and extracted the
Compound. Bt PRl ST bR SR cTh e BITP ARG YRS | ayor
ver e washgebpiohdlly Riibsheitardkyll bive de@VQlky MaSHterodycle! i dAReh @erwsrﬁmW at ed,

yi el di ng 3-chl oro-2-nethyl t hi eno[ 2, 3-b] pyri di ne-4-ol as a solid 3 in (42 15
g, 70%yi @Jbalytute@alka' exch Epadt INdRASNARILY BYJVRESR S oBionPl ey st ted alkgraryl,

2-(5-chlo t e ( dl yid hi t

Thi s generlgcfe @r%ﬁ‘che%cgag Rzls?halot ﬁB;s/ﬂgs @MRMZ !;Fzﬁ"(\is@éen%? N(%é\)gegq%'(aﬁ%

i nvent’$ onsubstitutdduaiql; anybbletbl;pawmorsmptmodycle eedaREpismddees'cdenﬂbﬂwdheémw

(40 o, 2oopratab bR ey dgiedhla” Pieisakies fo SRR necRaobl M 30°Lq)

and heat edrt,0- o&QACnf(m,g)z %r BpinSHy shbitRited MIRY1 ang, rtelf@o;me,%t h&Brod@se; @&nckgaAni rated
and the residue cooled to OC. Ice cold water was then added sl ow

ensure cof‘i’ﬂ?@cnéer&liir'i‘gﬂfﬁﬁﬁﬁ erHanlvsakytitutedplkyl Fnddietasenlion. iob hetaresy ctenan
extractedow fy, ethyl acetate. The conbined organic extracts were tvm' ce
washed vvlth saturated aqueous 15 NaHCO3, once with brine, dried over MySO4,
filtet@ed and c6merélntuIarastnd@dInjﬁnLalsduqinghdt|t!y¢1¢onmoovmis9@11Z (@6, 7-diphenylfuro(3,2- _
iﬂg ?Rﬁgg?@o GHlnéInﬁLitg‘PJt morF[hohn Q{aggr%:!r @ngle%%gglqgﬁt 15 sucﬁ’tl?a%g% R?lard notV\'hl ch
4, 5-di chl BdStapﬁermet hyl t hi eno[ 2 3 dlpyrimdine 4 (40 g, 182.2 mmol, 1 eq.)
was suspended i n net hanol (500 m_.) and cooled to OC. Mt hyl

2- mer capt oacet H‘tSQm(eQ?mﬂ?_””d?@“\m-‘ft‘bﬁ'tlﬁ?ﬂla'ky' Ingzrtiylay CQK)%&OUH%BG 'SssPB'iRHt‘iﬁed

fol I owed Qyh bh€orsh&WoRdgidd, Ralo, A drbi -LE3,) ms(0)3§2 §5(o T(%) 1«(@192 . After
stirring for 90 mnutes, the reaction was concentra e residue was

t akenlup rq(lo)@tRIme(@bléfham er &N @) Rueh Wher eduersh &1edd Ihd@anwtlv pydiggenor r enove
salts and_sone, co filtr t ed rified using
silica gePEt(':({'uF]?” B % Ute(;rh'gyl ar\fl e er%gl% ot ﬁeq 0(gyccet’ 4 |58 8§§nes yi el di ng
nmet hyl 2-(5- Chlrﬂbmeﬁ%lmbblydri‘ahl} ®batZed with pyé brﬁhﬁhemf élkqxlytmuyo)namt(natledua@S

(47.30 g, 91%yield) n off white solid

2012/ 03712@@1*% pSHYYE FUEO?@EVL Carboxy"cac'dsfmrﬁ’e%ﬂ'% hgergsycle, or hydroxyl. In

2- ('5- chl opgrifindrebiyddras, &naf LBWS FhliyRokrivled dig) Rt & alylf 49ard, 1n150
mml 1 eg ;I \1/\/as tg ken urlB |ﬁVdTI5g ) m_y gng { N”g/qg’ce\gglljs Ngdii 3(50 IrI?L 300

1,22 eepme, \Wa$5fa/dd>€@h°w”t\/h ef fi CI en_t stirring. After 40 m nut es t he
reac“ on was Cﬁ]’l%fﬁ@t bt d?’i&?E%Rﬁrﬁéﬁ%%r%ﬁﬁon%ﬁ\}%%’ﬂstl{{?teyQlk ter, cooled to 0C

and acidified oW p e precipi was coI | ected via
vacuum fi | t r at incomewasdudidl siHalv. wat er. Drying it under vacuum for overni ght,
yi el ded pure 2-(5-chl or o hyI t hi eno[ 2, 3-d] pyri m di n-4-yl thi o)acetic
acid 6 (40.5 g,”sﬁﬁ‘%%ﬂ'seﬂ'ﬁf”g‘g °a white solid. M5 lviz C9H7CI N202S2 [ Mtl] =

275 and [ Mr1] 3partidufar-corh bbuNYERN 44 QR 1dV}r lesMErBhIADEI: 0d40.06 oPPORBuGGs (S, 1 H),
4.05 éss 2 H), 2.54 (s, 3 H. 13C NVR (101 Mz, DI\/BOdGZ] 6 ppm 170.04 (s),
162. 585 ( sdetemyinediigthe pinisg assay)desaribed bgeins Pariigylar compowgs pave an &g oles. 03 (s,

10, 114. ?f% %9&&5 i]‘g:)or 1?% a]s?gge%r@%%%%thy}ep%%e( %lseno%cilbgq ﬁergﬁ.ner al Synthetic

Met hod C. Preparation o
dl pyri m di n- 4- gbrhpounyiacfebé inventiod (il 0dmpounds disclosed herein) can be prepared by

methods disclosed herein as well as by methods known in the art. See, e.g., U.S. patent no.

6,579,882 to Stewart et al.; EP patent no. 0447891 to Wiesenfeldt et al.

30 5.3. Methods of Treatment

This invention encompasses a method of stimulating endocortical bone formationin a
patient, which comprises administering to a patient in need thereof an effective amount of a

compound of the invention. It also encompasses a method of increasing cortical bone thickness,
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Thi s general approach to the synthesis of conpounds enconpassed by the
invention is illustrated by the specific exanple described bel ow

..... ro,w0.2012/037141. OH 00 NN | )Brl ) S----"Nr-S---'N 9prCByustéiesssi2nf 8:

4- Chl or o- 5- net hyl t hi ene[ 2, 3-d] pyrlmdl ne 7 (1g, 5. 4mm|) pr epar ed
according to Gener al %/Ent hetic was tffa up in_. acetic ? ?1 and
stirred afPTRGRECERPEIANGIY p""F‘S”tt Hf"%e‘#t epi e ﬁf@é’?ﬁ?‘@“”t 5 BAPARCYY 8& £ 2754,
5.4 nnol).ny)@f&.oa,dded and the reaction mxture was stirred for overnight. The
reaction was then quenched with ice and stirred until ice nelted. 20Product
was then fil temamwﬁ'om&q@wa%ﬁ%hmmpépftmﬁn@lrrna@ag'ﬂsaObwﬁmnﬁnagd@?ase or

6- br omo- 4 &h@ﬁa@ o@.a er&g%!wdohm gé‘gﬁq gr% XL 4 dh Fﬁkﬁéﬁng&o% ferlh ne'éﬁ%éféo%ed) as

a pale ye ow sol oun wer e prepare Paccor di ng to ner al
Synt het i cthetplaatitalB; orﬁbrﬂph@eﬂ&al@l effSytivie eolict dfe toropoudd OPmepIBlleaﬂlqnorﬁxamrﬁplﬂet hyl
2- (5-cycl oPr.oPVI met h eno[ 2, 3-dl m di n- 4- i 0)acetate

25Thi s geﬂf‘{sa?f’seéaﬁ‘? ‘Efééﬂer%/t?dt‘ﬂ%“g PF?é'é“’ga/ 0905%%?88?}1%?“88%%%5 &l df' E?EI t he

i nvent i onglucbiticsidind@tabstppbldds)shedpbhis, aaX asget edickeser i bed bel ow. 1112
In a 100 nL round bottom fl ask was charged with methyl 2-(5-brono-6-

met hyl t hi eno[ 2ABe ENGeyPRIEPdPHha Inypitiond)2peihad ef tiepting MPORSiRE, OTRIVaRis , 1 eq),
cyclopr Op%nquc&'ﬂés wiREh E%n(p?%es%ﬁwmﬁerﬁqgmbéne%m rFeEé’ﬁbéRJoPQﬁ?&VJpQ(E)‘tIQﬁWBrne (8.4

mgs, O. and K3POX4 nol ) were taken In ene, water
m xtuit@a (nrontylacncall)/efférdhwsamowttgfascqmued ofﬂhedvmlonomltﬁmaerbpre&fa&cwé auﬂder N2
ol ) s et SRR o R Pt S BB E e R B HOnC P 7

The react tders@tit cHaanahshizeitd borfehittiuaid @rdstadd) bedast]iubk, Hﬂrmamﬁdﬂ(hﬁe\ﬁﬂumus
portion extracted thrice with Et 0OAc. The conbined organi c portions were
dried over MySES inpqntioR AlsgiensAR PR AEREN A eidreagng, mengs e PHRFFVenting bone

2- (5-cycl QRr QR &r W, Byéabmd%qase%swr%em QJhrEh%oMFrtlst rARRLeRh 0(340 rrgs
45% yield) 12 10as a I'ight yellow solid. 6.8 General Synthetic Method E:

Pr epatat i pitieof mm@@dﬁyﬂeregf | ’@e@pﬁylcalﬁl.or prophylactlcally effective amount of a compound of

e AR AL BB e TR 2o
i |1 ustrat eahlng’ stshfarcsmovﬂdrmarﬁhﬁb’(dlsm, nhﬁsmmhtm&dbdm&ll divéase, éﬁulﬁ‘ératﬁl@ cbidisl ) 13
Examples of patients that may benefit from methods of this invention include men and
women aged 55 years or older, post-menopausal women, and patients suffering from renal
20 insufficiency.
Compounds of the invention can be administered in combination (e.g., at the same or at
different times) with other drugs known to be useful in the treatment, management, or
prevention of diseases or conditions affecting the bone. Examples include: androgen receptor
modulators; bisphosphonates; calcitonin; calcium sensing receptor antagonists; cathepsin K
25 inhibitors; estrogen and estrogen receptor modulators; integrin binders, antibodies, and
receptor antagonists; parathyroid hormone (PTH) and analogues and mimics thereof; and
Vitamin D and synthetic Vitamin D analogues.
Examples of androgen receptor modulators include finasteride and other 5a-reductase
inhibitors, nilutamide, flutamide, bicalutamide, liarozole, and abiraterone acetate.
30 Examples of bisphosphonates include alendronate, cimadronate, clodronate, etidronate,
ibandronate, incadronate, minodronate, neridronate, olpadronate, pamidronate, piridronate,
risedronate, tiludronate, and zolendronate, and pharmaceutically acceptable salts and esters

thereof.
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In a 100 nL round bottom fl ask charged w th nethyl

2- (6-brono-5-nethylthieno[2,3- d]pyrimdin-4-ylthio)acetate 9 (50ng,
0. 15mol )wopreparad according to General Synthetic Met hedTAS2@nm51421
di ethylzinc (1.1Min toluene, 2044, 0.23mvl), Pd(dba)3 (4 ng, 0.0075

mmol ), and 2-dic Ioh xyl phosp Lne-2',6'-i r opoxydi phen: 1 ,.0.03
mol ) were takE’f‘? © ﬁ %ﬁ} 'Q%Ef;\htb 5 18(l9e VEﬁ'%gg’%Rg'i:%gé@@“\;‘ Lééﬁog}fﬁg eat ed
under m cn@m@y@emga&,gﬂmoggm(@gnak@@g framid sl nutes. After it was cooled to
room tenperature it was filtered through celite and concentrated. This was

taken up in Et @s@@péﬁﬁef GRISBRITPIliep oBRATRSEPtoTREd Witgerritc de ateralivascuiighed wi t h

brine and f u t hyI
2 (6 ot ngl oo Eh AP R e Bl A AR BB . Rl ST Y oo
yi el d)s 25ﬁro@erGermez1 acbntr‘s?yefntlha std:fat‘e@telstmteﬁs pt%lgeqb%eatestradlolfdroIOX|fene

2-(5-(dine Ithle 2. ylthi ol acetic acid
Cuay 9 MR Lo biRae TS ety iirn oy eEL Ciltate iulinie
Sncormgsz ﬂ!ll)i/eFtYarﬁ hﬁ[zll(?gf%ﬁﬁétﬁﬁ 1l03<oﬂ)rbb¢4§14frﬁétﬂ¢ 20-[2-nepipdrRIGyf) ét o XhaPH E2H-

escri be el ow.
2- ( 5- br onbPEVZRRYAYBYHIPEFY]- éztﬁlrﬁﬁtbﬂ?ﬁoﬁﬁﬂﬂ’ﬂ? A4 yiverexyheperherene 2,4 100ng, 0.3
ol ), prg,g@,rogﬁeﬁph gaz&lg]gﬁ@g &F'nt hetic Method C, was taken up in 1nL
(excess, as sol vent di matmy am ne 40%in water. A catalytic anmount of
coppet0 oxi de waenplesof athdad biaders tahBbodiesr and cedeptor hrtagamétsindete vitdar (dide
irradiati at, 140C f Reaction stripped down then purified by
preparati gﬂ)l—cﬁ_ lktde aﬂggaé&amg%m um acetate! acetonitrile). Isolated 14 as a
white solid (60 ngs, 71%yield). 6.10. General Synthetic Method G

