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This application clainms benefit of U S Serial No. 61/178551, filed May 15,
2009, andwblWofd/13@sai al No. 61/285766, filed Decenmber 11pCZAOQp1oviod®h are
herein incorporated by reference. FIELD OF THE | NVENTI ON The present
invention relates to conpounds, conpositiens and nethods for the

10treat nent of human i mmunodeficiency virus (HV) infection. In particular,
the present invention provides novel inhibitors of the HV integrase
enzynme, pharnmaceutical conpositions containing such conpounds and net hods
for using these conpounds to reduce HV replication and in the treatnent of
HV infecti on. 15 AGKEERUNR mAkiliONBNEIEReq ke reptlienendR | ci ency
syndronme (Al DS) |s caused by the human i nmmunodeficiency virus (H V),
particularly the H'V-1 strain. Mdst currently approved therapies for HV

i nfection targBELATHRARRLGATIONEer se transcri ptase and protease enzynes.
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drugs is a probumﬁxaﬁberefore, it is inportant to discover and devel op new
antiretroviral conpounds. International patent application WO 2007/131350
and United States published 25patent application US 2006/0106070 descri be
conmpounds whi cHEER @F BEINVETIANai nst HI V replication. SUMMARY OF THE

| NVENTI ON The Piegsiestint inOétﬁiBﬁ téDéle@tb%tnF&ﬁwd@ d&ﬂt\peéltl&@rah@%eﬂfo&munds havi ng
i nhibitory 30act|V|ty lnst %%I | cat t he conpounds of
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be used to redcantibh pforvided navalinidbitors of the Kventag@pecénzginet frarmaveetidal on
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di astereoner o %g'tlgésogﬁ{?%as#or@nﬁﬁpo% ??gﬂﬁﬁoq@gﬁﬁﬁgﬁi&gﬁ%@%ﬁgs 11R 6
(1) wherei n Ritojredyceti\6Yeplitafipn arfddn te) teglakesty bf IV infedios) cycl oal kyl , wherein
the (C1_6)al kyl is optionally substituted with -0(C1_6)al kyl or
-S(C1_6)aIK%I; S5R2 is é 8)al k or (C3_8)cycloal kyl, wherein the
(C3_8) cycl bal kKFRCKROYNP PHFH INYE ﬁWstltuted with (CL_ 6)a|ky| R3 is aryl,
wher ei n t he arxdquired iaphuneniafidighct ypetbro(A0DS) iotaured By thgtluean at | east one of

whi ch h h I
net eropol yoyel aisrfieshmng (B eAb AR ML shan L IEDR, Bb'Bate),
i ndependent |y me@ehe@newvmﬁmwwvamearawmytamhau@nanmuweemtmeyes«y| R4 is

(CL_6) al kyl, mymgglmere(a@é-a@a n\%l ARkdogd drug |ﬁ%ﬂi\p§ttrl§3élnd oRé agr&;e@ al kyl ;

and a is a doubl & bond i s absent and )al kyl - R51; or
ais asindle %%Pr%ﬁt'agr@'@ﬁ@rat@eef&w@ej\mtwwe r?‘t?@%ttF?é‘ﬁcr 3SR 'fthHPéO%ﬁ'@ns to
whi ch they arepbraskeidhibite clagse® @sistanBndrene e iistigg 0t RNArbHenaving 1 to 3
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International patent application WO 2007/131350 and United States published
25  patent application US 2006/0106070 describe compounds which are active against

HIV replication.

SUMMARY OF THE INVENTION
The present invention provides a novel series of compounds having inhibitory

30  activity against HIV replication. Therefore, the compounds of the invention may be
used to inhibit the activity of HIV integrase and may be used to reduce HIV

replication.

One aspect of the invention provides a compound of Formula | and a racemate,

35  enantiomer or diastereomer of a compound of formula (1):



wherein R51 is in each case independently selected from R52, -0R53,

-N(R54) R53, -C(=0)R52, -C(=0)0R53, -C(=0)NR54)R53, -0C(=0)N(R54)R53,

- N( R54) C(w0)2mB121,3003M( R54) C(=0) N( R54) R53 and - N( R54) C( =0) eRsZ;A20tvenoeion 20R52
is in each case independently selected fromR53, (C2_8)al kenyl and

(C2_8)al kynyl, R53 is in each case independently selected from (Cl1_8)al kyl,
(C3_8)cycl oal kyl, (C3_8)cycloal kyl-(C1_6)al kyl-, aryl, aryl-(Cl1_6)alkyl -
Het, and Het-(Cl_6)al kyl-, and 25R54 is in each case independently sel ected
fromH and (C1_3)al kyl; wherein each of R52 and R53 is optionally
substituted with 1 to 3 substituents each i ndependently selected from R55,
hal o, -CN, -0R56, -SR56, -SOR56, -S02R56, -N(R54)R56, -N(R54)C(=0)R55,

- N(R54) C(=0) N( R54) R56, - N(R54) C(=0) OR3§, é(—O) N(R54) R56, 30- C(=0) R55,
-C(=0) OR56, and - CON(R54) R56, wherain 55 |s in each case independently

sel ected from R56, (C2_8)al kenyl ah abkynyl, and R56 is in each case
i ndependently sel ected fromH, (C3 8) cycl oal kyl ,
(C3_8)cycl oal kyl -(C1_6) al kyl -, aryFF aa']'yl R1(Cl 6)al kyl -, Het, 5and
Het - (C1_6) al kyl -, wherein each of R55 @nd R56 is, where possible, in each
case independently optionally substituted with ll)to 3 substituents each

i ndependently selggted from (CL_6)al kyl, (C1_6)hal oal kyl, halo, -OH,
-0(CL_6)al kyl, - NH2, -NH&Cl 6) al kyl -N((Cl 6) al kyl) 2 10and

- NH( C=0) ( C1_ 6) Bl iRyF1o)alpykkeiotalsay! of éCsa>C&C'°Q'%YTMﬁ’@ﬂm@?é% Pty Lip gaptanally

unsat ur at ed orS@gmm@awhh@g@ gwpdresdaﬁy)bm 1 to 4 heteroatons each

maoberac ack RS Ghufilol OB Suabr Pl e Rlnsedo Bl SIRERFD, 015 o

het er oat ons, eaobktitutedepkCejdkyy selected from0O, N and S; 15or a salt
thereof. Anothgs .s%i}?%fereﬂf thE QRN Bridrlaty #aééb"tb;iiﬁéoﬂn&%%gaé'@‘! %stﬁﬂép?“ all

and a racenate, fromer or di ast er €oner. o ndo ornmula (I1):
R30 R2 4 CORH BhichRsreREoyoaHe femm fr%ierplgolx(cme@nambyrem theangyral kenyl or

(C3_6) cycl oal kwéteromab B ctph@na(u@.u&}.@lelew.thnao QRUb AR RNleash PatpdndbREg W th
-0(C1_6) al k8/| or -S(C %) ?// é S%al kyl or (C3_8)cycl oal kyl,
wher ei n t hé® ( CEeVABE =g kY %a'%ﬁrfq (S)rﬁ 193%ubst i t ut ed with (CL 6)al kyl:

25R3 is aryl, Rher(@tgyamyhecramalo (& Bmptolamyladdgy)cidtt&m;h bo-@(Bes)alkylnade cycl es,
at |east one of, "é’“do%ﬁle b%n&‘ &‘?&E&Qﬁtya%d?zs oP é{?‘ zallglﬁﬁargrpm ycycle, and

wherein the ary |sot stituted with 1 to 4
substituents e%tt?hal Smgdmlpmd@@ﬁﬂ 9”@8? @@U@lﬁ?df toamhemtrepaau@ms to whicothemd

-0(C1_6)al kyl ; are bonded b fbr?n 4 M@Fé@%lng op@ﬂallﬂ?&lvﬁlg 1(t§%i@ﬁé@h&@ﬂogﬂ6hs
(C3_5)cycl oal k ubl e bond,

%?: or-Q ) al k% R6 i s absent
and R5 is 51 h'r(deme@beaﬁlwle fromye- Nﬂ”das1"§heée'%f*ﬁgr’r’§e’56‘?f8d 4SR5 and R6
are joined, togsiohaly subdtitutdchethat 0rgsR™ eubstiiuefts:t hey are bonded, to form a
5-menbered rin tienal | avi t.er so

“ndependent |y SaTEREede e ooy ishah @ty i arEom B e BIRGRE g | o
optional |y substi t UEED)RP 1E(EOXAR®S -REO)NEELRT t 1RG(ES) N(B\S/%%s? ein R51 is in

each case mdependeNgsﬁ E%%ﬂ q\&&j’d{%ﬁgﬂﬂ RSORRBN {%P? CRRPIRES whafelni=0) R52,

-C(=0) OR53, - C(=0) N C(=0) R52,
- N( R54) C( =8 N( R54) 'Samaachrqeﬁsw?@s(enéﬁftﬁ'mﬁg'ectmg?fé W‘?”Y'r‘?”@ach case

i ndependent |y seleqbggmhﬁ@n1R53 (C2_ 8)a|keny| and (C2_8)al kynyl, 10R53 is
in each case indep sel ected fr al kyl 8) cycl oal kyl ,

| each case | nepcientLyosl ephet LAl Ghe Bl ah ) b S BSHELRS

aryl - (C1_6) al kyl -, (BetsycmaltylHei.«)4IK1-, @yahwyKH@a&wdFﬁﬁénhﬁebﬂhenmwhcase

i ndependent |y seleg%gd fromH and (C1_3)al kyl; wherei n each of

R52 and R53 is optignally substituted with 1 to 3 substituents 1l5each
i ndependentiy sel edt el it M oRSHINdeRengently srlectedyfrers H andrE6:)alkyloR56, - SO2R56,

- N(R54) R56, - N( R54)yHerdi B&of R® and R® is optionally substituted with 1 to 3 substituents
each independently selected from R®, halo, -CN, -OR®, -SR®,
-SOR®, -SO.R%, -N(R*)R®, -N(R*C(=0)R%,
-N(R®*)C(=0)N(R*)R®, -N(R*)C(=0)OR®, -OC(=0)N(R*)R®,
30 -C(=0)R%, -C(=0)OR%, and -CON(R*)R®®, wherein



- N(R54) C(=0) N( R54) R56, - N(R54) C(=0) 0R56, -0C(=0) N( R54) R56, - C(=0) R55,

-C(=0) OR56, and - CON(R54) R56, wherein R55 is in each
case i ndemperrdeni3bos4sel ected from R56, (C2_8)al kenyl andPe0(CB208)jm@mbioynyl ,
and R56 is in each case independently selected fromH, (C3_8)cycloalkyl,
(C3_8)cycloal kyl -(C1_6)al kyl -, aryl, aryk-(Cl_6)al kyl-, Het, and
Het-(Cl_6)al kyl -, wherein each of R55 and R56 is, where possible, in each
case 25 independently optionally substituted with 1 to 3 substituents each
i ndependently selected from (Cl_6)al kyl, (Cl1_6)haloal kyl, halo, -OCH,
-0(CL_6)al kyl, -NH2, -NH(Cl1_6)al kyl, -N((Cl_6)alkyl)2 and

-NH(C=0) (C1_6) al kyl ; whes®i i dh chst iRdebendedtly sdlBIREF SRS BB and
unsaturated or aronmatic heterocycle 30having 1 to 4 heteroatons each

i ndependent |y sel ected {roiAY"WYIN¥hd S, or a 7- to 14-nenbered saturated,
Ensatur ated or aLomaéi cmﬁgmﬁa@ﬁbyﬁyﬁd@emilwgelmfmneﬂ @saikiale 1 to 5

et eroat ons, each indep nt electe r N and_S; or S
thereof. 5 Another asp@@%”%ﬁ°¥ﬁ@(#ﬁégﬁﬁﬁ%ﬂgg}%@P@égwgﬁ@“g?@ﬁ%Wéiki

i ntermedi at®es sel ect ed fandhet-tieoRlylnul as: OHOH Br HONHON CI  or 37a Anot her
aspect of this inventionBravifass REGATRIUNYHRFe JHRLIPK! A ehén cRE 2

phar maceutically acceptable salt thereof, as a nmedicanent. 10 6
pharmaceutical |y accept abl e §derendefily @gtionalingpbsifeted withd (3 piRstitva¥eut i cal |y

a(r:]cept abl e calr riers. Accordi g@htim@gn@mmpgﬁgmfrdm (d1_lggiaﬁ(y|a($:p_§,)ﬁ§|oa|k3h,le
pharmaceuti cal conposition 5accordi t IS, 1Ny iop additio y
conprises at |east one otherﬁ%%fégi?gp*gﬂ%ﬁfaHTﬁﬁﬁR%@@RY5%ﬁ&%f@@%%rovides
t he use of 1@ pharnmaceuti cal eTBHECEOEy spkydescri bed her ei nabove for the
treat nent of AVEY clion i i I i f having
%riéc‘;‘leux I-%eﬂ!ist%hzf b rde%bt@refg]tégﬁﬂaéé’f uRStiael 3PaBnafid hétgrﬁrg}g%ho hat

the infection. 1 er aspect I'nvention I nvolves
treating an HRavingfidetinsiereatonss paghdifependegthhiplacing fiom @tN prdR & hivi ng t he
infection, theiRkmesieseiMiate NighaffatbdbisdrémhtittheteogoiRydIRRMghRicfdeR

t herapeutically effective anpunt of a conmpound of r myl )., a
pharnaceuticaI%?S&%ééﬁéiﬁﬁﬁggﬂp$e?ﬁEP@ﬁPP‘3ﬁyéﬂﬁﬁﬂ£€gﬁg?gﬁ&Pﬁ%reof 15as
descri bed her eorreadativiearedinot her aspect of the invention involves a nethod of
treating an HV infection in a human being having or at risk of having the
i nfection, the method conprising adm nistering to the human being a

t her apeut i cal | gnasiier @gpecy ef Fenpuatl) povideneumsiungd el frimeip llzand @ripesirade. of
fornula (1) orefnfdladiorarbkicomel ¥ ApPBLRPSRoriRlat () her eof , and at | east one
other antiviral agent; or a conposition thereof. Also within the scope of
this invention is the use of a conpound of fornula (1) as described herein,
or a pharnmaceutically acceptable salt RhePeof, for the treatnent of 25an

H V infection in a human bei ng haw' oy & ({Lsk of having the infection.
Anot her aspect of this invention proVvidégs t7e"use of a conmpound of formula
(I') as described herein, or a phargiac rgal |y acceptable salt thereof, for
t he manufacture of a nmedicanent for the treatment of an HV infection in a
human bei ng having or at 30risk of haWing the ipBection. An addi ti onal
aspect of this invention refers to an article of nanufacture conprising a
conposi ti o0 ef Ve&®iNve to treat an HV infection; and packaging materi al
conpri si Pg a Iabigl(cal_/ﬁ?"d{/@n (CHFHIKeaY IS (ENRYclIbANe, GIRRASTHE (ON)manis bptidnasd toOI f
treat infection : erejn e c osition conprises a conpound o
fornula (1) ac%ﬁ?%Fﬁ&“@B_éﬁﬁgmﬁﬁbgﬁ%€6ﬁa%gpa phar maceutical |y acceptabl e

salt thereof. RZis(Cis)alkyl or (Css)cycloalkyl, wherein the (Css)cycloalkyl is optionally
substituted with (C4)alkyl;

25  R%is aryl, wherein the aryl is optionally fused to one or more cycles, at least one of
which is a heterocycle, to form a heteropolycycle, and wherein the aryl or
heteropolycycle is optionally substituted with 1 to 4 substituents each independently
selected from (C4¢)alkyl, halo and -O(C4¢)alkyl;

R*is (Cis)alkyl, -CN, halo, (C+.s)haloalkyl, (Cs.s)cycloalkyl, or —O(C+.)alkyl; and

30 ais adouble bond, R®is absent and R®is R® or -(C,.5)alkyl-R®'; or



Still another aspect of this invention relates to a nethod of inhibiting
the replication 50f H 'V conprising exposing the virus to an effective
amount ofwohelwsnpeund of fornula (1), or a salt thereofPCTuder/o0endi tions
where replication of HHV is inhibited. Further included in the scope of the
invention is the use of a conmpound of fedrula (I) to inhibit the activity
of the HV integrase enzyne. 10 Further included in the scope of the
invention is the use of a compound of forrmula (lI), or a salt thereof, to
inhibit the replication of H V. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 15DEFI NI TI ONS As used herein, the follow ng definitions apply

unl ess ot herw g N@tRdbonlipd ReLAY RS%S}(SII'\GIQU%Ether Vith tHéQQmQ% ®hien @R unl ess
specified otherwise, is intended to nean an atom radic roup which

may be bonded 6 bgndegy 9dprmaz Bme”ﬁ’eﬁﬁ'ﬁ@ﬂéPWM‘admé@ 36WH“€F h%l?@ﬁ‘PWﬁl ch may
form part of aedliﬁh@lébé@leﬁﬂy delcagpaenin © Neaens, widndic hevionbdoathetiysse be

bonded to at ne,hydr n at tituents contenplated in the
context of a S%Deon?I&SUbSt' ugedovﬂ% 1otrO 31%61 Slﬁ) Pu PRer eof are those which gi ve

rise to chein C\alhdrymﬁ"' lbireea@bnpwnwenwdhseisctwfennn B¥o@IR*Zed(RSYRFhose

skilled in the art. %350 TiE @ﬁ{,(lRyzt)Raadld@(L@g\i(Rums@ughout t he
n

specification andthe5 i B I\ cal | a or nane
shal | encompass sal-N& Rpends MR%}% R iR o Y R eTVRR S WSaeRs | her eof

and sol vat es t her e jsshi6dchassd Dbepengéralp celettydirah &2, (CnEliedyIrgdsol vat es of
the free conpounds gr S'E)@ ﬁt es of a salt of the conpound. For 30exanple,
t he conpounds of t He? ¢ i nvention can exist in unsolvated as well as
solvated foons Wt rR"E)ham eEheate indéfepdentiy spieatbd &ors ¢Cvupmikys (Suipdyclasikyhat er

et hanol and the Ii d d
equival ent to the 5?%16‘1 2‘38% %h £3$§Cl%glhg?%h6?a|§ﬁs)eg?gl ﬁ(09§9|§ Ieﬂe?
invention. 8 In or?é‘dé?b&te)aﬂ“iﬂb gesent invention al so provides all

phar rr?ceut:,\;]al l'y- ageeRliabdh da§é§)jw@§beﬁaédtly skiaked ﬁ&nwﬁaqungakwf thetﬁresent
i nventi on wherein one or ong..are re avi e sane
Lo nunber . but R SN Fecto gy sl RUABER S PLT i S PSS at o ¢
mass or mass nunber predach mdmiehgrerftlgoueielctéd from & hao, ENamsésSIbﬁs, i sot opes
suitable for inclusion igykeee (lz)fgqaoH ,Q(Fa)(ﬂr_ i nvention include

e 2H or 3H

i sot opes of hydrogen, for exanp 9 1, I'sotop aIIy | abel ed conpounds
of the present inventi onN(WE@@(‘@k'&@ﬁ)‘bB dé‘l(ﬁe)péf@@ﬁler@?(o%\‘@f)ﬁ%e conpounds,

can be prepared by convept-opgRl ct=R%BRFEINRE.JOMIM ﬁsem;h@@ﬁp skilled in the
art or by synthetic procgsses anal ogous to those descrl in the IFresent

10appl i cation using appfopFitash F%??t'?ﬂﬁpéﬁq'qnﬁ}y PRlERe P Bag@ﬁ’é)é'kPW'B 4ce of
the non- | abel ed reagentCigmyngned therein. The term"(Cl)al kyl" as used
herein, wherein n is ands er i i Pon wth

anot her radical, is int gnd(]ggg? ah Cgée 'nggeﬁ#e%n?Séf%déoﬁéﬁﬁg@?@%gﬂched 15chain
al kyl radicals cont ai ni m@ssfwdnalﬁylt(6aaﬁcx@@albﬁﬁCad)dkw, aryl @yl-@yakkylt 'Het,ncl udes,
but is not Iimted to, gﬁghg{ ,C1g)tamy| propyl (n-propyl), butyl (n-butyl),
1- et hyl et hyl (i so-propyl), 1 net % propyl (sec- butg ), 2-net hyl propyl

(i so-butyl), 1,1-dinet hwhé'feﬂwaCbPE t 2BARY1'S: WhEEERAFFIPIENR SAELSASE ™ The

abbrevi ati on Me denotes a rrembyptengémnypptlﬁan;plﬁmamtasda/nh etdybutgtinems Pr

denotes a propyl group, iPr denot S 2 h Qgr.oup,., Bu notes a
butyl group and tBu denotes 3acf' ?Feepwgﬁei?% ﬁ@dé?%ﬂh@f)ggﬂ?lgﬁ

"(C2)al kenyl", as used herei h@lowﬁér@(ﬁw d)a"()& B!HzlNltiége)lalkyleil\t(m%)amllﬁne or in
conmbi nati on with anot her radbﬁcﬁ NH(ESo )@ d to nmean an unsaturated,
acyclic straight or branched chain ra |ca containing two to n carbon
atoms, at | eas¥hargip Hot isEst cineqeredsateried yneswated Ch@Prmalic hetegemslee bond.

Exanpl es ofo ( G?ayﬁﬂgal tlsarh)éterdawlw@éoﬁ indReENRALY fEcteaAf®MOLN bhdsi®d 1€ et henyl

(vinyl), 1-pro bute ss S C|f|ed ot herw se,
the T er m ( Coy K Rempres BeCRI biseBBtled o hE Sl e SheRaT o B "R Bbi somer <
wher e possi bl epossnbtel udisrgtdoestomo teath intldépeddently E&lpctedhiont ©) Niadiger s, and

m xtures theregf; Yhen.a (C2)al kenyl group is substituted, it 30 is
understood to e Slbstituted on any carbon atomt hereof whi ch woul d

ot herwi se bear a hydrogen atom unless specified otherw se, such that the
substitution would give rise to a chemcally stable conpound, such as are
recogni zed by those skilled in the art. 9 The term"(C2)al kynyl", as used
herein, wherein nis an integer, either alone or in conbination with
another radical, is intended to nean an unsaturated, acyclic straight or
branched chain radical containing two to n carbon atons, at |east two of
whi ch are bonded to each other by a triple bond. Exanples of (C2_6)al kynyl
radi cal s 5include, but are not limted to, ethynyl, 1-propynyl, 2-propynyl,
and 1 butynyl V\hen a (CZ) aI kynyI group IS substituted, it is understood to

o, e



15cycl oheptyl. The term " (C5)spirocycloal kyl", wherein n is an integer,
either alone or in conbination with another radical, denotes a cycl oal kyl
mul ti-ri mgoxysrwm3havi ng two rings |inked by one conmonPaTam20toaeples of
(C5_14) spirocycl oal kyl radicals The term " (C3Acycl oal kyl - (C1val kyl -" as
used herein, wherein n and mare both integers, either alone or in
conbination with another radical, is intended to nean an al kyl radical
having 1 to n carbon atons as defined above which is itself substituted
25wi th a cycl oal kyl radical containing from3 to mcarbon atons as defined
above. Exanples of (C37)cycloal kyl-(C1_6)al kyl - include, but are not
limted to, Cy&h&lﬂﬁr%@ﬁécﬂ@fttminvelﬁﬁﬁh@bl%é/erﬁ@érhﬂdre mféh?nle&l%@%éﬁéi&im
cyclohexylneth% - cycl opropyl et hyl , cycl opropyl et hyl ,

1- cycl obut yl et ?V”mﬁaéyclobutylethyl 1- cycl opentyl et hyl ,

2-cycl opentyl et hyl , ob- cyclohepoethyI and ¢@- cyclohexylethyl 30When a

(C3_,)cycl oal kyl - )aIkyI pis Btuted, it is understood that
substituents may be aitached Lo lgither t) e| ycIoaIkyI or the al kyl portion
t her eof or bot h,HOnINeésS spei f iNed™ ot hed! such that the substitution

woul d give rise to.a chen1ca||¥ stabl e cgnpound such as are recogni zed by
those skilled in the art. The“term'’ aryl as used herein, either alone or

in conbination with another radical, is intended tjo mean a carbocyclic
aromati ¢ nonocycl it oup contakmi@g 6 car bongat whi ch may be further
fused to a second/ - me ‘carchoeyel i OU@ 5whi ch may be
aromatic, satura ed|or unsat ur @ . éryl in rh bit is not 1inited to,
phenyl , |ndanyh, nyI 1- odp |, 2-n C’tetrahydronaphthyl and
d|hydronaphthyl The ternl"aryl G _n)al kyl - |@S used herein, wherein nis
an integer, either alone or in fOconbi nat i on mmth anot her radical, is

carbon atons as defined

adj cal as defined above.

) imted to, phenyl nethyl
propyl. Wien an

above which is itself substituted with an ar
_6)al kyl - |ne;uq but ar
Ny O2- pheny L Ioand
aryl-(G _n)al kyl - upsi's su stlt ted, it i$ undelstood that substituents
may be 15attac o either f aYy or th yb portion thereof or both,
unl ess specified ot herw se, suth tdhat the subst iituti on would give rise to a
chem cally stable compound, such as are recognlzed by th05@+skllled in the
art. The term"Het! as used herein, either alone or in co fnation with

anot her radical, 3 20i ntended tfo0 nean a 4- to 7-nenbere tunat ed,
unsaturated or ar i i het er oa j%ach

i ntended to nean an alfﬁ% radical having 1 to

Exanpl es of aryl -(
(benzyl), 1-phen

i ndependent |y sel e¢f e ! . 14- turat ed,
unsat urated or nati € aving-wherever ps i blle to 5
het er oat ons, each|_i [ 10,6 N and 8s speci fied

ot herwi se. We ‘ group”i i o i't is 25undérstood t hat
substituent® nmay be *attached to any carbon at®m or heteroatf®m t her eof which
woul d ot herw se bear a hyedrogen atom unless specified otherw se, such that
the substitution would gj rise to a chemcally stable conmpound, such as
are recogni zed by those I%ﬁg in the art. 30The term"Het-(G _n)al kyl -

as used herein and unl ess sﬁ§0|f|ed ot herwi se, wherein n is an integer,

ei ther alone or in copbi “With another radical, is intended to nean an
al kyl radi cal havi carbon atons as defined above which is itself
substituted with tosubstltuent as defined above. Exanpl es of

Het - (C1_ 6)alkyI|ncIude Jbut are not limted to, thienylnmethyl, furylnethyl,
pi peridinyl ethy1, 2- pyrldlnylnethyl 3-pyridinyl nethyl, 4-pyridinyl nmethyl,
qui nol i nyl propyl, and the like. Wen an Het-(C _n)al kyl- group is
substituted, i hed to either
the Het or theAm#aﬂ%Q&§¥§$@%9W%@?é <RR§E%E§@B&EHQ€§EQ§% igﬂfed ot herw se,
such that the @mwma"mcqm@pla sgit thereof. & atneedicaggetni cal |y st abl e
Sconpound, jguch as are recogni zed by those skilled in the art. The term
"heteroatom' as_used herein_is intended to nean O, or N. The term
"carbocycl e" asthAHehPErtP! e IPYREHOMPTEHES S} PWW%%?HB‘P%&‘EWP&“Wt h anot her
10r adi cal , is toanipeinidgd tiiepaperadcalipeffectitetarBouneatxecontbosad offfairadh (hwnaat ur at ed or
aromatic cyclic radical in which all of the ring nenbers are carbon atons,
and which may be fused to one or nore 3- to 8-nenbered saturated,
unsaturated or aromatic carbocyclic groups. Wien a carbocycle is
substituted, it is understood that substituents may be attached to any
carbon at om whi ch woul d ot herwi se bear a 15hydrogen atom unless specified
ot herw se, such that the substitution would give rise to a chemcally
stable conpound such as are recognlzed by those skllled in the art. The
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20o0r in conbination with another radical, is intended to nean a 3- to
7-menbered saturated, unsaturated or aronatic heterocycle containing from1l
to 4 het ewoavumso®ach i ndependently selected from 0, N &ow/CA20W7006707
nonoval ent radical derived by renoval of a hydrogen atomtherefrom
Exanpl es of such heterocycles include, btit are not limted to, azetidine,
pyrrolidine, tetrahydrofuran, tetrahydrothiophene, 25thiazolidine,

oxazol idine, pyrrole, thiophene, furan, pyrazole, imdazole, isoxazole,
oxazol e, isothiazole, thiazole, triazole, tetrazole, piperidine,

pi perazi ne, azepine, diazepine, pyran, 1,4-dioxane, 4-norpholine,

4- tthWDfph0|'ﬂﬁwm&%%h&ﬂ@QuBBMBk@bW%erPéhggne&Mﬁ&@%ﬁ&ﬁ%cmﬁ%&@z'ne and
pyrlnldlne and saturated, unsaturated and aromatic derivativés thereof. 30
The term" hete@ﬁﬁ@?@@ﬁ%q%m as used herein and unl ess specified otherwise,
either alone or in conmbination with another radical, is intended to nean a
net erocy el @ Sy QBldad S BRESaEaC] it R85 e TR ScShRST exekey, | ncl uding a
carbocycle, a hét c 6" 0or " adi cal
derived by % errwatdmfto this |h\yeatt|@'g@d1ﬂlt@ndmcphwn®%rat)teast@aambtlee@ttmtralgueﬂt.

het er opol ycycl es include, but are not limted to, indole, isoindole,
benzi m dazol e, _benzot hi ophene, benzofuran, benzopyran, benzodi oxol e,

benzodi oxane, BErRENPMI Woviges theLpne 2 n@&mﬁehtﬂarmpoalﬁw FPAFEIRAAI di ne,
and sat urat ed, hdisisgdove fir & trsathént Nt HIw iskedtion # 4 M@parf heigaivingor dthekt erm
"hal 0" as used er el |ntended to mean a halogen substituent sel ected
fromfluoro, cHI"8V89 ﬁﬁ Rd'Br iodo. The term " (G _n)hal oal kyl" as used
herein, whevbein n is an integer, either alone or in 10conbination with

anot her radi cal ¢ rfh% sgle&%?’ﬁm‘é .Mn%%o%sa'd%ogro@%mg AN et @ a0 Carbon
atons as defined wherein one or nore ro forms are each repl aced
by a halo substhQRﬁﬂmgfmﬁ@ﬁotﬂﬂmbP”ﬁUWéthﬂkéﬁﬁntaﬂﬁﬁﬁmépémﬁ%@laced by hal o

substituents, jidmanib@li tslﬂrtasrtuntdmaﬁtr@ artayrap@nt:ét@ eﬁaaneamomtfot@wﬁ,soungxanpl es

of (Cl_ 6)ha|oa| ude but not o_.chl oronet h

chi 6rosthyl, _areimulai horermsssufialh AeienPle B SIRAGE )P CoOPER GRS

chl or obr onoet hg/d desf:rllba:dmermtahy\te, di fluoronethyl, trifluoronethyl,

fluoroethyl and difluoroethyl. The terns "-0-(C1_n)a|ky|" as used herein

i nt erchangeably, wherein n is an integer, either alone or in conbination

wi t h anot her rarfithsilaspdctofithg iarendian twolM@aawmatHO@RV@@Hngz@“aHb’riﬂfﬁeﬁonHnaa bonded

to an al kyl raglings behg\ﬁaoﬁ &r 5tQusR‘oﬂ?Jqu@rheahféBt§3nat$ue@féftHda Exanpl es

of -0-(C1)al kyl incl ? are not limted to nethOXé @?856 ethoxy
xy,

(CH3CH20-), pr IPURFE(THS ErprmRy-being A thepRsHties Il sHGetive ako

(CH3) 2CH- 029 adftdnblnaﬁeldbtfmtdmﬁoehdlﬁr)wrn(ulae(t)to*r bByphannace(tickl)a3€eable sathen an
-0-(C1_n)al kyl { I . be substituted
on the 25(C:1)ahér%?]i “%ﬁ§ e%h%%%ﬁsﬁkﬁﬁ?hgfg§ﬂ§&§h§§ﬂ1i%wlon woul d give
rise to a chenlcally stable conpound, such as are recogni zed by those

skilled int heA|§<5 fuithirl R B85 this mvérfidh Rl thd Lise &% dd%?gudaedf%rmum () as
|nterchangeabl wherein nis an integer, either alone or in conbination

with anot her r3gseibgd hereln.jons BRAIBGCEUICHY FRCeRIADIE Jaft thereRd P dhe eatIRBOf honded
to an al kybs r agh e®linfaéioniga huhén Beibpiidving cabOmsk ofRavilefthémebcadove. Exanpl es
of -S-(Cl)al kyl include but are not limted to nethylthio (CH3S-),
ethylthio (CH3CH2S-), propylthio (CH3CH2CH2S-), 1-nethylethylthio
(isopropylthioAHQM$B>Q£}PGh$"uﬂmbmpNWEbﬂﬁwhybethymnmmod@t@nmmwﬁlwﬂthio
(CI9)3C S - hBsed ifeh) ot phafathuithy DEerfibitdicred dors Hahindg, eher eof
such as an -SO- I ca an -S02-(Cl_n kyl radi ca IS
substi tuted, e%tcﬂm%cetmf@ﬁt%tts&rea%nb%f ag ¥ infactieety gnimandene A% 91 atpor t i on
t her eof , sg@h fidhatr h&vaey) thelrgdctibit i on woul d give rise to a chemically stable
conpound, such as are recogni zed by those skilled in the art. 5 The term
"protecting group” as used herein is intended to mean protecting groups

t hat can be usadadtitionaigasgynbhtbisiinventicrsfecrtoman iadiale of mahwfdetag coonprisie | 1 m t ed

to exanples wh t

Cherm oty Johcoieheh gecale lhedl HORG, medll e tibablyMaie Brkdrld) 7
t her eof , her e| ﬁ'aﬂﬁl"ﬁ”ﬂf@r"pﬁ‘?%%ﬂmb@ﬁ ¢EFROFiEPIE @aN bEHsed i) traghinfegtion by HIV;
designatlonsandare used interchangeably in sub-fornulas to indicate the
bond which is connected to the rest of the nolecule as defined. 15 The term
"salt thereof” as used herein is intended to nean any acid and/ or base
addition salt of a conpound according to the invention, including but not
limted to a pharmaceutically acceptable salt thereof. 20The phrase
"pharnmaceutically acceptable" is enployed herein to refer to those
conpounds, materials, conpositions, and/or dosage fornms which are, within
t he scope of sound nedi cal judgnent SU|tabIe for use in contact mnth the
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exanpl e, such salts include acetates, ascorbates, aspartates,

benzenesul fonates, benzoates, besyl ates, bicarbonates, bitartrates,

brom des/Wodnom3asitdes, Caedet at es/ edet at es, cansyl at es PCTATA20ANER]

chl ori des/ hydrochl ori des, citrates, cyclamtes, edisylates, ethane

di sul fonates, estolates, esylates, funmarates, gentisates (salt of

2, 5-di hydroxy benzoic acid), gluceptates, gluconates, gl utamates,

gl ycinates, glycolates, glycollylarsnilates, hexylresorcinates,

hydr abam nes, hydroxynal eat es, hydroxynapht hoates, i odides, isethionates,
| act ates, | actobi onates, nal ates, nal eates, nal onates, mandel ates,

met hanesul f ONnayKtein Wp@%uﬁ&w colFﬂ’ptr byd J)éd?ﬁﬂoqﬁ&of fHﬂJW{I)@cEér&BS?o this

nmet hyl sul f at es, mucat es ates, nitrates, oxal ates, panpates,

pant ot henat es, '”b??é'ﬂ@/P%%@taamg‘ée“t'?ﬁ'ibéﬁatag@sa'it BsB%hhat es, pol ygal act ur onat es,
pr opi onat es, saccharl nates, sali cyI ates, stearates subacet ates, succi nates,
sul fam des, suémlaano tan ﬁ]s Lirat t. ol enesul f gnat es,

|nvefn in e ag-:-s to tan(%hO%d)?lnhﬁ){tlﬁ 5] reP tion
triethiodi des R 5?
anmoni um a¥ gi efilié Commtmmtdxpmw, the hlhtsrtgpn @ffmtlmasmomlloi thﬂ@@‘npound of

di et hanol am neg,@% hylo?é??:gf tﬂé‘f’e&e%delr ¥SHdR@ns \Wﬁ&l%\"éﬂllﬁ‘é?l%n otrlﬁ‘tl\ﬁs inhibited.

(C, C Cris(hydroxymethyl)-am nonet han or Tronetanol) and procaines. Further
pharmaceutically acceptable salts can be formed with cations fromnetals

l'i ke al um ni unfFuret iBtiudad ih tHehdcbifl of IRINGhtibNs tHROGsRSS b @BMpSediotfrmab iy and
the like. (alsg. hlbftﬁee Pharrraclﬁlytltcal salts, Berge, S M et al., J. Pharm
Sci., (1977), BaMNteacly QYN H PSP Y MEceuti cal Salts, P. Heinrich
Stahl, Canmidle G Wermuth (Eds.), WIey-VCH 2002, both of which are herein
i ncor porat ed b T §a0f the
oor POr At ed b hef EAGR) e WP URITBERIL 3 IR SeBalLe FakhanO!
contains a basG')corcﬁsaéEthiPQf tﬁtﬂ?*‘ét't)}h%s;aph@ﬁ%?ft"i%nal chem caI met hods.

General ly, such salts can be prepared by reacting the free acid or base
forms of these corrpo%n s wth a_sufficient anount of the appropriate base
or acid in wat BFTAYEPDESSRIPTENRRTE VENIAN | i ke ether, ethyl acetate,

et hanol , i $oprDe@mubys or acetonitrile, or a mxture ther eof. 25 Salts of
other acids th t ng I re useful for
purifying or .%?%@?‘%@e ‘he félo ﬁ %h@ uB'reg{:%tﬁ ?mﬁvgr?tzal on al so conpri se
a part of the invention. 30The term’ treat ment" as used herein is intended

to nean the adfidvest fsabit@itn®f asise@RPRIANACARIeSOERROFBE] bRBWRRCRNIHiM@J kP t he
present invention to allevjate or elimnate sx(irl%rtpnac?of H V i nfection

and/ or to redu®8aR1 P G4igalion 9P MR AAY beibe PeREIEhE" al so
enconpasseso t hiesterdatomi s bnpstheratah waich @y dermthadtrof @ orgiesietor @agraetor di ng t o

t he present v Vi rus but
before the ap&ég@g%%ﬂ'cgﬁ%hld%ﬁfé%gg&? {rﬁw? Atne% dn%i&érf)g(?n gtrlglor to the

det ecti on of tHebstifuents comemplatepindbel cortext pf@mtﬂctﬂ@éecalppeaagimﬁﬂéﬂ‘@f%tyrrptoms
of the di sease;@mfs@iwnich g%@l‘é@mch%nﬁ‘caw &istsie ESrBBUREAGIME HetR6gdiRle | evel s
in the blood, and the adm nistration of a conpound or conposition according
to the presenthH%erﬁki"é?H'”ttBe 8r event perinatal transmssion of HV from

not her to paby, by administration to the nother before givi ng birth and to
the child within the f The t as used
norein is it et ool R dhelerteling dher Ertt P Hl e Pye s

ef fective to iabivé thenfieal foonurabi mamestall encanpak$ sadlsi insludidg phaunaagstidatly a
10human bei ng, adc@ﬁtgliﬂg'sa‘lg thitbof 3Rl sbilatkd BdrebP s@tg]e%tf& ihdigcel hg&rstefser e with

ei ther host or viral mechani sns necessary for t formati on and

replication of Nguding sdvates qtt*mf?&r?owepws or solvtes qf @rsat of thd FemRyd d”_forHI V

replication) asxadpedtHRebabsurids orm‘é@mieﬁt ut\xénm?ed"an@ausag@ﬁtohb@daa@am"%sof

reducing or elimnating the abilit f eplicate in ell,
et her i n vt ARG Artecoitfal sehered a0 s AP Ea il °
"integrase", usedhéieecingenatak relmivgedlidrins anecmsideded enuivagnt &stbeenzyne
encoded by t he t. The 20pol ypepti de
sequence of th%n#ggggpg@gﬂgﬁg&hﬁaﬁg%ngpeggmgégﬁm%f H V-1 is provided as
SEQ ID NO 1. The term"therapeutically effective anount” neans an anount
of a conpound according to the invention, which when adm nistered to a
patient in need thereof, is 25sufficient to effect treatnent for
di sease-states, conditions, or disorders for which the conpounds have
utility. Such an anobunt woul d be sufficient to elicit the biological or
nmedi cal response of a tissue system or patient that is sought by a
researcher or clinician. The amount of a compound according to the
i nvention which constitutes a therapeutically effective amount will vary
dependlng on such factors ‘as the SOConpound and |ts blologlcal activity,

o "



RO RACPH1 Ra 5 ---- - _N------ .. I RR6 (1) according to this

I nvention are described in detail. Any and each individual definition 10as
set out heoebmw/1I3ews4be conbi ned with any and each i ndi vi g#galCAtefoioodoron as
set out herein. Rl: RL-A 15In at |east one enbodinent, Rl is (Cl_4)alkyl,
(C2_4)al kenyl or (C3_5)cycloal kyl, whereén the (Cl_4)alkyl is optionally
substituted with -0(Cl_3)alkyl or -S(Cl1 _3)alkyl. R1-B: In at |east one
enbodinent, Rl is selected from -CH3, -CH20Me, -CH20Et, -CH2SMe, -CH=CH2
and 20R1-C In at |east one enbodinent, RL is (Cl_4)alkyl. RL-D. In at

| east one enbodinent, RL is -CH3. R2: R2-A In at |east one enbodi nent,

R2 is (C38)al kM'on@'ésﬂe@ﬁth}oFe\éﬁlhtc?@eKtde ém)eﬂr@\}lcfbstah%hér@%&&)tfééﬂ@té&éﬂ@(ﬂle i's

optionally substituted with (Cl 8 | east one enbodi nment,
R2 is sel ect edSPtPRRAIY ahglepsompoyngs atth%/ 8%?”*%@”%(%%6 orggore gtoms

(C38) al kyl . 10&2-r&plackn b@ratohsa&tnn@ne safmeetinie Alimbdr2odt a0 btoRE: madsorAr 151 n at
| east one enbodi ment hen s _phen I %used t 0 _ope, or , nore

CyCI es, at | eas?SS nuMbng‘ff ren rom t)ﬁe aﬁgycerp(a)ss %rlmeass er rrrci:-d(,grn@an %foE%d nmenber ed

het er opol yc¥cl ig natws. r@(amptﬂs oQIShtep@syaaMer@f lnetal@lhn m1dep@11m3elnd$ of tee|l ect ed from
N, 0 and S; m&%@én@mﬁx&ﬁ.oﬁﬂ%mé |39{op9§$fqﬁ/9r3§ély %f%&%nblé 2%? bﬁ“?éoloé.c%ﬂ{}m i tuted

wth 1 to 4 substituents each i ndependént selected from (CL al’kyl, halo
and - 0( C1_8) al RYgled cqmppupds qf thegiregeabigvenyfe f@r%amplﬁ@ﬁvtera#@ we§,8'<15ﬁé>ﬁ§hre or a
het er opol ycycl @ngpufdd, esh g raparedBy Eanvémiond téBaiglie HMOWR fMOEdEXIed inR3 1S
selected from . L
the art or by synthetic processes analogous to those described in the present
10  application using appropriate isotopically labeled reagents in place of the non-

labeled reagent mentioned therein.

The term “(C4)alkyl” as used herein, wherein n is an integer, either alone orin
combination with another radical, is intended to mean acyclic, straight or branched

15 chain alkyl radicals containing from 1 to n carbon atoms. “(C4)alkyl” includes, but is
not limited to, methyl, ethyl, propyl (n-propyl), butyl (n-butyl), 1-methylethyl
(iso-propyl), 1-methylpropyl (sec-butyl), 2-methylpropyl (iso-butyl), 1,1-dimethylethyl
(tert-butyl), pentyl and hexyl. The abbreviation Me denotes a methyl group; Et
denotes an ethyl group, Pr denotes a propyl group, iPr denotes a 1-methylethyl

20  group, Bu denotes a butyl group and tBu denotes a 1,1-dimethylethyl group.

The term “(C,.)alkenyl”, as used herein, wherein n is an integer, either alone orin
combination with another radical, is intended to mean an unsaturated, acyclic
straight or branched chain radical containing two to n carbon atoms, at least two of

25  which are bonded to each other by a double bond. Examples of (C,s)alkenyl
radicals include, but are not limited to, ethenyl (vinyl}, 1-propenyl, 2-propenyl, and
1-butenyl. Unless specified otherwise, the term “(C..)alkenyl” is understood to
encompass individual stereoisomers where possible, including but not limited to (E)
and (2) isomers, and mixtures thereof. When a (C,_,)alkenyl group is substituted, it

30 is understood to be substituted on any carbon atom thereof which would otherwise
bear a hydrogen atom, unless specified otherwise, such that the substitution would
give rise to a chemically stable compound, such as are recognized by those skilled
in the art.



5 R3-D: 10l n at | east one enbodinent, R3 is selected from ClI 5 One
skilled in the art will recognize that when the R3 substituent is not
symmret ri cabl291083b6sti t ut ed about the axis of rotation of PCiaAzeredoeror achi ng
R3 to Core, the conpounds of the invention will have a rotational axis of
asymmetry and thus 10 rotational isoners9are possible. Wen the energy
barrier to rotation is relatively low, the rotational isonmers rapidly
interconvert at roomtenperature and are considered to be conforners. In
contrast, when the energy barrier to rotation is relatively high, the
rotational isoners interconvert so slowly at roomtenperature that they may

be i sol at ed anﬁmé&@ﬁ‘fn Q@Qéél%&@%sh@eépﬁeréhrMﬂHr&ﬁ’Wéw mt%éerBé‘%%I@né &&n conpounds
of the invention also posessS at | east one other chiral center, nanely, the

chiral carbon %&”@Prﬁ%%%‘blafﬂ%herm@a' iHBtePYRAIP MSAR AN UBFAEAIEd\AYflicex st~ as
di ast er eoner s. stk@ght exaanthed cwmen’adtcﬂesouﬂaﬁnmnm td cadribon Aohs tat ledétadlo B3

substituent bears a substituent osj tion ort t he_bond
attaching R3 t oh %&%on&ed 10 ea& ottﬂg%y trlpﬁe Bond Examooles of _Saglfyﬂgrra(fl%aésn
hydr ogen whj chinglgdea bsmnstwtthm;ﬂd tooéthRB/I bypramyldébrqnvmw @nd dfbulBylsheri or t h

herein, the fol k@vwan@nﬁbro(apl.%%&ﬁut@d itQ€ Uﬁﬂe?s?od%‘to bé s@tﬂ}.ﬂtu&d?onaafng ch‘Béﬁ' bl e,

where, in conf of ranc ept ed stereochem cal notation dar kened
and/ or solid mﬂﬂ'@éh%@m&@ Gf‘r‘l‘ﬂ’i“@eﬁ”ée“ﬁ”ﬁ%b%’ir(ﬁ‘é‘yé'?ogé'?j@‘@mo?”'?%ép%ﬂ%‘ubst| t uent

tlh?t is proj e%thé@lsboyhi&hd&t tH@%HuéthBﬁ woaé\lgtvbcﬁs@fmla}‘merrﬁngnpaams gf ]
| ustration, en upbstituted at the
ortho positi onC‘Wp[onz Sgg}ﬂ%st?r? Eé’ﬁ?'ﬁ@% %oslec# §hey and A-2, it will be

clear to th@ person skilled in the art that anal ogous atropi soners exi st

for other unsypmetid f(él )Xycﬁ)léﬂzlt’ L Hée%l%e%i‘ne e | VI z,seé]'f |ﬁ’ﬁ?ért cili@PaBfes found

that, when it 1Is p055| 1'e’ t o epar at e astereoneric
10at r opi somer sln§9mplﬁatuontw1@|e\nonhﬁ@nawaulannt%r@@ﬁm PeELa aslptkyisupgttpeshn be

measured, the @in[éﬂﬂth@dFﬁthdMntharbbh%tofn%r Ak ndp|&d dﬂ(ctp,ﬁcyaaau(\ﬂ ladidRV®sludsher e the

substituent on_the is on the o ite si the plane of the
pyridine ring P8/ '{%ﬁ@%”?ﬁg Yr8RIgPYl CQ’C'PELPQOWE'OB%{QQ CyﬁJBP‘?‘ybath%l ve agai nst

H V, when measeckteptflor exanpl e, by the procedure of Exanple 48 bel ow, than
the atropisonmer with the fornula simlar to A-2 15above, where the
substituent on the R3 group is on the same side of the plane of the
pyridine ring & tere (ConepirgexsiogkylRavherin mis apintegsit eitherzaienediiéh enbodi ment, R4

is (C1_6)alkyl coml:ﬂ‘&tlorhﬂhﬁ)arﬂfthe(rgdl&) faa;hd?@d %Wcloa@% rﬁjltl hlﬁb %ténﬂ?aﬁﬁng%@
embodi nent, R4 .is é 6) al k -CN or | east one

enbodi ment, R4MSS | @d@atoea C%/'PES‘H*P a‘éPBExar@ﬁ\P%?fdcﬁwsp'%mOﬁﬁ‘y' fadica¥ | east one
enbodi rrent, R4 is (Cl_6)alkyl. RA-E: In at IDT,\aj one enbodinent, R4 is
- CH3.

20 include, but are not limited to, and

The term *(Cs.)cycloalkyl-(C4 n)alkyl-" as used herein, wherein n and m are both
integers, either alone or in combination with another radical, is intended to mean an
alkyl radical having 1 to n carbon atoms as defined above which is itself substituted

25  with a cycloalkyl radical containing from 3 to m carbon atoms as defined above.
Examples of (C5.7)cycloalkyl-(Cg)alkyl- include, but are not limited to,
cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, 1-
cyclopropylethyl, 2-cyclopropylethyl, 1-cyclobutylethyl, 2-cyclobutylethyl,
1-cyclopentylethyl, 2-cyclopentylethyl, 1-cyclohexylethyl and 2-cyclohexylethyl.

30  When a (C; )cycloalkyl-(Cq.,)alkyl- group is substituted, it is understood that
substituents may be attached to either the cycloalkyl or the alkyl portion thereof or
both, unless specified otherwise, such that the substitution would give rise to a

chemically stable compound, such as are recognized by those skilled in the art.



Core and R51R6: Core-A: In at | east one enbodinent, a is a double bond
and R6 is absent such that the 5conpound of the invention is a conpound of
formul a (Wa2010R3003R2 R4 CO2 H1 RS5NRL (la) wherein Rl, ReT/(A2p10R407Nd RS
are as defined herein. R5/R6-A In at | east one enbodinent, a is a
doubl e bond, R6 is absent and R5 is R5%1@r- 10- (C1_3)al kyl -R51; wherein R51
is selected fromR52, -0R53, -N(R54)R53, -C(=0)R52, -C(=0)0R53,

-C(=0) N(R54) R53, -N(R54) C(=0)R52, -N(R54)C(=0)N(R54)R53 and

- N(R54) C(=0) OR53; wherein R52 is selected fromR53 and (C2_8)al kenyl, and
15R53 is selected from (C1_8)al kyl, (C3_8)cycl oal kyl,

(C3_8)cycloal kyl -(C1_8)al kyl -, aryl, aryl-(Cl_8)alkyl-, Het, and
Het-(Cl_8)al kyl-, and R54 is in n each case i ndependent|ly sel ect ed fromH and
(CL_3)al kyl ; \Aﬂ@rtéinh AT BFI BESInapitheRaIaNg ¥ iy W%’FP&'PW”%G'P%'PW%H‘% $hith 1
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i ndependent |y option 25substituted wth 1 to subst’i tuents each
i ndependent |y ¢ dé@laé Yrom (C1_8) hal oaI kyl, halo, -0(Cl_8)alkyl,
-N((C1_8) al ky1)2 and - NH(C=0) (C1_8) al kyl ; wherein Het is a 4 to

7- menber ed sat ted, ,ted or,.aromati c. heterocycl e
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absent and R5 f&fingghabaye. BAMEESIS alvkiph<)pikYl: inglkea: SbtrpreBat imfed ot ect ed from
R52, -O0R53, - NRagRng SbeIQ( 0)- FedylethyICo-pR I RES, Jan =)o R ANVFEBan

- N( R54 0) R52, o} R53 erein R52 i
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aryl -(C1_6)al kéfth%ﬂnsg) éqc[gﬂf%%h%ﬁbéﬂ%ﬁ)mﬁblﬁélv‘e ’rlsé{\@ear&feﬁueégﬁ the Het

portion of Het-( are 1n each cdse in yselectedfroma
5- or 6- rrenber@mnpe‘)at\djrsa@*‘e@ arg Feeagnizest kydhese Sﬁ'ﬂ'@ﬁmﬁh%arhet erocycle having 1 to
3 heteroatons each

The term "Het" as used herein, either alone or in combination with another radical, is

20  intended to mean a 4- to 7-membered saturated, unsaturated or aromatic
heterocycle having 1 to 4 heteroatoms each independently selected from O, N and
S, or a 7- to 14-membered saturated, unsaturated or aromatic heteropolycycle
having wherever possible 1 to 5 heteroatoms, each independently selected from O,
N and S, unless specified otherwise. When a Het group is substituted, it is

25  understood that substituents may be attached to any carbon atom or heteroatom
thereof which would otherwise bear a hydrogen atom, unless specified otherwise,
such that the substitution would give rise to a chemically stable compound, such as

are recognized by those skilled in the art.

30  The term “Het-(Cq.,)alkyl-" as used herein and unless specified otherwise, wherein n
is an integer, either alone or in combination with another radical, is intended to mean
an alkyl radical having 1 to n carbon atoms as defined above which is itself
substituted with a Het substituent as defined above. Examples of Het-(C4)alkyl-
include, but are not limited to, thienylmethyl, furylmethyl, piperidinylethyl, 2-



15i ndependently selected fromO, Nand S, and an 8- 9- or 1 0- nenbered
saturated, unsaturated or aromatic heteropolycycle having 1 to 3

het er oat owe 2esxi3oi3adependent |y sel ected from 0, N and SPCIA2RBMNVB7I n each
case independently selected fromH and (Cl1_3)al kyl; 20wherein each of R52
and R53 is optionally substituted with-H1-0 3 substituents each

i ndependently selected from R56, halo, -CN, -0R56, -5R56, -502R56,

-N(R54) R56, and - CON(R54) R56, wherein R56 is in each case independently
selected fromH, (C3_8)cycloal kyl, (C3_8)cycloal kyl-(C1_6)al kyl-, aryl,
25aryl - (Cl1_6)al kyl -, Het, and Het-(Cl_6)al kyl-, wherein Het and the Het

portion of Het ;Lv@%wﬁm)eiﬂyk%prnéﬂﬁﬁnétﬂyleﬁﬁ%dﬁ@ﬁr?etﬂw%iﬁ@lﬂﬁ%t’ﬁpwaWh@ﬁk@d froma
5- or 6- merrbered sat ur at ed t ur at aromatic terocycle having 1 to

3 heteroat ons &REMH3N Ha*e@eﬂa%wtgrﬁ%ﬁ%ﬁt'&&e% Fdﬁﬂ"éefswoamft gbsHYEME M n R56
is, where possmd)étaphemtoeanéﬂmﬂa ar n@@m@n@lﬁmd tiereptdr 66ta| linfess ypadifiedut ed wi t h

1 to 3 substituents eac ected, fr al oal kyl, hal o,
Co(CL ) al kyl - SR BET e R OERIPARAb: KeRofs £ tos Al e oo Y a

| east one e&rrbomnm@nnq sach@aed@ubrhlaedmynmse%lllectlnamsm‘ht and R5 is R51 or
-(C1_3)al kyI R51; wherein R51 is selected fromR52, -0R53, -N(R54)R53,

- C(=0) R52, Cﬁ? )OR53, 5-C(=0) N(R54) R53, - N( R54)C( =0) R52

- N( R54) C( 0) N( ﬁ%?ethW(%B@?@QGWOFQQ”d%‘@r”éqaﬁ REX1Ns sel ected from
R53 and (C2_8)al kenyl and R53 is selected from (C1_8)al kyl,
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and (C1_3)alk wherei n eac t1ona tuted with
1 to 3 substitiyéeeftte Oéaéhmprﬁcﬁeﬁb@rﬂ‘@mb}?ﬁ?d§é‘lué?é‘%0bé|”5’raﬁlt6ﬁ*ﬁ@563ro'ﬁa‘l'co -CN, -O0R56,

- SR56, - 802R56¢arbd\d§/&‘é§)da§6 \@Rsh a%o?&é)s%@ﬁsmm@@nteé @ thg i n each case
i ndependently s Iect
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Het - ( C1_8) a8 kyhydrogehetoei, mnleied spenidled dtbertiest, poh thadtheatibitiattiof @bulBpakkyl - are
in each case i nggrlﬂgrﬂitcglw s?a%llee&tnﬁ)guﬁd: QUn ﬂ%recognized by those skilled in the

art.

The term "heterocycle" as used herein and unless specified otherwise, either alone

20 orin combination with another radical, is intended to mean a 3- to 7-membered
saturated, unsaturated or aromatic heterocycle containing from 1 to 4 heteroatoms
each independently selected from O, N and S; or a monovalent radical derived by
removal of a hydrogen atom therefrom. Examples of such heterocycles include, but
are not limited to, azetidine, pyrrolidine, tetrahydrofuran, tetrahydrothiophene,

25  thiazolidine, oxazolidine, pyrrole, thiophene, furan, pyrazole, imidazole, isoxazole,
oxazole, isothiazole, thiazole, triazole, tetrazole, piperidine, piperazine, azepine,
diazepine, pyran, 1,4-dioxane, 4-morpholine, 4-thiomorpholine, pyridine,
pyridine-N-oxide, pyridazine, pyrazine and pyrimidine, and saturated, unsaturated
and aromatic derivatives thereof.

30
The term “heteropolycycle” as used herein and unless specified otherwise, either
alone or in combination with another radical, is intended to mean a heterocycle as
defined above fused to one or more other cycle, including a carbocycle, a
heterocycle or any other cycle; or a monovalent radical derived by removal of a



HN N10 ON 25NHN NOSN N and" wherein R56 is, where possible, in each
case independently optionally substituted with 1 to 3 substituents each

i ndependewol2g10giBbaset ed from (C1_6) hal oal kyl , Phalax2010/000707
-0(CL_6)al kyl, -N((C1_6)al kyl)2 and -NH(C=0)(Cl_6)al kyl. R5/R6-D. In at

| east one enbodinent, a is a double bondz2z-R6 is absent and R5 is sel ected
from R5/R6-E: 5In at |east one enbodinent, a is a double bond, R6 is
absent and R5 is R51 or -(Cl_3)al kyl-R51; wherein R51 is selected from R52,
-0R53, -C(=0)R52, --C(=0)0R53, -C(=0)N(R54)R53, -N(R54)C(=0)R52,

-N(R54) C(=0) N(R54) R53 and - N(R54) C(=0) OR53; wherein R52 is selected from

R53 and (C2_8) I%)dkﬁ)@)flatonﬂ'ﬂgregrgrﬁ%a'nﬁalé%f§&3h%tefr6&r§‘c§@s_1§all?e|ekbfut1are not
(C3_8)cycl oal k cycl oal k aryl - (C1_6) al kyl -
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to 3 substifuents each independently sel ected from R56, hal o, -CN, -O0R56,

- SR56, - SO2R56The t%ﬁw%)oRggu%%er%QMB%mewgﬁﬁb&n@%ﬁsth@en{ fLi&a&h case

I ndependently selected fromH, (C3 _8)cycloalky
(C3_8) cycl oal kA filesro.g@leraepromo egigd, * 25ar y| - (Cl_6) al kyl -, Het, and
Het - (C1_6) al kyl - wherel n Het and the Het portion of Het-(Cl_6)al kyl- are

in each case | 'Phd QS nt)hgfoa?k %(s:tuseéjd r]:ereln wherein n is an integer, either alone orin

10  combination with another radical, is intended to mean an alkyl radical having 1 to n
carbon atoms as defined above wherein one or more hydrogen atoms are each
replaced by a halo substituent. When two or more hydrogen atoms are replaced by
halo substituents, the halo substituents may be the same or different. Examples of
(Cqs)haloalkyl include but are not limited to chloromethyl, chloroethyl, dichloroethyl,

15 bromomethyl, bromoethyl, dibromoethyl, chlorobromoethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, fluoroethyl and difluoroethyl.

The terms “-O-(Cq_y)alkyl” as used herein interchangeably, wherein n is an integer,
either alone or in combination with another radical, is intended to mean an oxygen

20  atom further bonded to an alkyl radical having 1 to n carbon atoms as defined
above. Examples of -O-(C._)alkyl include but are not limited to methoxy (CH;0-),
ethoxy (CH;CH,O-), propoxy (CH;CH,CH-0-), 1-methylethoxy (iso-propoxy;
(CH3),CH-0O-) and 1,1-dimethylethoxy (fert-butoxy; (CH3);C-O-). When an
-0O-(Cqy)alkyl radical is substituted, it is understood to be substituted on the

25  (Cqp)alkyl portion thereof, such that the substitution would give rise to a chemically
stable compound, such as are recognized by those skilled in the art.

The terms “-S-(C_)alkyl” as used herein interchangeably, wherein n is an integer,
either alone or in combination with another radical, is intended to mean an sulfur
30  atom further bonded to an alkyl radical having 1 to n carbon atoms as defined
above. Examples of -S-(C4)alkyl include but are not limited to methylthio (CH5S-),
ethylthio (CH;CH,S-), propylthio (CH:CH.CH,S-), 1-methylethylthio (isopropylthio;
(CH3)2CH-S-) and 1,1-dimethylethylthio (terf-butylthio; (CH3)sC-S-). When
-S-(C4_p)alkyl radical, or an oxidized derivative thereof, such as an -SO-(C._)alkyl



HNN 01\1 S,N o N and" 5wherein R56 is, where possible, in each case

i ndependently optionally substituted with 1 to 3 substituents each

i ndependewOl2g1gBbesat ed from (Cl_6) hal oal kyl, hal o, -0( CRPCE®)HN2810/000707
-N((Cl_6)al kyl)2 and -NH(C=0) (Cl1_6)al kyl. 10R5/R6-F. In at |east one

enbodi nent, a is a double bond, R6 is abisent and R5 is R51 or

-(C1_3)al kyI R51; wherein R51 is selected from R52, -0R53, -C(=0)R52,
--C(=0)0R53, -C(=0)N(R54) R53, -N(R54)C(=0)R52, -N(R54)C(=0)N(R54)R53 and

- N(R54) C(=0) OR53; wherein 15R52 is selected from R53 and (C2_8)al kenyl, and
R53 is selected from (Cl_8)al kyl, (C3_8)cycloal kyl, (C7_12)spirocycloal kyl,

(C3_8) cycl oal kbéhlcélglaﬁ)%Qk(ﬂ r])etlkﬁ"r:é/dlczal %éﬂbsﬁt@f@ﬁe@a@ﬁ %Wnderst'd@@l to g¥Nd
Het - (C1_6) al kyl t and the Het portion of

Het - (C1_6) al ky?“bS*é{FtédPﬂt@aﬁghn)é'é\ééo%” NEESE FHEHD A S B{bSEHERD WUHIVE ) 0 ON Hs
S -\\ ZN s2N &ase\td Bich&nibiy/sthbld compoaii] stiasi de tetoGriedd by disRe iskilkepigdent | y
selected fromH and (Cl_3)al kyl; wherein each of R52 and R53 is optionally
substituted with 1 to 3 substituents 5each i ndependently sel ected from R56,
hal o, -CN, 50R56, -SR56, -S02R56, -N(R54)R56 and - CON( R54) R56, wherein R56
is in each Casf’né @Hﬁﬁb‘?&gﬁi’ﬂb IgVouﬁeéseL%teg‘HeJefnngn\'éndQMQa‘ﬁy&&tQ&inb%Loups

(C3_8) cycl oal k% al kyl'-, , fpi@g M

Het - (C1_8) al kyfhat Caﬂ@ﬁﬁé?‘é?%‘”ﬂéif”t%'ﬁtﬁaﬂﬁo oy ityding bHT”%WﬂTOUT 8) al kyl - are
in each case Iéb(iﬁ@%@d\ﬂ%b% fbd cBif Rk el PRate NG rdVps (yOrgbhi® Chemistry”,

John Wiley & Sons, New York (1981), and more recent editions thereof, herein
10  incorporated by reference.