Pr epar ati on of 52: ( Spkarthaceritibal Fédmubativhs 2, 3-
dl pyri m di n-4-ylthiol -N(2-nethoxyethyl)acetam de (17) 10This general
approach to t hehisiydniies escobfpasedfiacnieuinaconpassad cbryupmshg dnavvembieon i s
illustrated by the specific exanpl e described bel ow . NH2 N H SN+1: 31
151617 Compoun%s ‘(fShea'”\éﬁ”H%rﬂ RYH PWO@F\'U[OZ‘GQr E?ﬁi'i‘erhd&fgﬁ SHCMStth?SS)ds%fBP‘?dc aci d
15 (03950,3bve0.2 Mol , 1 eq) ), which is commercially avail able and can
al so be prepared using General Synthetic Method B, 15was taken up in DWVF
(2.2 nL). To tﬁ¢r§airni)b@ma@uﬂcammxiy@tsrﬁammﬁlm@itl@sqag.fwg sgtab. fodorapl , 1. 2
eq), HATU g . d ne (0 08
m., m(JQ?SQI (gg nasQ &bmal d%c?g ‘[’s}t?rrm ?%F PIlp h%ﬂt%éai@e% osﬁwrﬁqxnt% garsé for 8 hrs
at room teumaeamwlbelus \ﬁ&ttﬁ)’n wasmasiﬂed ot trgaredralh, camﬂnideenaqdmmusramftblaon was
extracted thrlce with 50Ac The ¢ ﬂ‘g)l ned or ani.c Eers were dried over
My504, fi PTEPE YRR HORsE Fymagel ”F%@Pa‘d W&éO p‘iﬁ ¥ CBeby ‘PO F%epar at i ve
HPLC pisi nguchaslidiediastiofitin capsaiey; Btk Boches; lozenges; dispersions; suppositories;
2- (5, 6-di met hyl t hi eno[ 2, 3-d] pyri m di n- 4- yIth| 0) - N- ( 2- net hoxyet hypacet am de
17 (56 ngomgmybts/icwmsmép%'cempa\mﬁ,tr@wwﬂdiessegmrear@érwt@rs SYHiomst i ¢ Met hod
H. Prepar ﬁ:g EI%Q a%Eosé&ﬁf%%ﬂls%ﬂ% o@mh Ie s s liquid dosagiécsrms suitable for oral or

di met hyl t hi enol yrim & acet at
mucosal administration to a patient, mcludmg suspen5|ons (e.g., aqueous or non-aqueous liquid

suspensions, oil-in-water emulsions, or a water-in-oil liquid emulsions), solutions, and elixirs;
25 liquid dosage forms suitable for parenteral administration to a patient; and sterile solids (e.g.,
crystalline or amorphous solids) that can be reconstituted to provide liquid dosage forms
suitable for parenteral administration to a patient.
The formulation should suit the mode of administration. For example, oral
administration requires enteric coatings to protect the compounds of this invention from
30 degradation within the gastrointestinal tract. Similarly, a formulation may contain ingredients
that facilitate delivery of the active ingredient(s) to the site of action. For example, compounds
may be administered in liposomal formulations, in order to protect them from degradative
enzymes, facilitate transport in circulatory system, and effect delivery across cell membranes to

intracellular sites.
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Thi s general approach to the synthesis of conpounds enconpassed by the
invention is 25illustrated by the specific exanple described below. WO
2012/ 037 ™ORCI/I3832011/ 051421 Conpound 15 (100 mgr/US20i1/emmR) , which
is commercially avail able and can al so be prepared using General Synthetic
Met hod B, was dissolved in dry and thio chl or | 56 ulL, 1)
added and sti r?*éeo‘OH‘[p"?B‘eﬂ»rfqiaé’ﬁﬁé‘ 2XRG P82 fgre OﬁBM"I".V"" @cﬁrtgecggtsgf%ggﬁe 2- ol
18 Swas adgambleaRdosaké fok@dsatin Er@@mrt@emmearﬁ.seischonﬁhﬂageﬂmuh@aﬁtI on
m xture was concentrated and purified using neutral phase Breparatrve HPLC
(aqueous aMRIMAAPHEeeEve iNsEdeantsii corPriess thay 3g1°§@ei@f”h‘$seé'n§ ¢ FIoie00 ny, 85%
yi el d) t %

2- (5- chIoF%ﬁgmﬁgg%&%%ygﬁﬁ%gﬁo% ”gg;gﬁgeb?ﬁﬁg %§rﬁﬁiorggng§b50|d (24)
10Thi s5 geampaits efpapeoamhretocﬁtrtervetngeyngrh@mtsut ocﬁmprcsaptharnaisoremmafgeam@ebyo t he
|nvent|on |s | | ustrat ed ecific e | escr.i bed be ) OH
24 &b HEEAREE e pfohP e g T ge e 4255 TG o BY i) ch
i's commer m.ﬁh\leyrt.avanrlva@lf@wacm ahathedlifl Be R diby HPaeRCtoRosERIIRIdah thayhit Bed | C

Met hod D, was suspended in POC13 (95 ni, 1028 15mwol, 20 eq.) and heated to
90C for 4eH@ﬁ?@’”gtAﬁﬁg’FW@éﬁﬂ“i“F@Sf’%esr hced BvadkRyblisine EatteabAdOMid t he

resi due cool ed phfmQoyiddf Eurli ol fic ¥k ebA G AURHly Shfitsterl Porgisur ©

conpl ete consunptwon 8# é@?% oThe 5 ac tIs Fuﬁ?%n Was t fﬁ%e %ngacted W th
ethyl1@ceDa@ewcwhme@unbsm@@bdogaﬂhdmémﬂma@n@dwwa@bbmﬂce,Mash@dtMWQﬂx

zg;grera{t ?g{: %gal{s )c/zi\pesvlas Iglr%qu oﬁt(e %T?({)M\X:oqr%gg\fru%s Suc Ifioesgge %érms cl\é%fr’m predet!ertmqure%d and
20i sopr opydnblhntemkﬁue?mgﬂ}mt lahdzlmaebe?ﬁrepira@bﬂrﬁetgodsgﬁ%armtmeu Rbive o was

i mredi ately used after conplete dry hesi,s of 22: Solid

4- chl or o- BIP&BEed pyihe F\f‘te*?ﬁﬁ’{?g BRQﬂ’]’W?’i' ﬁf’lﬂ’i”?‘i%ceﬂca(@’efcﬁ 18;7%d 2'\4ﬁ%l 1 eq.)
was t akenpyysiifk, 858dd Ka: a6dofl (75 L) and NCS (8.65 g, 86.5 nmol, 2 eq.) was
added. The reaction was heated at 55C for 6 hours. The reaction was cool ed
and gienched va\tphraVrmleiosmadorzlser@tnr@r@r@dovtcra@b@mmvwgmdiﬁ@(%wa@ne

chl ori de &f X 50@%%[ The %%q‘%r ned. organi . | [S V\Q
ding3d g tiofal ph tical
2012/ 0371 FTEEH b0 e R 7 51 Bnr SXpp Ao ldinee Fo Ve oI Phamase ister ysOL,
filtered eambaadiegtchaged, Extiphticagtake a wide variety of forms dependrng on the form of
4, 5-di chl or06-i so rog)dylthr eno[r2 3-d]pyrimdine as a solid 22 (6.2 g, 58%
yi el d). preparation desired for administration.
Because of their ease of administration, tablets and capsules represent the most
20  advantageous oral dosage unit forms. If desired, tablets can be coated by standard aqueous or
nonaqueous techniques. Such dosage forms can be prepared by conventional methods of
pharmacy. In general, pharmaceutical compositions and dosage forms are prepared by
uniformly and intimately admixing the active ingredients with liquid carriers, finely divided solid
carriers, or both, and then shaping the product into the desired presentation if necessary.

25 Disintegrants may be incorporated in solid dosage forms to facility rapid dissolution. Lubricants

may also be incorporated to facilitate the manufacture of dosage forms (e.g., tablets).

6. EXAMPLES

6.1. Knock-out Mouse

Mice homozygous for a genetically engineered mutation in the murine ortholog of the
30 human NOTUM gene were generated using corresponding mutated embryonic stem (ES) cell
clones from the OMNIBANK collection of mutated murine ES cell clones (see generally, U.S.
Patent No. 6,080,576). In brief, ES cell clones containing a mutagenic viral insertion into the

murine NOTUM locus were microinjected into blastocysts which were in turn implanted into
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Synt hesis of 23: 4,5-dichloro-6-isopropylthieno[2,3-d]pyrimdine 22 (11.6
g, 47 mol, 1 eq.) was suspended in nethanol (125 nlL) and cooled to OC

Met hyl 2-worompi3oacet ate (6.86 5L, 49.35 mmol, 1.05 eqPrTasg0@adsadl sl ow y,
foll onwed by the slow addltlon of TEA (13.7 nL, 98.7 mml 2.1 eq.). After
stirring for 90 mn eaction was concefntr éhe resi due was

taken up PHUEPHIGEN2Y 8?‘3[?8°§iﬁﬂ“df‘iafrtegF%Ef”f‘hi”bedﬁ PeS 'I”Peé'éo A""BIGG to renove

sal ts andsgRégieh) Ed tolds® bfack & fedla® MRS aHORE BMMdpFiAd &fécidadomHE gdrinBfk USI Ng
silica gel chromat ography with 0-15 % ethyl acetate in hexanes, yielding

met hyI (rBDSmﬂStS’f‘@f |k§@ﬂ5?%9§ﬁlNQﬂUé4ﬁ5[ete Nmaw}eﬁﬁ??dgwsm”'l@wwﬁd AHEM ate 23
13.6 iy ndr 23
(50 g2 1 BSE WbrE pSbbeno B Lo HONICE of g enpPBla1EHoRcBLe e LRAROLTEC Roor

(32 3 3ROMwdla)lel2 hetpryzygms fadisedytardNOTEM allelegortwibittyperdfisgringAt brer 40

m nut es, the reaction s, concentrated and the residue taken up in water,

cool ed t o®PTEMAG "4 r%lboocﬁmﬁr]ed to lowpHwith 1 NHC. The precipitate was

collected via waeWdmobyjgblid ()it the WasBE6h dFamd NOTWMAE&Te. wePt Studigd int  under

vacuum for overni ght, yielded pure 2-(5-chloro-6-

|sopr opyI EMTUSBPWIY Rich PeterAzeoHs 4/ for Hieglsaersion of HeiNPTOM! gege andaiid-aPe ol i d
Ot s Mokt SIHLIC NROZSE L HE = R0 AA L3R 305 1

NI\/R 400 pm 12.83 (s, 1 H), 881 (s, 1 H, 212 (s, 2 H,

3. 52 10 3. ingegfatpd autbi))fmgdlwdl@ghOStlcrifoaaqude@anl to d3Ss MwRr(cligiofivhiz majplvSO- d6)

6 170. 1C 162. 8 6 C 146. 9
P01 b Bstelip a o higrubit-py S5iisz thEnoreous o nbBeoygirlieesy 13 7 (S

10), 23. ltHeSesctibdd nimbleds andenehfunctnititteidteroMed l3qd/ - \bind Riilgpaiedt i Pitted f
2-(6-chloro-7- cycl opropylthieno(2,3-dlpyrimdin-4-ylthiolacetic acid (31)
Thi s geneF‘éFesdb?fFé%{@H'etaBd teRetalla f3ta wiete QaiRgShpounds enconpassed by t he
invention is ihiysthatgelPY, hiiempRe&iifd w‘on@&?grmé &%sr‘d&t‘?&{df%@@h@%\é

Synthesis of 26: In a 500 nL round bottom flask charged with 7-brono- 4-

met hoXy/t hi“eeof’ 3e>QNhﬂl]995yrre|at¢r dortienl thickepseg,at g@io82banepites, donegyeddndheir wildtype

cycloprop 2 n asst um car bonat e
(876 o, WerHRRBR oE1 gl by e o s S B, TSR R 0 sy
0. 05 eq) V\Bi’cﬁiwﬁe&k*ﬁéhsmﬁday trmirammaa(mﬁﬂlmtmamdei-m (p160.0d1) ammihafteemlﬂurged
5the reaction mxture with N2 strongg m nutes and heated t he
reaction AP%&TR0 atl’b'é@afté‘r“mer‘ilﬂédﬁé( APtOBi‘) a‘itf“‘isgaf&%? @R L1 fRophPol) at

t enper at Ugigia iB@a fuReEdnl A8 skBwLiM Eiure@Satf1e WeBiks@fl ag@NtheTRbidnhar BaE Y cbR¥Sbene The
aqueous | ayer was washed with tol uene and conbi ned organic sol vents were
conce®® r athigknesyabmice heteroregops foatheWd UplLimitatienl(“0ei hiyasalsd greatefeharctbbiain

chr omat og ' C t 10- 7. S

7-cycl opr E%@Wﬂ%%["ﬁ%%@?ﬁ Qﬁ%%&gﬁ _%ggp]xé@a&?dm;%e_ gé&zg&%a elc‘%hﬁgyelt? ow
solid (3 theirQ0iYype tetnateSonrp @Bjnahddémua sets Y & Be)sixaieitedsd o (p <Gl mkreSent het i ¢
Met hod A nt_pesi . of 28:

6- chl or o- %"W{i?dotﬁF?S%W-d&\tpﬁiftﬁ%“@‘fﬂl\‘é%l-3, 2-dlpyrinmidine (2 g, 8. 25 mol)
was taken in 1gralNidaChar(i@stalions 62the ob¥EN el radidrif@Rh HbdiRgorR@6H indNbTUNKE Ur e at
70C for 40 minutes. After cooling it to the roomtenperature, water (15 ni)
was addedaniBals fireflgstaddn Hewend a!L'r?:’s"l WhFS}Sfé’H\deFﬁ'tﬁéﬂfebﬁubb@F'ﬂ@g Stth@thﬁ?Ségcl pitate

was fil teg i it for
over ni ght p%ﬁo%gg bggg gﬁc}%gwlngcge \%r)ggf?dﬂﬁr%‘awﬁﬁm (L)%)R@P f‘%ﬂ&g
Conmpound %\AwansFuglythelscfzmrdvudsweugltGebtemed foSpatemetd ¢ 1Meehicdf Bge, Baapotind 30
was synt hesi zed usi etl B., M5 /viz CIL1HIC| N20252
[M+1]¥ R0 S s TR e AP S gCRPS2 (s, 1

H) , . 22 (i@ermdtdsi|N = 23)1Wherea. thQwQIm: 11) eli%bltédafl@% (pzcbloo'i?im(r@’éseZOH}he &6 -
1.06 m 2 . 13C NWVR (101 MHz, DMBO-d6) 6 ppm 169.6 (s, 2C), 161.4 (s,
10), 1%e6. Qar(ti?ssp'rﬂsf)mpn%ﬂoweéts obksth N@BUMAong an 'astsd'izst%bow signifisant31 9 (s,
10), 10. 2re(o|§ct|oq1qa ma)§m§m(s§me g&)ﬁpreélo%q’oad%%gre§¥5‘$vh@t%eccowglgogmﬁar
Preparation of 2-(/-cycloprop

met hyl t hi essalfs2ye3e dbtpiped fw(:hmaleﬁlmyé atrﬂGOAy@kecbflaee afsistoiBt)Figure 4, hets (N=20)  Thi s

SEnSr 2! SR 8E 158 b1 GYILARE LBl PR ERGRRREgai  rven on

2012/ 037 14 mbidd@20 2 1) Whekddhoms (r@em)ceumdut&ﬁa M(p&)d’ﬁohﬁﬁiréﬁd. nadlygatideedter al
Synt hetic Method J
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Synthesis of 31: To the N, N-diisopropyl ethyl amne (14 nL, 80 nmol) in THE
(60 m.) nBuLi (37.5 nm., 1.6 M 60 nmol) was added drop wise at -60C. After
15 m nut e®Oxiva3Rg at the S5same tenperature conpound 3PCTAIS2EH1051420 rmol )
was added in one portion and aIIovved to vvarm up to - 4SCin 45 m nut es.
Then it s cool ed back m H% enched by

sl ow dr op PSS ILAM ldf’taﬁeveélﬁgia§ttr?rfgrc8Hel1a'6?n kft‘ﬁ?eé‘ CBV'”’ MY ”ﬁ‘g reaction
m xture tgrebRRAticapmmer ature. After 2 hrs it was quenched W|th bri ne and
water (100 nL) nmixture and separated the THE | ayer. The aqueous |ayer was
extracted with dichloronethane 10 and the conbi ned organic solvents were
washed agai n wP£h bmt—eé-ﬁ-%fﬁbassed t hrough Mg504. The crude product was
purified using silica chr omat ogr aphy using ethyl acetate / hexanes
Pt ur o ( 1006 — CaTpaasFi el A% SHETGnB0uAg PR 1o MEER GG AR pned
Qonpounds i i WAL frefiBh RESIGRI PH%BQorﬁ%%Bvsmﬁé/%tUﬁtde& iYEde NG sPora M / Vi Z
C12H12N20252 [ M+1] 81. 1H NWMR (400 MHz, O db) m12.86 (br. s., 1
H), 8.85 (nsocDmAl-f}H)V.HEWDr@@s(rmsfezteHijntoﬂElﬁB3(cslls aBd Hi))nesme%se(ett:tmg bl/:sBQVﬁGng 43