The following designations ~~~~ and are used interchangeably in
sub-formulas to indicate the bond which is connected to the rest of the molecule as
defined.

15
The term “salt thereof” as used herein is intended to mean any acid and/or base
addition salt of a compound according to the invention, including but not limited to a
pharmaceutically acceptable salt thereof.

20  The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of
human beings and animals without excessive toxicity, irritation, allergic response, or
other problem or complication, commensurate with a reasonable benefit/risk ratio.

25
As used herein, "pharmaceutically acceptable salts" refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid or
base salts thereof. Examples of pharmaceutically acceptable salts include, but are
not limited to, mineral or organic acid salts of basic residues such as amines; alkali

30  ororganic salts of acidic residues such as carboxylic acids; and the like. For
example, such salts include acetates, ascorbates, aspartates, benzenesulfonates,
benzoates, besylates, bicarbonates, bitartrates, bromides/hydrobromides, Ca-
edetates/edetates, camsylates, carbonates, chlorides/hydrochlorides, citrates,
cyclamates, edisylates, ethane disulfonates, estolates, esylates, fumarates,



N and"; wherein R56 is, where possible, in each case independently
optionally 15substituted with 1 to 3 substituents each i ndependently
sel ect ed WO@M0/130034 (C1_8) hal oal kyl, hal o, -0(C1_8palrkA2010/000707
-N((C1_8)al kyl)2 and - NH(C=0) (C1_8) al kyl . Exanpl es of preferred
subgeneri c enbodi ments of the present i-ndention are set 20forth in the
follow ng table, wherein each substituent group of each enbodinent is
defined according to the definitions set forth above: Enbodinent R1 R2 R3
R4 Core R51R6 E-1 R1-A R2-A R3-A R4-A Core-A R51R6-A E-2 R1I-A R2-A R3-A
R4- A Core-A R5/R6-B E-3 R1-A R2-A R3-A R4-B Core-A R51R6-A E-4 R1-A R2-A
R3-A R4-B gentisates (salt of 2,5-dihydroxy benzoic acid), gluceptates, gluconates, glutamates,

glycinates, glycolates, glycollylarsnilates, hexylresorcinates, hydrabamines,

hydroxymaleates, hydroxynaphthoates, iodides, isethionates, lactates,

lactobionates, malates, maleates, malonates, mandelates, methanesulfonates,

5 mesylates, methylbromides, methylnitrates, methylsulfates, mucates, napsylates,

nitrates, oxalates, pamoates, pantothenates, phenylacetates,

phosphates/diphosphates, polygalacturonates, propionates, saccharinates,

salicylates, stearates subacetates, succinates, sulfamides, sulfates, tannates,

tartrates, teoclates, toluenesulfonates, triethiodides, xinafoates (salt of 1-hydroxy-2-

10 naphthoicacid) , ammonium, arginine, benzathines, chloroprocaines, cholines,
diethanolamines, ethylenediamines, lysine, meglumines, TRIS (C,C,C-
tris(hydroxymethyl)-aminomethan or Trometamol) and procaines. Further
pharmaceutically acceptable salts can be formed with cations from metals like
aluminium, calcium, lithium, magnesium, potassium, sodium, zinc and the like. (also

15  see Pharmaceutical salts, Berge, S.M. et al., J. Pharm. Sci., (1977), 66, 1-19 and
Handbook of Pharmaceutical Salts, P.Heinrich Stahl, Camille G. Wermuth (Eds.),

Wiley-VCH, 2002, both of which are herein incorporated by reference).

The pharmaceutically acceptable salts of the present invention can be synthesized
20  from the parent compound which contains a basic or acidic moiety by conventional
chemical methods. Generally, such salts can be prepared by reacting the free acid
or base forms of these compounds with a sufficient amount of the appropriate base
or acid in water or in an organic diluent like ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile, or a mixture thereof.
25
Salts of other acids than those mentioned above which for example are useful for
purifying or isolating the compounds of the present invention also comprise a part of
the invention.

30  The term “treatment” as used herein is intended to mean the administration of a
compound or composition according to the present invention to alleviate or eliminate
symptoms of HIV infection and/or to reduce viral load in a patient. The term
“treatment” also encompasses the administration of a compound or composition
according to the present invention post-exposure of the individual to the virus but



Core-A R5/R6-B E-5 R1-A R2-A R3-A R4-D Core-A R51R6-A E-6 R1-A R2-A
R4-D Core-A R5/R6-B Enbodi nrent R1 R2 R3 R4 Core R51R6 E-7 Rl1-A R2-
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before the appearance of symptoms of the disease, and/or prior to the detection of
the virus in the blood, to prevent the appearance of symptoms of the disease and/or
to prevent the virus from reaching detectible levels in the blood, and the
administration of a compound or composition according to the present invention to
prevent perinatal transmission of HIV from mother to baby, by administration to the
mother before giving birth and to the child within the first days of life.

The term “antiviral agent” as used herein is intended to mean an agent (compound
or biological) that is effective to inhibit the formation and/or replication of a virus in a
human being, including but not limited to agents that interfere with either host or viral
mechanisms necessary for the formation and/or replication of a virus in a human
being.

The term “inhibitor of HIV replication” as used herein is intended to mean an agent
capable of reducing or eliminating the ability of HIV to replicate in a host cell,

whether in vitro, ex vivo or in vivo.

The term “HIV integrase” or “integrase”, used herein interchangeably, means the
integrase enzyme encoded by the human immunodeficiency virus type 1. The
polypeptide sequence of the integrase enzyme of NL4.3 strain of HIV-1 is provided
as SEQ ID NO: 1.

The term “therapeutically effective amount” means an amount of a compound
according to the invention, which when administered to a patient in need thereof, is
sufficient to effect treatment for disease-states, conditions, or disorders for which the
compounds have utility. Such an amount would be sufficient to elicit the biological or
medical response of a tissue system, or patient that is sought by a researcher or
clinician. The amount of a compound according to the invention which constitutes a
therapeutically effective amount will vary depending on such factors as the
compound and its biological activity, the composition used for administration, the
time of administration, the route of administration, the rate of excretion of the
compound, the duration of the treatment, the type of disease-state or disorder being
treated and its severity, drugs used in combination with or coincidentally with the
compounds of the invention, and the age, body weight, general health, sex and diet

R3- A
C R3-A
R2-



R3-A R4-B Core-A R51R6-A E-10 R1-A R2-C R3-A R4-B Core-A R5/R6-B E-11 R1-A
R2-C R3-A R4-D Core-A R51R6-A E-12 R1-A R2-C R3-A R4-D Core-A R5/R6-B E-13
R1- B R2- BVvB2010/1Bde3E Cor e- A R51R6-C E-14 Rl1-B R2-B R3-D RETEACOrs0dvoRS1R6- E
E-15 R1-B R2-D
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of the patient. Such a therapeutically effective amount can be determined routinely
by one of ordinary skill in the art having regard to their own knowledge, the state of

the art, and this disclosure.

5  PREFERRED EMBODIMENTS
In the following preferred embodiments, groups and substituents of the compounds

of formula (I):

R
R3 Q -~
R4 :
= | CO,H
R a- R'
R6

(1)
according to this invention are described in detail. Any and each individual definition
10 as set out herein may be combined with any and each individual definition as set out
herein.

R':
R'-A:
15 In at least one embodiment, R" is (Cy.s)alkyl, (C,.s)alkenyl or (Cs.s)cycloalkyl, wherein
the (Cq.s)alkyl is optionally substituted with —O(C1.s)alkyl or -S(C45)alkyl.
R'-B:
In at least one embodiment, R' is selected from:

A

—CHjs;, -CH,OMe, -CH,OEt, -CH,SMe, -CH=CH, and
20 R'-C:

In at least one embodiment, R is (C.))alkyl.

R'-D:

In at least one embodiment, R is —=CH;.
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RZ:
R%-A:
In at least one embodiment, R? is (Css)alkyl or (Css)cycloalkyl wherein the
(Css)cycloalkyl is optionally substituted with (C4.)alkyl.
R?-B:
In at least one embodiment, R? is selected from:
T g and .
R%-C:
In at least one embodiment, R? is (Cs.)alkyl.
RZ-D:
In at least one embodiment, R?is or g .
R®:
R3-A:
In at least one embodiment, R® is phenyl or R® is phenyl fused to one or more
cycles, at least one of which is a heterocycle, to form a 9- to 13-membered
heteropolycycle having 1 or 2 heteroatoms, each independently selected from N, O
and S; wherein the phenyl or heteropolycycle is optionally substituted with 1 to 4
substituents each independently selected from (C,)alkyl, halo and -O(C,_)alkyl.
R®-B:
In at least one embodiment, R® is phenyl or a heteropolycycle selected from:
O,
/ ° 0 (3
SORSONOORIGRGSRY
o 0 o o o) H
o}
S
SONse
N , N°and ; wherein the phenyl or heteropolycycle is
optionally substituted with 1 to 4 substituents each independently selected from
(C4p)alkyl, halo and -O(C4g)alkyl.



R3-A R4-B Core-A R5/R6-B E-22 R1-C R2-A R3-A R4-D Core-A R51R6-A E-23 R1-C
R2- A R3-A R4-D Core-A R5/R6-B E-24 R1-C R2-C R3-A R4-A Core-A R51R6-A E-25
R1- C R2- GvB20A/1Rde3A Core- A R5/ R6-B E-26 Rl1-C R2-C R3- A RETEACoroepogvoRS1R6- A
E-27 R1-C R2-C

-18 -

R3-C:
In at least one embodiment, R® is selected from:

R3-D:
10 In at least one embodiment, R® is selected from:

Lol gelelcgo o



R3-A R4-B Core-A R5/R6-B E-28 R1-C R2-C R3-A R4-D Core-A R51R6-A E-29 R1-C
R2-C R3-A R4-D Core-A R5/R6-B E-30 R1-C R2-B R3-B R4-A Core-A R51R6-C E-31
R1l- C R2- AvB2e1w/1Bde3B Core- A R5/ R6-F E-32 R1-D R2-B R3-B RETEACOrepodvoR51R6- C
E-33 R1-D R2-D
=16 .
_CH,
o) O o) \ o o o
CH,
o Ei &L
E : : Hs o F

and

One skilled in the art will recognize that when the R® substituent is not symmetrically
substituted about the axis of rotation of the bond attaching R® to Core, the
compounds of the invention will have a rotational axis of asymmetry and thus

10  rotational isomers are possible. When the energy barrier to rotation is relatively low,
the rotational isomers rapidly interconvert at room temperature and are considered
to be conformers. In contrast, when the energy barrier to rotation is relatively high,
the rotational isomers interconvert so slowly at room temperature that they may be
isolated and are considered to be atropisomers.

15
Because the compounds of the invention also posess at least one other chiral
center, namely, the chiral carbon atom bonded to -OR?, the rotational isomers will
exist as diastereomers. For example, when the unsymmetrically substituted R®
substituent bears a substituent R* at a position ortho to the bond attaching R® to

20 Core, wherein R* is any atom or group other than hydrogen which is a substituent
of R® by any definition of R® set forth herein, the following atropisomeric formulas A-



R3-C R4-E Core-A R51R6-E E-34 R1-D R2-D R3-C R4-B Core-A R51R6-E E-35 R1-D
R2-B R3-C R4-B Core-A R5/R6-B E-36 R1-D R2-D R3-C R4-E Core-A R5/ R6-F E-37
R1- D R2- DvB2610/1Bde3B Core- A R5/ R6-F conpound listed i n rha/dabiomodiog Tabl es

1 to 6. Unless specifically indicated, throughout the specification and the
appended cl ai ns, a given chem cal fornmi2& -or nane shall enconpass
tautoners, and all stereo, 5optical and geonetrical isonmers (e.g.

enanti onmers, diastereomers, E/Z isoners, atropisoners) resulting fromall
possi bl e steriochem stry at a chiral center for which specific

steriochem stry is not otherw se decsribed, and racemates thereof, as well

as mxtures inqghd A-Qra‘?é‘boé%fb%o%éﬂeolﬂ%on%rrr‘idh%e ﬁ/ﬁiﬁ)ﬁéc%bt%d %@%Uché?ﬂ@éls m xt ures
of di ast ereoners, m Xt ur es of of or egol ng orns where such
|W§d%P‘P”dI§H5%% Bl

i somers and 10'?—%%H?P|t8?r€?r§e%9|3§€'/°r F‘f"d 1§ the fif@ oLpd9echte '% he

bi ol ogi cal andsypbwtuéraat BPraedtingivaristtye @éwe: compound i s sensitive to the
stereochem stry of the conpound. Thus, for exanple, enantioners often
exhibit strikingly differe j ol ogi cal activity &gl udi ng but not
15limted to differences i r rrq,{eoki netic prop: es, REI’IC| udi ng but not

limted to R R
r* r*
COoH COLH
R’ N7 TR R 2N R
r® R®
A-1 A2

5  Although for purposes of illustration, R® is shown as phenyl unsymmetrically
substituted at the ortho position with a substituent R* in formulas A-1 and A-2, it will
be clear to the person skilled in the art that analogous atropisomers exist for other
unsymmetrically substituted R® substituents.

It has been found that, when it is possible to separate the individual diastereomeric

10  atropisomers so that their individual activities against HIV can be measured, the
atropisomer with the formula similar to A-1 above, where the substituent on the R®
group is on the opposite side of the plane of the pyridine ring from the —OR? group,
is in some cases more active against HIV, when measured, for example, by the
procedure of Example 48 below, than the atropisomer with the formula similar to A-2

15 above, where the substituent on the R® group is on the same side of the plane of the
pyridine ring as the —OR? group.

R*:

R*-A:
20 In at least one embodiment, R*is (Cys)alkyl, -CN, halo or (C,.s)haloalkyl.

R*-B:

In at least one embodiment, R*is (Cq)alkyl, -CN or halo.

R*-C:

In at least one embodiment, R* is selected from -CH3, —CN and -F.
25 RD:

In at least one embodiment, R* is (C+.¢)alkyl.

R*-E:

In at least one embodiment, R* is -CH..



met abolism protein binding, and the |Iike, and pharnacol ogi cal properties,
including but not limted to the type of activity displayed, the degree of
activity,woariowizvods and the |ike. Thus, one skilled in Phe/cGoiwiod107
appreci ate that one enantioner nmay be nore active or may exhibit beneficial
effects when enriched relative to the otHer 20 enantioner or when
separated fromthe other enantioner. Additionally, one skilled in the art
woul d know how to separate, enrich, or selectively prepare the enantioners
of the conmpounds of the present invention fromthis disclosure and the
know edge in the art. 25Preparation of pure stereoisoners, e.g. enantioners
and di astereoners, or mxtures of desired enantioneric excess (ee) or
enantioneric purity, are acconplished by one or nore of the nmany nethods of
(a) separation_.or r tion of enantioners, or (b) enantiosel ective

synt hesi s knomﬁ—?—e?—"%e =of skill in the art, or a combination thereof.
These resol utiQoreret hods generally rely on chi raI recognition and include
30but are not |, efaa%ng%m%a.%ﬁtt?%raamletb%ha'gn é abscht &ldnaRATe Phases,
enantloselectlve ost - guest conpl exation, resolution or synthesis using
chiral auxi¥i acﬁqna@uméﬁfam i”M@E‘P@@tq QP@@V'FF{ pfdammylla @hzymat i ¢ and nonenzynmati c
kinetic resolution, or spontaneous enantiosel ective crystallization. Such
met hods are discl osed general ly in Chigal oS]épar ation Techni ques: A
Practical Approach (2nd Ed.), G Subrmantan (ed.), WIley-VCH 2000; T.E.
Beesley and R P.W Scott, Chiral ChrefateQraphy, John Wley & Sons, 1999;
and Satinder Ahuja, Chiral Separati .Q' Chr omat ogr aphy, Am Chem Soc.
2000. Furthernore, there are equakiy welTrRknown nethods for the
guantitation of enantioneric excess or purity, Shcl udi ng but not limted
to GC, HPLC, Giherein RN, RAR] aas BF grerenikefindd heksol ut e confi gurati on and
conformation, including but not limted to CD, ORD, X-ray crystall ography,
or NVR PHARVARERFFACAL COMPOSI TI ON 10Sui tabl e preparations for

adni ni stering jhhe5QMAeURBSHRknt B 4 ABRIIAR R¥id hodaft MARETERY of 0 those with
ordinary skill in the art and include for exanple tablets, pills, capsules,
supposi t or i'&s, - @@i%‘ﬂ’bgs troches, solutions, syrups, elixirs, sachets,

i nj ectabl es, |\mm&iaRSVeSe@@ddm@WSORSThQ(RFQRF’em( OfRt, hey= pk@nfﬁaceuti cal | y

active comaund(s) SN B RO G GO Pt ol e 8y o

obt ai ned, for exanpN&K® )@XFCWD hghemie or nore conmpounds according to the
invention w th knovgs gxGj.Ri.§/bs: R %d % d@l iJngrt diluents, carriers,

di sintegrants, adjuvants, surfactant r's and/or |ubricants. The

tabl ets may® al so Zd%oﬁsSP?Pte@frO%‘ége@%{Ky'I(ﬁyt’é?y§'°aWe(r‘Fsdﬁlé3'C@M'r{Pn ofkY- of a

chiral active ingredi entagjn@sy|4@c;1cg)d‘i|{fyermtar{al|mtqg4 F@;{w aéq{d VI ty t han the
other, it is conte ar.mace a n according to

the invention nay rTBrm §%Cthe?ar°'%18g?ﬁegg‘?ﬂt'%tsﬁ'? e?) WPH@ @!“f?ngr edient, a

m xture 25enri ched wheremeadrod REF amadR® isbptidmellyesbbtiteted wgm emb #adbstituerts pur e
enantiomer of the activ (3] r bRheskst NgQeee enant i omer
of the active ingredi en%a{;@%%@h&’é?ﬂly sJQﬁeﬂr&ﬁE&nt giﬁﬁ ?ﬁoﬁknoreﬁahan 50% to
about 1009%®f one enant rfoRR > JHREHR™ aed iIGRNRAYR edvherin and fr om about 0%t 0

I ess than 50% of the ot Wusﬁf@&hb@é@ﬁﬁdé@%ndéﬂﬂy %&dt%ﬁrdn?gr@%)amyl Preferably,
when the conposition conprises a m X hed in one enantioner of

re
the active ingredient or a piiree é%%ﬁq?yi 6%?Cy‘3f’a"f3flnéc1é}?ﬂhy{/ear¥'ngredl ent, the

conposi tion conprises from newye(C hakyl G4, taad dled(d )akY% of , or only, the
nore physiologically ac t onmer. It
is well known that one Baﬂ}rq\é% n?%ﬂ}r%R%ggowé ﬁﬂ/%écﬁﬁa% géeepeﬁ&%n%y%@%%he nor e
physi ol ogi 8al |y active fsdpstitutesl wnﬂi\e1rta@eeybistttuqntﬂﬁa@bmdgpenﬂﬁmlyeseten@d fomer
enantiomer of the actiye gl el faloallynds -bis .G e NS a%@gdr@al ly active
for a different therapeutlc i'ndi cation: there ore the preferre

enantioneric makeup of tWéCﬁﬁ)é(tCnﬁ(?'éﬂtl cal conposition may differ for use of
t he conposition in wheeah Hegs di4f foer- membér’eeéap@bﬁm anstandatedabnamﬁatucS Therefore,
g 1O O Rl PRRLEREEHL S8 L 6TRASH L L aRBEAaR T 1O [0

t he invention corrprlsesarace cmx dre 6f nd° of orrrua(l)

or a pharnd€euti calN gnd@cept/alsl B-wainberetheateafed, llrl}Awr?&N granemdtice enbodi nent
provi des a pharmaceutical conposition conprising a mxture enriched in one
enanti omer of the compound of formula (1), or a pharmaceutically acceptable
salt thereof. A further enbodi ment provides a pharmaceutical conposition
conprising a pure 15enantioner of the conmpound of fornula (I), or a
pharmaceutically acceptable salt thereof. The dose range of the conpounds
of the invention applicable per day is usually fromO0.001 to 100 ny/ kg of
body wei ght pr ef er abI y from 0 01 to 50 ny/ kg of body wei ght 20Each dosage

T ] . ~rns o




Combi nation therapy is contenplated wherein a conmpound according to the

i nvention, or a pharmaceutically acceptable salt thereof, is

co- adm niwOerwd3m3tth at | east one additional antiviral a&gemtA20iDH©0707

addi ti onal agents may be conbi ned with 5conmpounds of this invention to
create a single dosage form Alternativel?ays these additional agents nmay be
separately adm nistered, concurrently or sequentially, as part of a

mul ti pl e dosage form Wen the pharnaceutical conposition of this invention
conprises a conbination of 10a compound according to the invention, or a
pharmaceutically acceptable salt thereof, and one or nore additional

antiviral agent, bo{dbfg ?&’b QU R ek ﬁ&si%ﬂadf folsHeHro AR easthoul d be

present at dosage |evel's o etween about 10 to 100% and nore preferably
bet ween about 10 arlgiepe9deHty sty N3PHal |y administered in a

nonot her apy regg@e@ In the case of a synergistic interaction 15between the
conpound of th ention and the additional antiviral %ent or agents, the
dosage of any lorat bt cof etribedimett, @ & agmittedond, RYtiealmentrind&RiioR™ way be reduced
conpar ed tog th dgﬁ,ﬁ;ﬂﬂsmor mal |y adm nistered in a nonotherapy reginen.
Antiviral agents | ated for use in syech conbination therapy include

agents 20( conp®iaiei8 I"’or's BF'B‘Ft%fr@HIRs?) -QRa-NEF ORET 1ETPIR/e CEDRRTDI t t he

formati on and/ or regkzlcgﬁ'(RE’G)Rs”OJ‘N(R“)G(E@ﬁRE’? DN @i (Red) paﬂg,and ncl udi ng but not
limted to agents t ei t her host or viral mechani snms

AL ere Wwth
necessary for the f ?’%‘rﬁ c?ﬁoknd)"’g? ®Peplication of a virus in a human bei ng.
Such agents can be I%sélseseteetddfrbmmwam@alkemmlaemm de or nucl eotide reverse

t i t hi Qs i i
21 dovud nel BeTROV 1 - EReR] Tt a?ﬁ%%%g'w%%%géo%'k&<gma'.k¥4-é/ ZER TO
(BVB), | ami vudi ne/ EPI VI R any-SSKadil-riist, ansitati(@idaiyi-ne/ EMTRI VA(r) (G | ead
Sci ences), abacavir/Zl A%BKein)HétG%}he Wa@oﬁueﬁ\@m&uc Yé|BE:AAPé WeacktiRad

Sci ences), apricitabine (Avexa el vuci t abi pe %Ac i and OBP-601
(Oncol ys), amdoxovir (RESCPHGERR)selessdNRRE & o d?ler?fi?é?de Yrgigdy ever se
transcri ptase inhi bitor spsaturefeddr algmlam hme‘bcyclerhat/md 1tt®@3 heteroatoms each

nevi r api ne/ | RAMUNE( T ) SCRI PTOR(r)
(Pfizer), &t avi renz/ SUngr%&%Hd)eﬁlt B{\%)C{%ggtop]gd\)/lr@ |a?1e§ %@E%N%Eé 5)6 (Johnson &
Johnson), rilpivirine (Jshbssd @iudphsiosturalgl.ol83MaBd heteppoayyle 4adnRDEAS06
(Ardea Biosciences), | DXt89%efeldatoms eacRifbSaRIEntyRicBick @bm o MEhtds.ng but not
limted to ritonavir/NORVIR(r) (Abbott), tipranavir/APTIVUS(r) (Boehringer
I nge! hel m), saqui navir/ R\ RASE(r) (Hof fmann LaRoche),

nel fi navi r/ VI RACEPTR® )s iff Eidhzake mdep“edumwlséue&lélﬂ Ko AN (BN sk,

f osanprenayi r/ LEXI VA(r et zanavir

51 opi navi r;{(%(ALETRA(r % %ototf}( an% 'So noé'\?{]r ﬁ@lzéf&fﬂ ﬁé%lrf%rﬁs&

Johnson); entry inhi bi teeqcfslndmhdﬂntlmgelb@edinm RFY, halo.eGNt ©R® *ant agoni st's

including but not Iimtegy Ray asoaq]/ds(%ﬁ?gdgﬁhé(mergﬁfl zer), vicriviroc
(I ncyte

(Scheri ng- Pl ough), | NCB@% Pfi1zer PRO 140
(Progeni cs Pharnm), GSK7GE789 %%K?SG ifepondengg sqiested feqny H, éﬁ%ﬁ@%ﬂ and TBR- 652

(Tovira Therapeutics); CXCRE,QJyaeHM, $¢338)dya65|k5ﬂu(@g)almyt_ dmat limted to

AMD- 11070 f t t | ted t
enfuvirti déﬁ&éﬁgﬁ% r) ('lIJ'?: (r)rg?rly‘;& ng@ 3\ aingigl k’&gé)gg%l ' al Ibtrjnw retl dg

(Frontier Bio), FRI-1144 (Tr Wh@’ﬁlﬂﬂ'}e‘t apdhithe Het pation ofrl-lBItMLBWybme inegcH im t ed
to BM5-488043 (BMS); integra ted to

ral tegravir/ | SENTRESSO ( Mer c%ﬁge Iﬁb{é\b?ﬁ[&eeg{%ﬂ@r&gg %Q?TQ%5 bcgtgl r@ﬁﬁ%és§dn GSK1349572
and G5K1265744 (GSK), JTK- 658At{raigedaysTyrmiecte)aromalit hetercyele b24ng hgtdur at i on

i nhibitors including but nothtkmhioRd ehén meypehumysélwéd A6k G RedndGs) |

vi vecon (Myri ad Genetlcg%@g % 53@ agents incl udin é)
{500 0% evam sof ef SRR (% WAY'S 2SR A At GRo BikpenGHe PP ER T o
agents including hydr oxyutmmxeorwmmvuomsrmpstltden&,ealch+n]japemdnt;yesre$aﬁedﬁnnhe 25
Furt hernore, a conpound ac i p v th at
| east one ot her conpoun(ﬁ&a%a?{ ?(ﬁ@%@ﬁafogk ﬁre]é"?né ntl on Fg\#r}(w)taﬁ@%new mor e
antifungal or antibact erNRC=yEnt)8IkYli ncl udi ng but not limted to
fluconazole). 30Therefore, according to one enbodi nent, the pharnaceuti cal
conposition of this invention additionally conprises one or nore antiviral
agents. A further enbodi ment provides the pharmaceutical conposition of
this invention wherein the one or nore antiviral agent conprises at |east
one NNRTI. According to another enbodi nent of the pharnmaceuti cal
conposition of this invention, the one or nore antiviral agent conprises at
| east one NRTI. 5According to yet another enbodi nent of the pharnmaceuti cal
conposition of this invention, the one or nore antiviral agent conprises at
Ieast ~one pr ot ease |nh| b| tor According to still another enbodi nent of the

o " Y



invention, the one or nore antiviral agent conprises at |east one entry
inhibitor. 10 According to a further enbodi nent of the pharmaceutical
conposi t iwo 20f0/1338 | nvention, the one or nore antiviralPCaga2d10000Mri ses at
| east one integrase inhibitor. METHODOLOGY AND SYNTHESI S 15The synt hesi s of
conpounds of formula (1) according to tli3s invention is conveniently
acconplished follow ng the general procedures outlined in the schenes bel ow
wherein a, Rl, R2, R3, R4, R5 and R6 are as defined herein. O her
procedures by which conpounds of the invention may be prepared are well
known in the art or are set forth in the exanples below. 20 Schene 1 6R6
11 Internmedi akggedl, wherein a, Rl, R2, R4, RS> and R6 are as defined
herein, L is a |eaving rougmlncludlng but not, limted tq iogo, brono,

chloro or -0TfIn aéWGStI@”P Sbled S %@oﬁp&?ﬂdﬁd%%*?fef‘tr%‘ﬁ%é?ﬁoﬁfy used
protecting growoﬁgameEarboxyllc acids, 25 |nclud|ng but not limted to a

met hyl or ethyl est ek d.in £S5, |dsh gse B | $ R defi ned
herein and Mi shee'{em%(’)u's Sg'lem {) rlsfacj)r&%eactIi W‘?:[?ﬁ& 5%( C§>| n a coupling
reaction, such as aC(FCW)MRS“)Rﬁ‘oMR?“ (F@B"%FN(R ﬁ)@(eDt)l‘dlﬁRr’i“ %at\d not limted to
-B(OH)2 or a boronahgﬁggpngkmcwq@@g but not limted to -B(OCH3)2 and

- B( OC( CH3) 2C( CH3) 20), w?ereln Ris (Cl1 _6)al kyl; or -ZnX wherein X
is halo, are comer |§FP§C§93PWJB #d GeoakenyhrBpar ed by reactions wel |

Iénown in the ?rt OrRsa&ds‘érébteﬂ]?bthl Dalkeceysrpbreg, (b@g)ew:joatﬁ)%mbeig%mﬁ
erivatives of conpount (J red by we nown
coupling reactions of ﬁp@ ﬁ@gﬁé g W&aﬂﬁqrgﬁc éﬁ@fudlng but not linmted
to Suzuki ¢¥oss-coupli ng/hbeim\leﬁranatttmdﬂ&jrppmoaoi Ketd .. Hakydree & eash ease

derivative Ill and a 5 Reugots erivative |Il; copper catalyzed
U | mann cross-coupling E@% r@ﬁﬁ%ﬁocggﬁP&Etlves I and [11; Negishi
cross-coupling between a ryI I enty d an do triflate
derivative Il; and Stille, égﬁge Kik an Ngryl ti d@;§u||| and a

brono or iodo derivative FI” Tﬁb proﬁbcted prodﬁcts ofothe cdupling
reaction are then deprotected, for exanple by saponlflcatlon to provide

conpounds of formula (I) 0 Ab rn h 2 bel ow,
internediates IV and V, %g 1, _R2 [j;% 4%JR5[ERB and P are
as defined herein, may beScoupIéd usi ig thencross¥coupling, nétho

descri bed above, followed, by deprotection, to prOV|de conpounds of formul a

(). 15 Schene 2 iher co aﬁ.aﬁ\ v-ere|n ais
a single bond, R6 is absg R2, '< akd re a |ned her ei n
are convenlently prepar ed"usi ny t 20gehera proéed e il MNustrated in

Schene 3 below. Schene 3 R RBORAICOX2 HR5 NRL |a | nt er medi at es VI

and VIIl, wherein R1, R2,N 4 and as defined herein and Pis a
sui tabl e protecting grouﬁm/ kno t e art, are commercially
avai |l abl e ¢« bSare prepare reggli o &ﬂOMﬂ in the art or as set

forth in the exaanQ§
is in each case independently selected from H and (C,_3)alkyl;

wherein each of R* and R® is optionally substituted with 1 to 3 substituents
each independently selected from R*, halo, -CN, -OR®, -SR®,
-SO,R%, -N(R*)R®® and -CON(R®*)R®, wherein
20 R% is in each case independently selected from H, (Cys)alkyl,

(Csg)cycloalkyl, (C;g)cycloalkyl-(Cqg)alkyl-, aryl,
aryl-(Cq)alkyl-, Het, and Het-(C)alkyl-,
wherein Het and the Het portion of Het-(C, ¢)alkyl- are in each
case independently selected from:

F@ @ SRS @,

25



bel ow. Internediates VI are conveniently transforned to internediates VI
using conditions well-known to those skilled in the art, including but not
limted twoaoBmsoegpashi ra coupli ng between internmedi at es PUT/GN2010R80707
Internediates VII and VII1 undergo a cycl ocondensation reaction under well
known condi tions, including but 10not l-i2fited to reaction wth (CF3S02)20
(triflic anhydride) in the presence of 2- chloropyridine to give
internediates | X. Deprotection of internmediate I X, followed by oxidation of
the primary al cohol using conditions well known in the art, including but
not limted to oxidation with Dess-Martin periodi nane foll owed by sodi um
chlorite oxidation, provides conpounds of formula (l.a). 15 It will be
apparent to one skilled int t a oundfof)formula (I), or any
of the internmediates Il to XUipvol¥ednn ‘it preparati on, wherein any of
the substituents a, Rl, R2, R8N R4, RS and W6 has orle peani ng as defined
herein, may be transfor 0 | Lo any of
the internediates 1|1 (@?“ﬂ nvofgv\tgggrerﬁ)%%gm‘?wgarcgﬁggea'bg%eﬂdén IgbBtPOnal ate,
wherei n any of the substsubatlemdsmﬁﬂﬂmﬁ suRgtitueRBs, ey indRE:ndlAdllyREekigd fram

di fferent meaning as def(¢r%e£kyheé Hg“oaﬁ(gn RAY. -BE 88, |r\}’((c§3%ﬁ1k9?'a%'at step in
t he preparation. Exanples of transformations include but are not
limted to &l kyl ati on, CW%P&%QCOP?G"JSY' an aromatic primary amno group to a
chl oro or br onRslﬁuBstl tuent using a Sandneyer reaction, and reductive
dehal ogenation. "Tn addition, 25the substituents Rl, R2, R3, R4, R5 and RS
may be prot ectlact Bas/coe edbpdlm'eetca @&ch ddublerttoed rREd$ ansenisatneﬁ i $BI¢CI®I

prepar ati on offremconpound of forrrul a (1), as will be recognl zed by the
skill ed person. Exanples Qher f of t pre t invention wll
becone apparent fro e floLJl ow lim | es whigh-illustrate,
by way of exanpl €] the prinrciple t elnvetlon 5It wi |l be apparent to

a skilled persowthat~the prhocedyr
appropriate nodisf i cations, " t'a/prepar e'“<oﬁ“her
described herein. As is

-II own to a person skrlled inthe art,
reactions are perforneg
to nitrogen or

nert 10at m)sphere (,l ncl udi ng but not limted
air or noisture

n) ere ngcessar to pro tron co nents from
i i SFénperat \.gqr/*\r n de e I siy Sol uti on
percent agegp and ratios ‘e pre Na wol UHE to volame rél atr dhe g, unless

stated ot herw se. /’?h chromat ogr a hy is carri ech out on silj ca gel (5i02)
ra

according to tgﬁ\ re ‘t aI Org emN (1978), 43,
152923. Mass spece anWre reg d ectro rprg)) mass
spectronmetry. A nunbfer of Y nter rredl dte nd f| naI pr%ducts are purjfied

usi ng Conbi Fl ashO Conpani on or appar atus, purchased=from Tel edyne |sco

I nc, enploying pre~pa ed silic cartridges and d hexanes as
sol vents. Theserr d es @ avarl bl e er | T om \Siy cl eYnc
(SiliaFlash, 40-63 pmsrlrc or fromTeI 0 I sco \(Redi Sep, 40-63 pm

silica). Preparatiyve HPLC'is carri ecL out under standard conditions using a
SunFireTM Prep € ~8J D 5-pr ver ase col um, 19 X 50 mm and a | i near

gradi ent enpl oyi hg 199 FA adet oni gr | lle an /6I'FA/ -as sol vents.
en apllc bl e. ternatrvely,
r stan Rondi tiens’ usi ng a SunFireTM

Compounds are i at ed FA sal
preparative HPLEAs carr out u

Prep C18 OBD 5 pmreverse phase 'colum, 19 x 50 mmand a |inear gradient
enploying 10 mM a formateHl n H20 (pH = _3.8); and MeOH
Alternatively, pre t| e HP iN carrle nder standard conditions
using a XBridgeTyM Prép CI8 OBD revm %x 50 mm and a
l'i near 30gradient enploying 1 arrm)n u Di car bon 6. (pH = 10. 0);
and MeOH. as described in the foIIowr ng table (Sol ventoA is 0.06% TFA in

H20; solvent B is 06% TF (m n) Flow( nmL/ m n) Sol vent A
(% Solvent B ( 215 98 N

V be used, with
rf e invention as




50 50 10.5 3.0 0 100 11.5 3.0 O 100 b5Alternatively, analytical HPLC is
carried out under standard conditions using a SunFireTM C18 (3.5 pm 4.6x30
nm reverweo 2ptuaiseodgol unm at 220 nm elution with a | i neRCTHrA2dioen00702s
described in the followng table (Solvent Ais 0.06% TFA in H20; solvent B
is 0.06% TFA in CH3CN): Time (mn) FlowZ5m/ m n) Sol vent A (% Sol vent B
(%9 0 2.598 2 0.6 2.598 25.52.550507.33.00 100 7.9 3.0 0 100

Al ternatively, analytical HPLC is carried out under standard conditions
using a SunFireTM C18 (3.5 pm 4.6x30 nm reverse phase columm at 220 nm
elution with a linear gradient as described in the follow ng table (Solvent
Ais 0.06%TFA in H20; solvent Bis 0.06% TFA in CH3CN): Tine (mn) Flow
(nL/min) Solvent A (% Sol B
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02.598 20.6 2.598 2 3.4 2.550504.53.00 100 4.9 3.0 0 100
Alternatively, analytical HPLC is carried out under standard conditions

usi ng a SNORBRDreBM3C18 (3.5 pm 4.6x30 nm reverse phasePCOIAaNa00220 nm
elution with a linear gradient as described in the follow ng table (Solvent
A 10 mM Ammoni um 5Formate in H20 (pH =-3268); solvent B MeOH): Tine (mn)

Flow (nL/mn) Solvent A (% Solvent B (%9 0 4.0 98 2 2.85 4.0 0 100 2.86
5.0 0 100 3.60 5.0

R®/R%-E:
5 In at least one embodiment, a is a double bond, R® is absent and R® is R*' or
-(C1a)alkyl-R®";
wherein R® is selected from R%, -OR®®, -C(=0)R®, --C(=0)OR®, -C(=0)N(R*)R®,
-N(R*)C(=0)R%¥, -N(R*)C(=0)N(R*)R™ and -N(R*)C(=0)OR®®; wherein
R% is selected from R® and (C,.s)alkenyl, and
10 R® is selected from (Cq.s)alkyl, (Css)cycloalkyl, (Css)cycloalkyl-(Cq.s)alkyl-,
aryl, aryl-(C4)alkyl-, Het, and Het-(C,)alkyl-,
wherein Het and the Het portion of Het-(C, ¢)alkyl- are in each case

independently selected from:

SN GRSRCRSRe

15
N s
O <1 0 10 <O
N N o} S N
N N S
\ =N O/
, H N and N
and
R® is in each case independently selected from H and (C)alkyl;
20 wherein each of R*? and R* is optionally substituted with 1 to 3 substituents

each independently selected from R%, halo, -CN, -OR®, -SR®®,
-SO,R*, -N(R*)R™ and -CON(R**)R*, wherein
R® is in each case independently selected from H, (C.s)alkyl,
(Csg)cycloalkyl, (C;g)cycloalkyl-(Cqg)alkyl-, aryl,
25 aryl-(Cqs)alkyl-, Het, and Het-(C.5)alkyl-,



0 100 Alternatively, analytical UPLC is carried out using a shorter run
time using an 10 AquityTM HSST3 (1.8 pm 2.1x50 mm reverse phase col um at
220 nm eavotoom3msth a |inear gradi ent as described in rh@/dAabiomodrog t abl e
(Solvent Ais 0.06% TFA in H20; solvent Bis 0.06% TFA in CH3CN): Tine
(mn) Flow (m./mn) Solvent A (% Solverit7 B (%9 0 0.9 98 2 1.5 0.9 50 50
2.6 0.9 0 100 15AIternatively, analytical UPLC is carried out using a
shorter run tine using an AquityTM HSST3 (1.8 pm 2.1x50 mm) reverse phase
colum at 220 nm elution with a linear gradient as described in the
follow ng table (Solvent A 10 nM Ammoni um Formate in H20 (pH = 3. 8);

solvent B MeOH): Tinme (mn) \'A:/hé)r\é{n(l-mt-éﬁ'a f% I-@?béfrﬁmof/ﬁe@?@q SV erdinBaéd 0 0.8
95 5 2.30 0.9 0 100 2.32 1.0 O 100 3.
case mdependently selected from:

SRR Wl sWsNe)

\@“(ﬁ

@ | N @ and N

5 wherein R*® is, where possible, in each case independently optionally
substituted with 1 to 3 substituents each independently selected from
(Cqe)alkyl, (C4s)haloalkyl, halo, -O(C4s)alkyl, -N((C+¢)alkyl), and
-NH(C=0)(C.s)alkyl.

10  R%R°-F:
In at least one embodiment, a is a double bond, R® is absent and R®is R* or
-(C15)alkyl-R®";
wherein R® is selected from R%, -OR®®, -C(=0)R®, --C(=0)OR®, -C(=0)N(R*)R®,
-N(R*)C(=0)R%, -N(R*)C(=0)N(R*R* and -N(R*)C(=0)OR®*; wherein
15 R® is selected from R* and (C..s)alkenyl, and
R% is selected from (Cy.g)alkyl, (Ca.s)cycloalkyl, (C.q2)spirocycloalkyl,
(Css)cycloalkyl-(Cq.g)alkyl-, aryl, aryl-(C4¢)alkyl-, Het, and
Het-(C,.¢)alkyl-,
wherein Het and the Het portion of Het-(C, ¢)alkyl- are in each case

20 independently selected from:
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0O 100 Abbreviations or synbols used herein include: Ac: acetyl; AcOH
acetic acid; Ac20: acetic anhydride; BOC or Boc: tertbutyl oxycarbonyl; BSA:
bovi ne sewormw/3ositn; Bu: butyl; DABCO 1, 4- 5di azabi cy®Co[CA22102p0m7 ane;
DBU:. 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene; DCE: dichl oroet hane; DEAD: di et hyl
azodi car boxyl ate; DCM di chl or omet hane;- 2BI-AD: di i sopropyl azodi car boxyl at e;
DI BAL: diisobutyl alum num hydride; DVA: di nethyl acetam de; DMAP:

N, N- di met hyl- 4- am nopyri di ne; DVE: 1, 2-di met hoxyet hane; DWVF:

N, N- di et hyl f or mam de; DMSQO di met hyl sul f oxi de; DPPA: 10di phenyl phosphoryl
azi de; Dppf: 1,1 -Bis(diphenyl phosphino)ferrocene; EC50: 50% effective
concentration;eq: equivalent; Et: et hyI Et 3N tr| et hyl am ne; Et 20:

di et hyl ether; EtOAc: ethy ace LC f per f or mance
| i qui d chronmat ogr aphy; I bll\ | on; | ot i-Pr:
1-met hyl et hyl (iso- prop L| HNDSH Lit Lh'n hexarret hyl alidsi | &zi de; ;Me:

met hyl ; MeCN. acetonitri hg; 15MeOH et hanol MD1: multiplicity of
infection; MS: nass §pect rometry (ES: elect rosP ; n- BuC]\la sodi um
n- but oxi de n- BuOH: Rnispieaghsiase wderenpently splagtgd Trem g gk

N- et hyl pyrroli done,vheWReadw R&nd rmg.e@bmcﬁqanmame@w&m% 3 mmpyms Ph:

phenyl ; PhMe: tol uene; rot ectin ro 4 ro Roswel | Par k
Menorial InStitute (cel Ieaf:'h' fehea %&?ﬂ%teéjgﬁm Rr&oﬁﬁ‘? §ﬁp&'§g)l\$%&;e
20( approxi mately 18C t 0-268%, I\SRF“)BEPand IQONREYRY ivetlereiT BTU:

Cert-butyl or & butyl: Toue mgeetpite EdETRnY sl i Lol B OPP Oy T
TF20: trifluoronet hanesul f on(%s)évm%m o creipali(G flallok- et i ¢ aci d;  THF:

tetrahydrofuran; TLC: thin |ar3§ﬁc189|'kgff@-fe9%@ﬁ@¥ Cy gi( |UPLC uI tra hi gh
performance |iquid chromat ogra ﬁ.l OF COVPOUND 1029

(TABLE 1) &ep 1: 5A nixtur¥h F%é'leaéﬁ?ﬁi‘@ Heép?@o%@f"!ft (%8)‘%‘%%? Inegehbpar ed
according to Mchel, P. and tasgindBpendentBysddeesiifon2003, 10, 1598-1602),
phoshonate |Ib (6.6 g, 34 nmml) and K2CO3 (8.8 g, 64 mml) in MeOH (125 nl)
is stirred overnight at RT. The\ m@ I 8, corfcent r a&cy o\dryness
and the residue is partltlone vDet ween ﬁ%o (2%5Q4M) E GNrrL) The
aqueous | ayer is washed with Et 0AC (2 X 250 m_) and 10t he conbl ned: or gani c
| ayers are dried over anhydrous Na25 4 and oncentr ed to give al kyne Ic.
Step 2: A mixture of alkyne {cx{5 g, Zﬁi\:\ Q;FA (35 L) and water
(3.6 m.) is stirred at RT for 30.NTI re is concentrated
under reduced pressure and t he" resi cNJe is urlamded "by: Combi Fl ashe

Conpani on to give diol mereﬂl@qgls:)’wher@‘pgglm 'u%‘acﬂfcaﬁjd |9!:Iep1eqde(nllygpt9)naﬁy4 mol )
and Et3N (1.7 nm, 12 mml%m DCM (80 i's cooled to OC under :

Tri net hyl aé®tyl chl ori d&UpEtURipsth HP&p?HP%‘E“e@F?oeatché‘dP%@P'ﬁtiyr?@'eSW)(rf’ﬁ‘r eis

al l owed to stir over ni ght, fikyRTC, sJHa@alkgianild,00(CS)atkye N(Ed)awyh areOH (100
m.) and stirring is cont,wg(tteg)%(fﬁé}g Qout 20 mn. The mxture is concentrated

under reduced pressure a ue is purified by Conbi Fl ashe Conpani on
to give the desired nono ester le. Step 4: 10ln a seal able reaction fl ask,
a solution of EIb‘i’np‘P&sQa%Le@éf e'd%u?dze%gu émﬂac%urﬁé\?égfme p@s%@m%ﬂ?ﬂoha%@t Anber | yst O
H 15 resin (150 exane IS COo0 C. I'sobutene is then
bubbl ed th?‘bug‘i‘?”'ﬂ H\eth%&"%W'P%Wbl?nwmre'!‘Wéchlﬁlbé%erﬁﬁfﬂ%)@fW@I”XPOH'B\?B! i&8s. The
tube i s then sgdahedacddrdiyabtnetfiffiorRdt fofih Shdver ed overni ght. The tube is
then cooled to -78C, is opened and brought back to RT. The m xture is then
filtered 15through a plug of 5i02 (Et0OAc wash) and concentrated under

reduced pressure tOpRbaNinfiRt )unRe tlergz butpd et Rer | ligoret eprBR® 5ol i d
Pd( PPh3) 4 (444 ng, O- 3E8-i1_) Mo }R1O}Q“L ﬁé:lIA (I%étg ”‘ﬁ“-AG' 76"309"e1‘|6:||. IIQSIR%EAC added
E-2 R'“A | R%A | R>A | R%“A | Core-A | R%R%B
E-3 R'“A | R-A | R>A | R“B | Core-A | R%R%A
E-4 R'“A | R%A | R>A | R“B | Core-A | R%R%B
E-5 R'“A | R-A | R>A | R“D | Core-A | R%R%A
E-6 R'“A | R%A | R>A | R“D | Core-A | R%R%B




successively to a m xture of Ig (10 g, 34 mmol) and al kyne If (11 g, 55
nmmol) in 20 DM (23 nL) and Et2NH (115 nl). The reaction mxture is
stirred owernmiogisvoat RT and then concentrated, diluted WCTICAEDAOIHOI00 nl)
and washed successively with brine, 1 N aqueous HCl and water. The organic
| ayer is dried over Na2504 and the resi-dide purified by Conbi Fl ashe

Conpani on to give al kyne 1h. Step 6: 25To a m xture of

3, 4-di net hyl benzal dehyde (1i; 500 ng, 3.73 nmol) and Et20 (12 nL) is added
et hyl magnesi um bromde (3M 1.4 nlL, 1.2 mol) dropwi se. After 15 mn, the
reaction is quenched with saturated agqueous NH4Cl (50 nlL) and the | ayers

are separated. The g Eggiim%n'k V&R isﬁfShﬁ% . Sat 06,%%?””%?{&205 NH4Cl (50

m.), dried over Na pncent|r glve the te benzyl

al cohol . To a 30m xtur@7of t hiR-AmatR%:¢ al R&Ad| BEW iR/Riaded silica
gel (2.2 g) foll owed tﬁ/apyrl jlr\nwrn,ghéor ReRr praie [ ( rEre.gnol ) . The
mxture is stirred-+er—45—+handrthe mxturulpfs f.é.nteref through a plug of

silica (3 x 1.5 cm) w8h i s|theh |WAsheldRwht h ROBV| (§uedl |RTRSA hi). The
filtrate is evaporatedcye dr /rpesgs tp@z gi vR3 hhnr\iﬂg ermglpat RSetphe. This
materi al i s conbi ned—with—soth Hm ché atie kLUL)RIM-q] 1T 25—m Us\ pY-Ul)

hydr oxyl ami ne hydrachIFoi] de (8% *g . R1¢25R1ifio NeErA 0 BRvA | and i s

heated to 85C in a|sea-e¢2l tubR-pAfjtREC 1 R:-At p®RUDeactdrem i| R°*MCIBOWWved to cool
to roomtenperature a CONCEergrat nt N el | ) ' roduct is
purified b;rpConbi F nc%ﬁ 1'\rrp:ar‘1?'\éjl el?\zgl Ve 3'§h= Rﬁ% ;méqﬁgi%;)R:Ier:{Q’s 5re of cis-
and trans- isoners, 58&®p 7: | BABri|xRdBe Bi-DokiRfE 1jCqre0 |RJIR°E '3 mml) and
Phve (1.7 L) is degagsgd by| Ryl L@‘JD'\ZRQBS tthBoquger)@ q@}RmLP on for 30
mn. Ph3P (0.23 g, 088 wwel—ts—addedandtne_Axture—stirrea—or 10 mn
at RT. Ac20 (84 pL| 0Es% nmol R'iB |dRiddd BB | ReDi ¢Ued i| Rk [ed at
reflux for 16 h, cpol gq# o r OgNE enpen at rF-p armd_g:orc&elprcltﬁmslm 10vacuo. A

m xture of the resfdu MeOH (i) —apd—exces s K28 (206011 5 stirred
for 1 h and the netha Ié \eﬁﬁg/nRiA v§c‘ o %Aﬁg‘gb' 3 Eiﬁcﬁ ssol ved in
Et OAc (10 nL) and wat e#-1¢5 nl)R'-CTheR%BA gaR?-0 i Goreats NRIRAE h wat er,

concentrated and pOTTTE Sgl DY @r ||—|§ﬁéneR§:Rrrp§2_ﬁpr é&ﬁzﬂneRsﬁ{{lpba 1k as a

m xture of cis- andtrans- | $orers- t nmol) is
added via syringe pverE-21ni n| tR-G |sR}ArleB’-Ai kiRie SForarh clelekR b5 ng, 0.27

mmol ) and 2-chloro yrq._dh@e (34;1;&., 286 RRRl ) R4 [)Ca(_l,r@()‘ 1 ¥lre_iat - 78C.
After 5 mn, the ruau.u.. HHask—+9 lgd' acetdtran—te¢e—water—hath—and war nmed
to 0C. Alkyne 1h (89 rfr230. 19 Rirfol))RiA DBVA( DR )Ce&-AddetR’ B a syringe
20and the mxture |s aEIzpred tR-ovarmi-¢ 0 RTA AR‘N | stdresA NRSRSIA BO min, Et3N

(1 n) is added ang—tt Xt T OLat et Lo uryness. | & bsi due 1S
di ssol ved in EtO0Ac (1(‘§ ) ﬁvéa hﬁgw R aﬁn'% ‘I%?nre?ﬁr%{# B byer is

dried over Na2504ahd cEeZﬁcent e |aREC t hB-Aek iRdEe | i Gorpud i FREERI-Aoy
Conbi Fl ashe Conpan|o i ng [CI o~ T3 25 g I BRsje THF (2 M 470
pL, 0.940 mml) is EQQJV ﬁ!o. { fﬁ% nB A IR?}% (%OIE.AB %J).%A nmol )

di ssolved in THF (.’). 8- 2ﬂ.) a1d?1tQ1; R'eGict ROA mRiZ"LQJr Corg-AeRBI-A p 85C and

stirred for 30 mn E@C@s r eggeant ﬁZSCQURF]_ﬁhD(ﬂ{ﬂM' t I"b(l,-,l@JA (ZkSIﬁE)B and t he
m xture neutralizeg—wth P\l&Hﬁé -0 é"‘l"l_) aklu extrag ted—wit tSGA., (3 x 10
q

nL). The 30conbi ned ofgdhic R dRi-Bd| &/ [ \eor8du | iR ohcent r at ed
to give al cohol 1m StEe:p| 10: | ADess-RBAt| R-pef iIRdd nao@e{/1 RFRS-FO| 17 nmol ) i s
added to a m xture[O COo 43 o9 o094 ot X and TREMs(L] 7 ).
After 2 h, the rea’*fl mef lrli' q R?ZF rgn'Pr q:@', f%%re'p)bc' igj'(ql-: di ssol ved
in 1:1 THF/ t BuOH (2 mE}33 and i RED hy R3-2- | IRitEeneCqreM i| IRTRE | 0. 75 i,

R'P ¢
0.75 mmol ) is added. @§fpar atRe_[in Xﬁi‘lﬂewﬁf-c!\laﬁ]‘%z (go’lrer)gg ol ) and

-
7|
;rﬁo

NaH2PO4 (71 ng, 0. 59—+mwel)—ih A aade he_tirst mxture
and the mixture is| stifrd%ed af REP |ARtBr| BOCH] R-B heCorst uRERS Hil uted 5
with water (5 nL) andge3d r act qd.pM|t ge-it Oﬁac( B RELD ddek-A THE/REIQANI ¢ | ayer
is dried over Na2SoA—ang contentratesd—The resi;due1s purtfie y
preparative HPLC to_giv¥ conpdult 185 (Fabl £ MPE | SRA £ BNISYNTHESI S OF
| NTERVEDI ATE 2H Step 4 Step 1: To a solution of sodium ethoxide (1.48
L, 3.74 nol, Zé%ﬂkﬂé@dfmoaﬁkﬂarréﬁ cdRlpdufdPskd6iding t& MhsUhvedtiorPdre Ah& $idie

rret hyl mal onate 2a (645 nL, 3.72 mol) in anhydrous 15 PhMe (330 ni The
resulting solution is stlrred for 30 mn and a solution of ethyl 3-

am nocrotonate 2b (485 ni, 3.71 nol) in anhydrous PhMe (490 niL) is added.
The m xture is stirred at reflux for 39 h, EtOH (1-1.5 L) is renoved by
vacuumdi stillation, the mxture is cooled and water (1.6 L) is added. The
m xture is stirred at 40C for -2 h, then is cooled and the phases are
separated. The aqueous phase is washed 20with PhMe (2 x 50 nmL) and then
adjusted to pH 5 6 W|th conc. HCl. The SO|Id |s flltered and drled to

Y Y N 1 I L T - ~ ~ ~ o o Y I L T I L ~




collected by filtration (HBr salt). Step 3: The bronmopyridine 2d (191 g,
HBr salt) is heated at reflux in POCI3 (850 nL) for 18 h and cooled to RT.
The exceswORWDI304338 renopved by evaporation and the resi #ge/daopaeemd ont o
ice. The mxture is adjusted to basic pH using 10 N NaOH and solid 5NaHCCS.
The m xture is filtered and the filtrat-eétextracted wwth DCM (3 x 800 nL)
and dried over Na2504. The solution is passed through a 5102 (600 g) colum
and concentrated to afford 2e. Alternative procedure for step 3:
Bronmopyridine 2d (370 g, HBr salt) is heated at reflux in POCI3 (1.25 L)
for 18 h. The 10m xture is cool ed and excess POCI3 is evaporated. To the
residue is add&gnd:’nﬁ(g)@lgd ,(]J(h62f0||f),v®n1egbtegq tgxture is heated at 150C for 28
h. The m xture is allowed to cool to RT and poured onto ice, then adjusted
to basic pHwth solid Na2CO3. The m xture is filtered and the filtrate is
extracted w t huit&Apelificaty ﬂnaﬁ@teauhmu@lfoiuetde@pafﬂcbmwétrwu:bpfehdetdeﬂraads The
filtrate is pagslt\a/g Ehrérouag%ra 5|002 6 ||%?1co?n0|aus a% rSlSr(]:é)%ﬁggrtrat ed, and
the residue is®eriturated V\nlt'ﬁ‘En Ve t’%eg)a PPitrate is
concent r at ed aMIC¢wmdbe@detb§ﬁl @omBHSReasmnmmarﬂla@teremag$\EéZaomer@ond crop of
2e. Step 4 T RisdMbr Fe%ﬂlhﬁ’%fr(l}?ﬁ Qﬂg&%lb%este(r$gl$engstnpat%Jc%lrémleatellfBr\ﬁl'ﬂEWdr ous
THF (1.14 L) is added Cu(l resulting mxture
at RT is addedSRepfipgierioqnpistry isow ﬁ‘he”"’ﬁﬁe%‘:%?d aild(gaqgmap?s-ﬁpmofoq,sé/yellgo m n.
ghg7m xlt;Jr_e ISaﬁﬂngQN‘&ddnHﬁIe&hi srofddiond ohthe BBSdMNtE eBittiomeax mageéasfre (80 ni,

: no is a and stirring tinue eaction is
uenched w ¢h SETPADES kB ahinad e ok Bty e 0h BTt 8t 2ot e
wi t h Et 0Ac1q 3 snabti®ndry exifthe organi c extract is dried over Na2504, 25and
filtered. The extract is passed through a 5i02 (300 g) colum, concentrated
and the residue is purified by Conbi Fl ashe Conpani on (Et OAc/ hexanes) to
afford 2f. Stelpisavel-krpwrindhsartihat e biekgisal ape phamagologicat agtivipPha i n anhydr ous

PhMe (400 nl) édnpduid Reekeeo merswmhaﬁtsﬁpmtﬁé @&Iﬂoo@ﬁ&llmgﬁdor\/éxbﬂﬁplé magnetic
stir bar, addition funn

R e o S et LR 1
W th stirrihg. linfited tortlifféreneesiirs pleoobedinetic prap<itiesnthcladia® buttniodlimitel to

cat echol obor angef 30 ooy Sudhe JABETRL ol Byl Blo808cs PAGeAL) wfpdled over

a 2 h period. i's con ued
al l oned to warbatnet |m1t5¢tcath@|t34p§ ofiadtivityedsniaven. the deareq W@@t'm)toﬁﬂw @l@'ueous

Na2COB8 (15 wt i ike3FHudrbhe sKilka mhétaHr\Aﬁﬁl ép‘-bre%'idté fhﬁﬁon‘é'eﬁ@ﬁt%%lrbha QE mafk M N,
and the organic phase i s separated d washed aqueous Na2CO3 (15 wt %

2 x 200 rrL vi Vo OIsM3L Pt hgneigial %ff?cﬁfnmﬁ‘eeée'ﬁchtei’ﬁ%ﬁt'vaﬁfathaahhébus NH4CI (15
w % 2 x 300 edantihg@i atisn sdparatédigpni thie oB{dr hantieaeh Atiditiampally, he skilfegami ¢

| ayer is separ 0 300 . i i c, and
concentrat ed Itﬁi@\%gwﬁﬁﬁﬁﬁ hg\mo %e%gra% %%m(hi’ grl See%)cg\%%)c%*%a?%h\gsehgnt&n%an| on to
afford 2g. Ste@ftige conmonnd@tqutme mesezgln(/@@mssfrgp thds dig@oswiret ndthelknowtirdgg in acet at e
(2.4 L) is coolgdqtin an ice bath, and perchloric acid (70% aq) (300 nmL) is
added quickly. The flask is sealed 10and allowed to stir for 6 h at -0-5C
The reaction is quenched with a saturated sol ution of Na2CO3 (850 ni) and
the nixturesi speghrtdred plie swdT’etﬂsoerarWetd'l efgHtibfleNBACTRstelddtned, St tlxGiIrésS
filtered, the or alnldc lr?tYo o Xcesg eeﬁg trllo etﬂhe atguelrouso ﬁ?‘ ﬁxtract ed
with EtoAc (3 % %78BIRfog ¥ FERRIOnE PR AR AT R EITEAPY at ed. DoM
i s added to theneresicieef thsqthanhmetiioss ofr(@ separkiidnt @resdlutigmef epagtiomers, Dbphase i s
concentrated apde M.bsfale%ﬁve@hmgs.g pﬁommoﬂaefm HERAN Al dribeRbe! Et 0AC: 1%

to 30% to affofd 2h (>98 chiral HPLC) and recovered starting
mat eri al 2g. EKQWPLE“%S‘?ZBSOS*FR!TF‘E@]OSS esner Y e EDFrPEScadaitisn@ngiqclude pr gr  3f 3e
3h3g 30  but are not limited to chromatography using chiral stationary phases,

enantioselective host-guest complexation, resolution or synthesis using chiral
auxiliaries, enantioselective synthesis, enzymatic and nonenzymatic kinetic
resolution, or spontaneous enantioselective crystallization. Such methods are
disclosed generally in Chiral Separation Techniques: A Practical Approach (2nd



(6.33 g, 151 mmol) in THF (45 nL) and water (65 nL) is added aqueous H202
(30% 8.6 n., 80.0 nmol ). The mxture is sealed and is heated to 60C with
rapi d stiwoizog/13#fser 3 days, the m xture is cool ed, adaeu/(a2010/000707

hal f - sat ur at ed aqueous sodi umthiosul fate (200 nL) and shaken vigorously in
a separatory funnel. The mxture is 5-adidified to pH< 3 with 1 N HC,
extracted with Et 0Ac (500 nlL) and washed with brine (400 niL). The conbi ned
extracts are dried over magnesium sul fate, filtered and evaporated to give
phenol 3b. Step 2: To a m xture of phenol 3b (6.37 g, 36.7 mml) and THF
(100 nL) is added tin 10powder (17.4 g, 147 mmol) followed by 1 N HC (220

m., 220 mml) @(H‘ﬂd @ﬁbr@r?éhu%lﬁ?ed)svﬁév Véﬁdzd()bgﬁEOBle%sbéy%hdREWéc&ﬁ h. The
m xture is cooled nd neufralized th 1 and stirred

vi gorously for @%GPFOT@MWWWT’HB” Hiilgy ﬁﬁ@”?ﬁ?? Iat‘%fsétdi‘dteﬁ&?}%f?hé{a'pad of
Celite(r) and sémraohs Qscmmaw@&beﬂ Arh@hetngBbe/, 2000 IF uth&hrd, 4hexe 2@0 ML) . The
filtrate is aC('—:-dIaLy wgl Q’r\'fogvrr} ml tho s%rttf] uryﬁ tatzliond dhalt tr%g V\é}cgssloSrbrhtne (400 )
and the organi qu ase (9 Y B (LP(SB rﬂ_f r'Fn eXtTact¥is dried
over sodi und suinfladieg blitlnbtlem@d ta@g. IdBlrQ;e}Et loaNMER el agisfgomentanfrabsppitenol  3c.
Step 3 Chl or altlorliQbigchin Mo o BN g cRIRdaf 0 an | oo ool d
m xt ure of am nophenol CO3 (8.40 g, 60.8 mml)
i n anhydrous ZW'C’@@GW t‘i’f_B\‘Mﬁnder a N2 at m)sphere After 5 mn, the
reaction is all owed to warmto RT and, after a further 45 mn, is heated to
50C. After 15 th eaction is cool ed and extracted with Et0Ac (600 m),
and washed wit HW&FVTE)%Lr?é)MF?LS'E?N hal f - sat urat ed sodi um bi carbonate (1 L)
and brine (®00Suilaple pTéperaupgaﬂoraﬁrmhlaiseng the thmpowhds ettheingentivhB0ke fil tered
and concentr at f r.Qm 35 mol)
is slowy addeﬁggﬁeﬁt%ti%resv cl)thgﬁs' nﬁ%)%rﬁ%?}g”r nc# q%a{g{gé(rgnﬁgﬁjr?@ety?us 17.1
mmol ) in anhyd?%%’eD@PWF(%GPrWE)'07&@9158'"0911996-?0'@0%3 SYTHRS. fiIXFELA26N4!S sl owl y
added to satur.a etdbegmmv&soaiidtwwaaisoméld‘oaﬁeﬁt dr 2R hatnacRftafxidiaet ed with