Hz, 1 H, 1 23

Synt het | ¢ PR 8 0 U A bhe P esrialy e R fipf o by hgmer ROGH

met hyl t hi gétaﬁ&eaﬁtﬁunwfasmndh@@:nemeaéd}awé Ww6s ragih@ined & all future activityf Bdssysgener al
approach to the synthesis of conpounds enconpassed by the invention is
iIlustrat é‘ﬂsB‘fFr?Wéesgb%@dst?feWW%'”é‘é@éF?rﬁjéttP”B%F‘SG\}a Wem““:hased from

2012/ 3 7143RCT/ US2011/ 051421 S..,ioOM \\_---.11t0-'1-==NIDO RE/
11 sr(DH'\....,TA:-NOo HO\1 /

The assay protocol was as follows. Approximately 5 million CellSensoreLEF/TCF-bla

FreeStyle™ 293F cells were grown to near confluency in 15-cm plates. The cell growth medium
consisted of DMEM with 10% Dialyzed FBS, 5 pug/ml Blasticidin (Invitrogen, R210-01), 0.1 mM
NEAA, 25 mM HEPES and 1xGPS. Cells were then trypsinized by first rinsing with PBS, followed
15 by addition of 5 mL of trypsin and incubation of plates at room temperature for two minutes. A
total of 10 mL of assay media (Opti-MEM, plus 0.5% dialyzed FBS, 0.1 mM NEAA, 1mM sodium
pyruvate, 10 mM HEPES, 1x GPS) was then added per 15 cm plate. Cells were counted and
suspended at 0.75 million cells per mL. Cells were seeded into Biocoat 384-well plates (Fisher,
Catalogue #356663) at a density of 15000 cells per 20 plL per well. After incubation of cells at
20  37°Cfor 3 hours, 10 pL of 30 mM LiCl in assay medium was added per well, followed by
incubation at 37°C for another 3 hours. Meanwhile, compounds were acoustically pinged into
Greiner 384-well plates (catalog # 781076) using an ECHO, followed by addition of 10 pL per well
of Wnt3a conditioned media and 10 pL per well of notum pectinacetylesterase-conditioned
media. Ten plL of the Wnt3a/notum pentinacetyltransferase mixture was then transferred from
25 Greiner plates to each well of the 384-well plates containing the CellSensor cells. After
incubation of cells overnight at 37°C, reactions were developed by addition of 5 uL of 1xCCF4
(Invitrogen, Catalogue number K1085) to each well, covering the entire 384-well plate, and
gentle rocking in the dark at room temperature for 3 hours. Plates were then read on an
Envision Plate Reader using an excitation wavelength of 400 nm and emission wavelengths of

30 460 nm and 535 nm.

6.3. Binding Assay

Compounds’ IC5o values were determined using this assay, which utilized trisodium 8-

octanoyloxypyrene-1,3,6-trisulfonate (OPTS), a water soluble enzyme substrate for fluorimetric

20



3940 Compound 36 is commercially avail abl e. Conpound 37 was
synt hesi zed using General Synthetic Method B. Synthesis of 38. To a stirred
sol uti on WO 20twsptagne 37 (368 ng, 2 nmol, 1.0 eq.) in Sachyse@u®sHRE (5 )
at -30 C was added a LDA solution (2 2 mol, 1.1 eq) in THE (freshly

prepared by m Xi % 0.34 nL of dii B%I m ne and M nBuLi at
30 C in BSH ObPstHREES ndpasse BRpT r‘i rttﬁ' ed ’f‘?rb?ﬁt&mé’a?t'“ﬁﬁenbﬁ?rrs € Riter 20
m nutes, p¢oNARC) Qe QAN ABEAsTEQe2iBtoHEK23B C8IPANd clonds RER: sMB&InABFRdwHEP W se.
The reaction was quenched by water after it was warnmed up to rt., in the
col d bat hPreyefee pi 400 yeanh @ $448 .| Gpndigopmeria i'@mrfhesétch'iﬁlwaaé@daft)rethe ased¥-act ed wi t h
ethyl 1Oacetatg n shed
with brine, dri egé-g?/%s lﬁa‘%?(t)défg@s?zl})arll EEFr at edhL(%%gHEr uggeﬁﬁ}é xyﬁﬁ%wmggx\?hen
absor bed onll glates (:cataggl# 73W6p)lﬂmlioflve¢dy adgditfonaes h0 alhef SRt ridpOiypH eBLibederpy 10%
DCM EA) to of ite solid (127 5% | d). Conpounds 39
and 40 were! Sy RTRR Bale M cener o MEHE T Rae AR e 5. 6. Goner al
Synt het i ¢ pddeih&@e)|tMnsiRree a6 Sdilueid 78% with A6af B@Re (50-mmitiay loHIv.£ B eIV c2el,, 0.5

15dl pyri m di n-4-ylthi o)acetic acid (44) and

2- ( 6- car bEYMDYECI. Ry Phihisn B1zgme Mix"gyasedafi taiepchansllifellowsy e a L Binats d (46)
Thi s genepal a SY I, th

i nventi onlg)ml%s”mgjIIB dglt I’%E.;[Fer% %)J}%?he s%@?!a?%d?ygggﬂngp@qz&?g %@ﬁgﬁog\?\*' SON

, ... 10 - 1¥atalog /74875 RoRZINN cnekBtratic®@i/B LM dxdYeatHorSrghenere for 108nytes-al NCI N
45 ST O\Iroom temperature. All plates were read on an Envision Plate Reader with an excitation

wavelength of 485nm and emission wavelength of 535 nm.

6.4. General Synthetic Method A: Preparation of 3-chloro-2-methylthieno[2,3-

15 This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:

OH Br OH
~N N BN
g - <
N ST N

1 2
OH c  OH
7 \)N -
S N/ s N/

1 3

20 In a 100 mL round bottom flask 6-methylthieno[2,3-d]pyrimidin-4-ol 1 (1g, 6.2 mmol),

was taken up in acetic acid (12 mL) and stirred at room temperature. To this bromine (0.3 mL,
6.2 mmol) was added and the reaction mixture was stirred at room temperature for overnight.
The reaction was then quenched with ice and stirred until ice was melted. Product was then
filtered off washed with water and dried to obtain (1g, 66% yield) 3-bromo-2-methylthieno[2,3-
25 b]pyridine-4-ol 2 as a dry product.
In a 3 L round bottom flask 6-methylthieno[2,3-d]pyrimidin-4-ol 1 (50 g, 310 mmol), was

taken up in acetic acid (525 mL) and NCS (37.5 g, 372 mmol) was added. The reaction was

21



Il N1 43 srONI\1 44 WO 2012/037141PCT/ US2011/051421 Synt hesi s of
41: To a solution of 37 (368 ng, 2 mmol, 1.0 eq.), prepared using Ceneral
Synt het i cwbbebtead781 i n anhydrous THE (5 nlL) at -30C was Patdsdoia/ o5

sol ution (2 2 mol, 1.1 eq) in THE (freshly prepared by m xing 0.34 nL of

di i soprop d 0.96 2.5M n

oty on” VAL 5P Fih Siwss s a9 oS DerLapea s PRSP Ga A LTS 52. 4
mol , 1. ZWﬂHMamsn@a@e&eaﬂ&momsmJhﬁnétaﬂ@ﬁécmnw M@MEeﬂmeQMmm&ﬁr after
it was warned up to roomtenperature, in the col th. The reaction was

di | ut ed wPBRANIBY§FE weteryAshegowtirme ae&ﬂrﬂeécqve@!\ﬂaﬁ%ﬁ"t@fwnda@@a@téatedw'emngx 2).
The conbi er Na2504and
concent ra?gﬂor%fﬁ%{ &Itlhgryo?nf ?(t ga}@\élég%t S\grfga sorbedsggzbf IIelﬁ])éa gel and
purified by flash chr orrat ogr aphy (el ut ed by 10% Hexane/ Et hyI acet at e) to

af f or d> conpoun@.5104 Gengral vt : : Peg B po-f (itinje B

43 were synt hesi zed_lmmmdm@ﬂgﬂl C I\/bt hod B. Synt heS| s of
44: Conpound 43 (70 ng, 0.19 mol, 1 eq.) in DW (1 nL) was added Pd(PPh3)4
(44 ng, 0.038 mmogenefd) dpegpch tc&ﬂhdsﬁlﬂl(dﬂkl))ﬂco(n&@ngds eDcchapasyed by tHe idvestidn is The
vial was 5 mnu before it was capped. The reaction
was then ﬂégfaé@eWﬁW%?pei'gﬁ?’@P‘(B’{ﬁa‘{?écr'ib?‘ﬁ §"§?"ét| on at 100C for 1.5 hours. All

t he sol vent was renoved and the residue was purified by preparative|thin

| ayer chromatiogr &Yy gave a white ol i &!'(28 ng, 42%vyi eI d). My Aw 2O

C10H7N30252 | NT, 266. 0; 1H NWR (4 ., DMBO-d6) 6 9. 097 (sl 1 H),
4.12 (br. ./2|H))NZ‘60_(‘S_’3H) n|he|sof—¢6'—eorrpou B N,
0.142 mml, 1S prepared using | 20 Synthetic t od)M was

taken up in 1 m? of MeOH. To this sol ytion was added 1N Na€H (.1 ni). The
resulting mxture was then stirred at roomtenperature before it was
neutral i zed by adding 1IN HCI. The r/egpt)Hon was purified by preparative HPLC
to of fer conpound 46 as a white sBl (12 ng, 29%yield). M5 /viz

C1O0HIN303S2 [-M-}—=284.0, ob . 1H NWR (400 MHz, CHLOROFORMd) 6
ppm 8.83 (s, 1 H 6.06 - 6. QH)420(5 2H)277(s 3 H. 256.17.
CGeneral Synthetic Method N PrSepaNatl on of 2-(3-chol oro-2-nethylthieno(3, 2-
cl pyridin-4-ylthio)acetic acid @50) Thi's general approach to the

synt hesi s of conpounds encogpassed the invention is illustrated l’))y t he
speci f? ¢ exanpPetstf o é’rZOWthV't%‘if‘o&%B@Mrh‘H”%‘yo'i35(48@%’8? oMl [Lypa-

avai | abl e, CRERMBHiINPS IR NI T F8 Lok REd FERES BlooBbhPrbufs. AFeRrpounds 49
and 50 were synthesi zed using General Method B. 6.18. General Synthetic

Met hod 0O: cqliapihe agacten wis cenqeptrated angthhyesidye 6¢ged3to 0. goar qolfl wiatar wasttheno) acet i ¢
e ooty IR LR . LR L ESh O OB
descri bedwhblethw acEhA-HThe dMYh DN BB extracts were twice washed with saturated aqueous

15 NaHCO;, once with brine, dried over MgSQ,, filtered and concentrated, yielding light brown solid
4,5-dichloro-6-methylthieno[2,3-d]pyrimidine 4 (41.6 g, 93% yield), which was immediately used
after complete drying.

Synthesis of 5: 4,5-dichloro-6-methylthieno[2,3-d]pyrimidine 4 (40 g, 182.2 mmol, 1 eq.)
was suspended in methanol (500 mL) and cooled to 0°C. Methyl 2-mercaptoacetate (27 mL,

20  191.5 mmol, 1.05 eq.) was added slowly, followed by the slow addition of TEA (53 mL, 382.6
mmol, 2.1 eq.). After stirring for 90 minutes, the reaction was concentrated. The residue was
taken up in ethyl acetate and filtered through a silica gel plug to remove salts and some color.

The filtrate was concentrated and purified using silica gel chromatography with 0-15% ethyl
acetate in hexanes, yielding methyl 2-(5-chloro-6-methylthieno[2,3-d]pyrimidin-4-ylthio)acetate

25  5(47.30g, 91% yield) as an off white solid.
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Synthesis of 52: In a 50 nL round bottom flask 2-am no-4, 5-di net hyl furan- 3-
10carbonitrile 51 (1g, 7.4 mmol), was taken up in formc acid (15 nL) as a
sol vent . Wbhi2e12i3xt4ur e was heated to refl ux tenperature POT/US2010068121 The
reaction was cooled to roomterrper ature and concentrated under vacuum punp.
Then it was taken up in ic ororre W, t 0, Then the crude
broduct was paSERtEsBAf Bulh RSB hd NER Rt P o DR AHED Er S

di met hyl f pnl, RG] WatltaRed ubid TﬂS(g@ompﬂﬂ 1PN 86lid6is NaBM (860 B, 38 Fkol Izyeqqsed in
the next step. 15Synthesis of 53: 6-di net hyl furo[ 2, 3- d] pyri m di n-4-ol 52
(700 ng, wagedeat|withefiigeny stigges. fu@bé@n@é‘dtqsﬁhPmFt?”(Vm Cﬁﬂ_ce”tlﬁed mfdhe 23 eq.)
and heate & o i ntrated
2nd the r o SR or e R Sy BRSNS SR

ensur e5 cowps etlectedvis vaapdm 0hram’>n RE&Ie8 . withhvaatérl Brykog $tainden veeuuweier o\hzrmgm
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2- mer t@pt Gat@iRtE ($0CN 3404 (s, X).0 mmol, 1.05 eq.) was added slowy, followed
by the slow addition of TEA (0.39 nL, 3.84 mmol, 2.1 eq.). After stirring

for 90 m nutes, the epLr 1 up in
ethyl acetate and fs e?glfs":?t?et\{@aeﬁ'm—mﬂqgtale Pre and
some col or. The fi I : p?z"f'g s L OR and purified using silica gel

chr omat ogr aphy 15% e cetate in hexanes i

(o e. et myTHEAEST ReEh M e G Rty AP BTa 3P s PERYs i e o)
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2- (5, 6-di net hyl furo[ 2, 3-d] pyri m di n-4-yl thi o)acetatoe 54 (400 ny, 1. 58 mml

1 eq.) was, taken up in TH (1|nL)and1Naqu6hﬁ{NaO-|(32rrLs

2 eq.) way , Wwth eff stirring a0 m nutes reactlon
was conce ,’gléda_nd’t h@‘%ﬁﬁ%}jue—rwerﬁru&i t—Hoo&lsregt@& and
acidified to low pH with 1°N MCI. The premﬁltl’ite was col | ecbe N vacuum

filtration, washed with waték. Drying it undem vacuum for overnbght

yi el d6d pgyrncdisoPsba dhlm@mbfw&mL B3. q]fgmdmeeh(m o 4N, BeBsiet Qécb&hn%C' d 55
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General Syafeenetal synkistin bigtird BPwe'ptak%itqpomna@rlczaq AT D roPvItergperature. To
(trifluorgp I ol - yrj-m din- 4- I i I . 12 N
(L1 uor Gk bk R S0l 3. 2o YT Ve A LLDLRRASRS b -2hch 3R
was stirred for overnight. The reaction was then quenched with ice and stirred until ice melted.
20 Product was then filtered off washed with water and dried to obtain 1g of 6-bromo-4-chloro-5-

methylthieno[2,3-d]pyrimidine 8 (786 mg, 55% yield) as a pale yellow solid.

Compounds 9 and 10 were prepared according to General Synthetic Method B.