DCM (4 x 100 conbi ned extracts ar e (200 m),

dri ed 30over 4’“”&@@‘8?'@86 Ee@PﬁBHPbee%t}Q%%éﬁ‘?férQﬁe{gﬁgy Ur‘?l%é{"t?,e Step
5: A sol ut$ on%aff tHeaoaipesiiiom abHFwi{dle.0 M 18.5 ni, 18.5 mml) is added
dropwi se to an ice-cold mxture of lactam3e (4.00 g, 15.2 mmol) in
anhydrous THF (75 nlL), and the reaction is allowed to warmto RT. After
about 30 nin, $Hi@bledahkts ey bs obleimeddornexamglenty BixingfongiRr MAFGEPMAOYNES

at nosphere. Al 5&brdthghe tﬁeh@em.ahtvwh%b@n cRYiafls, tf& eQanl@ﬂrfeﬂfdrluérﬁt’s duapghed with
IN NaOH (19 m_%{ and stirred for about 15 mn he mxture is diluted with
wat er (30 m.) ﬁB‘eBrHBtSTWVPEtSe%fBSP%‘P&Pdeﬁ%‘déf’(ﬁﬂr%iﬁé“% 487 1#hlEtS BNEBlES act ed
wi t h Et OAc2q 40&bnmist of sbeeratigyeand washed with water/brine (200 nL), 0.5 5N
NaCH (200 mL.) and brine (100 nL). The conbi ned extracts are dried over
magnesi um sul fate, filtered and evaporated to afford the norpholine
derivative 3f.WBerpnesenanigimgrdf @ akiraDhdtiveé BQragient has aditikrentthivlagidal 2edikitychar ged
with aryl brongdediotel. |1a§1c<91teerlé‘tgd maptlh)e Eh?rhr’*a@&itu@é\%@ln%mdﬁ'aﬁé@éréuﬂ&to(2 83 g,

11.1 mmol ) and pot assi um acet ate and the mxture is
deoxygenat ed by HUB'HIOPﬁ'bayéo@PF'%ea?ﬁaﬁ?mNZ”'ﬁé@ OLfH}e(?t‘}E)\f? Ihgedigity? MPEIE or about

15 mn. 1,35- bér&ﬁ:déoph@ﬁybmsmhﬂdiﬂ")efai:WéDlﬁ@:ﬂelel(lt%Q pEI@a,enbnﬂo]cnd?%Dﬂh)a i s added,
and t he mxture 1s. de the heat ed

i ar féﬁp?ﬁ >€u ric 8 aon nto er fl:-fe t|v and edient |

to 95C. After ABSUlIF BUus SrBRT F&P% PgeLgdy el SRBreRErt i t
Et 0Ac (300 nl)ccatrinpidted @xontaiotfromsmovadhascb0f tofaboutll ORREtad oAb enantiort&00 nl) and
brine 15(200 ”t‘h)aactﬂfe .r?g‘ﬂeoﬁ’&%nd\@é%botﬁb% t@re%guég%oﬂ?od? héleh t.o?ﬂé? f esi due

is purified by chromatograp I% over silica ge Et OAc/ hexanes) to a ford the
bor onate 3g coﬁﬁ?éﬁ‘ivﬁéﬂgé?ﬂ'%tt efgraglyehes¥the ReMRASKIBR 6PMPTEEgg MUt ep 7:

Pal Itadl ””} ngoa@ﬁrilcwaﬁﬁdn@gﬁdrﬁ@mbr df IVackek .hgrewehtginta,puﬂe.&ﬁn@:)mdrf%fmédted Eg 2
m Xxture O aryl ¢ ri umr t.or ,
0 10 ol 3 i - istie fosdend e tRnbRsttont e SR ni e R oAb ol 4 (> ¢

cool ed to RT aercbnfyi iheenceel plhysiomgghllyCetive e(an)uomélﬁmd/br1hedaafss¢ta<ioeenast|qmemsed W th
MeOH, the filt r S
partitioned bel'l[E \F/%/etvgerlll ka%ﬁpmg{e% %@Qn{eﬁ)o% &ﬁ§e§lf%gnﬁhﬁa¢rtﬁesthg%%§nl c layer is
washed with brIPhYé'OPEGa'HLa)C“VQfPrQﬂ!t?tb‘?fél?euéiﬁWG?M‘M%H@M%G”%‘@@%@’HM ated to
obtain boronic ester 3h. EXAMPLE 4 SYNTHESI S OF COMPOUND 1163 ( TABLE 1)
Step 1: 5To a solution of the dichloropyridine 2h (Exanple 2) (2.0 g, 6.25
mmol ) and 3, 4- di net hyl phenyl boronic acid 4a (1.12 g, 7.5 mmol) in DV (20
m.) is added 2M Na2CO3 (7.8 nlL, 16 nmmol) followed by PdC12(PPh3)2 (440 ng,
0.62 mmol ). The reaction mxture is degassed by bubbling wth argon (10
mn), the reaction vessel is sealed and the m xture is heated at 110C for
16 h. The cooled mxture is diluted 10 with Et0OAc, washed with water and
brine drled over NgSO4 and flltered The re5|due IS purlfled by

~ 1 — o ~ o o o i N AR\ ~ — o e Y



20(30% Et OAc/ hexanes) to afford 4c. Step 3: To a mxture of ester 4c (191
ng, 0.39 mml) and THF (8 nlL)/MeOH (4 nL) is added 1.0N NaCH (4 m_, 4.0
nmol ) at WO.20fms00s4xture is stirred at 50C for 18 h, coeCeadA010RI970quenched
with AcOH and diluted with EtOAc. The mi xture is washed 5w th water and
brine, dried (My504), filtered and conceét+ated under vacuum The residue
is purified by Conbi Fl ashe Conpani on (DCM MeOH, 0-5% and the product is
diluted with MeCN H20, frozen and |yophilized to give conpound 1163 (Table
1). 10 EXAMPLE 5 SYNTHESI S OF COVPOUND 2003 (TABLE 2) Step 3 Step 1:

To a solution of chloropyridine 4b (Exanmple 4) (2.0 g, 5.1 nmol) in DVA (40

L 15added,diy , , 1.
0 ) 7' ; rm‘gl ) € ?%l & ﬁgfbd@nﬁﬁ&l\ﬁﬁétﬂgﬁ{olﬂé/ﬂhy%w%géa@' a‘&ﬁ\?abfefé)bl ﬁ%%ﬁ”%%?; ( ( 3

m.). The mixt u'P%'C‘?t@” tB?rPEg“? WFBr%fVE?drﬁ”E%&WE\)é"\@F%M theRhaep3aediig! of ar gon
gas are bubbl e¢bnigesititigimay hifenfoae@fitle\comboditiondn fikatiny iBBrehDhedPeuticn.
bis-(Tri-tert- bblwtoghosphl ne) palladium(0) catalyst (131 ng; 0.256 nmmol) is
added to each fI'&SK"and t he argon bubbling is 5continued for 10 min. The

fl asks are seal ed and heated at 130C for 16 h. The two reaction m xtures

are pool ed toQﬂ#e'?@fBre Qdclnn"éﬁr%qo Whd g&n@o@ﬁ@nt (tﬁgghdn'ngceuﬂ&g c%ﬁ&ﬁﬂn%wﬁdm

water/brine (1:1 and brine ﬁﬂf The organi c phase
is dried over Wﬁ'ﬁ)ﬂverf'Pﬂ‘ sw@ae%éﬁce@wmuwaqf Cmﬂ?@“'?cb%flf%f%”al@ Ydrified

w t h Conbi Fl aspHaihadeati@nbesrptaplesbtndrdont er nedi ate 5a. 10Step 2: To a

m xture of copper (11) chloride (558 ng, 4.15 nmmol) and dry MeCN (20 ni) at
OC under nitrogen atnosphere is added, dropwi se, t-butyl nitrite (0.55 ni;
4.17 mmol ) 10 A Aobiternadine efbadinenit peovisas @ Phamgce@icsl aommpb3itidnrcodwyising&N (20 i)
i s added drop fiter, 15 min. After
16 h, the sol \\I/\#(Q?l(tﬁJ r?ér‘?rfcg IWOHe@H%é'BQEB&q%e&?@a F'élcﬁgerfq?{rgrgn o(?rbed onto silica
gel, purified M}Pr%‘%ﬂyi'ﬁ”hﬁ?ﬂeptﬁb@éﬁ%@ﬁfe@ﬁ and dried under high vacuumto
afford intermediate 5b. St ep 3: Meta-chloroperbenzoic acid (80% 455 ng,
2.11 mmol ) is d rred mxture of pyridine 5b (546 , 1.17 mol)
" anhydr bus DUMEL TR SR PioHEe] BARTTare e P IRE ST R 4 PiE arbi ont

t enper at ur es AériaatiorRerdd@the,coame durtdi b frauinulagl) aor aphboracpa@icbigrecoeptaldesadt ( 200 ng)
and DCM (2 n),.ar&; added and the stirring continued. After an additional
day, the mxture I's extracted with Et0OAc (2 x 50 nmL), and washed with
saturated NaHCO3 and brine. The conbi ned organi c phases are dried over

My504 and Concﬂfétdoéfe%g%%fﬁfafc&hﬁodnhgp“hé)mvgrﬁloﬁ% plR IS Qrdhy is lﬂléﬂlﬁdﬁ?
N-oxide 5¢ (1.1 ved in and t he

N e s LT aT b pistkochi oy Wbt efEib fam Cole so e TR oIa or 2 h
t he sol uti om |5acmcumeegmturﬂmw congkarenty gintairatanl Bv.ato d5%eetiveaingoend s dri ed

under i gh vacuy L k) o I L SSAURaSn ST RS SDoH L, ELORG (J00 L) and

washed with 30 atura ract over M504
and concentrated to afford internediate 5d. Step 5: HC in dioxane (4N;

1.0 mL, 4.0 mPldadsal ?ﬁjaﬁilﬁgcéuﬂca?iy%Fféc'il(/éaé#néﬂr%BHB@raPéuté‘aoéajgejo\le SBlise and dry
I\/bOH(42rrL cool ed C, he mxture is a to warmto anbient

t enper ature. AFPERd 91 faktors ifiewhiby thpse skileddy the Al segh 8% 295 aadovgiont 8he: 20 m.)
and washed2si t patiead Ut @ ddMaCaonadnd sbydrieof diEBEseC tdnyrRask @ toabihaioar e dri ed

over MgSH and ap ford al cohol 5e . St 6; . 5To a.stirred
mxture of a cufibEBaaRIFred A g Sndini HomeD o Relie phef e Ul ene
tenperature i sefmm@cbn@nﬂm(baw?ll\mpd based wyrnl Pati¢rdls luoweel cdngitioni phenyl phosphi ne
(339 ng; 1.3 mmol ). The mixture is stirred at anbient tenperature for 16 h,
then diluted with DCM absorbed onto silica gel and purified by

Combi Fl ash(r) CHRpaRESAMPeSINOH IS IBYSSHP HeemFrises pegrahination Of\hW”QFE’G”%’h I

di sper si onzp Cathe thvBBtoniahd aAslednbre aadlﬂibr?é'lmél%p@litlcb)rr pnspﬁlﬁadﬁt a§&f), bBEh thé. 055
mol ), anhydrous TH

d MeO d
The. i ar e | scamoppu fe AdudRted®l HPUAEe aietl Sowaip e ol e or 2"
addi ti onal NaHaowtl10 @ 109%, ad raoidendefaablybhtwesm alpaut m@amnb&m% piteel dosabe er 17 h

the reaction nﬁ&fﬁgﬁfadministered in a monotherapy regimen.



15is acidified with acetic acid, diluted with water, filtered through a
MIlex filter, divided into two portions and purified by preparatory HPLC
The rel ewsiot2ofowidedssons are pool ed and | yophilized to af PoraAzerggound 2003
(Table 2, TFA salt). EXAMPLE 6 20 SYNTHESI S OF COVMPOUND 2004 (TABLE 2) C
Internedi ate 5f (Exanple 5) is transforred to conpound 2004 (Table 2) using
the procedure described in step 7 of Exanple 5, except that MeOH is

repl aced with absolute EtOH. EXAMPLE 7 SYNTHESI S OF COMPOUND 2002 ( TABLE
2) Step 1 to Step 4: Sinternediate 4b (Exanple 4) is transfornmed to
internediate 7d using the procedures described in steps 3 to 6 of Exanple
5. Step 5: TOC§M§NA1I‘|(5,\53-H_|E§Q|WJH on of bromde 7d (314 ng, 0.67 mmol) in

anhydr ous DM 5 at anbi ent ten%)erat ure i s added sodi um t hi omret hoxi de
(57 ng, 0.81 9'”5"@&”?%9%{@3 IONLRIGRT Wheed aempeund agrerdingde W§| ution i s
extracted wi t hinizrfiiée, &Z@hém%candalwb@ﬁbm dn tmémruab@ddMH@% witrdatbr i ne.

The extract | S| dsrtl ed ?S]) (] n%?wral gneqw PCI)’ %{ e%n nrga ! heeCOII"T'I gui

purified by Conbi Fl'a a(IC) ani o oa]‘a 4"t v hd'ebther Pep6
15To a m xtar eccmﬁpoghﬂlsmfdpg/mvwln@tomeqtﬁa simgle dosdos fm%)t¢rnmdewmmse ester 3h
(Exanpl e 3) (5§ddr{BnaI%§grQS %Plb} sdﬁérﬁelgtaﬂl'mnﬁs%r&d QHﬁdﬁhQﬂ@%‘?Qéd&@)ﬂléﬁ?ldsad' un( 0)

catal yst (16 X I'1 gand

NaHCOB (60 nm, p‘i?ftoff' RER'Y dqsrqgﬂgy:(n(l 3nm) in a mcrowave vial is added
distilled water (0.13 rrL) and the mxture is deoxygenated by bubbl i ng
argon for t he

mxture is extY‘@S‘E ILS pmfrt”hac%ﬂttﬁi 03‘363'?&60%[}%'”5‘”&&%0&@”%?ﬁc%a? %?“088 br| ne.
The extractoi sa dmendaeqormA‘@gscuhamn@brmmn(oeaphatredeutlaaid actaptabiessatiue i s

Pn“LLL'r2%?%??’5?*65#3732@909%898%@%”5% Al asert BB R ond g P 1y s
added THF (0. 7eﬂwfppalfa@9mt d by Pigset et qi%ag%at/%? of(h?tﬂeﬁn@@yutéﬁdom (o

m.), and 10t heaﬁam&r@rpeeférgbmgamdn 5&uﬂmnoﬁéd@5ftﬂ@d&ag& h@mréwture i's
acidified with AcOH, 0. two portlons and

A R . A i L s W R e L
| yophi | i zeds t obstwvednithe ocorpouwind o208 hvéfimblaad He addifdnas ahttv)ral agdit dEXgeviL,E 8

SYNTHESI S OF %@%Qo?Q&%r(aW'gﬁlngagt}vegbentﬁnqpe gombinatigf\ %y '?Jé reduced

compared to the dosage normally administered in a monotherapy regimen.

Antiviral agents contemplated for use in such combination therapy include agents

20  (compounds or biologicals) that are effective to inhibit the formation and/or

replication of a virus in a human being, including but not limited to agents that
interfere with either host or viral mechanisms necessary for the formation and/or
replication of a virus in a human being. Such agents can be selected from:

¢ NRTIs (nucleoside or nucleotide reverse transcriptase inhibitors) including but

25 not limited to zidovudine/RETROVIR® (GSK), didanosine/VIDEX® (BMS),
stavudine/ZERIT® (BMS), lamivudine/EPIVIR® (GSK/Shire),
emtricitabine/EMTRIVA® (Gilead Sciences), abacavir/ZIAGEN® (GSK), and
tenofovir/VIREAD® (Gilead Sciences), apricitabine (Avexa), elvucitabine
(Achillion) and OBP-601 (Oncolys), amdoxovir (RFS Pharma);

30 e NNRTIs (non-nucleoside reverse transcriptase inhibitors) including but not
limited to nevirapine/VIRAMUNE® (Boehringer Ingelheim),
delavirdine/RESCRIPTOR® (Pfizer), efavirenz/SUSTIVA® (BMS),
etravirine/INTELENCE® (Johnson & Johnson), rilpivirine (Johnson & Johnson),
UK-453,061 (Pfizer) and RDEA806 (Ardea Biosciences), IDX-899 (GSK);



A m xture of al cohol 5e (Exanple 5) (200 ng, 0.49 nmmol), Dess-Martin

peri odi nane 20(251 ny; 0.59 mmol) and anhydrous DCM (6 nlL) is stirred at RT
under a rnworogasoeisnosphere for 18 h. The reacti on m xt @ce/dA20wigenous| y
stirred with saturated NaHCO3/ Na2S203 (1:1, v/v, 12 nL) for 20 min and is
extracted wwth DCM The conbi ned extract® -are washed wi th saturated NaHCG3,
dried over MgSO4 and concentrated to afford the al dehyde 8a. Step 2:

5Tri met hyl si | yl met hyl magnesi um brom de (90% 1M solution in Et20, 0.34 ni,
0.31 mmol) is added dropwi se to a stirred solution of al dehyde 8a (125 ny,
0.26 mml) in anhydrous THF (2.0 nL) cooled to -35C under a nitrogen

at mosphere. Af{ nfrolea*ae b Rf1Ring bl KRN SolidgRl R IFRINEBLAM br ol de

solution (0.26 ter a , the reaction
i s quenched vmth“%@f‘%WéAtPérdIV @oebﬂnw)ngalhami@@H@WWWW@SE@ ERtPat ed with

Et OAc Né 384”1']2- | ?ﬂﬁR%@%bﬂ@lleﬂ\Mﬂ/lﬁﬂ(@M@@lz@rﬁldndﬂfa!vlﬂ/@Rl)_T bﬁN@)(M]ge@;ﬁ)é Ib s dried
over , | red an I esl. | u e Yy
Conbi Fl ash(r) Co a?ﬁf"B'i?”%WA@ ((F%’E/%S'ﬁ%(s t?gazag?vérgir%ms’&%g@ @V@’i rred mxture

of | actone B8b (g8)pmgyur/lAUBRA@r@lb)ootza)nahomww@gldBR:EMA@aJﬁn?dlu)&magmdmrl a

ni trogen atnosp rabut yl anmoni um fl uori de sol ution
(1 Msolution 1 n%ﬁlﬁfhﬁ'B%g%%g%%ggyf%ﬁ'rﬁﬁ%ﬂt@The mxture is allowed to stir

at OC for 30 minge tGER6 aagnistriecuding whneh indedtebnaariracmherbiRY®. After 1

h, the reaction |s fase r i | ved in
MeCN (10 nmiL). An aI? ) %rr\ﬁrwﬁcﬁgmge?&?g? Igeg%iﬂgmwé)eﬁg?ﬁ%ﬁgqgﬁ%ﬁt| on is

adsorbed onto silid®R éf‘o %H?G'CBEPPW)e@ls*ﬁzp%wsﬁ)as%@?%m?épf&?f)oWﬁ conpound
2007 (Tabl @ 2). Thexob st TBRIEBE@TovVira TReHapddties); by preparatory HPLC to yiel d

(TABLE 2) G Step £ HbAmsetnRRyibdiangial b ed i or 0 BBt 2007

(Exampl e 8) (12 wy,fuslordidhibicm®intiudisg Butaetiingted poeigevidid&PUBEOR® (Dimeris),

di azonet hane in Et er 5 mn,
pal l adiun(11) acet gst%\g'?ge F%SX%%f?buoh?df\#rgmgecﬁ%‘c’gwlg11?41@%” ﬁ??t urdte is
stirred for 15 men.otiNirs inolgding getsot lgmited i BEE-48RO4ELEVhe sol ution to renove
excess di azone} h - - Iﬂ'%ﬁqi‘ I é’é‘@{ 10 mn
to yield i ﬁ?er{m rigégréﬁlm@{sre'ﬁa%: tﬁ%tglﬁd#ggfoqgg%amlgﬁéz% MQE%
conpound 2008 usﬁW'@eqr%ér (ﬁﬂ%ﬁ@e%dﬁf@e%e@%mﬁlﬁé@m A RpI 28564 (ERBhpTE-676 EXAMPLE
10 SYNTHESI S OF MWCQ@E 10B 0 102h10al0Ob Step 1: Dichloropyridine
2h (Exanple 2) ( mmol), Zn(CN)2 (7.8 g, 66 mml) and Pd[PPh3]4 (1.9
g, 1.6 mol) aTeTé‘Er'ﬁWbr'f@ﬁ in DMA (100 nL) and heated in a sealed tube to
115C. After 6 &, n{alﬂﬂatroﬂafﬂ"ﬁblt@fs ihnGudiradue Aotliimiteto HRUIKMBLAMYA4d Gdndlicy, 1.6 mol)
i s 15added_and the re %{1 h d to continue for 1 h. The m xture is
cooled to KT, di IVU?%O(E' BIEAS) (380 nl) and washed with water (250 ni).
The aqueous | ayeﬁmmsnawamlbleﬂng/\mgehtsﬁ'ncﬂang(b]JOﬁbtmin)tecamde\xahﬂso{zadﬁﬁmmﬁcnﬁgam c

| ayers are vvasheg a%{emad\%t]oﬁ 14250 nL). The organic layer is dried over
Na2504 and conce Jtra e &' Fesidue is purified by Conbi Fl ashe Conpani on
to give 10a. 20Spther antivirghagents uirlgdiog hydrexyiiles, aEin(. 1@, B;123nd ol ), aqueous
NaOH (10 N, 3.4 rggmsaﬁg,dlgnol) and EtOH (3.2 nL) is heated at 90C in a seal ed
tube for 16 h. The mxture is cooled to RT and diluted with concentrated
aqueous HCP® (12N, 4 ni, 48 mmol) and water (50 mL). The nixture is
extracted wt hFlEtr@ﬁﬁoré?a abnﬁjaum.aCCamdwgttblmethi.diﬁﬁn%S%Qca\mtrt:ath@;seme are

dried over aRg'r c%%%o&nodna%cordm 1’-to t(ge inveltioh oF with orTehgr mote Iagt%ungaFor

antibacterial agents (including but not limited to fluconazole).

30  Therefore, according to one embodiment, the pharmaceutical composition of this

invention additionally comprises one or more antiviral agents.

A further embodiment provides the pharmaceutical composition of this invention
wherein the one or more antiviral agent comprises at least one NNRTI.



taken up in MeOH (1 nL) and Et20 (10 nL) and treated slowy with a hexane
solution of TMSCH2N2 (2M 3.5 nL, 7.0 mmol ), and the m xture stirred for 10
m n. The wOxXDUYB0038 evaporated to dryness and the produ@CTiG:2pwaobioed by
Combi Fl ashe Conpanion to give the diester 10b. EXAWPLE 11 A m xture of
Pd(QAc)2 (70 ng, 0.31 nmmol), 1, 3- propylZ@ne bis(dicycl ohexyl phos- 5phoni um
tetrafl uoroborate (0.38 g, 0.63 nmol), dichloropyridine 2h (Exanple 2) (2.0
g, 6.2 mmol) and potassium carbonate (1.3 g, 9.4 mmol) is added to dried 4A
nol ecul ar sieves (3.0 g) in an oven-dried round bottomflask (100 ni)

equi pped with Tefl on@coated magnetic stir bar, sealed with a rubber septum
and cool ed under vacuum The rubber septumis secured by wapping with

el ectrical tape and DMF 10 (20 nL) and MeOH (2.5 L, 62 rrm)l?1 are added via
syringe. A bal f&8ringrto @eptper eniofl bef thePhapacedtica Fypposiiaa el thigsi ng a short

| engt h of rubbi@avertiohitigor(e-or hardlantivirél ag@edb@pedapt leastane NRTRO G needl e. The
i nert atnosphere is then exchanged for carbon nonoxide by briefly exposing
the reaction vessel to vacuum (1-2 sec) and backfilling with carbon

nonoxi de (35t i AwldingTthgetramather enbatingnt pEthe sharwatedicalcomp@@ionBawmd stirred

vi gorously for.nseﬁat.am A6 drindd bkl abaqtgemfmsteeamggnoh@m?eraeé Ihiitorand i's
diluted with EtOAc m.), conbined and filtered through a plug of Celite
(eluting with EtOAc) The filtrate is washed with water and brine, dried
over MySO4, fi hécerdrtl taral someeshbadinéeht ofihe ph@ﬁiadét&cél&oﬁh\dbéﬂfdn&ﬁtkﬁlsy

Combi Fl ashe Conpani on_( Et 0Ac/ hexan diester, 10h.. 20 EXANPLE
15 SYNTLES: S CRVSBRPGREIT 77 ST 2g5 R coniises 3Fied 53¢ Shafidibie”
m xture of 1hitrile 10a (Exanple 10) (1.7 g, 5.4 nmmol), 2- amnophenylboronic

acid (1.0 g, 7 276 nmg, 0.54
mol ), NaHCO3 A% E&iﬂb‘tlaé@\@t %bﬁmwhggg ﬂflc) élﬁkg%%h?géltwoq i s degassed
by bubbling Ar'(Tgf)”t'B'h @O@OWW%Q Ayiral ggem campriseyigkleast ene negraseiiddiéd t o 130C
and stirred for 15 h, then cooI ed to RT and partitioned between EtOAc (225
m.) and 10wat elg 200 \) % ueous | ayer is extracted with EtOAc (2 x
100 mL) and thé&F FRRANY é'ﬁr' 'Y ayers are washed with water, dried over
Na2504 and1gonTendynthksis of congoniedsi of cemula (Ipacdofdimgtolblyis MDFIsashmn@nnpani on
to give the an

i ntermedi ate 1%%“@“8%@ Y ﬁgth%quﬂ%rgm&ééseggfé %‘ﬂné(ﬁn ﬁ]%%g&%%dqfx&v

Step 3: A mi xvhgreingf Rhfb RBRéPgang%armm|d)afme§dp9wu§thwamcec1@w b>9 8 m_ 08
nol ) and Et OHyfidPcdfhpouhds dt@at iRebn@dn B8y be prapared 8RN VP KnbREinltRE ard Br dte The

m xture is cooled to RT and diJuted with concentrated HCl (12N, 10 niL, 120
mmol ) and wat e?et(%‘@d"WE)exarBﬁ*ﬁ%b?W‘%ture is extracted with EtOAc (3 x 500 ml)
and the conbi ned organic |ayers are dried over Na2504 and concentrated to
dryness. The r@&ehehest is taken up in MeOH (5 nL) and Et20 (50 nL) and
treated slowy with a hexane,solution of TMSCH2ZN2 (2M 3.5 mi,, 15.0 mmmol ),
and the mixture is stirred,ffor 10 nmin, then evaporated &0 @ryness. The
residue is purifiedgby |Conbi Fl ashO Conpanion to give*10the diester 12c.

Step 4: A nmixture of Ydigsteet2c (2.9 gcbsQummol ), F (9 ¥R&) and MeOH (3
m) is treated with_dt; AN, 947 ®Rbm 9. F/—+rwel)y ThesHi-xtuge is stirred for
10 nmin, then is aci alfllgd Wt h aqueous HE™FIR, 15 m, 15 mmol), dil uted

W th br| ne and extracted with 15Et0Ac (3 x 50 nL). The Eog‘oi ned organic

| ayers are dried over Na2So4 and concentrat ed to give carboxylic acid 12d.
Step 5: To a mixture of 12d (1.9 g, 46mm|) and Et3N (1.3 nL, 9.3 mmuol)
in PhMe (63 nilterpediatdet wheren a(R), B” ., R28dmtele as defihediesteibyl BRPA (2.0 ni,
9.3 mol). Theleg@%%%w Relidind R 18HindHed ¥0Gud, BrorD cAbiy or @Bk, LEP 3 furt her

portion of DPPA
protectlng group chosen from commonly used protecting groups for carboxylic acids,

25  including but not limited to a methyl or ethyl ester, and intermediates Ill, wherein R®
is as defined herein and M is a group suitable for reacting with group L in a coupling
reaction, such as are well known in the art, including but not limited to -B(OH), or a
boronate ester incuding but not limited to -B(OCH), and -B(OC(CHs).C(CH,):0); -I;
-SnR; wherein R is (Cq)alkyl; or -ZnX wherein X is halo, are commercially available



2.3 mol) is added. Stirring is continued for 40 mn and the mxture is
cooled to RT, diluted with Et0Ac (100 nlL), and washed with saturated
aqueous NableeBy/13wstter and brine. The organic | ayer is dPCeEdA0®00d@2504 and
concentrated and the residue is purified by Conbi Fl ashe Conpanion to give
internedi ate 12e. 25Step 6: A m xture -df6 -am nopyridine 12e (30 ny, 0.08
mml) in THF (2 nm.) is treated with Et3N (22 pL, 0.16 nmol) foll owed by
benzoyl chloride (12 pL, 0.10 mmvl) and the m xture is heated at 50C for 2
h. The m xture is diluted with MeOH (0.5 L), aqueous NaCH (5N, 80 pL, 0.40
mol) is added, and the mixture is stirred at 55C 30 for 2 h. The m xture

i's concentrat egfd?@?(ebyreagyfgal{ﬂﬁm%%/eﬁﬂﬁomﬂ'l ih Wt Wa%@eﬁ@@"n(tﬁe é(a )esand DV
(0.5 nL), and puri ﬁ@/gé)rre arative HPLC to give congoun Table 1).

Step 1: 5A nibh&Ur-Ergpct IVP’é"eEQBCO(”B?aP&ﬂ%f"I@‘)"a((%C@‘ %reaarﬁ?rm 5"6 nd AcCOH
(100 nL) is trmmctowm@ rekRfionRdf bitefrheidtegll add B inBIdhg but HdElimitedtislr e i s
Dhaduat o' ooy as LRGSR pReEh £ b e Phordods g BFE LA 6 e ougr
Celite(r) whthhdke @rAUflamseﬂystlveTheonnemanalrszeldyllcr@n@encm eduplind retwesnuedoand t he
residue is t aké‘é?uvé'tR/ek ﬂ aﬁ& ﬂﬁﬂeg%‘ﬁ%i’b%g i h‘g ﬁéwér%r?&yl}ﬂy?éd% IRGh a°nat urated

brine, dried over M50 concentrated due 1s purified by
Conbi Fl ashe CoRpaf| tﬂfﬂ?t? qarwe%e%ew %@ICQFI%UBG @ﬂtt"’eﬂﬁ‘ P'P]arll%”E?Wt Hi@ngef or d
after concentrgbmenricdduaeaivaal The pdtedted pféduatsodtnatcoalingfeaatidrnge ida (85 nu,

) | i i dded ol | db
- butyl acetyl TOFTES 4 53As 55 Serghdiethiae frovbpsompeinds e Pedy Fr e ot RY

for 2 h andoconcentrated to dryness. The crude material containing am de

13b is used in I t f 1ing, 0.22
mol ), MeOH (oA'}seb LQ!’ S%M?S%Eerﬂ%%??@t 'Péﬁedé%yrﬁa”ﬁvh%ﬁﬁﬁ? ? 217 ulL,
1.08 mol ). The* R uReR 4 # ankRarezs dstigdiherein gy basgurlebridiibe ated to
dryness. The r&sssiwapnr@ rhltR&Rl deeelibkd alfisSHOIMVRA b@heﬁﬁete@ﬁ&h)o @edaguri fied by
preparative HPLC toE?f ?rde% er freezing and |yophilization, conpound 1268
(Table 1). 5 ESCANSY 2 SIS OF COVPOUND 3010 (TABLE 3) Step 1: To
solid P205(652 ng, 4.6 mol ) in a dry RB flask is slowy added 85% H3PO4
(503 10 L/57.8cheme?) via syringe. This mixture is allowed to stir a few
mnutes; DCM (20 nl) is then added followed by al cohol 2g (Exanple 2) (970
my, 3.67 mml). To thisurixtBre is added BF3.Et20 (931R1 1%, 7.34 mol)

and met hyl enecycl obuk“an (3.4 nL, 37 mol ). The m xt&'ur stirred at RT
for 2 h then is gquench d | apfarty with aquerem@p“NaHCCB Th| reaction nixture
is diluted with Et0Ae - d wﬂhRsaturml ne, R*I5dried (My504),

filtered and concentrat«;d The residue is purlfled usi mg t he Conbi -

Fl ash(r) Conpani on (hexanes/Et 0Ac) to give ether 14a andirecovered starting
al cohol 1g. Step 2. A mixture of 14a (825 ny, 2.48 nmmol), Zn(CN)2 (583 ny,
5 mol ), Pd(PPh3)4 (430 20nmg, 0.37 mmol) and DVA (12 nL) is sealed in a

m crowave vessel and heated in the m crowave at 125C (10 mn) using a
Blotagelnltl \ i oLr nto Et OAc
and washed w {FLLsriesyeombghdsBP bR (L HER 215 GRAE Bohe REMERET 20
filtered and coWRAR:.& R IR tar@a&@eém@m@ere'g arﬁﬁqnf@wtlwrepél'@myismﬁﬂ‘@sh( r)
Conpani on phexgdrerd Flobéfle fi@st@teddn Bidnid Eoeldp. Step 3:  Internediate 14b is
transforned to intermediate 14c using the procedure described in steps 1
and 2 of Exanple 12. 5Step 4: To nitrile 14c (176 ng, 0.44 mmol) in MOH
(4 m.) is added 5 N NaCH (441 1.11 , 4.4 mmol). The m xture is heated at
65C (24 h), cooled to RT, acidified with 1IN HC (pH -1-2) and extracted
with Et0Ac (3x). The conbi ned organi c phases are dried (My504), filtered
and concentrated to give diacid 14d. 10Step 5: To a solution of diacid 14d
(181 ng, 0.45 mmol) in anhydrous THF (8 nlL) is added Et3N (263 uL, 1.9
mmol ) and pival oyl chloride (116 uL, 0.94 mml) at RT and the



m xture is stirred for 1 h. To a portion of this stock solution (2 niL, 0.11
nmmol) is added aniline (11.3 L, 0.12 mmol) and the mxture is allowed to
stir at RVOforo/B6o3h. 15The reaction mxture is treated WCTICARGLOMNONAOH (112
A 1.12 mmol) for 4 h and concentrated to dryness, purified by preparative
HPLC and | yophilized to give conpound 3GY0 (Table 3). EXAMPLE 15

20SYNTHESI S OF | NTERVEDI ATE 15F Step 1: A mxture of nitrophenol 15a
(5.23 g, 34.1 mol) and AcOH (20 nL) is cooled in an ice bath and brom ne
(1.75 nmL, 34.15 mmol, dissolved in 5 nL AcOH) is added dropwi se with
stirring. The mxture is stirred for about 1 h at OC and poured into ice
water (250 mL)schdnge 4M xture is extracted wth EtOAc (2 X 100 nlL), washed

wi th 5% NaHCCOB3, dried over anhydrous MgSO4, filtered and concentrated to
give 15b. This material &S used in tfhe next step \gthout further
purification. 5Step 2: Mri’ stirrted ethapol sglutéon (75 mL) of 15b
(8.1 g, 34.9 mol) is addedoSnd 226 g 05°nmbl) d| he reaction m Xxture
is stirred at reflux for 2.5m. Afurtheroﬂ@rtlon Fof Bna™2 (29, 10 nmmml) is
added and heating at refluX'is continuedwior 1 h. The m xture is cooled to
RT and poured onto ice (250 g), and the pHis aiy usted to 10 approxi mately
7.5 with aqueous 5% NaHCO3. The m xture is extrdcted with EtOAc (3 X 100
nm) and the organic extract is washed with bri Re, Ode ed over anhydrous
My504, filtered and conceRmtr tecf to dryness4to gl ve the aniline

internedi ate 15c. Step 3: t)d)zFll’E,‘d, i Ce i%ture of K2COB (2.05
g, 14.8 mml), aniline 15¢ \YQ 15 3.7] and DVF (5 nlL) under
nitrogen, is added chl or dacetlyl RchI oride (355 fL, "4. 45 mol) dropwi se. The
mxture is allowed to warmto RT over a period of about 15 min and is then
heated to 60C for 1 h. The m xture is, allawed to cool to RT. is poured into
a mxture of iWErmediaies Ybangd . whersin Rg Rst'?rBeﬁﬁdf%rar%lﬁi)i"?ﬂ?leﬂﬁ?r§|”f”ﬂ§ mn.

The suspensi onisiaSultsn psrbn‘eUtg@cbro@nWen krowa Uitk @t &b tcommerbisiig avalesle oThe sol i d
material 20is Ieft dr ctlon verni e internedi ate 15d.
Step 4: Toé an® ep@oe%é %eac '}S\Nel%f’\ﬁ%' Rcf‘”@%rﬁe&l%%ti%d%fﬁé%np S 1.16 mol)
and THF (6 nl) betmdémterrmetdlam}éﬂ arescomlhveyugnyly feitkdermad brointgrmeedidtes ¥lbhsind on (1M in

THF, 1.74 nm, éon&l@loﬁmpémknoﬂ??o tfh8§e0§k'iu@&‘|nnfhé<5ﬂt”|ﬁcldo%gsdu9}4‘6t¥|mﬂ&& gued to warmto
RT, then is stirred a and t hen ggd IPémeated to reflux for
a

1 h. The mixt u%@%éSWaéP%ng Het)ﬁlﬁefi @tﬁ"ﬂ%ﬂ'ﬁe%bﬁﬂd gligfeqVibarh¥l with
aqueous 1 M bNa@de( arﬂy)élxmren@h@rutea&%nmnaer Mdn&némedridm$nmmtuurng bhtsl _
partltlone et { C e 0 | C ayer 1s
washed wit i° aqu &—W@’Z@F)ﬁ?@)%) @af@a?qﬂyir{dggté%%rﬁ@c?\g@] and dri ed

over anhydr ouscmtgw;dmétd ¢ier iormaetiateDIXC Baproetinh df otgmediate3x. folROSHEp 51 A

well stirred B assi um
acetate (728 %M#B@oﬂﬁe {'ﬁarz(%%h ? %g%nﬁﬁlg?% ﬂﬁ%(gfqgrl{ﬁth% fm@élgdm .3 Mol )
in DMF (15 rrL)”qtiimt!%fbta%@a“%y"”lb‘%ﬁ'\/lﬁ’@'”AE?G”PWPWQ‘PJ'ONVHQb%é‘PCﬁlﬂméWO'ﬁt@r about 20

m n. PdCL2( dppéxiddr6Mpksdfds @8mpélindé of B@ula (18, added and degassing is
continued for about 15 mn. F} systemis seal ed (teflon screw cap vessel)

under Ar ahd heated to 90C for 5 h. The reaction nmixture is allowed to cool
to RT, dil uteditwiltble app&rAnt t¢ bodskided in thaah ddht aicbinpdamidéfoanda Watoeany dri ed over

anhydrous MySQf %rtnteﬁ.gf%gﬁm. RIS Fab Btlbn NS Sy T6e EERAURS S

purified by Co exanes esired
boronate 15f. ®BAMRL Bwrpﬁéﬂasoufmpwmmmﬂh%@ may hegansfermed  Neat
Tf20 (0.56 ni, to%ﬂ&hmn)pohl% &d&%la@kf)oa% afy &%@n@ﬁ@éﬂes{@@xmwﬂvw% of

phenol 16a 35(t) m, prepare accf gt t eta! Bul,l

Soc. Jpn. 04"SFPFS Paé%'e?‘? a??é%ffp a4 Wﬁ'fh?f}%{é’ *’659 stiggen Slal Rmtbi K R '%)CM (10
m.) under an Aandelﬁfmsphﬁ‘feeentﬁhenmg A4 defided Berain| atvsad chamivaly rodvenigit sapd | S
stirred for h d|t| . 0%citric
acid solution ? '?T%a]r?t gaﬁ] IeS a‘?%q% fg%t]alr?'éré% 'ngugel? t%'t% t%o (;71_).
The conbi ned 0@'@&41!00 doayessign afraeﬂ aﬁmﬁ@d)rmatynamm goup tird ederoeelbrong504,

filtered and C%@ﬁiﬂérﬁ%Euﬁ&a%@n&ﬁéﬁ}%ﬁﬂ%%ctuo'ﬁhﬁwd r‘éémﬁdﬂb\@dék@lo@b’ﬁdtuﬁh 9H aBdtion,
Conbi Fl ashe Conpanion to proyvigde triflate 16b. Step 2: A m xture of the

triflate 18b (HEeUpRgiuets R fpRy, R4bRs‘5["S|31é'&3dlb§tp6?tﬁ?t%?% dFBrBt?CWﬁa

intermediate steps in the preparation of a compound of formula (1), as will be



2.2 mmol ) and potassium acetate (500 ng, 5.1 mmol) in DMF (18 nl) is
degassed with Ar for 5 mn, and PdCl2dppf-DCM conpl ex (140 ng, 0.17 mmol)

i s added.wOhelwweastti on m xture i s degassed for an addit pomalA2610Mmoeroand
heated to 100C by m crowave irradiation for 10 mn, then cooled to RT. The
mxture is diluted with 25Et 0Ac (60 ni)- Z@&nd washed with brine, dried over
My504, filtered and concentrated. The residue is further purified by

Conmbi Fl ashe Conpanion to afford boronic ester 16c. EXAMPLE 17 SYNTHESI S OF
| NTERVEDI ATE 17F Step 1: 5A solution of phenol 17a (0.91 g, 5.74 nmmol) in
dry DMF (1 ni) is added dropwise to a mixture of NaH (60%in oil, 0.60 g,
15 mmol ) in drye Zeg%yme)skmg@b@rgo,{o 15C and the mixture is stirred for 20
mn. A solution of 3-bronopropionic acid (1.1 g, 6.9 nmol) in dry DM (0.5
m.) is added d odovm se and the mxture is stirred at RT overnight. After 16
h, MeOH (1.2 MRS dded and the reaction mxture is added to 10dil ute HC
(12 mL of 1 N Prerfeatunesef e pPreseatipveaien wit beerteaapraienhira thadollogmaen- t he pH
of the aqueousiinifi@séxampleddiniehtiRetrdtd, byl ay ) exahipte, Qfeg@rr\buplek anae inventdpl ed over

anhydr ous 254 filtere ncentrated to e am nated with
2o unr eack edt SigFEPRTEe BRI PR RN bk et Bt BT a7 S g 6 e
nmol ) and poI ymﬂ@ds\plhoarppmpaaﬂednc(dmcgt)onssm hepbedtien cdB@RuUNA$ bighe véntiob he
reaction is cogl &d. 2} and water are slowy added with rapid stirring.
The m xture is ext?%ctegevq\fth Et OAc (100 nlL) and the organic extract is
washed with water, saturated NaHCO3 and brine, dried over anhydrous My504

and concent r at geisty ghoteh tééqoeeébhtmﬁad |nm&ﬂaa@flons%@'ér(oﬁﬂedm)anhrﬁartadded to a

t f ch t t ed
Dowder (9876 B6oRRG Jrcushd vt i iFded B Pibelt G i Yogie TeGrERYS and
filtered throughteGakadtien cangbrichi fiGel dit @ npdedure STampestutes epemteatd y Wi t h Et OAC

4 x 25 nm). T I oS t 400 ni
<(51nd t he orz;anl C é%(étsréaelszﬂ}sie(sé)' S&ﬁt%%ep%}creﬁ&ggst urar ﬁ%’ ﬁ%ﬁﬁ%%% %rtn ‘%@ﬁfﬁg and )
brine (200 nl)relatiprshipr galesscetgiehatbewisedripgocherrestopsmis eaitethpoFiiteed t o

provi de crude gg @ﬁ&cé&ﬁhgtﬁh@ rcﬂ:eduréﬁfWG(tSﬁﬂ@t QUE@VgS@%&n Ad7d)4D 9, 20
mmol ) and dry dlchlororret ane is cool ed A BBr3 solutlon

(IMin DCM® 44 2343, Mase spReird a'i‘% 5388@'?‘ CER AN SRAOTHRNMEHSPPEERMEN i xt ure
is renoved fromntilBerdfintérmedibatahd fw@eiltp&rduétSam p’iu,nﬂédl&m@()dmb’i‘ﬂa&h@ cool ed (ca.

00 and the reaghLat & HBISHRA MBLSE riRg Mcatdet d o se. The

m xture is dilu d"i' ey Fi%ed with 10
sat ur at ed aquepassed\EiiM@QR! ¢Artridgds qoE| Et@ABINd NEpaRESIASEPlvems. |T®e§¢1@q1ﬂrlé&q8r acted

with DCM (300 gt 38@biRfRer HOM éﬂnf)ycl@% (bh@FlSQW@J @@?m@lﬂé{ﬁr@roh@éﬁd?n@re dried
over Na2504 and evaporated to dryness. ro uct is purified b

Conbi FI ashé&® Cofipratedirep * Gt a@ca@rPerﬁgqratw PL&tipparged O%ﬂfﬁﬁﬁ&ﬂﬂddﬂe is
t][ansforlmad t0cmmﬁmmgb7$unw&ewgbrébe1@woeﬁmmee\/é&%cphaébed:mnﬁh speps 1 and 2
of Exanple 16. = EXAVPLE 18 Step 1:
5To a m xture OF BESHNGE 9 mglsémg gé%g?’{omgﬂ'e a'tdpéh@ﬁ%‘gﬂ? o) & bor on
(1.9 g, 7.4 rmml\)enanﬁorpMLszawmmgd at B A dalts wpen a@plinamde.) i s added anhydr ous
DMF (20 ni) and the mixture is deoxygenated by bubbling a streamof N2 gas
t hrough the m xture for about 25 min. 1,1 -Bis(diphenyl phosphino)ferrocene
(0.58 ny, 8> 79 liRRAtyely Prepgertive HRHC fsearigchau resler §taﬂ%%%@ﬁ'aﬂ%%'ﬁgo%

approxi mat el y sufriretree 5)1B'UB,D|5|hlﬁgevJaEHé b@egc':ac\ﬂlﬁnrQ5@x 56fnﬁrﬁbnc5ahneﬁfrge ]
reaction mxture is co iluted wt ed wit

br i ne (2 x 1000 R{F SFp OVng&r%MsW@omum'h PRE PS5 Dot e and
reseparat ed. Thienutigenipcegahdise HPBCde_m@mbdmuéunoanbtynhamdjsodvglﬁﬁmusur_fg dtered and
concentrated apgdJae bE5IA¥DEPs RSk &brBYe SR, FbASeFARR MR

30  gradient employing 10 mM ammonium bicarbonate in H,O (pH = 10.0); and MeOH.

Analytical HPLC is carried out under standard conditions using a SunFire™ C18

(3.5 ym, 4.6x30 mm) reverse phase column at 220 nm, elution with a linear gradient



(Et OAc/ hexanes) to afford the boronate 18b. Step 2:
coupled to internedi ate 10b (Exanple 10) using the procedure described in

step 1 ofwBearmpl3e3l2 to give internediate 18c.

| nt er nedi at

e 18b is

5Step 3: PCrrtAepntowdiAre 18c

is transfornmed to internediate 18d using the procedure described in step 2

of Exanple 5. Step 4:
usi ng procedure described in 10step 4 of Exanple 12. Step 5:
carboxylic acid 18e (44 ny,
0.42 mml ) and TBTU (67 ng,

0.10 mmol)
0.21 mmol).

and trans-4-nethyl cycl ohexyl am ne (35 pL, 0.31 mmol)
is stirred 15fQrqekcfbeqdh ithftﬁIGWWgttJbleE(tSQﬁ@nt%Q oBeYs TR IEE: YNt wat er and

brine, dried over
purified by CotB

| t

h@w&b

afford the de5|red am de 18f.

mol ), THF (1.5 i

bhOH

and
(Savam

ered

Step 6

(A 76

Nt reat od

A

Internedi ate 18d d%s transfornmed to i nternedi ate 18e

m xt ure of

in NMP is treated with Et 3N (58 pL,
The m xture is stirred for 5 mn

is added. The m xture

0N

and concentrated. The crude m xture is
Bdani on using a gradient of EtOAc/hexanes to
A nlxture of anlde 18f (42 ny,

0. 080

m., 0.75 mmol ). TH

TR G o |

% TR o

\
\'

H

B AR
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i OH (0. 75
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t hr ough a ¢

4+ | 1M1 NapLl
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or filter an

A | s + |- A
CUu W L a\YAY
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xture of ch

d withdSa m X
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ture 88 MeCN

(9. 78 g, 6§

!/ weftler an

d
[TERVEDI ATE

19D Step 1: A m

m xt Uk of

m.) is added to a

zi nc dost (1

08 g, 01.65

0 mmol) a

d AcOH (20

ol) 180 AcOH

(150 nl).

The m xture is heated to 100C and is stirred overni gh

through Celite
and concent? at

ChlmaNE vyl fr e

5100ni
o bt seiard

t, then 111

tered

ed with Phve (300 nL
RINERS UED IG5 g? 70.6 )

nmol ) and 12( 1§ur$|rgTM G 3.5mm)4)6xa0 ennd deletsesgsecdiuran bty220 mna ehttiort witkea of 19b

(8.45 g, 63. 0
about 1 h and

TR B A e WP AR o

pvrgg\r]“q&tlr for

e 1S Co

ncent r at ed

under 10reduceﬁmﬁ$bﬁgu}@”6 ﬁé"T%@ﬁEhe is diluted with EtOAc (250 ni) and

washed with saturated sodiumthiosulfate (250 m).
dried over

washed with water

(200 M)

Na

2504 _ filter

The organic | ayer

ed_and conc

is
entrat ed.

The residue is fur

Fmﬁwthlfl

EPOYLEBRDI A

1S94KBt A ar

iOWERP ghh e

6-i odochroman 19c.

n::r\n

Hborane /1

5A mxiure d

s
p.

T tThegd-1 0dd

chronan 19¢

(1.0 g,

3.85 mmol ), bis[pi
acetate (1.10 g,

1

1.5

==

n 536 nl

n 481 !l

Tis %%gasse

I\ and not
ah pot

dwith Ar f

ssium
or about 5

mn followed by th

e addBtion

of thes5PdCl3

+hp

)
dppf - M con

ﬂf\fl ‘F Ya¥'d ﬂl‘\f\l
SCU— 1 T Ao

pl ex 50314 n

1 Aarn AAA +
C ailt ur o1

gy, 0.38
onal 5 mn

mol ) .
and heated to 95C

The reacti ¢n

NZ
LILI III

f or 3h Tr

o I‘l
S—tnehn ucga

e mxture i§g

t hen "cool eg

to . 20d

iluted with

wat er and extracte

d wi IR Et 04

\C (3 X0100 n

i). TiBe cont

ined1@0gani

c extracts

are washed with

ter

\J_UU IIL) dllu Ulillb \J_UU IIL),

UI

i EU [OAVAS]| v

5504,

filtered and concentrated. The residue is further purified by Conbi Fl ashe
Conpani on usi ngtesnaiveldiaaalyticel HBL© kpried e depstaidast epnptiens yfigidat e 19d.

EXAMPLE 20 SYNE{#rak® &Fs &Wﬁ'@bﬁmﬁ%me phase column at 220 nm, elution with a

linear gradient as described in the following table (Solvent A is 0.06% TFA in HxO;
solvent B is 0.06% TFA in CH;CNj):
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Time (min) Flow (mL/min) Solvent A (%) Solvent B (%)
0 2.5 98 2
06 2.5 98 2
34 2.5 50 50
4.5 3.0 0 100
4.9 3.0 0 100




OH

nmol ) .

20a20b20cSt ep 420d
g, 47.3 mol) and DVF (270 nlL)
TowOhoB/13D088 Ur e,
stirring is continued overnight.
(500 m.) and washed with H20. The organi4® {4 ayer is dried over

NaH (

20h20g Step 1:
is treated with ally!
99. 4 mmmol )

60% 4 g,

5A m xtur

e of phenol
brom de (6.

20a (6.75
55 i, 75.7

i s adeew/qaantoioooms’ se and
The reaction mxture is diluted wth EtOAc
My504,

filtered and concentrated to dryness to obtain the desired product 20b.

10Step 2:

in a mcrowave vi al
internediate 20c (9.3 g,

The ether 20b (8.6 Q)
to provide 20c.
45. 8 mol )

Step

added borane (1 Min THF, 96 nL, 96 mol,

to warmto RT and then is stirred for

2.

5

3:
2.1 eq).

is stirred and heated at 240C for
To a m xture of the ally!

i n anhydrous THF (300 15nmL) at OCis
The m xture is all owed

20 mn

h. The m xture is then cooled to
0C and t r eat ed4Gr31valy aQahEraHBRG svaagled opINdsuRiaNdFH ndliPRsdigidon of 30%
H202 (104 m, 9M|rawod:)8 (3T5hﬁn r4e83b frinf)Gevirsel phage t@urah bt dhnt, eluner vt £ RT and

is stirred at RT _for The, ti m Xt i, | mnth HCI (10%
100 nL) and exlfnregE ra‘%‘ie%s de?ch'bpéf'ﬁihe f?@owm t@ﬁleﬁi Ive e1Hco 'med" ot or gani c

phases are drileametedn HVD G04= 181 solvanténe@itied. The residue is purified by

Combi Fl ashO Conpanion to give 20d. Step 4:

(7.1 g, 35.3 nmmol)

in THE (5

0mM) are ad

To a m xture of the diol
ded PPh3 (1? g

45_9

20d
1),
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h
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o CTTIC 1
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h saturated

Na25203 (25 nlL) and saturated NaHCO3 (25 nlL).
concentrated and purified by Combi Fl ashe Conpani on to obtain
A m xture of brom de 20f (2.71 g,

over My504,

t he desired product 20f.

10St
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The organic | ayer
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4§ﬂeH§PP6wn? ENHMH%EP@d%Q¥“§§ﬁ§38?%

Ffen
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10. 4
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The mxture is

H2CThe

m xture i s coosa@ntBisRIQ6%ITFAIreCHIN)h H20 (300 nL) and extracted with EtOAc

(2 x 300 ni).
My504,

The conbi ned organic | ayers are washed with water,
filtered and concentrated. The residue is purified by Conbi Fl ashe

dri ed over

Conpani on and is t{

minutmzin)ed

m%dwdmé%HMEs

tSolventod (%e i

ritodventeRi % e
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7: 20Pal | adi um or
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act ioldt ed
a solution

blldl LO) \J.L
of arv?l ch

G Pd—Hy—wet
ride 20g (0

it 0563
91 g,.~2. 95

, 0.59
nmol ) and

anmoni um f or mat e

1.921§, 30.|4

4 oty dISS

ol ved®9 n Me(

H and% he ni

i xture is

heated to refl ux.

AfTepgld m

through Celite(r),

m, ThggTeact

and the Cd

Iifp(r\ nnrl

ion i g coolg

d To gy an

LS rinsed w

filtered

th MeQH T

e filtrate

is concentqgted to dr

yness and the resi due partitioned

Alternatively, analytical UPLC is carried out using a shorter run time using an

Aquity™ HSST3 (1.8 pm, 2.1x50 mm) reverse phase column at 220 nm, elution with

a linear gradient as described in the following table (Solvent A 10 mM Ammonium
Formate in H.O (pH = 3.8); solvent B MeOH):

Time (min) Flow (mL/min) Solvent A (%) Solvent B (%)
0 0.8 95 5
2.30 0.9 0 100
2.32 1.0 0 100
3.00 1.0 0 100

20



25bet ween water and Et OAc (10 nL each). The organic layer is dried over
anhydrous Mg504 and concentrated to obtain boronic ester 20h. EXAMPLE 21
SYNTHESI SVORo10NBERNVEDI ATE 21E Step 1: 5A mxture of PRTACA201000¢7074. 5
mmol ), 21b (0.72 g, 5.2 nmmol ), potassium carbonate (1.6 g, 12 nmol) and
trans-di chl orobi s(tri phenyl phosphi ne) paldiadi um (11) (0.36 g, 0.62 mmol) in
DVF (8.3 nL) and water (0.88 nL) is heated under m crowave for 15 mn at
130C. The m xture is partitioned between Et0Ac (25 nlL) and water (25 mlL)
and the organic layer is washed with water, dried over Na2504, filtered and
10concentrated. The residue is purified by Conmbi Fl ashe Conpani on using a
gradi ent of EtQﬁgém%%gﬁsymo@fugwI%rg,hﬁcmggl red al cohol 21c. Step 2: A

m xture of al cohol 21c (0.70 g, 3.7 mmol) in pyridine (15 nL) is treated
with Tf20 (0.95 nL, 5.6 nmol) and stirred at 23C for 30 min. The mxture is
concentrated amé akayhﬁcoasédiueam Abaotécteiu@mﬁth BeererGM B0 nm) and 10%
HCl (50 nL). Th I g2l El(ljrgz lEﬂSW'Eo r?eé"é‘?&m% umnt Bullél d | saturat ed NaHCGO3
sol ution and pas eé(? Ol Hase sep arat pora on of the organic

| ayer gi ves5 t hdiazabicitieRe. ZIOJo@hneSDB\d B8- dlapam@blgtﬁdoﬁumec’cﬂ@et PCEl ate 21d (1.2
g, 3.7 mmol), BhidBLRACObER) ekbm?raaeacérao@a% DeAR aZRBTRclnzRBLDIRBY assi um

acetate (1.2 g, assed for about 5 mn
fol | oned by th@lsararamt' ?M'C@fb%‘l@eaﬂaéfbdﬁjﬁpb U@b@fm%w"e'@ Dé‘é“rfbj“etby'w mol ) .
gh_e reﬁctl 03 naoetagm@e IwAmWNdmgﬁm&@nerfpymbm122Chﬂhétﬂ@@aiha57 mdn bell‘qgre
ei ng heated t _ erni ction m xt then cooled to
diluted with V\QMEr&(\P %@ew%rraﬁra'dsfaﬁ@t% S PHiode PR ™ x 100 nL). The
conbi ned 2%or gdiphanylkpkespacrtlysaziieeDpgpls ha'eBisgdiphenyithesphird)feeeteow HC:N&2%04,
filtered and c t Ik f Compani on
usi ng a gradi eﬂfé %%J %‘%qr? th rﬁggﬁva%h;ét ! rééﬁNqu?nya%é?%@l SYNTHESI S
OF COVPOUND 20@Bert Fifiaethyl acefatsy, E4YOH: ethanplgHBLG pyeh rrsieemanze ligwd synt hesi zed
usi ng the proc&ﬁ’&hﬁo Iﬁ/f|d§§9@OQMnﬂbltoKaédﬁcenYratld@Wbab-PM W@I i$d-
Takahashi and T roc cl e%é 78, 9M 811, Ste g Ht er nedi at e
256 1 e tr anet oh AR 's(RA 4% ﬁr'B‘EtB}Slu'}"é e step 2
of Exanpl e12. Be6H: @etharhottl‘&@lrrmdltualﬁoﬂy gldfettont Mansédssrspedranety gEer nedi at e 22e

usi ng procedur&&t%@@gy) Redang: §50FL911 éfﬁtfoxﬁé(ar{TELSHzn H&Qr?él SPeitLi: ng[?tgler medi at e

22e is transforne nter ned usi'ng procedures descri in step 4
of Exanple 2. ®hisp: BMP: INmethyiryepligdoae; z\ﬂ\ﬂRmcbaraﬁ@gr@hwaortaﬂw nt er medi ate 22g

usi ng procedur §ecARREH: bﬁ%HeﬂyllﬁW@F@oléerféf ngﬁfﬁﬂébtﬂwgg)ro@ PP pRipyl; RPv@r nedi at e
229 is transforned to interned ate usi n% iproce ures described in step 6
of Exanple 2. sg\ffll-y’ark Memorlal Institute (ceII culture diumy); RT: room temperature
20  (approximately 18°C to 25°C); SM: starting material; TBTU: 2-(1H-Benzotriazole-1-

yl-1,1,3,3-tetramethyluronium tetrafluoroborate; tert-butyl or t-butyl: 1,1-

dimethylethyl; Tf: trifluoromethanesulfonyl; Tf.O: trifluoromethanesulfonic anhydride;

TFA: trifluoroacetic acid; THF: tetrahydrofuran; TLC: thin layer chromatography; and

UPLC: ultra high performance liquid chromatography.
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20l nternedi ate 22h is transfornmed to internedi ate 22i using procedures
described in step 1 of Exanple 4. Step 8. Internediate 22i is transforned
t o i nter meEdi2atoe13@B¢ usi ng procedures described in L AROiO0E0ANP] € 5.
25Step 9: Internediate 22) is transformed to internediate 22k using
procedures described in step 2 of Exanplée 5. Step 10: Internediate 22j is
transforned to conpound 2006 using procedures described in 30step 3 of
Exanpl e 4. EXAMPLE 23 SYNTHESI S OF | NTERMEDI ATE 23K OCOH Step 1:

51, 3- acet onedi carboxylic acid 23a (30 g; 205.3 nmmol) is added in portions
to Ac20 (55 g; 587.7 mml) and the mxture is stirred at 35C for 23 h, then
filtered. The Ei&mi§Qe is diluted with benzene (200 nL) and the solution
stored at 5C for 3 h. The preci |tate is filtered and dried under vacuumto
gi ve |nternedl%PE“E%%OFQEMg}QED1 33FABE Ytirred solution of aniline 23c (7.5
g, 44 mol) in AcOH (50 nmL) is added 23b (8.0 g, 40 mmol ) portionw se. The

reaction mxture i s warfgd to 35C 2 h, then c@@lgd to QgOﬁ\tenperature
and poured in ice/ 00 mel) > e-?%%u ci'BLt at i sol ated by
filtration, rinsed withl matermélug m.) and driedTunder uun1to gi ve 23d.

15Step 3: Internediate 23d (5.7,9, 15.4 mmol ) . §" added,pof t'# onwi se to
concentrated sulfuric acid (20 nL) at RT, so that the te rature of the
reaction mxture is kept behlow 30C durl addltlon The m xture is stirred

at RT for 30 nmin and pourg n |ce/maﬁer n&44 Thelr esullti ng
|ktr ti gapf ter afnd dried under

precipitate is isolated §

vacuumto give 23e. Step™4: olufhon ofs bor ane (1 0 M in THF, 10.5 nl,
10.5 mml ) is added dropw se t@«ah ice coId sol uti on of gui nol one 23e (1 5
g, 4.8 mol) in dry THF (4 ) under a N2 5atnosphere. The m xture is
allowed to warmto RT and stirred for 22 h. An additional equivalent of BH3
is added at OC and the reactlon i xture is heated tq 45C for 2 . The
reaction is careful ly i N Na®H7(10 ) aad THE s renoved
under vacuum The ure i s poukeg ; 4&& ) Yand t mreC|p|tate
is collected by fi ati"on and dr]j o pfovide23f. 10Step 5:
To a mixture of 23fJ(1.1 g, 3.8 nmol]) and DCM (60! nL) at -78C i s added
dropwise a 1.0 M BBr3 sol¥d ot (23 nL, 23 mmol ). The cooling bath is
renoved after 1 h and the m xXture is stirred at RT for 16 h. The m xture is
poured in ice/water : i i i i
and dried under vacu

Step 1:
5 A mixture of aldehyde 1a (5.85 g, 28.6 mmol; prepared according to Michel, P. and

Ley, S. V. Synthesis 2003, 70, 1598-1602), phoshonate 1b (6.6 g, 34 mmol) and

K.CO; (8.8 g, 64 mmol) in MeOH (125 mL) is stirred overnight at RT. The mixture is

concentrated nearly to dryness and the residue is partitioned between H,O (250 mL)

and EtOAc (500 mL). The aqueous layer is washed with EtOAc (2 x 250 mL), and
10 the combined organic layers are dried over anhydrous Na,SO,4 and concentrated to

give alkyne 1c.