6.7. General Synthetic Method D: Preparation of methyl 2-(5-cyclopropyl-6-
methylthieno[2,3-d]pyrimidin-4-ylthio)acetate (12

25 This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:
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26 56 5Conpounds 26, 56, 57, 58 and 60 were synthesized using General
Synt hetic Method J. Synthesis of 59: In a 100 nmL round bottom fl ask
equi pped wot2b12203R4d phen) 3C 2 (14 ng, 0.01 equiv), and KPHP@$2¢1988140hy, 3
equiv) and the reaction m xture was degassed thr ough al ternating vacuum

evacuation and nitro en ckfil x3) . before 0.125 and
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Repr esent iz GATBBHBAR.5-methyithienblATEEd Bin GRIRAHRHR RS B0 ARE A5 A HI) €81 ed.
for their activity in one or f e assays escrlbed erein one of

t hosel@onpouliztisyellpe sdlidst ed bel ow in Table 1, in which the colum "Prep"
i ndi cates the general synthetic rret hod used to make t he naned conmpound. The

5col um "HPLC g@t hod & i 0% hetl Aliholi Ef 6 Bl hfod H6n ZCMAE" 1.EPLC condi ti ons:

A Sunflre Cl8 5u 4709, X 50 Hﬁﬂﬂ s a0 =2 mn, flow
rate = 3.5 nL/min, W HEE-“_ thm vent A = 10 nM aqueous

ammni um acet ate cet Cl18 .5u. 4.6 x
50 nm 10%to g*d%%er%?pé’&?aéhp ?hes'é L%°H‘p°f‘1‘d6' e”F%‘fpasseg?V%“elBWﬁ?ﬁ’ﬁ

wavel engt Mustrat&royanelspdific é}mnpfeQJeV@TBted Belswpurified water, solvent B = 95%
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herein, wherein: **** ne val ue of |ess than orieqoal to 0.025 p. M ***
nmeans a val ue of | esser n|or equal to 0. Q5 p *T ans a value of |ess
than or equal to 0.1 p. M™*¥ ans a val ue 150f I%SSN han or equal to 0.25
p.M and -- neans that the ICSO was not determ ned._ The col um "EC50"

provi #es t he conpounds' EC%O as neasured using the ?eporter assay descri bed

herein, wherei ha {0bTL rEBRNSotRmMRkIEaRked mg%e&mm(snsromwemqfatmed@{m *rE
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means gahe%% QAR RQL. 1068 841TEHRESba £ 0. AR, Ba(ERITPA W 0.55 AN, C

and 2-dicyclohexylphosphine-2’,6’-isopropoxydiphenyl (13 mg, 0.03 mmol) were taken up in dry

20 DMF (2.5mL) in a microwave vessel and heated under microwave irradiation at 160°C for 10
minutes. After it was cooled to room temperature it was filtered through celite and
concentrated. This was taken up in EtOAc and washed with water. The organic layer was
washed with brine and dried over magnesium sulfate and concentrated to afford methyl 2-(6-

ethyl-5-methylthieno[2,3-d]pyrimidin-4-ylthio)acetate 13 (17 mgs, 40% yield).

25 6.9. General Synthetic Method F: Preparation of 2-(5-(dimethylamino)-6-
methylthieno[2,3-d]pyrimidin-4-ylthio)acetic acid (14)

This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:
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Time (mn) Purity (%9 1C50 ECso 2-((5, 6-dinethylthieno[2, 3-d]pyrimdin-4-
yl)thio)-N (furan-2-ylnmethyl)acetamde G A (1.742) 99
2-((5, 6- dWOBszymvhileno[ 2,3-d] pyrimdin-4- yl)thio)aceti ®@Caaisdoidosn4el. 047)
Q9 *x** *x*xx 2_((5,6-dinethylthieno[2, 3-d]pyrim din-4-
yl ) thio)-N(5-nethylisoxazol - 3- yI)acetan1de G A (1.763),100 ***x* xxxx
2-((6, 7-di hydr o- SFLcycIQpeng 95 t hi enof 2, 3- -eh%py¥Ahﬁ I n-4-ypthio)acetic
acid B A (1.188) 100 ***y *x¥ ((5 6- dlnethytigtiﬁgk2{3 d] pyri m di n- 4-
yl)thio)-N(2-fl uorop etam—de—GT> g IN,)

14

Methyl 2-(5-bromo-6-methylthieno[2.3-d]pyrimidin-4-ylthio)acetate 11 (100mg, 0.3
mmol), prepared using General Synthetic Method C, was taken up in ImL (excess, as solvent) of
dimethyl amine 40% in water. A catalyticamount of copper oxide was then added and the

5 reaction heated under microwave irradiation at 140°C for 15 min. Reaction stripped down then
purified by preparative HPLC (aqueous ammonium acetate / acetonitrile). Isolated 14 as a white

solid (60 mgs, 71% vyield).

6.10. General Synthetic Method G: Preparation of 2-(5,6-dimethylthieno[2,3-
dlpyrimidin-4-ylthio)-N-{2-methoxyethyl}acetamide (17

10 This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:

H

S/\[(OH NH, S/\n/N ~ 0"
sy © - 0]

| )N + H 4 | SN
N/ O< S N/)

15 16 17

2-(5,6-dimethylthieno[2,3-d]pyrimidin-4-ylthio)acetic acid 15 (0.050 g, 0.2 mmol, 1 eq) ),

which is commercially available and can also be prepared using General Synthetic Method B,

15  was taken up in DMF (2.2 mL). To this mixture 2-methoxyethanamine 16 (0.019 g, 0.24 mmol,
1.2 eq), HATU (0.076 g, 0.2 mmol, 1 eq) and N,N-diisopropyl ethylamine (0.08 mL, 0.44 mmol,
2.2 eq) was added and stirred the reaction mixture for 8 hrs at room temperature. Water was
added to quench and the aqueous portion was extracted thrice with EtOAc. The combined
organic layers were dried over MgSQ,, filtered and concentrated. The residue was purified by

20 preparative HPLC using neutral conditions yielding 2-(5,6-dimethylthieno[2,3-d]pyrimidin-4-
ylthio)-N-(2-methoxyethyl)acetamide 17 (56 mg, 90% vyield) as an off white solid.

6.11. General Synthetic Method H: Preparation of Isopropyl 2-(5,6-
dimethylthieno[2,3-d]pyrimidin-4-ylthio)acetate (19

This general approach to the synthesis of compounds encompassed by the invention is

25 illustrated by the specific example described below:
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90 nethyl 2-((5,6-dinmethylthieno[2,3- cl]pyrimdin-4-ypthio)acetate H A
(1.927) 100 **** **x*x*x WD 2012/ 037141PCT/ US2011/ 051421

2- ((5, 6- dvoebtdsttiteno[ 2, 3-d] pyrim di n-4- yl)thio)-N neroylseataside G A
(1.493) 98 **** x*xx%x 1.(2-((5,6-dinmethylthieno[2,3-d]pyrimdin-4-
yl')thio)acetyl)piperidine-4;carboxam de G A (1.397) 99 -- propyl

2- ((5, 6-di net hyl t hiien /2\|$’ cl]pyrimdin-4-ypthio)acet &te (2.235) 100

KrREE KEEE putyl 2- NP et hyl t hi enef2,3-dbpyrim ~ eyl ) thio)acetate H
A (2.370) 100 **=<_[ ] OH AL S

N N

15 18 19

Compound 15 (100 mg, 0.4 mmol), which is commercially available and can also be
prepared using General Synthetic Method B, was dissolved in dry DCM and thionyl chloride (56
uL, 0.8 mmol) added and stirred at room temperature for 1 hour. Then excess propane-2-ol 18
5 was added and stirred at room temp another 1 hour. Then, the reaction mixture was
concentrated and purified using neutral phase preparative HPLC (aqueous ammonium acetate /

acetonitrile) to give 19 as a solid (100 mg, 85% vyield).

6.12. General Synthetic Method I: Preparation of 2-(5-chloro-6-isopropylthieno[2,3-
d]pyrimidin-4-ylthio)acetic acid (24)

10 This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:

OH Cl cl 0o
Cl cl S/\n/
4 =N 74 SN / SN SSVRY
LJ — LJ— J— <1 )
20 21 22 23
OH
o STY
0
— =N
74 | /)
STN
24

Synthesis of 21: Pyrimidone 20 (10 g, 51.4 mmol, 1 eq.), which is commercially available
and can also be prepared by General Synthetic Method D, was suspended in POCl; (95 mL, 1028
15 mmol, 20 eq.) and heated to 90°C for 4 hours. After cooling the reaction was concentrated and
the residue cooled to 0°C. Ice cold water was then added slowly to ensure complete
consumption of POCl;. The black solution was thrice extracted with ethyl acetate. The
combined organic extracts were twice washed with saturated aqueous NaHCO;, once with brine,
dried over MgSQ,, filtered and concentrated, yielding light brown solid 4-chloro-6-
20 isopropylthieno[2,3-d]pyrimidine 21 i(10.16 g, 93% yield), which was immediately used after
complete drying.
Synthesis of 22: Solid 4-chloro-6-isopropylthieno[2,3-d]pyrimidine 21 (9.2 g, 43.2 mmol,
1 eq.) was taken up in acetic acid (75 mL) and NCS (8.65 g, 86.5 mmol, 2 eq.) was added. The
reaction was heated at 55°C for 6 hours. The reaction was cooled and quenched with water and

25 extracted the compound with methylene chloride (2 x 50 mL). The combined organic layers
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Synthesis of 23: 4,5-d|chloro-6-i50|:!r2|:-)yél‘:c-hienoRZ,ES-d]pyrimidine 22 (11.6 g, 47 mmol, 1
eq.) was suspended in methanol (125 mL) and cooled to 0°C. Methyl 2-mercaptoacetate (6.86
mL, 49.35 mmol, 1.05 eq.) was added slowly, followed by the slow addition of TEA (13.7 mL, 98.7
mmol, 2.1 eq.). After stirring for 90 minutes, the reaction was concentrated. The residue was
taken up in ethyl acetate and filtered through a silica gel plug to remove salts and some color.
The filtrate was concentrated and purified using silica gel chromatography with 0-15 % ethyl
acetate in hexanes, yielding methyl 2-(5-chloro-6-isopropylthieno[2,3-d]pyrimidin-4-
ylthio)acetate 23 (13.6 g, 92% vyield) as an off white solid.

Synthesis of 24: Compoundr 23 (5.0 g, 15.8 mmol, 1 eq.) was taken up in THF (50 mL)
and 1 N aqueous NaOH (32 mL, 32 mmol, 2 eq.) was added, with efficient stirring. After 40
minutes, the reaction was concentrated and the residue taken up in water, cooled to 0 °C and
acidified to low pH with 1 N HCI. The precipitate was collected via vacuum filtration, washed
with water. Drying it under vacuum for overnight, yielded pure 2-(5-chloro-6-
isopropylthieno[2,3-d]pyrimidin-4-ylthio)acetic acid 24 as a white solid (4.5 g, 94% yield). MS
m/z C11H1,CIN,05S; [M+1]* = 303 and [M+1]" = 305. *H NMR (400 MHz, DMSO-ds) & ppm 12.83
(s, 1H), 8.81 (s, 1 H), 4.12 (s, 2 H), 3.52 - 3.76 (m, 1 H), 1.32 (d, J=7.03 Hz, 6 H). *C NMR (101
MHz, DMSO-dg) 6 ppm 170.0 (s, 1C), 162.8 (s, 1C), 162.2 (s, 1C), 152.6 (s, 1C), 146.9 (s, 1C),
125.1 (s, 1C), 112.3 (s, 1C), 32.2 (s, 1C), 28.6 (s, 1C), 23.4 (s, 1C), 23.1 (s, 1C).

6.13. General Synthetic Method J: Preparation of 2-(6-chloro-7-
cyclopropylthieno[2,3-d]pyrimidin-4-ylthio)acetic acid (31

This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:

OH
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A (1.440) 100 **** x*x* 2_((5 6-di methylthieno[2, 3-d]pyrimdin-4-
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5 the reaction mixture with N, strongly for five minutes and heated the reaction mixture at 100°C
for 6 hours. After itis cooled to room temperature the reaction mixture was filtered and split
both layers. The aqueous layer was washed with toluene and combined organic solvents were
concentrated. The crude material was purified using silica gel column chromatography using
EtOAc and heptane (10 — 30%) solvents yielding 7-cyclopropyl-4-methoxythieno([3,2-

10  d]pyrimidine 26 as a light yellow solid (3 g, 90% yield).
Compound 27 was synthesized using General Synthetic Method A.
Synthesis of 28: 6-chloro-7-cyclopropyl-4-methoxythieno[3,2-d]pyrimidine (2 g, 8.25
mmol) was taken in 12 N HCI (6 mL, 72.5 mmol) and heated the reaction mixture at 70°C for 40
minutes. After cooling it to the room temperature, water (15 mL) was added to this pale brown
15 slurry and mixed properly. The precipitate was filtered off and washed it with water and
heptanes. Upon drying it for overnight at 40°C afforded a light yellow solid (1.6 g, 90% vyield)
Compound 29 was synthesized using General Synthetic Method B. Compound 30 was
synthesized using General Synthetic Method B. MS m/z C1;HsCIN,0,S, [M+1]* = 301 and [M+1]*
=303. 'H NMR (400 MHz, DMSO-dg) & ppm 8.92 (s, 1 H), 4.22 (s, 2 H), 2.10 - 2.20 (m, 1 H), 1.45 -
20 1.52(m, 2 H), 0.96 - 1.06 (m, 2 H). **C NMR (101 MHz, DMSO-ds) & ppm 169.6 (s, 2C), 161.4 (s,
1C), 156.2 (s, 1C), 154.1(s, 2C), 134.4 (s, 1C), 125.9 (s, 1C), 31.9 (s, 1C), 10.2 (s, 1C), 6.3 (s, 2C).

6.14. General Synthetic Method K: Preparation of 2-(7-cyclopropyl-6-
methylthieno[2,3-d]pyrimidin-4-ylthio)acetic acid (35)

This general approach to the synthesis of compounds encompassed by the invention is

25 illustrated by the specific example described below:
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** 2-((5,6-di nethylthieno[ 2, 3-d] pyri m din-4-

yl )t hi o) - N-net hoxy- N-nmet hyl acetami de G A (1.700) 97 **** **x*

2- ((5, 6- dvoebtydsttiteno[ 2, 3- d] pyri m di n- 4- PCT/US2011/051421
y|)th|0)-N—(thIO hen- 2-yl met hyl ) acetam de G A (1.820) 99 ** -- WD
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di met hyl t hi eng[ 2,"- d] pyri ni di n- 4-

26 31

S N 0]
N N & — M A
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33
Compound 26 was synthesized using General Synthetic Method J.
Synthesis of 31: To the N,N-diisopropyl ethyl amine (14 mL, 80 mmol) in THF (60 mL) n-
Buli (37.5 mL, 1.6 M, 60 mmol) was added drop wise at -60°C. After 15 minutes stirring at the
5 same temperature compound 31 (4.14 g, 20 mmol) was added in one portion and allowed to
warm up to —45°C in 45 minutes. Then it was cooled back to -60°C and Mel (5 mL, 80 mmol)
was quenched by slow drop wise addition, and stirred for 2 hrs by warming up the reaction
mixture to room temperature. After 2 hrs it was quenched with brine and water (100 mL)
mixture and separated the THF layer. The aqueous layer was extracted with dichloromethane
10  and the combined organic solvents were washed again with brine and passed through MgSO,.
The crude product was purified using silica gel chromatography using ethyl acetate / hexanes
mixture (10% - 30 %) afforded (2.64 g, 60% yield) the compound 32.
Compounds 32-35 were synthesized using General Synthetic Method B. MS m/z
C12H1N50,5, [M+1]" = 281, *H NMR (400 MHz, DMSO-dg) 6 ppm 12.86 (br. s., 1 H), 8.85 (s, 1 H),
15  4.20(s, 2 H), 2.65 (s, 3 H), 1.99 (tt, /=8.63, 5.43 Hz, 1 H), 1.23 - 1.30 (m, 2 H), 0.88 - 0.97 (m, 2 H).

6.15. General Synthetic Method L: Preparation of 4-(carboxymethylthio)-7-

methylthieno[3,2-d]pyrimidine-6-carboxylic acid (40)

This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:
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N- (2- (di met hyl am no) et hyl )-2-((5, 6- dinethylthieno[2,3-d]pyrim din-4-
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Compound 36 is commercially available. Compound 37 was synthesized using General

Synthetic Method B.
Synthesis of 38: To a stirred solution of thiophene 37 (368 mg, 2 mmol, 1.0 eq.) in
5 anhydrous THF (5 mL) at -30 °C was added a LDA solution (2.2 mmol, 1.1 eq) in THF (freshly
prepared by mixing 0.34 mL of diisopropylamine and 0.96 mL 2.5M nBuli at -30 °Cin 5 mL of
THF). The reaction turned from clear to yellow. After 20 minutes, ethylchloroformate (0.28 mL,
3 mmol, 1.5 eq) was added drop wise. The reaction was quenched by water after it was warmed
up to rt., in the cold bath. The mixture was diluted with 10 mL ethyl acetate, extracted with ethyl
10  acetate (10 mL x 2 times). The combined organic layer was washed with brine, dried over
Na,SO,, concentrated. The crude mixture was then absorbed on silica gel and purified by flash
chromatography (eluted by 10% DCM/EA) to offer ester 38 as a white solid (127mg, 25% vyield).

Compounds 39 and 40 were synthesized using General Synthetic Method B.

6.16. General Synthetic Method M: Preparation of 2-(6-cyano-7-methylthieno]3,2-
15 d]pyrimidin-4-ylthio)acetic acid (44) and 2-(6-carbamoyl-7-methylthieno]3,2-
d]pyrimidin-4-ylthio)acetic acid (46)

This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific examples described below:

0]
S N S <N N S N O - S ~N
| ! |
W 7 B 2 — A VAL
37 a1 42 43
S/\n/OH S/\H/OMe S/\H/OH
- NC NC
wn LA \ L
46 45 44



100 nethyl 2-((5-cyclopropyl-6-nethylthienof?2, 3-

d] pyri mdi n-4-ypthio)acetate B,D A (2.137) 100 nethyl

2- ((6-cycwopnpplrs- net hyl t hi eno[ 2, 3- d] pyri m di n- 4- ypt rCo)imecatasz2B8, D A
(2.190) 100 2-((5-cycl opropyl-6-nethylthieno[?2, 3-

d] pyrimdin-4 | 0)acetjc (1.2 FRxK kxk

2 (6. cyel opr oSyrimesBREEFytcra Dty 3 Cul By Aot hO 20y BEEHPIST 498k PRl d B,

A (1. 257) syrtic Rekh dorrmmwﬁo@hhw I3 laL)eve o WasldBYd 4 MAkoRtidn (22 hindi @qacet i c

acid B A (1. 408'): 100 **** *x*x%*
eq) in THF (freshly prepared by mixing 0.34 mL of diisopropylamine and 0.96 mL 2.5M nBuli at

-30 °Cin 5 mL of THF). The reaction turned from clear to yellow. After 20 mins, iodine (609 mg,
5 2.4 mmol, 1.2 eq) was added drop wise. The reaction was quenched by water after it was
warmed up to room temperature, in the cold bath. The reaction was diluted with 10 mL ethyl
acetate, extracted with ethyl aceate (10 mL x 2 ). The combined organic layer was washed with
brine, dried over Na,SO,and concentrated. The crude mixture was then absorbed on silica gel
and purified by flash chromatography (eluted by 10% Hexane/Ethyl acetate) to afford compound
10 41 as a white solid (407 mg, 65% yield).
Compounds 42 and 43 were synthesized using General Synthetic Method B.
Synthesis of 44: Compound 43 (70 mg, 0.19 mmol, 1 eq.) in DMF (1 mL) was added
Pd(PPh;), (44 mg, 0.038 mmol, 0.2 eq.) and Zn(CN), (30mg, 0.25 mmol, 1.1 eq). The vial was
degassed with N, for 5 minutes before it was capped. The reaction was then heated under
15 microwave irradiation at 100°C for 1.5 hours. All the solvent was removed and the residue was
purified by preparative thin layer chromatography gave a white solid (28 mg, 42% yield). MS
m/z C10H,N30,5, [M+1]" = 266.0; '"H NMR (400 MHz, DMSO-dg) & ppm 9.09 (s, 1 H), 4.12 (br. s., 2
H) 2.60 (s, 3 H).
Synthesis of 46: Compound 45 (40 mg, 0.142 mmol, 1 eq.), prepared using General
20  Synthetic Method M, was taken up in 1 mL of MeOH. To this solution was added 1N NaOH (2.1
mL). The resulting mixture was then stirred at room temperature before it was neutralized by
adding 1N HCI. The reaction was purified by preparative HPLC to offer compound 46 as a white
solid (12 mg, 29% yield). MS m/z C1oHsN;0,S, [M+1]" = 284.0, observed 224. *H NMR (400 MHz,
CHLOROFORM-d) & ppm 8.83 (s, 1 H) 6.06 - 6.36 (m, 2 H) 4.20 (s, 2 H) 2.77 (s, 3 H).

25 6.17. General Synthetic Method N: Preparation of 2-(3-choloro-2-methylthieno]3,2-
c]pyridin-4-ylthio)acetic acid (50)

This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:
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2- ((6-brono-7-net hylthieno[ 3, 2-d] pyrimdin4d-yl)thio)acetic acid B A (1.267)
99 2-((5-brono-6-isopropylthieno[?2,3- d]pyrimdin-4-ypthio)acetic acid B A
(1.345) 1WO 201210837141 * * PCT/US2011/051421
2-((5-chloro-6-nethylthieno[2,3-d]pyrimdind-yl)thio)acetic acid B A
(1.220) 92 **** x*x*x \WDH 2012/ 037141PCT/ US2011/ 051421 |

2-((6-chl oro-5-nethyl thieno[2, 3-d] pyrimdin4-yl)thio)acetic a)&i\r?oB A
(1.265) 100 **** --] 2-((6, 7-di met hyd\t hi Eno[ 3, 2- d] pyri ni diln- 43

yl )t hi o)acetiL@@iD A (1.127) 9
2- ((6-cycl opropyst= t hyl t hi eno[ 3,

- - / |\N

yrimdin-4-yl)t etic acid
47 48 49
OH

o ST

- - Sy O
7] N
S o
50

Compound 47 is commercially available. Compound 48 was synthesized using General Method

A. Compounds 49 and 50 were synthesized using General Method B.

6.18. General Synthetic Method O: Preparation of 2-(5,6-dimethylfuro[2,3-
5 dlpyridin-4-ylthio)acetic acid (55)

This general approach to the synthesis of compounds encompassed by the invention is

illustrated by the specific example described below:

/ 7] =N /1 N
o” ~NH; S N,) g |N/)
51

52 53

—_— 74 | =N —_— / |
(6] N/) /)

54 55
Synthesis of 52: In a 50 mL round bottom flask 2-amino-4,5-dimethylfuran-3-

10  carbonitrile 51 (1g, 7.4 mmol), was taken up in formic acid (15 mL) as a solvent. This mixture
was heated to reflux temperature for 6 hours. The reaction was cooled to room temperature
and concentrated under vacuum pump. Then it was taken up in dichloro methane washed with
H,0. Then the crude product was passed through Na,SO, and concentrated to obtain the crude
dimethylfuro pyrimidinol 52 as a crude product, which is directly used in the next step.

15 Synthesis of 53: 5,6-dimethylfuro[2,3-d]pyrimidin-4-ol 52 (700 mg, 4.3 mmol, 1 eq.) was
suspended in POCl; (10 mL, 100 mmol, 23 eq.) and heated to 90°C for 3 hours. After cooling the
reaction was concentrated and the residue cooled to 0°C. Ice cold water was then added slowly
to ensure complete consumption of POCl;. The black solution was thrice extracted with ethyl

acetate. The combined organic extracts were twice washed with saturated aqueous NaHCO,,
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B,D A(1.357) 98 -- --

2-((6-chloro-7-methylthieno[ 3, 2-d]pyrimdind4-yl)thio)acetic acid B A
(1.138) 1WO 201210837141 * * PCT/US2011/051421
2-((7-chl oro-6-nethylthieno[ 3, 2- d]pyrinidin4 yI)thio)acetic acid B A

1.052) 100 -- -6-net h
((:I] pyri Zn dPPEEIy bf't"ﬁldééfgéﬁﬁ mgé’t‘l'hergd g A‘:°(‘ie”6r§ Yt 6”5 "Jht bro?‘?’@tsﬂliﬁ 4
2- ((6- chl gh18ro&; gy Irlvo RIOg By rdnidide py(alsmn@ %%%.Mb)) Whicohaciaihalaftdd fef 1. 983)
100 **** **xx% 9_((7,9-di net thpyrldo - 4,5]thieno[ 3, 2-

d] pyri mi deﬁeWOfgﬂP')?terﬂrtiD‘%cet ic acid B A (1 320) 100
Synthesis of 54: 4-chloro-5,6-dimethylfuro[2,3-d]pyrimidine 53 (350 mg, 1.91 mmol, 1

5 eq.) was suspended in methanol (10 mL) and cooled to 0°C. Methyl 2-mercaptoacetate (0.13
mL, 2.0 mmol, 1.05 eq.) was added slowly, followed by the slow addition of TEA (0.39 mL, 3.84
mmol, 2.1 eq.). After stirring for 90 minutes, the reaction was concentrated. The residue was
taken up in ethyl acetate and filtered through a silica gel plug to remove salts and some color.
The filtrate was concentrated and purified using silica gel chromatography with 0-15% ethyl

10  acetate in hexanes, yielding methyl 2-(5,6-dimethylfuro[2,3-d]pyrimidin-4-ylthio)acetate 54 (420
mg, 90% yield) as a solid.
Synthesis of 55: Methyl 2-(5,6-dimethylfuro[2,3-d]pyrimidin-4-ylthio)acetate 54 (400
mg, 1.58 mmol, 1 eq.) was taken up in THF {10 mL) and 1 N aqueous NaOH (3.2 mL, 3.2 mmol, 2
eq.) was added, with efficient stirring. After 40 minutes, the reaction was concentrated and the
15 residue taken up in water, cooled to 0°C and acidified to low pH with 1 N HCI. The precipitate
was collected via vacuum filtration, washed with water. Drying it under vacuum for overnight,
yielded pure 2-(5,6-dimethylfuro[2,3-d]pyrimidin-4-ylthio)acetatic acid 55 (353 mg, 94% yield) as

a solid.
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-- -- 2-(pyrido[3',2" :4,5]thieno[3,2-d]pyrimdin-4- ylthio)acetic acid B A
(1.045) 100 -- -- methyl 2-(pyrido[3',2":4,5]thieno[3, 2-

d] pyri m dwo-2di2yd3ttiio) acetate B A (1.770) 100 -- -- PCT/US2011/051421

2- ((5-chl oro-6-ethyl thieno[2, 3-d] pyrim din-4- yI)th| o)acetlc acid B A
(1.220) 100 **** *x*x 9_((5-ch

d] pyri m di n- 4- 9F?ths:”
2- ((6-chl or o- 7- net hy '
mde G A (1.893) 100 **** * ko

2-((6-chloro-7- nethyDthleno[S 2- d]pyr|n1d|n4 ﬁ%)thlo) N- (2- met hoxyet hylgace
ta

' 12 N HCI
00 a0 ~ \
70 °C, 30 mins 110 °C N/)

57

yanoet hyl ) acet a

HS\)CJ)\O s RN CF5S0,Cl s/ﬁ(o
|

S | SR Ru(Ph)sCl, FF sy O
TN N/) K,HPO g U »
DIEA, MeOH, 0 °C 2MPO, F N7
CH4CN
58 -78 9C to RT, 2 days 59

25 W fluoroscent bulb

S/\[(OH

1N NaOH R F S N 0
THF F \ N/)
60
5 Compounds 26, 56, 57, 58 and 60 were synthesized using General Synthetic Method J.

Synthesis of 59: In a 100 mL round bottom flask equipped with a Ru{phen)sCl, (14 mg,
0.01 equiv), and K;HPO, (930 mg, 3 equiv) and the reaction mixture was degassed through
alternating vacuum evacuation and nitrogen backfill (x3) before MeCN (20 mL, 0.125 M) and
ethyl 2-(7-cyclopropylthieno[3,2-d]pyrimidin-4-yl)thio)acetate 58 (500 mg, 1 equiv) were added
10 by syringe. The resulting solution was degassed by alternating vacuum evacuation and nitrogen
backfill (x3) at -78 °C, allowing solution to warm to room temperature under nitrogen between
each iteration. The triflyl chloride (0.4 mL, 2 equiv) was added by syringe and the vial was sealed
with parafilm and placed approximately 2 cm from a 25 W compact fluorescent light bulb. After
48 hours, the reaction was quenched with water (2 mL) and extracted with CH,Cl, (x2), and the
15 combined organic layers were dried over MgSO, and concentrated in vacuo. The crude material
was then purified by prep HPLC using neutral conditions to afford methyl 2-(7-cyclopropyl-6-
(trifluoromethyl)thieno[3,2-d]pyrimidin-4-yl)thio)acetate 59 (62 mgs) in 10% yield.
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G A (1.937) 100 **** x*xx*

2-((6-chloro-7-nmethylthieno[ 3, 2-d] pyrimdin4d-yl)thio)-N(2-(piperidin-1-yl)
et hyl ) acevarend&3@4A (1. 663) 100 -- **** PCT/US2011/051421

2- ((6-chl oro-7-net hyl t hi eno[ 3, 2-d] pyr| m di n4-yl)thio)-N(2-nethyl-2-

nmor phol i nopropxﬁéac tam de G A 2.123) 100 -- --

2-((6-chloro-7 i mdind-yl)thio)-N(2-nmethyl-2-(pyrrol
idin-1- yl)pro )acetamide G A (1.638) 99 -- --

> (5 oh o o- NEHRGT f%p@ﬁafszveéeEfrg@?nd)ﬁ?a?%f@rme)reﬁﬁ'vgymnefr RSFHIAYet hy! ) ace
tam de G &shyk.d6&Fibederein. Some m&@@@ﬁ&ﬁﬁmgg&mwﬂaé4?ﬂwhich the

2- ((5-chl oro-6-net hyl thieno[ 2, 3-d] pyrim di n-

4-yl ) thi oyoquqmq QPre ||@§<Fatq}|thp g_enyqa) ypﬂm)epg metdpd Hyeddo @ake the named compound. The

5 column “HPLC Method & Time (min)” refers to the following HPLC conditions:

A: Sunfire C18 5u 4.6 x 50 mm, 10% to 90% B, gradient time = 2 min, flow rate = 3.5
mL/min, wavelength = 220 and 254 nm, solvent A = 10 mM aqueous ammonium
acetate, solvent B = acetonitrile.