Step 2:

A mixture of alkyne 1¢ (5.0 g, 25 mmol) in TFA (35 mL) and water (3.6 mL) is stirred

at RT for about 30 min. The mixture is concentrated under reduced pressure and the



15Step 6: To a solution of internediate 23g (773 ng, 2.27 mml) in THF (30
m.) is added PPh3 (928 ng, 3.5 mmol) followed by DIAD (0.69 m, 3.5 muol)
(dropwi sew0 2arci30i3¢ solution is stirred at RT for 2 h. Pha/qaanitoein7m xt ure
is concentrated under vacuum and the crude product is directly added
portionwise to POCI3 (2 nL) at RT. The -2@r-eaction mxture is stirred at
100C for 45 mn and then cooled to roomtenperature. The m xture is
concentrat ed under vacuum and the crude product is diluted with DCM The
organi ¢ phase is washed with 1.0 N NaCH, water, and brine, dried (M504),
filtered and concentrated under vacuum The crude product is purified by
conbi Fl ash(r) (Haxd gtgpqmdaf %Mlﬁés%béd?np&hhbﬁt@@lbe gidbd ep 7:  To a sol ution
of chl oroqui noline 2 8 1 in TFA" (10 nL) is added zinc (340
ng, 5 mol) and®®Be nixture |s stlrred at RT for 16 h. The nixture is
filtered and cm@aetrﬁnroattmdwncheg 14 afrhidlBndeEnN (c1lrvan[e152irﬁiue|) inDaN (aotreld isM th 1.0

N NaCH (50 n1_) a%g \L}‘nmethqowetéé:ﬁ(ar\%eslaﬂjjgedrml r3/\(/_:|'se a dqﬁglre%uI?Xt racts

are washed wit#®° r and Rer ey ana 8N ent r at ed
under vacuum mhwrerealldwtp@ptlwemfghw Rily Toe rdsictinas henchgdeisty e QAC108/ 4 t o

4/6) to give ZI%L anatsfiRing is co'ﬁ‘tﬂ[]eﬁtfdf' %omﬂfzo%ﬁlNlThla%lktgr% @é)ﬂncérﬁraﬁbd L%geml ) Et20

(400 ni) under nitrogén atnosphere Is heated hen cooled to -75C
inadry ice/ a@é%“iﬂ%’r?ﬁé?'ﬁ ang the rggigyAa 'pr'ﬂ'fiedt'?i/@@m@fl'aéh@@?”@é”'m‘ [rPiYfexanes,
21.7 nL, 30 mmklesiedastheodsdr ppwi se (4 min addition tinme, internal tenp
bel ow 70C). Thg m xture is stirred for an additional 5 mn and
n-butyllithiu tion (880 1.11 , 1.2 mol) is added. After 5 mn,
triisopropyd bloraeslablegedtion flask2a soiwioe 9] the propeldelit aduhbielet (RE5 herdh2ed at ure i s

held at - 574%m-5§'%n<§ %% {&aﬂ‘%tré’sﬁr?gggg@') |n%g1rﬁt§tﬁ{}$rsr@oto%d't§%@@nd 5 n

(21 mol) of tr proP orate are _ _ els stirred for 10
mn at - 18C, ani§oiteners then pubiigsl throggh theispletipiy Blihe selane aPRIPYXIBAEY by aqueous
2 N HtCI (200t NdoubfQOTHENDRE) is 8Hed saﬁid@qbrouﬁhﬁoqunur@sur@dal/érﬁwdm@tugé |2s.rN atc |
room t enperat ur e e

(50 ) P The ey el ot o Paied 2ai e Coghis Rbute e e BB ea 1 o
pH = 7 wi t hs 10throNgiOel p(udf 810, (Etddc IndsNae@id co2€enirhtpd uidee rqaiuesd pedsatestol s
filtered and dgi 5 kgh vacuum af fordi ng the desired conpound
23k. EXAVPLE 2@10%%%@@'%&* ERVEDI ATE 24B Br 24a24b To a mixture of
the brom de 249tep$52 ng, 0.71 mmwl) and DMF (5 nl) is added

bi s( pi nacol at oggligeimsh. |, 2444 mE o@s%m&c@nﬁﬁlﬁ%@ %B%Qndware adcie% mml ) -

The solution is de asseg w.th a der soni cat P
di chloro[ 1, 1' - SUSB% %’E*'éi.%ﬂé}'mrﬁﬁb HP o?‘f B‘F}Oaééﬂéhs*éﬁﬁém rﬁ5(mrl‘§'> DCM adduct
(87 nmg, O0.10 noEF)23 sLeade,NHeS5 ML tThe eedcgorhdixiuedis atirr&0dvefright 36R1hN and

led to RT. 1 i [ kut Lth. r.at ed
cool 20 Lo, KT T Ehi i, 240 S0 0580 b o
usi ng the Combbrifieat Neaa@eansatl end hlex dhe S10ENI0RYET it driey] aner NaShanothet e 24h.

25 25d 25e St i 5.0 g, 118 mmol ) and
DVF (180 nl) |§ngae purﬁ;@&zgmblﬁla@ﬂ@bom&%{&%l%ﬂ}f%?ﬁ%ééd by dropw se

addi ti on of chﬁs—t@P—Qacetyl chloride (9.40 nL, 118 nmol). The reaction m xture
is allowed2d 0 Ve mivtt@re B3 artndthsenbaadrgde 110 @0@9‘ Q173 Znrlol) alaeEtyce@et i on

mxture is coo| E) IS a8de|§-|:a’th3}?nc1)éjgrn%gurlnrl!)trcg)mlhg&I\X\qt4 mL, 1.2 mmol) dropwise. After 15
min, the reaction is quenched with saturated aqueous NH4CI (50 mL) and the layers
are separated. The organic layer is washed with saturated aqueous NH,CI (50 mL),
dried over Na,SO, and concentrated to give the intermediate benzyl alcohol. To a

30  mixture of this material and DCM (28 mL) is added silica gel (2.2 g) followed by

pyridinium chlorochromate (1.5 g, 7.2 mmol). The mixture is stirred for 45 min and
the mixture is filtered through a plug of silica (3 x 1.5 cm) which is then washed with
DCM (total of 50 mL). The filtrate is evaporated to dryness to give the intermediate

ketone. This material is combined with sodium acetate (102 mg, 1.25 mmol) and



(2.0 L) and stirred for 30 mn. The mxture is filtered and the solid
rinsed with water 10and dried under reduced pressure to provide 25b. Step
2: To a woabwd3¢@BdC) m xture of 25b (12.4 g, 74.4 nmol pcTOA(0kB070m) and
glacial Ac20 (150 mL) is added dropw se over 1.5 hours, a solution of Br2
(4.6 m., 89 mml) in DCM (75 nL). After-42-hours at 10C, an additional
anmount of Br2 (2.30 nL, 1544.6 mmol) in DCM (40 nL) is added over 1 h with
stirring at 10C. Stirring is continued for 1 h and the reaction mxture is
concentrated under reduced pressure. The residue is triturated with Et20
(500 nL) to provide bromde 25c. Step 3: To a solution of 25c (13.4 g,
54.5 mmol) in ﬂ_ﬂd'r:ox?@ﬁ)%erﬂybrobﬁo%qgﬂmﬁl P% Bﬁn*b@ﬁ@ﬂ@OH%@WL'?}éhd %Lﬂegﬂeg?o conpl ex

(55.0 nm., 2. ution'in 1) C. The mxture is allowed to
warmto room t%ﬁrﬁé'? apeaied WhR AfREhN dbe FeraéttP”é? a'Pé/PP' EB(COPb‘P rqomp, teMpPREAtYEact | on
m xture is cooé@pbohmrﬂaed@u&rwhedelst 9)MTle iotitictIs pdriaerigotemibikihs{®@7 nl), and

then refl uxed |v thnél xiure |Ssa nqll Iuyé(%%lsvmar'gopﬂa%zlgo neutralized with 1
M aqueous Na q“nt Ig FUrtRer & rdetion” s d6nceRt Tal'€d. The residue is

purified by f;S_fag_EL col um chr omat ogr aphy (15 to 30% Et OAc/ hexanes) to
provi de interngdi;afe o?%e%@@O ﬁ\g 0fs mrr?fﬁ);érn@ Pﬂﬁ/lei&?l rr(L}% o%ggsseé%y- mol ),

bi s( pi nacol at o%@l bor on %g nmol ) in
1, 4- di oxane (4BGOHAYN; @Sa@@ E@Swtton i SOreR P 6289 %W@PB [kPIged heat ed
gt ﬁlooc t[mder %m‘mé rO@E8 startdm&pimaﬁ.a a]E AT t£9,0384 i, lrmlsg mmol) is added and th% .
Ichloro[1, 1" -Di 1p ST errocene] pal |l a [ adduct
(35 o a3 mighgire s R PaRG R B Pe S R B e Al e oot TS The
reaction nilxt uvasuo sh oobired thoreRfluaridedH (I re)ehdtelcesa @, @aedmgj isGairéd e(r) .

The Celite(r) RadpisSqf eﬁﬁian‘éﬁ |Erﬂerpr%3$ﬁ\gacggq'h5b&m%%@éh% ef:ld'l %tb@\%%d S

concentrated under reduc ressure residue I's puri
col um chr omat 'ﬂ?b)r%’@mat%rt(wlég THE rgapisdayet @A@FMH@&N‘%PQV@%@* g %

Et OAc/ DCVM) to pur¥d BeceRBiFiabr@\NYBpariéh td YNNI 1S sSPmbNFERMRDBAI E 26E St ep
1: To a cold éOC) solution of 1,2, 3,4-tetrahydroquinolin-8-ol 26a (6.00 g,

40 mmol ) in e6EORET i s added K20B (16.7 g, 121 mol) fol | owed by
dropwi se adgli t $tep 8of 20 chl oroacetyl chloride (4.25 nL, 53.6 nmmol ). The

reaction m xtu i d for. , reaction
m xture is cooTfeO (‘{%dy'\!%)-% ouréglg%{ag/a{]sgﬁﬁ%?\%bﬁ% aljt'rrg%ﬂmd%??fr ed for 30
m n. The resul &nidg 1ki(56: 09, é) 37gminpl) ard edhlenqpyridine (3Hplk. @-36 mueldinkdGM (Quat er and

dried under reﬂup&dmace&@memﬁ Jt@e Fé)acttoﬂ fIEEI@inQ@ecﬁlWaﬂﬁ’ce?\/@Qerb%ﬂ?&ﬂ 2, 3, and
4: 25l nternedi ate 26b is transforned i nt ernedi ate 26e usi ng rocedures

described in Y858 100 AkYRE 1HERRMS- & 1§5nmmm“t<%m@vwmv inge
| NTERMVEDI AZEE 23t the mixtuse @mlidwed fbQvaamne RT UAfeer efirring for 30 min, EtsN (1 mL) is

4- br omo- 2- | uogq%leg H& h %QS 9 \?a gra eJd% g 335‘?'h ||dk|e% sgbgﬂn@&gf IS
ARG o ¢ JaMges, Tnlggiate s V125 m).

added a solution o
The m xture is(1Redd @dd washeéfwltbxvafemrTh@ mamméwrmlbédvqwa@@md sI ow y

concentrated and the residue is purified by CombiFlash® Companion giving pyridine
11

25 Step 9
LiBH4 in THF (2 M, 470 pL, 0.940 mmol) is added to a solution of ester 11 (51 mg,
0.094 mmol) dissolved in THF (0.85 mL) and the reaction mixture is heated to 85°C
and stirred for 30 min. Excess reagent is quenched with HCI (2 mL) and the mixture
neutralized with NaHCO; (10 mL) and extracted with EtOAc (3 x 10 mL). The

30  combined organic layers are dried over Na,SO, and concentrated to give alcohol
1m.
Step 10:
Dess-Martin periodinane (71 mg, 0.17 mmol) is added to a mixture of alcohol 1m
(43 mg, 0.094 mmol) and DCM (1.7 mL). After 2 h, the reaction mixture is



10neutralized with saturated agqueous NaHCO3 (150 nmlL). The mixture is
concentrated and the residue is triturated with 10% MeOH Et0Ac (1.0 L) and
filtered wbrouwgtiomspad of Celite(r). Concentration of tReTidA2br0&00e700Nder
reduced pressure provides aniline 27b. Step 2: 15Internediate 27b is
transforned to internediate 27c using t-hé& procedure described in step 1 of
Exanple 25. Steps 3 and 4: Internediate 27c is transfornmed to internedi ate
27e using the procedures described in steps 3 and 4 of Exanple 25. 20
EXAMPLE 28 SYNTHESI S OF | NTERMEDI ATE 28E Steps 1 to 4: 5Sinternediate
28a is transformed to internedi ate 28e using procedures described in steps

1 through 4 of cc%éam're% t%é res@&@'\%?so%%d%\/w Hﬁﬁhﬁjéﬂf(mmﬁwm $ABLE 4)
Cl Step 1: a anple 12) EtOH (11

mol
nL) and aceton'%“t?r? (iMd'P_irHFso%'BbooT\%'P@@%'s(af@?d rﬁfep?r 'HW(B'I“) aN?d:)%t hyl
br Iormpyr uvat e (71?;7940 7%. memclrr)nanld)NaHBh«a4 (rmxﬁg,losglnsm)aag@ebralt mB)?QaﬂaHd ta6( h and)
sol vents are e) Lh Svac ere I 1 ssol v I.n 20 nmL
washed tw ce WhahIrS mf e a%t?e(gq')gure S Wgrgﬂﬂfs%lﬂgk g{)?}%renhnt &gtnggufen's 9/@%40 gi vi ng
29a. Step 2 \mthww&telu(ﬁenLOfanQQara(cezmlth@tO&Q@B)«ﬂﬁth), T g¢riglayerns griedind MeOH
(6.2 m) is tr@\%?ﬁgéﬁtahd 'cbrgé'nt(rélhle\él Tﬁefk—:-sﬂi‘ue |5qu4’flm drefratR8 GPLeM o JRe N A
further portion of IN® I's added and the ™ m xture is
stirred for 4 W”&%O“Q%@Zgl(ﬂla%@-l (0 1 m_ 0 1 rrm)l) is then added and
reaction is continued until conplete conversion to product is detected by
UPLC- M5. The n%xture is adjusted to pH 1 with 1IN HCl and extracted with DCM
(3x), and the & extract is dried over My504. The residue is purified
by Conbi Fl ash(8yNTHESS MEBIFERMEDIAYEREM / 1% AcOH) affording pure 29b. 15Step
3: To a mxture of 29b (50 ng, 0.11 mmol) and NWP (1 ni) is added Et3N (63

L, 0.45 mmol), fol d by Sten 2 B Step3
N N,N,N-tetrame -~ (be zcﬂEtrl_aznl mr 1 um]geqlrafJ_uar te (72 ng,
0.22 rrm)l) The m xture ig-stirred fog in, tepeak wi t h peapent yl am ne

29c (30 ngy, 0.34 nfol) and stjrred 16 h at 23C. 1N NaOH (0.5 20m., 0.5

mmol) is added to the reaction mixture and stirring is continued for 2 h at
60C. The solution is neutralized wwth AcOH and Et 0Ac (75 nLS)eM% added. The
organic layer is washed w th water and brine, dried over My504,r filtered
and concenrated in vacuo t he resi due Cf's Purified by prep HPLC. A

m xture of the prod t/ : ( 3stab) €d wi ¥h° 1N > 10) and
neutralized with 25 Ac IThe mxture ssed through separ at or
filter and the organic™® ayer is concen‘ira"fed i n vacuo. e “fe3|due is

diluted with a m xture2of MeCN/ water arfd | yophilized to give conpound
4007. EXAIVPLESSO SYNTHESI S OF COMPOUND 5002 ( TABLE 5) Step 1:

51 nt er medi at esSEBH: (Exanple 10) and 3h (Exanple 3) are transforned to

i nt er nedi at e 30@a wglitivg df kadliyn etbexide € .4ds Sr7dmed, 21P0 \8ivap EROM)fat RTaspl e 4.

added a solution of diethyl methylmalonate 2a (645 mL, 3.72 mol) in anhydrous
15 PhMe (330 mL). The resulting solution is stirred for 30 min and a solution of ethyl 3-
aminocrotonate 2b (485 mL, 3.71 mol) in anhydrous PhiMe (490 mL) is added. The
mixture is stirred at reflux for 39 h, EtOH (1-1.5 L) is removed by vacuum distillation,
the mixture is cooled and water (1.6 L) is added. The mixture is stirred at 40°C for
~2 h, then is cooled and the phases are separated. The aqueous phase is washed
20  with PhMe (2 x 50 mL) and then adjusted to pH 5-6 with conc. HCI. The solid is
filtered and dried to afford dihydroxypyridine 2c.
Step 2:
To a mixture of dihydroxypyridine 2¢ (100 g, 0.718 mol) and DCM (800 mL) at
ambient temperature is added dropwise Br; (37 mL, 150 g, 0.72 mol) in DCM (550
25  mL) over 16 min. The resulting mixture is stirred at RT for 1 h and intermediate 2d is
collected by filtration (HBr salt).



Step 2: Internediate 30a is transforned to internmedi ate 30b using the
procedure described in step 4 of Exanple 12. 10Step 3: To a m xture of 30b
(700 nmg, wozorwmsh)34 Et 3N (420 L, 3.0 nmol es) and THF ( 1BCmEIOA20t0/00€707s added
i sobutyl chloroformate (205 L, 1.6 nmol) dropwi se. The mxture is stirred
at 0OC for 30 mn, and diazonethane (0.64A6Min Et20, 11.2 nL, 7.5 mmol) is
added. The m xture is allowed to reach 23C and stirred for 2 h, then is
concentrated in vacuo. A mixture of EtOAc and water is added to the
residue, the layers are separated and the organic |layer is washed with
sat urated NaHCC3, water 5and brine, dried over Na2SO4, filtered and
concentrated i@teg@,cuo affordi ng 30c. Step 4. A mxture of 30c (125 ng
0.28 nmmol ) an is treated with neopentyl am ne 2901 r’ré)
(65 L, 0.55 mTBWe)bra'ﬁaPyéP@N2(’41ﬁ1L9 HEr 831 frriseied o el oI By (Caliait 16/ o
?]I | Vﬁl‘ benZOatleaﬁoﬂ.&olfﬁg,to B10Thenaxabgs. POTISis Mrduet By leSapdidtivh ank fhik ré@ﬂ@q:sfor 13
The m xture_is dilute | ., saturate
NaHCO3 and wat ICmurec'drnltoe' grvheerm'%aﬁéf) djd e({'tto%asuapn é'nggéﬁte'ﬁdo ?qusq"ﬂ vacuo
provi di ng 39d. N&t@@:. Fhe miXtuTe jet fltered @hd gedilt(atdextng ste @ Wi DRIVD(S)x, 800 mL)
chl or oacet al dembdd?leél%Qe@NanS@’atTﬁé sol&tﬁaﬂ’ls ﬂé@ecﬂ-i%rdﬁrﬁpla)& NHodNpHS R r(ah@- 7 o,
0.23 mmol ) in EtOH ( nf) ted reflux for 16 h. 'The m xture is
cool ed to 23C %ﬁ‘ﬁeﬁ“iaFetdé?éﬁordéﬁd the soI vent is evaporated in vacuo. The
residue is m xagbrivdtivé prbbducd forbtkp and MeOH (0 3 m), and 1IN NaCH (0.3 ni,

0.3 | ded. The 415C il t
Sonoove) 1 e bnbPuline dLa e 3ad s A 00k 2o B S 1Py By
prep. 20 HRLC ltﬂ(ltl,m eocledrpaligrce SODACI; isEXADPaEd. I t&(td?ld&é;lsﬁddfd COVPQOUND 6002

( TABLE 6) @Docb Qt%__' agﬂ_d[_ 6rbe5\~'r§n&u?e @%éé}g& gt food Fb% %gﬂ‘}ﬂ{e% glg?ehsg ap! e

(59, 15.6 mol zinc es). The
m xture is stitorcesltaRTaotreyed ento ige; hen agjpsied o hagigPEvi sobBa-LRY Fel t er ed

throggh a Ce: i fnefurd isBifgted aﬁthhblﬁ@c[ai;]el|£E>Et%@dlmﬁth@®,&@@t>(@06%L{) rblrﬂé?@lélé?t The
residue is slo neu sat ur n racte W ce
neh Erone. il Sean btred e Ml S AhE oba e ekt oand br e,

dried 10oves M;Bw@éntrafedl bret tael resititie COritientéd @itheEOAN to/giceize (106 g). Tee filetedesi r ed

| nter medi at e 3a0, SheReang puraé ¥ ol ENRpdrks 8ol Bl | e

wat er (1.58 rrL egasse rogen and syringe
to a mixture ofe.the internmediate 3la (1 g, 3.5 15mmol),
6-(4,4,5,5-tetgR thyI [1 3, 2] di oxabor ol an- 2- yI) chroman 1 9d (Exanple 19)

(19 3.85 mo 1.47 8 17.5 nmmol ) under. nltrogen at nosphere
in a 48 nL resk é%troé C\/B@ Je 2fdPppetd Wie) 1B ARBGHSTEFLE 1 E 8gdtet and
fixed withoa ruha(bermsgpoumnol)Blr@(hterresuntmbm)whrpraoamhq avelppdrgdi-wio (¢do9 ny,

0.35 mol) 1S Adeeh 8, § B [ARE bR I UAE AN L0SETRED [ Bl aced T

soni cator for mn whi’
seal ed with a Methylshlocpoznathteh@atmed 087 mic®d<addsed and htlrrlnthle contiotied for 1 i? d| | ut ed

with Et 0Ac andrdd Lb&ioRsh &J&B&%G%tﬁ%bﬂuléa@é& NAEb L iR BlidRRICoexIdtREt 1S washed
with water and brine, dried over MgSOdand concentrat ed 1 n vacuo. The

residue i s purMRUEISRACEr 3dh E@ﬁ%@ﬁ‘t%@a%‘?or@i‘ﬁic oxrathip gied puer Nacsitat e

hexanes) a4 or ghid¥te@UbThe extract is passed through a SiO- (300 g) column, concentrated and
the residue is purified by CombiFlash® Companion (EtOAc/ hexanes) to afford 2f.
Step 5:
To a mixture of ester 2f (65 g, 0.248 mol) in anhydrous PhMe (400 mL) ina 3
necked 5 L round bottom flask equipped with a magnetic stir bar, addition funnel,

30 thermometer and gas-inlet is added (R)-2-methyl-CBS-oxazoborolidine (1 M solution
in toluene, 50 mL, 50 mmol) with stirring. The mixture is cooled to -35°C and a
solution of catecholoborane (36 mL, 40.5 g, 338 mmol) in toluene (240 mL) is added
over a 2 h period. Stirring is continued at -35°C for 30 min. The mixture is allowed to
warm to -15°C and is diluted with EtOAc (400 mL) and aqueous Na-CO; (15 wt %,



10Step 3: To a 15 nL reseal abl e vessel equipped with a magnetic stirring
bar is added internediate 31b (500 ng, 1.3 nmol),

0- (2, 4- diwDt2ooptzersyhhydr oxyl am ne (300ng, 1.5 mol; prepars2on/dencri bed
in Tet.Lett. 1972, 28, 3833-3843) and MeCN (1.7 nmL). The reaction vessel is
sealed with Teflon cap and the m xture-i4§ stirred at 40C 15for 24 h, then
is cooled to 23C and concentrated in vacuo affording 31c. Step 4. To a

m xture of 31c (521 ny, 1.3 mmol) and DMF (17.4 nlL) is added K2CO3 (198 ny,
1.43 mmol ). The reaction mxture is stirred for 5 mn at 23C (exposed to
air), then methyl proprionate (132 ng, 1.56 mmol) is added and stirring is

continued for mL)hTheTrﬂ&turr@ Péterrr@d \;'IQQFJI'QJSH)M’B% Wntéhdﬁh%aﬁﬁﬂghé/@%"ed Wi th
saturated NaHCO3, water and brjne. dried over MgSO4,

filtered and cimerfdadapsied W‘é{bauﬂb'e%‘ﬁd\'@ﬁg F1er’§’i’tc?/&ez >i %O%Ulr iVI9OEYS BYTRY ash
chr omat ogr aphyfof ®mik0L%h ainbyindaeaéatseNH Bexane ), 2afFoomdi: mugorB&dsturﬁtgapr 5. 25A

m xture of 31d,(25 IS
treated with a cgo|n etafq%tr'lm%f %%”ﬂr’aﬁké@f*(63%“2ra§%%5355%“°‘r%%§’ @3@9 or 18 h.
The m xt ur €5 i selatitjgysthddOta aptcdnogntraied N vieigdio. dhelresiduie Bqugtiedtivt h DCM ( 3X) .

The conbi ned O@gﬁgpﬁsﬂ@@%ga,ﬁgrﬁogffb,nggg\é?(rapNg'_504i nI ielrtrrg{jiegt anlgoingent rat ed

in vacuo affording internedi ate 3le

t ransf or ned toJéég:pound 6002 using the procedure described in step 3 of
Exanpl eh29. EXAMELE 082 @\g][arrd455|z§ncas anbT-bitMEb At 2 A2 A iEdbled in arlNtk I)Z Od
00 0 3h32a To m tur at a 3.1 mmo an
acetone (20 mtyatn- o ssEE s temes ¢t M HReR sbt Ttk ST | oa de
(2.9 m, 3% mMmaid)allofedtorstafot 6 brat v@§%¥kThe ssastioml ie duencbed with a sarbiedn m xt ure

stirred at RT (ks nd @, Bl Gnli hethildileid a @k&&z ! ﬁﬁ&a A SRS Ur at ed

bri ne. The aqueous p ase I's ext acte t he conbi ned
or gani ¢ phasesN&S&:diiedaixtuigjstkpred. the areanicdaxsi if oreEdanathecPUeoWr yness to

afford the desjay@@xistanatnectd2a (3 LPsEXAVRid 38r SN0, ERERSdGhd | NTERVEDI ATE

33c concentrated. DCM is added to the residue and the mixture is filtered. The organic

15  phase is concentrated and purified using the CombiFlash® Companion
(hexane/EtOAC: 1% to 30%) to afford 2h (>98% ee by chiral HPLC) and recovered

starting material 2g.
EXAMPLE 3
20  SYNTHESIS OF INTERMEDIATES 3G AND 3H

F

o
OH OH oy
C[ NO2  giep 1 ©/\N02 Step 2 ©:N H, Step3 NH
—_— —_— —_—
cl cl

cl
3a 3b 3¢ 3d

o o™

NH

H Oﬁ OYO
Step 7 Step 6 NH Step5 NH
B B
e e
o \O o \O Cl Cl

Br Br
3f 3e
3h 3g

Step 1:
To a mixture of 2-chloro-6-fluoronitrobenzene 3a (6.62 g, 37.7 mmol) and LiOH-H,O

=z



33a 33b 33c Step 1: 15To a m xture of nethylcycl opentanol 33a (2.0 g, 20
nmmol) and AcOH (2.0 nL) is added KCN (1.43 g, 22 mol) portionw se,

f ol | owed W9 20300342504( 3. 0 nL) added dropw se at a rat @CraAzemmooie
tenperature at 30-35C. The mixture is heated to 60C for 30 min and is then
stirred at RT (16 h). lIce water (35 nlL) 48s added, and the m xture is
adjusted to basic pHwth solid K2ZCO3 and extracted with Et20 (5x). The
20conbi ned organi c phases are dried over My504, filtered and concentrated
to give 33b. Step 2: A mxture of derivative 33b (1.5 g, 11.8 mmol) and
dioxane (8 nL) is treated with 5N HCl (8.0 nL) and EtOH (4 nL). The

mxture is hea(feeéi gatl59ﬁﬂ1to|)% Tigf k4‘5>$n|lc)%d€vafér (65']1%5 |§5J!:|%B%uéyﬁ§|l—€© Oxgde are
renoved under vacuum _The agueous g@ase i's washed w hexanes and fhen

concentrated. &P e80-BMmmpl &he Rixiur %9‘8@3M'3§E@89 Foo‘?ﬂ € W RRIGHITH% h Bt OH.

The resul ting afdrizdiays trdarr'hﬂﬁilrdmdediled]Iaghled/ta(hblmmttl@tegla\q&edLhGoﬂmﬂnne

5hydr ochl ori de sal 4 . SYI\FI' ESI S OF_| NTE
34a34b34c34d 1t6§tse atel(%o R%ﬁhérlhake” ¥'g°f°uné't'ﬂase§/ar?o ex%%%r X(t)l§<r>ell'si c acid

34a (25 g, a76acmmd)to pH <CONIH LESHGH extradtecd wit) BOACAS@narid avaskedabifft i ¢ anount
of DMF (250 L)pde 261%‘9) T@é’drﬁ/ﬂme‘&*’&xﬁ’édt?&re@%@d m‘er rr%%ﬁesﬂ]ﬁ%u)ﬁalesﬂﬁe?&ﬂ adﬂed

dropwi se over 30 mn and the mxture is allowed to stir for 45 mn.
reaction m xt ud §Varraten tRlYSREMPIBPRT and stirred an 15additional 2.5 h.
The m xture isseprcentrated to dryness and dried and the residue is m xed
with 1, 4-di oxape (125 . _To,.thi Lxture i s e t.ion e a solution
of 20% anmoni u ﬁw%ﬁghéhecﬁlﬁ (Ef? gg%g(%{ﬁ“r?oi) "’W)j.qggﬁgoq?ﬁ”btﬁ%wd Ndiluted with
wat er (20010rL) pawtdr €Xt4r gad# echmai)tfdlloe @By 1 N3IHG1.(220vel 2fimima)dardrtigrani ¢ extract s

are washed Wt RL NISBREQRIbAR o BT el HR0 My id doSlelth @Rdagoncent r al ed

to give a crude F Ssol i n hot hexanes (125 nl)
and |eft at 4Qqurglizgy wititi@ NG (32gplaeand stired V'Q@P@w fehaPanhh@ih- Whe h col d

hexanes to af f ardirawrifdged Hiough d%fCenté@an@the@sm@réwwhddh@m@ d flask

d th 34b 1 h
ch'of T de (12 nit SoRCIREP9S Pehdhe I;zﬁnse%éq@fewaﬁwﬁg%mgfé«ft'%cfv% h unti
gas evol utidn leages) mr_)hmﬂ tioobade prasKE veastiediwltubrad (40a ihLETROeXtb2Gsn) wit h

careful ~addi ti gn. Qi Frb&ﬁféterﬂﬂﬁ Eﬁﬁc&%ﬁ@t&%@%r‘%e pLoi3E! rred for 5

m n and then adjuste asi c organi c phase is
separ ated and ﬁﬁﬂﬁed W|th saturated Na2CO3 and saturated brine, dried over

My504. 11 eat edcibiobodlahe Al (1At bhbaRs) it BiguD afRblcoaliurekie 11 trat e
i's concentrated under vacuum at Hﬂg . To a m xture of
EtOH (50 ni) af@npRAenelge €819 %303@‘”@1% P§O3a<13 48@ ‘?%BEE%P@d” YIOE. 7 g, 119
mol ) f ol | csvedDiay (pdoahiyrunteroxiidegmoddherargjter sTiia, thie Xdddtien is aligWeacedainm a Parr
shaker and treat 0.pnsi. f ere j,s,flushed
ond Bt ho i xt ot ot At der B8 iR 568 Ruer da B Ak FRRRETE Roby
filtrate i s coaseatrageddith btCfcyp@snl)annd virhed wdh dater/bineidshddl-wi t h et her,
filtered and d£dt@r§tebQo&bm%uckm%nétQRﬁL)%g'bﬁﬁ@(@%é%@‘srh}eﬁaalﬂbéqj’hg@uk‘iHe'nde salt

EXAMPLE 35 10 SYNTHESI OF COVPOUND 1363 ( TABLE UDI NG SEPARATI ON OF
ATROP| SOVERS S’flr@ﬁ oyer MgSO,, filtered and concentrated to afford Iactam 3d.
25  Step 4.

Bromine (1.8 mL, 35 mmol) is slowly added dropwise to a stirred mixture of lactam
3d (3.15 g; 17.1 mmol) in anhydrous DCM (40 mL) at RT. After 3 h, the mixture is
slowly added to saturated aqueous sodium thiosulfate (200 mL) and extracted with
DCM (4 x 100 mL). The combined extracts are washed with brine (200 mL), dried
30  over MgSQ,, filtered and evaporated to afford the bromide 3e.