B: Sunfire C18 5u 4.6 x 50 mm, 10% to 90% B, gradient time = 2 min, flow rate =3.5

10 mL/min, wavelength = 254 and 280 nm, solvent A = purified water, solvent B =95%

methanol/5% water with 0.1% trifluoroacetic acid (v/v).

The column “IC5,” provides the compounds’ IC5y as measured using the binding assay described
herein, wherein: **** means a value of less than or equal to 0.025 puM; *** means a value of
less than or equal to 0.05 pM; ** means a value of less than or equal to 0.1 uM; * means a value

15 of less than or equal to 0.25 uM; and -- means that the ICsq was not determined. The column
“ECso” provides the compounds’ ECs, as measured using the reporter assay described herein,
wherein: **** means a value of less than or equal to 1 uM; *** means a value of less than or
equal to 5 pM; ** means a value of less than or equal to 10 uM; * means a value of less than or

equal to 15 puM; and -- means that the ECsq was not determined.

20
Table 1
HPLC Method & | Purity
Compound Prep Time (min) (%) 1Csq ECso
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- ok
yl)thio)-N-(furan-2-ylmethyl)acetamide G A(L.742) 9
2-((5.,6-d|m(.athyl.th|eno[2,3-d]pyr|m|d|n-4- B A (1.047) 99 ok ok
yl)thio)acetic acid
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- ok ok
yl)thio}-N-(5-methylisoxazol-3-yl)acetamide G A(1.763) 100
2-((6,.7-<?I|hydro-5H-.cycIopfanta.[4,5]th|eno[2,3- B A (1.188) 100 N o
d]pyrimidin-4-yl)thio)acetic acid
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- G B % N B
yl)thio}-N-(2-fluorophenyl)acetamide
methyl ?-(.(5,6-d|m(.athylthleno[Z,S- H A (1.927) 100 N N
d]pyrimidin-4-yl)thio)acetate
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A (1.658) 100 -- -- 2-((5-chloro-6-net hyIthi eno[ 2, 3-d] pyri m di n-
4-yl)thio)-N(2-cyanoethyl)acetami de G A (1.805) 100 **** *x*x*
2- ((6- chiwoaeiz/asetshyl t hi eno[ 3, 2-d] pyrim din- 4-yl)thi o) PRHASPYl1AsEeAM de G
A (2.008) 100 **** x*x* 2_((6-chloro-7-nethylthieno[3, 2-d]pyrimdin-
4-y1) t hi 0}—N-N-di-rethyl-acetani-de—G-A {2020} 100
2- ((6- chl joz-s, &eifrethiplensie eappdoidnd] pyrni m di n4-Ad 9%t1i 0) - lélé( 4- npJ.phol.i noe
acet am de| Btho) NI BhB}et&Bde - - -
2- ( ( 6- chl pro—F—rrethytthteno 3 2—dtpyrtmdirnd—ythioj—N-priopytacetamde G A
(2.150) 991-92-.((5,6-d|mefchyI’Fh.|eno[2,3-d]pyrlr‘.r1|d|n-4- G A (1.397) 99 y 3
yl)thio)acetyl)piperidine-4-carboxamide
propyl 2-({5,6-dimethylthieno[2,3- N N
d]pyrimidin-4-yl)thio)acetate H A(2.235) 100
butyl 2.-((5,6-d|methylth|eno[2,3-d]pyrlmldln- H A (2.370) 100 N N
4-yl)thio)acetate
|soprc.>p\./l .2-((5,6-d|.methylth|eno[2,3- H A(2.217) 100 ok ok
d]pyrimidin-4-yl)thio)acetate
2-((6.-methy.lth|e.no[2,3-d]pyrlm|d|n-4- B A (0.915) 100 " x
yl)thio)acetic acid
2-((7.-methy.lth|e.no[3,2-d]pyrlm|d|n-4- B A (0.915) 100 " "
yl)thio)acetic acid
2-((5.-methy.lth|e.no[2,3-d]pyrlm|d|n-4- B A (0.925) 100 x B
yl)thio)acetic acid
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- N B
yl)thio)-N-(ethylsulfonyl)acetamide G A(1.218) 100
2-((5.,6-d|methylthleno[2,3-d]pyr|m|d|n-4- G A (1.440) 100 ok ok
yl)thio)acetamide
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4-
yl)thio}-N-((tetrahydro-2H-pyran-2- G A (1.760) 100 HokokE HokokE
yl)oxy)acetamide
N-(cyclopropylsulfonyl)-2-((5,6-
dimethylthieno[2,3-d]pyrimidin-4- G A (1.235) 100 HokokE --
yl)thio)acetamide
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- N N
yl)thio)-N-hydroxyacetamide G A(1.970) 100
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4-
yl)thio}-N-((5-methylpyridin-2- G A(1.273) 97 *k --
yl)sulfonyl)acetamide
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- ok x
yl)thio)-1-(isoindolin-2-yl)ethanone G A(1.917) 9
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- N N
yl)thio)-N-methoxy-N-methylacetamide G A (1.700) 97
2-((5,6-dimethylthieno[2,3-d]pyrimidin-4- x B
yl)thio}-N-(thiophen-2-yImethyl)acetamide G A (1.820) 9
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- 2-((5-chloro-6-nethylthieno[2,3-d]pyrimdin- 4-yl)thio)-Nethyl acetam de

G A (1.918) 100 **** *x*x
2- ((5- chiwoae/asetshyl t hi eno[ 2, 3-d] pyri m di n4-yl )t hi o) - NPCZATSRA1hpir2t (pi peri
din-1- vyl )propyl )acetam de G A (1.580) 99 -- --
2- (( 5- chl pre-—6-—+nethythteno 23— pyrtm-dird—yHthio—N-propyacetamde G A
(2.105) 1OQ(SI’G*cFi‘rﬁethoxyisoindolin-2-yl)-2-((5,6-
2- ( ( 5- chl odietbyltendiy -tlhyrenod-2, 3- d] pyni nd di n4-Ay1.J4shi o) - do( 2- rrorphol i-noet hyl )
acet am de »ﬂ}th%)e(tﬂanaﬁeB) 99 FRkk kkokx
2-((5-Ch| ro—6-tret ||y| tt C||U|_ 23- u] SAAIL pimes "'|4-y= )thl o=NNdirret hyl acetiam de
G A (2. 523)-cydf92- ((5,6!!|m'éthylﬁ'neno[2 3- 6 A(1.162) . 08 I I
2- (( 5- chl otle~iGidret-YiNtiddreemop 2, 3- d] pyri m dijn4- ﬁ}t Fu 0) - N- (4- net hoxybenzyl ) ac
etam de G
N-(4-chloro-1H-indazol-3-yl}-2-((5,6-
dimethylthieno[2,3-d]pyrimidin-4- G A (1.733) 100 HokokE --
yl)thio)acetamide
N-(2-(dimethylamino)ethyl)-2-((5,6-
dimethylthieno[2,3-d]pyrimidin-4- G B (1.490) 99 -- --
yl)thio)acetamide
N-(3-(dimethylamino)propyl)-2-((5,6-
dimethylthieno[2,3-d]pyrimidin-4- G B (1.522) 99 -- --
yl)thio)acetamide
2-((6.-ethyl-.5-mgthylthleno[2,3-d]pyr|m|d|n-4- BE A(1.212) 100 N B
yl)thio)acetic acid
2-((6-b.romo-5.-me.thylth|eno[2,3-d]pyrlmldln- B.C A (1.145) 100 N N
4-yl)thio)acetic acid
2-((5-b.romo-§-me.thylth|eno[2,3-d]pyrlmldln- B A(1.213) 99 ok ok
4-yl)thio)acetic acid
2-({6-isopropyl-5-methylthieno[2,3- .
d]pyrimidin-4-yl)thio)acetic acid B,D A(1.305) 100 -
methyl ?-(.(5-cyclop.ropyl-6-methy|th|eno[2,3- B.D A(2.137) 100 N B
d]pyrimidin-4-yl)thio)acetate
methyl ?-(.(6-cyclop.ropyl-5-methy|th|eno[2,3- B.D A (2.190) 100 N B
d]pyrimidin-4-yl)thio)acetate
2-({5-cyclopropyl-6-methylthieno[2,3- N o
d]pyrimidin-4-yl)thio)acetic acid B,D A(1.238) 100
2-({6-cyclopropyl-5-methylthieno[2,3- .
d]pyrimidin-4-yl)thio)acetic acid B,D A(1.257) 9
2-((5.-bromc.>-6-e.thylth|eno[2,3-d]pyrlmldln-4- B A (1.408) 100 ok ok
yl)thio)acetic acid
2-((6-b.romo-7.-me.thylth|eno[3,2-d]pyrlmldln- B A (1.267) 99 N B
4-yl)thio)acetic acid
2-((5-bromo-6-isopropylthieno[2,3- N N
d]pyrimidin-4-yl)thio)acetic acid B A (1.345) 100
2-((5-c!’1Ioro-6.-mejchylth|eno[2,3-d]pyrlmldln- B A (1.220) 9 N N
4-yl)thio)acetic acid
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A (2.172) 100 -- --
2-((5-chloro-6-nethylthieno[2,3-d] pyrimdin4d-yl)thio)-N(pyridin-4-ylnmethyl
) acet am (WOG0R/(3114768) 99 **** .. PCT/US2011/051421
2- ((5-chl oro-6-net hyl t hi eno[ 2, 3-d] pyr| m di n-
4-y1 ) t hi oy—N-{thi-ophen—2—ytrethyt)acetani-ge—GA{2-155) 1Q0 **x*x
2- ((5-chl o;r-«)&ﬁﬁomm-myﬂht(lfmieedsm[z 2],p3r-rrd]:ll|fi)-yl’l n& n4-A)( %elst" 0) - '1\5'0( 2- (4-,met hyl t hi azol
- 2- yl) et wirageranicide G A (1.968) 99 * -
2- ( ( 6- chl pro—F—rethytthteno 3 2—dtpyrtmdirnd—ythiro—1(44diituorop| peri
din-1- y| E(t(é‘mdlmamvlfﬁleﬁo[QZdlbﬁﬂr)uduﬂ@O - _B,_D A (1.127) 99 - _
N (2-(1H pmﬂaz@leuczbayl ) et hyI )-2-((5-chl oroq6-
met hyl t hi enof 2, 3=djpyrimdin—4=—yt)thio)acetanmde G A (17121660
2-({6-cyclopropyl-7-methylthieno[3,2-
d]pyrimidin-4-yl)thio)acetic acid B,D A(1.357) %8
2-((6-c!’1Ioro-7.-mejchylth|eno[3,2-d]pyrlmldln- B A (1.138) 100 N N
4-yl)thio)acetic acid
2-((7-chIoro-§-mthyIth|eno[3,2-d]pyrlmldln- B A (1.052) 100 B B
4-yl)thio)acetic acid
2-({5-(dimethylamino)-6-methylthieno[2,3-
d]pyrimidin-4-yl)thio)acetic acid BF A (1.088) 100 - -
methyl ?-(.(6-chIor9-7-methylth|eno[3,2- B A (1.983) 100 N N
d]pyrimidin-4-yl)thio)acetate
2-((7,9-dimethylpyrido[3',2":4,5]thieno[3,2-
d]pyrimidin-4-yl)thio)acetic acid B A (1.320) 100
2-(p.yr|do[3. 2 :£.1,5]th|eno[3,2-d]pyrlmldln-4- B A (1.045) 100 B B
ylthio)acetic acid
methyl ?-(.pyrldo[?f ,2":4,5]thieno[3,2- B A (1.770) 100 B B
d]pyrimidin-4-ylthio)acetate
2-((5.-chloro.-6-ejchylth|eno[2,3-d]pyrlm|d|n-4- B A (1.220) 100 ok ok
yl)thio)acetic acid
2-((5-chloro-6-isopropylthieno([2,3- ok ok
d]pyrimidin-4-yl)thio)acetic acid I A(1.325) 100
2-((6-chloro-7-methylthieno[3,2-d]pyrimidin- N N
4-yl)thio)-N-(2-cyanoethyl)acetamide G A(1.893) 100
2-((6-chloro-7-methylthieno[3,2-d]pyrimidin- N N
4-yl)thio)-N-(2-methoxyethyl)acetamide G A (1.937) 100
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin- B N
4-yl)thio)-N-(2-(piperidin-1-yl)ethyl)acetamide G A (1.663) 100
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-N-(2-methyl-2- G A(2.123) 100 - -
morpholinopropyl)acetamide
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-N-(2-methyl-2-(pyrrolidin-1- G A (1.638) 99 -- --
yl)propyl)acetamide
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin-
4-yl)thio)-N-(2-methoxyethyl)acetamide G A (1.687) %
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2-((5-chloro-6-nethylthieno[ 2, 3-d] pyrimdin4-yl)thi
am de G AvQ2013y14100 -- --
2- ((5-chloro-6-methylthieno[2,3-d] pyrimdind-yl)thi

0) - N- (4- cyanobenzyl ) acet

PCT/US2011/051421

0) - N- (4-fl uorobenzyl ) ace

hyl ) a

yl ) ac

| ) ace

tam de G A+{2-203) 100
2- (( 5- chl or-Es-6rones-hydhiithicas|o,p-dlpgrinaldiipy 1 | rg di n4-A>ﬂ gStStli 0) - %o(f uran- 2-yl nmet
cet am de G-WtHi&-NABBipeli@O)-1¥MHetlyl)Fcktamide '
2- ( ( 6- chl pro—F—rethytthteno 3 2—dtpyitmdirnd—yH-thiro-—NA(4rethoxybenz
et anm de G 23((1-@11o%@)ne’@ﬁthfeno[z,s-d]pyrimidin- . A (1.805) . 0 o Sk
2- (( 6- chl ot-gktve)meRayehedthyBavetpBid2- d] pyri m dijn4- ﬁ?t ?’n 0) - f\?—(zl-f | uon obenzy
tani de G A{1-970y—97—
2-((6-chloro-7-methylthieno[3,2-d]pyrimidin- N N
4-yl)thio)-N-ethylacetamide G A (2.008) 100
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-N,N-dimethylacetamide G A(2:020) 100
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-N-(2-morpholinoethyl)acetamide G A(1.818) o8
2-((6-chIoro-7-methy|th|er?o[3,2-d]pyrlmldln- G A (2.150) 99 B B
4-yl)thio)-N-propylacetamide
2-((5-chloro-6-methylthieno[2,3-d]pyrimidin- N N
4-yl)thio)-N-ethylacetamide G A(1.918) 100
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin-
4-yl)thio)-N-(2-methyl-2-(piperidin-1- G A (1.580) 99 -- --
yl)propyl)acetamide
2-((5-c!’1Ioro-6-methy|th|er?o[2,3-d]pyrlmldln- G A (2.105) 100 N B
4-yl)thio)-N-propylacetamide
2-((5-chloro-6-methylthieno[2,3-d]pyrimidin- ok ok
4-yl)thio)-N-(2-morpholinoethyl)acetamide G A(L778) 9
2-((5-chloro-6-methylthieno[2,3-d]pyrimidin- ok ok
4-yl)thio)-N,N-dimethylacetamide G A(2:523) 100
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin-
4-yl)thio)-N-(4-methoxybenzyl)acetamide G A(2.172) 100
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin- N
4-yl)thio)-N-(pyridin-4-ylmethyl)acetamide G A(1.768) 9
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin- N
4-yl)thio)-N-(thiophen-2-ylmethyl)acetamide G A(2:155) 100
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin-
4-yl)thio)-N-(2-(4-methylthiazol-2- G A (1.968) 99 Hokkk -
yl)ethyl)acetamide
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-1-(4,4-difluoropiperidin-1- G A (2.320) 100 -- --
yl)ethanone
N-(2-(1H-pyrazol-4-yl)ethyl)-2-((5-chloro-6-
methylthieno[2,3-d]pyrimidin-4- G A(1.712) 100 HkE HokokE
yl)thio)acetamide
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100
ot hy'l ) acet am

yl)acetamide

04-P)tH6e)iKE(B-ayehddeh Neo¢t2nide d] pyrn i d| yanom
1 [aXaYal 100 % % % % * %k % %k et ha oyl 2_(/( [ Pl A h
L. \J\)U} LUV IICLII_yI Z \\l. \ IJUL Al }LIII CIIUL \),
| Denyept-hinethetenale 8dBydnidiz. 375) 100 5,5 } }
oyl igrek (i bdrdieeay ifc&arBide d] pyni m dijn- 4-'ypt ?’n acet gte
2-((5-chloro-6-methylthieno[2,3-d]pyrimidin- N N
4-yl)thio)-N-(furan-2-ylmethyl)acetamide G A (2.083) 100
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-N-(4-methoxybenzyl)acetamide G A(2.257) 9
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-N-(4-fluorobenzyl)acetamide G A(1.970) 97
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin- ok
4-yl)thio)-N-(thiophen-2-ylmethyl)acetamide G A(2.247) 100
methyl 2-(2-((6-chloro-7-methylthieno([3,2-
d]pyrimidin-4-yl}thio)acetyl)isoindoline-4- G A (2.420) 100 -- --
carboxylate
N-(2-(1H-imidazol-4-yl)ethyl})-2-((5-chloro-6-
methylthieno[2,3-d]pyrimidin-4- G A (1.532) 100 HokokE --
yl)thio)acetamide
2-((5-chloro-6-methylthieno[2,3-d]pyrimidin- ok ok
4-yl)thio)-N-(cyanomethyl)acetamide G A (1.930) 100
methyl 2-((6-(tert-butyl)thieno(3,2-
d]pyrimidin-4-yl)thio)acetate B A(2:375) 100 - -
methyl 2-((6-cyano-7-methylthieno[3,2- N
d]pyrimidin-4-yl)thio)acetate B(2.498) 97
2-((6-cyano-7.-met.hylth|eno[3,2-d]pyrlm|d|n- M A (1.330) % B N
4-yl)thio)acetic acid
2-((6-chloro-7-methylthieno[3,2-d]pyrimidin- N N
4-yl)thio)-N-(cyanomethyl)acetamide G A (2.003) 9
|soprc.>p\./l ?-((S-Chlc?ro-6-methylth|eno[2,3- H A (2.587) 100 ok ok
d]pyrimidin-4-yl)thio)acetate
2-({6-chloro-7-methylthieno[3,2-d]pyrimidin-
4-yl)thio)-N-(1-methylpiperidin-4- G A (1.605) 100 -- --
yl)acetamide
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin-
4-yl)thio)-1-(4-isopropylpiperazin-1- G A (1.947) 100 -- --
yl)ethanone
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin-
4-yl)thio)-N-(1-methylpiperidin-4- G A (1.557) 99 -- --
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B (2.498) 97 -- **** 2-((6-cyano-7-nethylthieno[3, 2-d]pyrimdin-

4 yl)thio)acetic acid MA (1.330) 96 -- ****

2- ((6- chiwoaei/asetshyl t hi eno[ 3, 2-d] pyri m di n4-yl )t hi o) - NPCEYB@mestIgl ) acet am

ide G A (2.003) 99 ***x x*x* jgopropyl 2-((5-chloro-6-nethylthienof?2, 3-

d] pyri m di-n—4—ypthi-ejacetate HA{2-587/) 100 *rxx xiyxs

2- (( 6- chl or-@-{(B-chedbleyhdtiitaae]R- 2- d] pyni m diin4-yl)thio)-N(1-nethyl pi perj di n-

4- yl) acet @pgricheind-tHidd-=n605) 100 -- -4 G;B A (1.648) 100 - Hrkk

2- ((5- chl phehiacarbidybdetid ®iMo[ 2, 3- d] pyni m dijn4-yl ) thi o) -1-(4-isopnopyl piperaz

in-1- yl)ethanoneGA{(L94%
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin- N
4-yl)thio)-N-(methylsulfonyl)acetamide G A(1.522) 100 B
2-((6-chloro-7-cyclopropylthieno[3,2- N N
d]pyrimidin-4-yl)thio)acetic acid ) A(1.927) 97
2-({5-chloro-6-methylthieno[2,3-d]pyrimidin- G B (2.543) 100 B .

4-yl)thio)-N-(1-hydroxypropan-2-yl)acetamide

2-({5-chloro-6-methylthieno[2,3-d]pyrimidin-
4-yl)thio)-N-(1,3-dihydroxypropan-2- G A (1.623) 99 -- --
yl)acetamide

(S)-methyl 1-(2-({5-chloro-6-
methylthieno[2,3-d]pyrimidin-4- G A(2.173) 99 -- --
yl)thio)acetyl)pyrrolidine-2-carboxylate

2-({5-chloro-6-propylthieno[2,3-d]pyrimidin-

ok %k ok ok %k ok
4-yl)thio)acetic acid B A (1.452) 97
methyl 2-{(6-chloro-7-cyclopropylthienof3,2- J A (2.858) 100 | HHxs -
d]pyrimidin-4-yl)thio)acetate
2-({7-cyclopropyl-6-methylthieno[3,2- " A (1305) 100 s o

d]pyrimidin-4-yl)thio)acetic acid

2-({3-chloro-2-methylthieno|3,2-c]pyridin-4-
yl)thio)acetic acid

&k %k

2-(7-cyclopropyl-6-
(trifluoromethyl)thieno[3,2-d]pyrimidin-4- J,P A (1.665) 96 HokokE HokokE
yl)thio)acetic acid

2-(7-cyclopropyl-6-
(trifluoromethyl)thieno[3,2-d]pyrimidin-4- J,P A (2.495) 95 HokokE HokokE
yl)thio)acetate

6.21.

N7
.

In a first study, the in vivo effect of 2-((5,6-dimethylthieno[2,3-d]pyrimidin-4-

yhthio)acetic acid was determined by treating F1 male hybrid (129 x C57) mice for 25 days with

5 the compound, starting at 10.7 weeks of age. The compound was administered in the animals’
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5-chl oro- 6- net hyl t hi eno[ 2, 3-d] pyri m di n4-yl)thio)-N(1-nethyl pi peridin-
| ) acevarh#3@4A (1.557) 99 -- -- WD 2012/ 037141PCTPUOSAB2MAOS5MLAP 1

((5-chl oro- 6- mathylthl eno[2 3- d] pyrimdin-4-ypthio)-N
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yl )acetanm de G
5 the control group, an increase in cortical bone thickness was observed at both doses of the

compound: 9% (p = 0.04) at 25 mg/kg; and 8% (p = 0.07) at 83 mg/kg. For the Li,CO; group, a
decrease in cortical bone thickness of 2% (p = 0.90) was observed.
In a second study, the in vivo effect of 2-((5,6-dimethylthieno[2,3-d]pyrimidin-4-
yhthio)acetic acid was determined by treating F1 male hybrid (129 x C57) mice for 25 days with
10  the compound, again starting at 10.7 weeks of age. The compound was administered in the

animals’ diet. Four groups of mice were used: control (N =12); 1 mg/kg compound (N =9); 8
mg/kg compound (N = 9); and 24 mg/kg compound (N =9). As shown in Figure 5, mice treated
with 8 mg/kg exhibited a 4% (p = 0.19) increase in midshaft femur cortical thickness, and mice

treated with 24 mg/kg exhibited a 6% (p = 0.05) increase.

15 6.22.

N7 X
L7

The pharmacology of 2-((5-chloro-6-methylthieno[2,3-d]pyrimidin-4-yl)thio)acetic acid

was studied in Fischer 344 ovariectomized rats. The rats underwent ovariectomies or sham
20  surgery at 43 or 46 weeks of age, and treatment with the compound started at 37 or 40 weeks
thereafter, at 83 weeks of age.

Four treatment groups were used: sham-surgery given control diet (N = 14); sham-
surgery given compound (N = 12); OVX-surgery given control diet (N = 14); and OVX-surgery
given compound (N =12). The compound was dosed by incorporating it into the rats’ diet: 0.46

25 grams of compound per kg of diet. The target dose was 30 mg/kg. Dosing occurred for five
weeks.

Bone mass and architecture was determined by microCT, using a Scanco uCT40. As
shown in Figure 6, treatment increased midshaft femur cortical bone thickness in both the sham
and OVX groups: 3% in intact rats and 5% in ovariectomized rats. The difference between the

30  cortical bone thicknesses of the sham control and OVX control was -13%. Two-factor ANOVA

values were: p <0.001 for OVX surgery; p = 0.05 for treatment; and p = 0.65 for interaction.
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100
2-((5-chloro-6-nmethylthieno[ 2, 3-d] pyrimdin4-yl)thio)-N (1, 3-di hydr oxypropa

n-2- yl)awetarderdc A (1.623) 99 -- -- (S)-nmethyl 1-(2-eCHAShI1005H4B
met hyl t hi eno[ 2, 3-d] pyri m di n-4- yl)thio)acetyl)pyrrolidine-2-carboxylate G
A (2.173) 99

2- ((5-chl oro- 6%?“8?3’9%'?#%?\5[?3?%?69?I”ﬁﬁea?eﬂcf“ it HPiB Fatied! ickagsd Bt 1. 452)

97 **** *EHEShARBRYOV2ero( S 0Blioinrct ra€ymb BRIV EAbBREd Bts2 Two-factor ANOVA
d] pyri m di n- 4- ypthloéégetate J A(2.858 100

2- (( 7- cycraysosyer-re= B foy PYRpwersy:®, 20 0dppifeatieal nde ypbhiosinieragtios: aci d K
A(1l.305) 100 **** **xx*
6.23. Pharmacology of 2-((5-chloro-6-isopropyvithieno[2,3-d]pyrimidin-4-

5 I)thio)acetic acid
HO\EO

S Cl

k \

The in vivo effect of 2-((5-chloro-6-isopropylthieno[2,3-d]pyrimidin-4-yl)thio)acetic acid
was determined by treating F1 male hybrid (129 x C57) mice for 25 days with the compound,
starting at 8.7 weeks of age. The compound was administered twice daily by oral gavage

10  (vehicle = 0.1% Tween 80 in water). Four groups of mice were used: control (N = 13); 5 mg/kg
compound (N = 13); 10 mg/kg compound (N = 13); 15 mg/kg compound (N = 13).

Midshaft femur cortical thickness was measured by microCT (Scanco puCT40). Compared

to the control group, an increase in cortical bone thickness was observed at all doses: 6% (p =

0.002) at 5 mg/kg; 5% (p = 0.007) at 10 mg/kg; and 6% (p = 0.001) at 15 mg/kg.

15 6.24. Pharmacology of 2-((6-chloro-7-cyclopropylthieno[3,2-d]pyrimidin-4-

I)thio)acetic acid
HO\EO

S
NS
m /Cl

s

N

The in vivo effect of 2-((6-chloro-7-cyclopropylthieno[3,2-d]pyrimidin-4-yl)thio)acetic
acid was determined by treating F1 male hybrid (129 x C57) mice for 25 days with the
20  compound, starting at 8.7 weeks of age. The compound was administered by daily oral gavage
(vehicle = 0.1% Tween 80 in water). Four groups of mice were used: control (N = 13); 3 mg/kg
compound (N = 13); 10 mg/kg compound (N = 13); 30 mg/kg compound (N = 13).
Midshaft femur cortical thickness was measured by microCT (Scanco uCT40). As shown
in Figure 8, an increase in cortical bone thickness was observed at all doses compared to control:

25 7% (p =0.003) at 3 mg/kg; 10% (p < 0.001) at 10 mg/kg; and 13% (p < 0.001) at 30 mg/kg.
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2-((3-chloro-2-nmethylthieno[3,2-c]pyridin-4- yl)thio)acetic acid -- -- --
-- **x 2. (7-cyclopropyl-6- (trifluoronethypthieno[3, 2-d]pyrimdin-4-

yl ) thi o) awetzor/@cisd J, P A (1.665) 96 **** *x** 2_(7.-cyclPOpruspyi1/06r421
(trifluoronethypthieno[3,2-d]pyrimdin-4- yl)thio)acetate J,P A (2.495) 95
¥rkk wxxx o 6.2]1. _Phar macol ogy of , .- ,

2((5, 6- di met hyP¢hi eRarmacplagval 2H{(g:chloro-7-m

In a first study, tB2%in vivo effect of

2-((5,6-di nmethyl thieno[ 2, 3-d] pyrindi H4' ypt hi o) acetic acid was determ ned

by treating F1 male hybrid (129 x m ce for 25 days with 5the conpound,
starting at 10.7 weeks of age. The aonpound was adm nistered in the
animals' diet. Four groups of mce re used: control (N = 12); 25 ng/kg
conmpound (N = 9); 83 ny/ kg conpound =dd); and an additional group
wherein Li 2C0O8 was adm nistered in Nhe| i €0.1%9 (N =9). Mdshaft fenur
cortical thickness was neasured usi anco |i CT40. Conpared to 5the
control group, an increase in cortical bome thickness was observed at both
doses of the c nd. . 9% = 0. 04 [ kg, and. 8% = 0.07) at 83
o7 kg, For ¢ he Ul tAgpes s P étecBle A B Muflol i Berudbhef 256
= 0. 909 wakhiokse&rcseid.wak betarmsieeiidretinglyl, milbaykrid (VAouacsef hiee tor @ days with
2-((5,6-dinethﬁlthienQEZ,S-d]péginidin-4- égthio)aceiic aci d was determ ned
by treati H TPAHISPRIBE FiP4(4esls & agg 7ihe spraRoung was 8AIRFersf tvial ot Ale
conmpound, s/Rgad Reridi@E bhGwatn d0in aV® L KHirRfsr 298 of MREWERTBAH RENPRIN = 10);
admnistered in the animals' diet. Four groups of mce were used: control
(N = 12); 1amgafxe kemeeng Nindo) Mnd=109me/Ig cegpRendddrgOUEh ipdease gymidsieel 24 ny/ kg
conpound = 9). i j 17 i hi bited
456 (p. =\ Te5ea SRR B bR v sl eI P bl TR A8aR
treat e@d wilddes Svinpagddag centhul:bb% @0 @0d % (QPme/kE:.a08 ¥ %i(prorisasel00 ifghkg? th this
Phar macol ogy .of ZS(S-ChIor netm¥lkhg?nqk2,3- Iﬁgrinidin-4-gl_tq;o)acetic
, midshaft femur cortical thick bt

- 6-
aci d experiment, as was generalﬁ/ the case ness data were ine

using the right femur of each mouse. In this experiment, the results for the 10 mg/kg dose
group includes a left femur measurement for one of the mice, whose right femur measurements
were aberrant.

15 In a second experiment, the in vivo effect of 2-({6-chloro-7-methylthieno[3,2-
d]pyrimidin-4-yl)thio)acetic acid was determined by treating F1 male hybrid (129 x C57) mice for
seven and 18 days with the compound, starting at 8.1 weeks of age. The compound was
administered in the animals’ diet. Three groups of mice were used: control (N = 9); 34 mg/kg
compound for seven days (N = 9); and 34 mg/kg compound for 18 days (N = 9). As shown in

20 Figure 9, an increase in midshaft femur cortical bone thickness was observed in both treatment
groups compared to control: 6% (p = 0.13) after seven days of treatment; and 10% (p < 0.01)

after 18 days of treatment.

25 All references (e.g., patents and patent applications) cited above are incorporated

herein by reference in their entireties.
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studi ed iwORIpal3er41344 ovariectom zed rats. The rats un@emiesna11/051421

ovari ectom es or sham 20surgery at 43 or 46 weeks of age, and treatnent
with the conpound started at 37 or 40 weeks thereafter, at 83 weeks of age.
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0. 001) at 15 ngllkgydrdééa hardb, C\Bha:r CméRQ\l @QZY)N(RZA)L -SR3a, -OR3p, -N(R3p),, Or optionally

2-((6-chloro-7-cycl oproEyI thi eno[ 3, 2-dl pyrimdin-4- YllIthio)acetic acid HO
0S substjtytedjalkyl, prylp N roalky!l, Q{fheterocycle

2- ((61¢hl or o- 7o L%l 90k aéntﬁﬂgérége% o(dbpwr«amsqualteuhwmrﬂ)r?e@é%m a¢i d was
determ ned bytreaf'lng ybrid (129 x C57) mce 25 days with the
20 corrpouheterostcaartl ng at 8 7 weeks of age The corrpound Was adm ni stered by
daily oral gav vehl = 0. 1% n t . Four ups of mce
wer e used: con d(?\‘l”en % €0 Rsﬁggz(géﬁ( do%% E](R)i%? or pﬁ'oga”})/kg conmpound
(N = 13); smﬂﬁtlﬂﬁ“ga/dk@yk;ﬁmpbuéd)alkw efhieﬁe}ocycle M dshaft f ermur cortl cal

t hi ckness was neasured by m croCT (Scanco || CT40) shown in ure 8, an

i ncrease in cofi&al’s 'Bﬂ?f@”f"fﬂt'(\fPh‘gg%e”\ﬁégp%‘élé‘fs\ygﬁ't%ltﬁd Kyl %Hsfé%ereﬂ &ed to
controh: Baxé¥befdr, and- 003) at 3 ng/kg; 10% (p < 0.001) at 10 ng/kg; and 13%
(p < 0.001) at 30 ng/kg. 6.25. Pharnmacol ogy of

2((6-chl oro- 7- nestlrpf2t hi eno[ 3, 2-dl pyrim din-4-yl)thio)acetic acid

wherein “optionally substituted” means optionally substituted with one or more of alkoxy, alkyl,
amino (including alkylamino, dialkylamino), aryl, carboxylic acid, cyano, halo, haloalkyl,

heterocycle, or hydroxyl.

45



OCH In a first experinent, the in vivo effect of
2-((6-chloro-7-nmethylthieno[ 3, 2-d] pyri mdin-4- 5yl)thio)acetic acid was

det er m nesolry1¥a3ewtti ng FI mal e hybrid (129 x C57) m ce Por/id2odaysi2wmi th the
conpound, starting at 54 weeks of age. The conpound was adm ni stered by

daily oral gavage (vehlcl % Tyeen 80 in water). Three groups of mce
were used: con?rol { KPP %ﬁjf Eag conpound (N = 10); and 100 ng/ kg
conmpound (N = 10). An i ncrease in haft femur cortical bone thickness,
as neasured by mcroCT (Scanco Ii was observed at both 10doses

conpared to control: 6% (p = 0.06) a 10 ng/ kg; and 7% (p=0.03) at 100

ng/ kg. In this experinent, as was gen§an)LIy the case, mdshaft fenur
cortical thickness data were obtain si®mg the right femur of each nouse.
In this experinment, the results for 19 { kg dose group includes a |eft
femur neasurenent for one of the '/é‘eN se right fenur neasurenents were
aberrant. 15ln a second experinment, the imsvivo effect of
2-((6-chloro-7-methylthieno[3,2- d]pyrimdin-4-yl)thio)acetic acid was

det er M negr Do abicdly Feedthliesaiuhied) (Aa8nx C57) i ce for seven and 18
days with the conpound, starting at 8.1 weeks of age. The conpound was

admi ni stered i NistQfes aiMi(Realkis’  di et . Thr ee groups of mice were used: control
(N=9 34 nyl C ound
for 185} days (N g—%q&)l Qﬂﬁgéb%ﬁdén%hi&g%g O%%It?oném SUbg)[uteglglg e Yln%énéggﬁ@ femur
cortical betla@c‘tdm ckness was observed in both treat rrent groups conpared to

control: 6% ( 0. er_seven s, of treatnent; and 10% (p <0.01)
after 18 days 5?'5{“(%%\4%3?‘?5 "Gk C(Pg'%é%‘\@né@é ?@A' NRz‘ﬁzaPr?ﬁt'é’” f|)’4d pat ent
appl i cati anstitueddtafd, algpuae.a)m I SHHRIPE ab; .ed herein by reference in their
entireties. CLAI M W s cYalrre is: 1.A conpound of the formula: 0 X

5or a phar nacef®&alit vd%@a%ﬁlabv@owlw optipnpboiubstiipes alkyl; ary, heserorkb opr
N(R1B)#; .each Rig is independently hydrogen or optionally
substl tute aryl, heteroal kyl, or heterocycle;
R2 i s hydrogenRs lhhvomogenﬁh@BRWe\n0,--GQ£)AN(CR2)N}FQA)2, -SBR2AR:5 ONRRA),, or BPtRANZ,  or
opti onal I 105 al kyl , aryl et eroal kyl, or heterocycle;
each R2A gegﬁlh% %rﬁf?ﬁ‘ilteWﬁ%}‘loﬂg‘ﬁy%?cygﬁt| onal Iy substituted al kyl, aryl,
het er oal kyl, OEachagAef iB6deh@sntly hydrogen or optiéhallySsubitdiite@ &Ryl i) Kater6 RN @r

- CO2R3A, C(O) N(R3A) 2, -SR3A, -OR3A, -N(R3A)2, or optionally substituted
al kyl, ar{sterogeter oal kyl , or heterocycle; 15each R3A is independently
hydr ogen or opti
iAol g%ycl o k! |9%r$§én%h§|tmls 6dﬂ§)ﬁ:sr1l(\)/§eﬁr%ﬂu¢eoaar|%\ a@%é%&%kb’ heté?B%/gfz _SR5A.
-0R5A, - N( R5A) By is bydrogehi eira tdOgRs5,uBOHN (Rtate8R-al-RBda, -NERsAM, or dmrloearlkval kyl, or
het er ocycl

(Eferoc cle;

u%stltuted alkyl, aryl, heteroalkyl, or heterocycle;
each Rs, is independently hydrogen or optionally substituted alkyl, aryl, heteroalkyl, or
heterocycle; and

20 nis0,1or?2;
wherein “optionally substituted” means optionally substituted with one or more of alkoxy, alkyl,
amino (including alkylamino, dialkylamino), aryl, carboxylic acid, cyano, halo, haloalkyl,

heterocycle, or hydroxyl.

3. The compound of claim 2, wherein nis 0;
25 4, The compound of claim 1 or 2, wherein X is OR;.
5. The compound of any of claims 1-4, wherein Ry is hydrogen or optionally

substituted alkyl or aryl.

6. The compound of claim 5, wherein Ry is hydrogen or alkyl.
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each R5A is independently hydrogen or optionally substituted al kyl, aryl,
het eroal kyl, or 20heterocycle; and nis 1 or 2; wherein "optionally

subst i t utwo 20BNl opt i onal | y substituted with one or mpce/Ustolalorazy,

al kyl, am no (including al kyl anni no, dialkylannino), aryl, carboxylic acid,
cyano, hal o, | oal k het erocycl e, .or_hydroxy] .. :

2012/ 037141PCT? us20t e/‘é’g‘f&%riJ of afyy WAL V@T‘”‘%‘%@Z'f %x\ﬁ?%ﬁeaf” eREongly 4
pharnaceugmﬁ@@hma@gpeptabIe salt thereof, wherein: X is ORL13 or N(RLB)?2;
5each R J3 is independently hydrogen or optionally substituted alkyl,

aryl, heteroal kyl, e c,ré %ﬂr%pdf%h fclalms 1-4, whereitR, ib §|k\h¥ldﬁaq{gen hal o,
-CCQRQA, C(O)N(RZA)Z R2A, -N(R2A) 2, or optionally substituted

al kyl, aryl, hgteromé%h oB%d J?%Faf#i vawelreﬁ*n Ry is chloro. each R2A is
|ndependently hydr ogen or optlonally substituted al kyl, aryl, heteroal kyl,

t COZR3A,
“Son REL?S,VC!@R:), e sgmggord SOl DAL 95 Utk RO 20N

aryl, heteroal ?Wa&ﬁ$§g %QFﬁhloﬂwee"”%P 14aﬁ§A i s independently

hydrogen or op |onaIIy su ed d teroal kyl, or

het er ocycl e; | dr oge tion ubs ed al kyl, aryl,
het er oal kyl , o? het etc%%?/% ngors pharmaéeugca”hgcce%taﬁ a%‘t té%??& H’hﬁc C°’“‘&?62§2§A,

- C(0) N( R5A)(3,6- mﬂéa’aﬁthuer@@ﬁd]pywﬁ %M—ﬁ)thl@)'acéllafatlﬂmad(ﬁ yhisrolsitdprapyReledd Ky |,

aryl, heteroal kyl, or hetero each RS5A is independently

hydr ogen SPV@BWFB%HﬁW9h§ﬂB§EWt%«%H“%Pﬁywd°@P9W”mﬁ8@é¥@BWVWW”4or

het er ?@ycblﬂhuoﬁa@&c?a@'a 4r9-(-chlor87- n?ethWﬂ?ernQBQ d] Hu&%ﬂﬁldl)ﬁmé)!a'&% hGyt ed” nmeans
optionally su stituted wth one or nore of al kyl', am no (i ncluding
al kyl am no, di g ky! aghfiHace AN eomFATBAXYhbES @gca'cgmpsmrb%nmlcg.mmhoﬁdky'

het er ocycl e, hydr oxy e conmpoun claim2, wherein nis O;

254. The can’pmmladauotallalamemaﬂle@xcwﬂentwhéhlenm X is ORL13. 5. The
conpound of any of clains 1-4, wherein Ri 3 is hydrogen or optionally
substituted al k4| oUsesfylcompound of any db claifsel- ofoptbE ndhn offactateaif mnedicadiedtei n Ri 3
i s hydrogen or alkyl. WD 2012/037141PCT/ US20 /05142 7. The
conpound gﬂ’ WaHPgrE|°éi“ﬁ%agfmﬁn“&ﬂ8P8‘isﬁ ORSqr erﬁéﬂ?ﬁ&@ﬁ&BY bt PSnal I y
substituted aIk% 8. The conmpound of any of clainms 1-4, wherein
R3 i s1lkyl or Lhal gUseof acompoung of fhedoayiziound of claim 8, wherein R3 is

chl oro. 510. The conpound of any OH)C|§IHE 1-4, wherein R5 is al kyl or halo.

T

bsﬁii
N—R
R{J\N g

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment or management of a disease or disorder characterized by bone loss, wherein:
Xis ORyz or N{R1g)y;
20 each Ry is independently hydrogen or optionally substituted alkyl, aryl, heteroalkyl, or
heterocycle;
R, is hydrogen, halo, -CO;R 4, -C(O)N(R34)2, -SR2a, -OR34, -N(R34)», or optionally
substituted alkyl, aryl, heteroalkyl, or heterocycle;
each R, is independently hydrogen or optionally substituted alkyl, aryl, heteroalkyl, or
25 heterocycle;
R; is hydrogen, halo, cyano, -CO5R3,, -C(O)N(R34)5, -SR3a, -OR34, -N(R34),, Or optionally

substituted alkyl, aryl, heteroalkyl, or heterocycle;
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11. The conmpound of claim 10, wherein R5 is Cl_4-al kyl. 12. A
conmpound or a pharmaceutically acceptable salt “thereof, which compound is
2-((5, 6- dvoabteyisttaiteno[ 2, 3-d] pyri m di n-4-ypt hi 0) aceti ¢ &CirajS2011/051421

2- ((5-chl oro-6- isopropylthieno[2,3- d] pyrimdin-4-yl)thio)acetic acid,

2 (L5 el or o ooyl PSR A e 32 SR S e SRV AR ESERLE o1

13. A phapggeiid.cal conposition conprising a conpound of any of clains
1-12 and a pharnaceutically acceptabl e excipient or diluent. 14.
Use of a conpoﬁﬂahﬁﬁ%ﬁﬁywa(Eh&%nﬁﬁﬂN@@hféﬁwtﬂ&ﬂnﬂﬁhﬁaéﬁﬂﬁ@nﬁw a nmedi cament

for the t t_ Qf e or disorder characterized by
bone loss&ﬁ%@%&ﬂg&ﬁfr&?@&%@ﬁ% ﬁﬂdegfoghggﬁgrnula 0 X or a

phar megeut i cal kach&edeiptgiehgengiahydrogearoe optionhliy substzuted allyl cec i Livegerodlkyd or
nedicanenb for ﬁhe treatment or nmanagenent of a di sease or disorder

char act er "F8PHF bone | oss, wherein: X is ORi B or N(RLO2; 20each Rig is

[ ndependewhbaémh%sm@mugﬁ.t&@airﬂ@@ls bptichdsdubitiited with kiié or s lof alksd agal kyl ,

or heterocycle; i s hydroge hal o, - CO2R2A, -C(O)N(FQA%Z -5R2A, - OR2A,
- NI ( R2A) 2amiye ('afiw MKWW"%%@W‘?W@HW‘ Ie§POXVAE 36id, CYaBe.drladgalkyl, or
heterocych% dx§ 1 ndependent |y hydrogen or optionally substituted
al kyl, ary heteroal y , or 25heterocycle; R3 is hydrogen, halo,
cyanol0- CO2R3A, -C(0)N(R3A)2, -5R3A, -OR3A, -N(R3A)2, or optionally
substituted al kyl, aryl, heteroal kyl, or heterocycle; each R3A is

i ndependently hydrogen or optionally substituted al kyl, aryl, heteroal kyl,
or heterocycle; R5 i s hydrogen, halo, -CO2R5A, -C(0)N(R5A)2, -5R5A,

-OR5A, -N(R5A)2, or optionally substituted al kyl, aryl, heteroal kyl, or
het erocycl e; and 5each R5A is independently hydrogen or optionally
substituted al kyl, aryl, heteroal kyl, or heterocycle; wherein "optionally
substituted" nmeans optionally substituted with one or nore of al koxy,

al kyl, am no (including al kylam no, dial kylam no), aryl, carboxylic acid,
cyano, hal o, hal oal kyl, heterocycle, or hydroxyl. 10
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