Step 5:

A solution of borane in THF (1.0 M, 18.5 mL, 18.5 mmol) is added dropwise to an
ice-cold mixture of lactam 3e (4.00 g, 15.2 mmol) in anhydrous THF (75 mL), and
the reaction is allowed to warm to RT. After about 30 min, the solution is heated to



28e Step 1: To a mxture of the diester 10b (1.0g, 2.91 mol ), DCM (7
m.) and MeOH (0.25 nm.) is added TFA (8 nL). The mxture is allowed to stir
at RT forw@ 2h10zn3do3es concentrated to dryness. The resi edgg/dAzotoakern7up in
Et 0OAc and washed with saturated NaHCO3, dried (Na2SO4), filtered and
concentrated to give al cohol 35a. Step-2%-A m xture of boronate 28e (400
nmg, 1.43 nmmol ), al cohol 35a (420 ny, 1.46 nmmol),

52-di cycl ohexyl phosphi no-2', 6' - di et hoxybi phenyl (S-Phos, 59 ng, 0.1 nmmol),
tris(di benzylideneacetone)di pal |l adium0) (39 ng, 0.04 nmol) and Na2CO3 (607
ng, 5.7 mmol) in 2-nmethyl tetrahydrofuran (5.6 nL) and water (1.4 nlL) is

placed in a Se?érﬁglreﬁlu)(ﬁlﬁa% N{Eﬂﬁos‘ﬁhé‘rteu,&f?erb% ﬂ%@%ﬁé@% Q%IeQHQb*d ng argon
t hrough the solution he vessel seal ed and heated at 75C

(20 DS Furt heraeba-BRReg b {8 N IS S o g e e P BB HE ¢ he

m xture i s agaismillieaidwater @6 GiL) 20d thk TH'Fhee\fapﬁda&adl maéquéeus @siflid fser ed,
diluted with Et ri dri.ed_ov 4 and
concentr at ed. ?%radbd%ﬁgg&l‘c\g&&rn?f %dmf} a”%&”n%“ W'thh\'(a 3&) %LéOb ‘?_I)]e(fo give a
m xture of § soNde®HIBE0 mE ap l3me (105 Thig. Themom’omedfexteamgldse@@br (362 ng,
0.90 nmol) in hgéﬁes*ﬁméﬁllfatgcfﬁ’t%%rd%né EvélpoFgfed t'é%ffgmllle:) mbﬁoh&lﬁ’m@ld@ﬁvattlg’egrc in an
ice bath and treated portionwse with perchloric acid (/0% wW w I n water,
1.2 m, 13.4 n®8RP:. The vessel is capped and the reactlon m xture stirred
at 0C until abewydRRAYDEERD AL Bdddde o fRek tHaPged vithCind BESRage 31 (1 84 N NaOH

H 9 dth t Et i h i
Swashed wit b Wt Bl BrRacGibSen e e atmonin EdRtum FARE ' The
resi due i s1pur 2f47ex 269 nCootbaril tee et .Co ispianiygandteObyt loubbDQLs teamoifhieganes) to
th d hol
gve Lne e glagh SRR AyB A8\ PR GHSIR SRR S
and THF (1.2 niy1 ml)u%a%ae@dm mpoye F@'eQWQPr'Eate@fOQQbOMr@Jf%he%'@'”rﬁ”ﬁture is

al l owed to stithe@hedtdd 1639@ d)arlehggbut $6 RahdlichitRd ikt idbdddl exandte@Withact ed
extr ct i over Na2 red and

wi th Et0Ac (2x). anl rie fil
concentr at ed t%toﬁicggo dang r?aee’%rt?‘ gp° was eg 3t1d’\‘ er&‘””%%%ﬁ % %y, 0.06
nmol ) and NVP @00 L), drisd bvee &gSO., Viilteled BBI tbricdtra3&irThe Gasitide nsrm:lrmleoabyd Et 3N (35

L, 0.25 mmol) | | t hen

trans- 4- net hyl%hyaﬁatﬁg%ewogre}ll %hcg 5@@'3&{%)&%&5508%0%%&?érogac}g]s The reaction
is allowed to &ntamipatedyith .8 gy ohthe dibgronkieagedt. | ut ed with Et OAc. The organic
phase is washegepist h saturated NHACI, H20, and brine, dried over My504,
filtered and concentrated to dryness to afford the am de 35f 6: A
Xt ur 6 of - am GRISGER MR Galies A PRRHADL 3 G 1§ ] Bed B o 1N
NaOH (0. 2920 arQI cﬂﬁ)nm@ 13.@b, ®aéILadt) amrhbraéurs edrtbied®.4igS 0.a0 indi)fin dow t h AcOH

d purified b f
Concent rat ca t0°TimegE UGG Tt AP a b BT B ARERN ¢ pnase
s dried over ReBSOANfitéricekesd nasmd vtbrideatt e Btate Brioposeried ¢ $ynessdi ssol ved
In DCM and tregiffe vasrdt]e ;'sqaaﬂrt.e@éd KweeN PREAERRE) AMERORE Woodh) ZRTE W th AcOH.

The phases are separated and the aqueous |ayer 1s extracted vmth DCM  The
conbi ned or gan?"@aHhig¥ds ‘é{?%‘eeéﬁ’ﬁﬁéﬂ‘ﬂer@f)é'&)%'ﬁd PYRBFANGMsMISP«dde conpound
1363. 10 EXAMPidncéfirafldtERMARDonREYEBRl S OF | NTERMEDI ATE 12¢ Step 3 C
12c Step 1:



15A steel bonb is charged with the conpound 2h (11 g, 34.3 mmol), Pd(CQAc) 2
(0.17 nmg, 0.68 mmol) , bis(di phenyl phosphino)ferrocene (0.42 g, 0.76 mmol)
and 2, 6- wotooi13e38.0 nL, 68.7 nmol). Degassed MeOH (5@cmiOA20®/memed and
the systemis sealed. The systemis purged with N2 (2x) and CO (3x). The

m xture is stirred at 110C under 200 psi50of CO for 48 h. The reaction
mxture is filtered, concentrated 20and purified by Conbiflash(r) Conpanion
to give 10b. Step 2: Internediate 10b is transfornmed to internedi ate 36a
using the procedure described in step 1 of Exanple 12. Step 3:
S5Internediate 36a is transfornmed to internediate 12c using the procedure
described in sggpec@f Exanple 5. Step 1: Internediate 12d is transforned
to internediate 37a using the procedure described in step 5 of Exanple 35.
Step 2 15A n?PXYTHES BF camiyard 183 (TABEE By, 0.06 nmmol ), THF (2.5 nL) and
MeOH (0.75 nL) is treated with 5N NaCOH (65 pL, 0.33 mmol) at 60C (1 h). The
solution is neutralized with AcOH (19 pL, 0.33 nmol) and aporated to
dryness. The residue is then|purified by Corrbl Fl ashe @onpani on to give
conpound 1142. EXAMPLE B8 SYNTHESI S ¢ POUND 1 ABLE&E 1) CICl Step

1. 5To 12d (1 g, 2.5 : Et3N1 sugg 3.5 THE (13 i) at
OC i s added isobutyl chl ol of gr mat e* (448 L—3-5
is stirred at OC forc ! i azometbane: sol uti

ropw se. The m xture

(0.67 Min diethyl ether,
37 m., 25 mol) is added glowy and the m xture ijs allow¥d to reach 23C
After 1 h, the mxture is concentrated in vacuo andi.fhen Et OAc and wat er
are added. The organic |layer is 10washed with a saturated aqueous sol ution
of NaHCQO3, water, brine, di over Na2504, filt ahd concentrated in
vacuo. Crude product is ig._putified by Conmbi Fl ashQ Conpanion to gi ve 38a.
Step 2: To a solution of 38a (828 ng, 2.5 mmuol) iF 6 nmL) at 0Cis
added dropw se 15an HBr sol ut % ageepd. 09 N, ~& ). The m xture
is stirred for 1 h at OC.Te utign is—di-luted w OAg: washed with
NaHCO3 (sat), water, brine, drq edfjover Na2504, fil and concentrated in
vacuo to provi de 38b. 39 & 0°38b (50 ny, E Pn a m xture of
EtOH (750 L) and aceto is 20added NaHCOG3 (8.1 ng, 0.11 nmml) and
2-am no- 5-chl oropyridirne7(14.7 ng, 0.11 nmol) ip a segfed tube. The mxture
is heated at 85C for 30 min then concentrated in vacuo. The residue is
diluted with THF (1 nmL), MeOH (300and a NaOH solution (5 N, 103 1.11 , 0.52
nmol ) and the ting mxture is then stirred for 15 mn at 60C The
m xture is Toolea stlgiodICthanikbhtonepypdine gh &dipurslee)l (2.0 9-G2Bmmiot) anABBH.  The
crude m xture Jj.ﬁ18 |bhér1¥ﬁ>@§§% al%rd% k"?bg f@%l)"ﬁ ‘ﬁ/[F &8%@3% &y M ammoni um

bi car bonate (pH1L ons are co concentrat ed

under reduced NEE5(f- %F”LTH%mm@Q |fQi|G\ée‘i| §Y Qi< BPIRd 4 hmEEEdE pmo. He) 5and
freeze-dried t@agionenikdds ddgs8ddldy bdBoling with argon (10 min), the reaction vessel is

sealed and the mixture is heated at 110°C for 16 h. The cooled mixture is diluted
10 with EtOAc, washed with water and brine, dried over MgSO, and filtered. The
residue is purified by CombiFlash® Companion (Hexanes/EtOAc) to give 4b.
Step 2:
To a mixture of chloropyridine 4b (250 mg, 0.64 mmol) in DMA (5.6 mL) is added
boronate ester 3h (Example 3) (218 mg, 0.83 mmol), Pd([P(t-Bu)s]- (33 mg, 0.064
15 mmol), and NaHCO; (269 mg, 3.2 mmol), followed by water (565 pL). The mixture is

degassed by bubbling with argon under sonication for 10 min, the reaction vessel is
sealed and the mixture is heated at 130°C for 16 h. The reaction mixture is diluted
with EtOAc (30 mL) and washed with brine (2x), water, and brine, dried over MgSO,,
filtered and concentrated and the residue is purified by CombiFlash® Companion

20  (30% EtOAc/hexanes) to afford 4c.



SYNTHESI S OF | NTERVEDI ATE 39¢c NHBoc 39a39b 39c 10Step 1: To a THF
solution (90 n.) of 39a (7.2 g, 38 mmvl) is added solid NaHCO3 (16 g, 190
nmol ) anoweabsr130@4nl) at RT. This mxture is stirred f@CTAA20i0mobm7ore t he
portionw se addition of solid di-t-butyl dicarbonate (16.5 g, 76 nmol). The
m xture is stirred at 55C for 16 h or urtlid conpletion. The mxture is
filtered and then 15partiti oned between Et OAc and water. The aqueous phase
is extracted with Et0Ac and the conbi ned organi c phases are washed with
brine, dried (My504) filtered and concentrated. The crude product is
purified by Conbi Fl ashe Conpanion to give 39b. Step 2: 20To 39b (11 g,
37.8 mol) dis§@ gwed in dry 1, 4- dloxane (120 m.) is added

bi s(pi nacol at o or on HUHH% and potassium acetate (9.9 g, 101
mmol ) before b ?ﬂ PREER 6%%4?3#” WiE @£EWE@%W+HWe%ﬁ@%WLk 15 nin

To It)hl s hmxtur@ddea1a1dd%b|4,(41m|-_(tjn($(nd10|9raenylpi‘eoﬁupthten@)stir&rdraoammefon(f% 5 g, 3.4
mml ). This m xt sse ther 5 m.n (0] ref ] uxed at
100C for 16 h.© edq%E o?ﬂe b V\ﬁétthgk}cg)ﬁl{asn%fﬁlvtﬁ év('ih\l/z\/l&%c' Eﬁ%ﬂ'x p\il WV\‘S/EE1 e&r( and
then filter®ed vitrwatghangdirine alried \dgFhadidsred prd sepantstaidndadvackhen.orhgani ¢
|ayer s vashegaitid i Ay tSast 81 ot IR0 IO oA

concentrated. The resu t|n residue is purift | ashe Conpani on to
gi ve inter nedi Bpguchgdiluteg WMEEN&@OSWN?HESﬁQoﬁwW§NW%&%&?@MHBdQ#ﬁBLE 1)
Step 1: 5SIntemapdiiate 10a (4.0 g, 12.9 mmol ) is treated with boronate 39c
(5.2 g, 15.5 mmmol ) using the procedure described in step 1 of Exanple 12 to
afford 40a. Step 2: Internediate 40a is transfornmed to diester 40b using
the procedure BoswLebed in step 3 of Exanple 12. 10Step 3: Aniline 40b
(2.86 g, 6.84 rmedi ate 40c using the procedure
described in s?ﬂgkgaé?Féggﬁgﬁg%g9éﬁﬁgn%§rop|soners are separated at this
stage by Conbi Fl ashe Conpanion to give 4Q¢. Step 4: 15Dicester 40c is

n step 4 of

converted to nono-acid 40d using the progedure descri bed

Exanple 12. Step 5. Inter rr;ﬂ ate 40d trapsforned t nt di ate 40e
usi ng the procedure descrfl béd Ln step 5 of Exanplg,.12. S ep?6:” 5To a

sol uti on of 4-nethoxy- nﬁa not 1 ne™tar boxyh i tyatt 302> ng >8> wmol ) and

DMF (15 1.1L) in DCM i% added )| ohl ori de a-2Msol ution in

DCM (968 A 1.94 ) dropw se atﬂci (mnth evol ut of gas). After 20

nmn, the solution is|concéntrated ToYdryn&ss and thelf dissotved in THF (2
m.). To this solution is added internediate 40e (294 ngs:0. 74 mvol ) and
DI PEA (650 IA_ 3.72 mmol ){"t hen heat ed 104t 50C for 2h. The cool ed reaction
mxture is diluted with ‘.HE%fUtlvely th a NH4C
solution (sat), a NaH L on sgsat) Ste4The gan phase is
dried (Mg504), filtere d ‘copcentrat if"ution of the
crude ester (431 ng, O. ) in THF { )Oand MeOHK i) oks heat ed at
50C before being tr (O ' i i
15 stopped after 1 4 . n
concentrated to dryness. The reS|due is taken) up Mty MeOH and purified by
preparative HPLC to gng, after |yophilization, compound I453.

Cl

o

2003

Step 1:
To a solution of chloropyridine 4b (Example 4) (2.0 g, 5.1 mmol) in DMA (40 mL) is

15  added 4-(4,4,5,5-tetramethyl-1,2,3-dioxaborolan-2-yl)aniline (1.6 g; 7.2 mmol)



EXAMPLE 41 20SYNTHESI S OF | NTERMEDI ATE 41D 0 Step 1 4l1a4d4lb SteD 1:
Conmpound 4l1a is converted to 41b using di nsyl sodi um and

met hyl t riwbeny/phsgphoi um brom de as described in J. AmPCTGAM10B0e¢707 1980,
102, 1404- 251408. Step 2: Internediate 41b (250 ng, 1.18 mmol) is

di ssolved in diethyl ether (5 nL) and cdal-ed to OC before being treated
with di azonmethane in ether (40 nL, 2.8 nmmol). To this cooled solution is
added portionw se palladium (1l) acetate (5 x 5 ng). This 30sequence is
repeated until the reaction is conplete by NVR analysis. The solution is
filtered and concentrated to give 41c. Step 3: To 41c (261 ng, 1.16 mmol)

|5 added 4M Okl ANEHCD, T2 28 TR knd Bl %t XS ML ThomAkliOWegit 0 Sti T

at RT for 2 h. The solution is concentrated and then tfeated 5w th di et hyl

ether. This m 'J’(‘\OLI}“’% migowdyFilasglsdsheaPs oraeon 9§‘6IafeoPL{Rﬁ598H‘rP‘§hftm tered and
dried to give dddodmsy stired MGursatot 30 MANRL(Fri-42t- bﬁ‘tﬁhﬁﬂdﬁ&ur&) %la@ﬂwa&JND 1440

TABLE 1) C C_.St A | uti.on ni e (27 25 mol
LATD (110 g, 6T piadine: 238 oD adtlsade BPRIRRT MY e aigBpMhind s> TPRY ¢
treated w th E@Nhwed.fAr00miip. Theldskerapé pealekhangl heatet @t €30°€ f@t1i6rhr Eeto RT for 1
h. EtOAc (10 niohction nﬂﬂgfég a?é’%oFela‘?og%me\"tan@d Jvﬁlll Etd’)@s(gﬁﬂmm ta}'?d fLdneg. dried

(My504), filtered and sol vent ‘evapor at ed crude am de 1s dissol ved
in AcCH (4 nL)W'é{hwatﬁ%Q{tné@ éV/VB@U?QLmhfa”d'lbrﬁ'éeé%%‘ 109 Bk- T§e PeATeAR3E%d, Et OAC

(10 nm.) is add@bdaner M§so sterdd £1d doRcanastaa drnal redidueas purdee ditlaHCO3 and

brine. The | ay arate and.the or ic layer is evaporated to give
the crude benz? @g?§f§§”¥ﬁ8w5ﬂ5ﬂagPﬁ$gm§ﬁ@?$ied by Combi Fl ashe Conpani on
20to affordo42atep2Step 2: A solution of benzimdazole 42a (120 ng, 0.25

mol) 10 DV (4 ?m%) e loPedehEaliFchigat Toshiahd, GOGHRALPBRY &ty ARchDadpkal ol

11 ng, O0.27 ure 1s ane (30 pL
0.37 nmmol) is %@dé@eramf(ﬂoqen@tm@ab@rﬁwngd Blrepwise Eputylatrite (Bo5 Mhed-f €action is

f" | ut ed WIdt h \C/i\m'r@f) ;g i(’)ﬁutfﬁh)é)f aqme@st(g@aigt@d rﬁém&hnﬁhm@cmm MAlL)is adde@ 05r ggm gt
ayer is drie nd e orate Lve CO ep
52 i xtur o GPPARE e 3380 SHbBeIG a0 SHOHRATE T8 MREnod B CHAN e0H
(0.5 nm) iss 10e\laperzateelcbnwmeheﬁuhd\ia%o(r%IOJnm_slIlcé 95I pundiedl baComOEIASB® h) . The

solution is acbgh&kﬁgvﬁ%%gﬁfﬁ&gﬁﬁggVg é@h&glﬁan6¥ &S - The residue is

t hen di ssol ved puri y prepara ive HPLC. The
fracti ons cont2feridng pure conpound are pooled evaporated to dryness,

redi ssol ved i nydialenMefoitlenydid &did (0%, 55 mgfJ. Wﬁmoﬁlf},daddwfw é.tin%@%.%t@regi ve
conmpound 1440. 15 EXANPLE 43 SY HESI S QUND 1437 (TABLE 1
43a43b12d of pyridine 5b (546 mg, 1.17 mmol) in anhydrous DCM (10 mL}) and the reactio
20  allowed to stir at ambient temperature. After 2 days, additional meta-
chloroperbenzoic acid (200 mg) and DCM (2 mL) are added and the stirring
continued. After an additional day, the mixture is extracted with EtOAc (2 x 50 mL),
and washed with saturated NaHCO; and brine. The combined organic phases are
dried over MgSO, and concentrated to afford the N-oxide 5c.
25 Step 4
Pyridine N-oxide 5¢ (1.17 mmol) is dissolved in Ac;O (7.5 mL, 79 mmol) and the
resulting solution is heated to 60°C under a nitrogen atmosphere. After 2 h, the
solution is concentrated under high vacuum and the residue is dried under high
vacuum for 1 h. The residue is extracted with EtOAc (100 mL) and washed with
30  saturated NaHCO; and brine. The extract is dried over MgSO,4 and concentrated to
afford intermediate 5d.
Step 5:
HCl in dioxane (4N; 1.0 mL, 4.0 mmol) is added to a stirred mixture of 5d (1.17
mmol) and dry MeOH (4.2 mL) cooled to 0°C, and the mixture is allowed to warm to



1 Step 2 C C Step 1: 20To a solution of compound 43a (1.9 g, 10 mol) in
THF is added tin powder and 1IN HC (50 nL, 50 nmol). After 1 h of vigorous
stirring,wo2bioNa@d4(50 nl) is added slowy to the react POmCARh®/00DHTUre | S
filtered on Celite and the filter cake is washed with Et0OAc (200 niL). The
filtrate is extracted with Et0Ac and thé&3conbi ned organic |ayers are dried
(Na2SO4) and concentrated to dryness to give conpound 43b. 5Step 2:

I ntermedi ates 43b and 12d are coupled to give internediate 43c using the
procedure described in step 1 of Exanple 42. Step 3: Internediate 43c is
transfornmed to conpound 1437 using the procedure described 10in step 3 of

Exanpl e 42. EX&W&rﬁtéJrﬁpe%ﬂ}FEHE@r%%h@@%@e’h@%é&é@dﬂﬁ@kﬁ«é{bo+2ole.5§t ep 1. A
m xture of benzi m dazol e 42b (88 r’r% /cl op rggg'arﬁborom c acid

(32 ny, 0.37 n?ﬂﬂvyaShe%WHé?at%{é@PM Pa@”?ra””eeTﬁ fed extractpamsdriedyl (29 ny,
0.19 mmmol ) andoJ¥aRIGEB, aPeviigorafeddd afBr®hilohan5&CE (3 m) is heated to 70 C
for 18 h. The t'ex ure is cooled to RT and washed with a m xture of water!
saturated NH4 15 nmL each). The water layer is extracted with DCM and
t he organi c5 | ajea slirseduaistiiescbfalcolml Be ('€, mool) edd éNys®43 PCM (Btrer)etl and

concentr at ed té%nlgéﬁ{‘?erﬁﬁ&m%éﬂ?ad’m"eﬁ CB?} @97 frg, 1. é%ﬁ&l)%l%ﬁ%y“a I's transformed

to conpound 1450 using t rocedure describ in step 3 of Exanple 42. 25
EXAMPLE 45 tQP'éﬁd‘yThOSPQ'I”ﬁt( rf’égjﬂa'%'@mfbbTWeéml‘tHEi’d%fttS?eH@Ha'PB'e'i“ntermadl ate 36a
usi ng th(e pr oceaipetuieené haderd MiusddepthDEM, agxm@d m&&n&t%par?d purifiedBbkt yIf
nitrite (90% w.w,,.1.0 . 1.9 IS a to a stirred suspension o
CuBr2 (1.6 g,V\éc.’@b'%Jﬁﬁq(%g_qn}?aa'ﬁﬂ@d%%ds%’m%dgg\?genat ed MeCN (12 nl) cooled to
0C under a1@Ongtepdgen at mosphere. A solution of conpound 36a in dry,

deoxygenat od MENoAS ks Bofica’ 3P oo PRLSh IR 5ol b reactfor

IS aIIowedtovvar |t|on nitrite (0.3 n,
2.4 mol ) is a@eedmael anhgdrays THﬁ@gGmb) granhyflieus. Me@*ﬂéﬁO Ll-@ﬂ%mrg@l] asa gel is

added (30 g) apd n#uﬂ@re@éﬁr%@ﬁné%a?e‘d@ﬁ’é%@érﬁ’&ent? ePJth@U&ﬁerb% R4itichkied by
Conbi Fl ashe Conpanion to afford | nternedi ate 3:  Internediate

45a is transf oNAdeFa 6 Monts&dApdiangthe ﬁtSWQJ%”H@JeP'H%ﬂ%ﬂBée’tﬂﬁf‘?cﬂfé‘s’ﬁﬁ’q“b‘%d in

step 4 of kExanpla€iditiéd with acetic acid, diluted with water, filtered through a Millex filter, divided
into two portions and purified by preparatory HPLC. The relevant fractions are
pooled and lyophilized to afford compound 2003 (Table 2, TFA salt).

EXAMPLE 6
20  SYNTHESIS OF COMPOUND 2004 (TABLE 2)

2004

Intermediate 5f (Example 5) is transformed to compound 2004 (Table 2) using the
procedure described in step 7 of Example 5, except that MeOH is replaced with
absolute EtOH.

25



Step 4: Internediate 45c is transforned to internediate 45c using the
procedure described 20in step 1 of Exanple 42. Step 5: Internediate 45c is
t ransf or &0 20w/i3mi3er nedi at e 1447 using the procedure de®Cridaeio/oomoztep 3
of Exanple 42. Step 1: Internmediate 12d and commercially available D11
cycl ohexyl am ne (CDN I sotopes) are coupléd to give internedi ate 46a using
the procedure described in step 5 of Exanple 35. 10Step 2: Internediate
46a is transforned to conpound 1443 using the procedure described in step 2
of Exanple 37. EXAVPLE 47 15 SYNTHESI S OF COMPOUND 1470 (TABLE 1) dC

00 47b47c CI 1470 Step 1: To 12d (200 ng, 0.49 mol) in

N-net hyl pyrrol ggivpppe (2.5 nL) is added Et3N (137 uL, 0.99 mol) foll owed
by NN,N ,N -tetraneth benzot riazo| - 1- yhuroni um 5t et raf | uor obor at e
(320 ngy, 0.99 ﬁﬂ%ﬁf“s?%EOMW 012802 JABEZred for 10 min, treated with

N, O- di et hyl hydr oxyl am ne hydrochl oride (96 ng, 0.99 nnDI) and then stirred
for 60 h at 23C. A saturated,-aqueous sol ution of ammoniumchloride is
added to the mxture. The sol tlon is dilyute ith water angﬂéktracted wth
Et OAc (2x). The conbi ne c s_aAr e vashed.,wit er_{2x), brine,
dried over My504, 10 lterledoand —evapor gt eg il e cr tide product is
purified by ConbiFl e Conpani on w an-e uting g 2 20 to 100%

Et 0OAc / hexanes to a - j 163 ng, O0.36
mmol) in THF (3.6 nL) at -78C IS add d drBpwi se an etlhyl "magnesi um br om de
solution (2.2 Min THF, 198 1.11 , 0.44 mol). 15The nlxg reis stirred for
30 mn at -40C. A 1IN HCI solution (-10-15 i) is added toTthe eaction

m xture and then the nlxhure extracted wi th' diethyl ether”(2x). The
conbi ned organi c | ayers ake-washed wi th bfire, x 04, filtered
and concentrated in yvadugl The ctude p ouuc ’'s purifidd._ y| nbi Fl ashe
Conpanion with an el ng“gradlent
pure 47b. Step 3:

Step 1 to Step 4:
5 Intermediate 4b (Example 4) is transformed to intermediate 7d using the procedures

described in steps 3 to 6 of Example 5.
Step 5:
To a stirred solution of bromide 7d (314 mg, 0.67 mmol) in anhydrous DMF (2.0 mL)
at ambient temperature is added sodium thiomethoxide (57 mg, 0.81 mmol). Stirring
10  is continued for 1 h and the solution is extracted with EtOAc (75 mL) and washed
with saturated NaHCO; and brine. The extract is dried over MgSO, and
concentrated and the residue is purified by CombiFlash®Companion to afford the
thioether 7e.
Step 6:
15 To a mixture of chloropyridine 7e (63 mg, 0.14 mmol), boronate ester 3h (Example
3) (53 mg, 0.20 mmol), bis-(tri-fert-butylphosphine) palladium(0) catalyst (16 mg;



To 47b (100 ng, 0.24 mmol) in THF (1 nmL) is added phenyl trinmethyl anmoni um
5 tribromde (94.5 ng, 0.25 mmol). The reaction mxture is stirred at

refl ux fowo2010n300Bee sol ution is taken up in EtO0Ac, waslirea/aa20tv/obetdCO3
(sat), brine, dried over Na2504, filtered and concentrated in vacuo to give
47c. Step 4: To 47c (50 nmg, 0.1 mml ) -iG% -a m xture of EtOH (729 uL) and
acetone (145 L) is l10added NaHCO3 (8.8 ng, 0.11 mmol) and 2-am nopyri di ne
(14.2 ng, 0.11 mmol) in a reseal able tube. The m xture is heated at 85C for
2 h then concentrated in vacuo. The residue is diluted with THF (1 ni),
MeOH (300 4), aqueous NaOH solution (5N, 140 1.11_, 0.70 nmmol) and stirred

for 60 h at 23Eg3ThRmoRHbRE-HH3S Iigdny W@ I§O@I%M§I §|Qd NéH@(ﬁ Xidrarel y 5-6
with AcOH The crudeoﬁfl xture |s@él u$| g |¥ %?gs 15HPL p@baﬁ

cont ai ni ng 10nfMRAFoRMAM P Stk tCIEPIWaSe 8’? dd?é'g‘?dr"é‘i‘ierf(Péémer?é‘dare
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cH 0 brine. The extract is dried over MgSQOy,, filtered and evaporated and the residue is
purified by CombiFlash® Companion to afford lactone 8b.
Step 3:
To a stirred mixture of lactone 8b (98 mg; 0.183 mmol) and anhydrous THF (3.0 mL)
15 under a nitrogen atmosphere is added dropwise tetrabutylammonium fluoride
solution (1 M solution in THF; 0.27 mL; 0.27 mmol). The mixture is allowed to stir at
0°C for 30 min, then is allowed to warm to ambient temperature. After 1 h, the
reaction is concentrated to dryness and the residue is dissolved in MeCN (10 mL).
An aliquot (1 mL) is set aside and the remaining solution is adsorbed onto silica gel
20  and purified by CombiFlash® to afford compound 2007 (Table 2). The 1 ml aliquot is

purified by preparatory HPLC to yield compound 2007 (Table 2) (TFA salt).

EXAMPLE 9
SYNTHESIS OF COMPOUND 2008 (TABLE 2)

2008

25

Step 1:
To a stirred, ice cold solution of compound 2007 (Example 8) (12 mg, 0.026 mmol)

is added dropwise a solution of diazomethane in Et,O (ca. 0.7 M, 2 mL) via a plastic
pipette. After 5 min, palladium(ll) acetate (5 mg, 0.02 mmol) is added and the
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mixture is stirred for 15 min. Nitrogen gas is bubbled through the solution to remove
excess diazomethane and the residue is dried under high vacuum for 10 min to yield
intermediate 9a.
Step 2:

5 Intermediate 9a is converted to compound 2008 using the procedure described in
step 7 of Example 7.

EXAMPLE 10
SYNTHESIS OF INTERMEDIATE 10B

10

Step 1:
Dichloropyridine 2h (Example 2) (11 g, 33 mmol), Zn(CN). (7.8 g, 66 mmol) and

Pd[PPhz]4 (1.9 g, 1.6 mmol) are combined in DMA (100 mL) and heated in a sealed
tube to 115°C. After 6 h, the reaction is cooled to RT, Pd[PPh], (1.9 g, 1.6 mmol) is

15  added and the reaction allowed to continue for 1 h. The mixture is cooled to RT,
diluted with EtOAc (250 mL) and washed with water (250 mL). The aqueous layer is
washed with EtOAc (100 mL) and the combined organic layers are washed with
water (250 mL). The organic layer is dried over Na,SO, and concentrated. The
residue is purified by CombiFlash® Companion to give 10a.

20  Step 2
A mixture of nitrile 10a (1.0 g, 3.2 mmol), aqueous NaOH (10 N, 3.4 mL, 32 mmol)
and EtOH (3.2 mL) is heated at 90°C in a sealed tube for 16 h. The mixture is
cooled to RT and diluted with concentrated aqueous HCI (12N, 4 mL, 48 mmol) and
water (50 mL). The mixture is extracted with EtOAc (3 x 50 mL) and the combined

25  organic layers are dried over Na,SO,4 and concentrated to dryness. The residue is
taken up in MeOH (1 mL) and Et;O (10 mL) and treated slowly with a hexane
solution of TMSCH,N: (2M, 3.5 mL, 7.0 mmol), and the mixture stirred for 10 min.
The mixture is evaporated to dryness and the product is purified by CombiFlash®
Companion to give the diester 10b.

30
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EXAMPLE 11
ALTERNATIVE SYNTHESIS OF INTERMEDIATE 10B

Cl

10b

2h

A mixture of Pd(OAc), (70 mg, 0.31 mmol), 1,3- propylene bis(dicyclohexylphos-

5  phonium tetrafluoroborate (0.38 g, 0.63 mmol), dichloropyridine 2h (Example 2) (2.0
g, 6.2 mmol) and potassium carbonate (1.3 g, 9.4 mmol) is added to dried 4A
molecular sieves (3.0 g) in an oven-dried round bottom flask (100 mL) equipped with
Teflon® coated magnetic stir bar, sealed with a rubber septum and cooled under
vacuum. The rubber septum is secured by wrapping with electrical tape and DMF

10 (20 mL) and MeOH (2.5 mL, 62 mmol) are added via syringe. A balloon of CO is
connected to the reaction vessel using a short length of rubber tubing (~ 1 in.), a
needle adapter and a 20 G needle. The inert atmosphere is then exchanged for
carbon monoxide by briefly exposing the reaction vessel to vacuum (1-2 sec) and
backfilling with carbon monoxide (3 times). The reaction mixture is heated at 120°C

15 and stirred vigorously for 16 h, then is allowed to cool to room temperature, and is
diluted with EtOAc (20 mL), combined and filtered through a plug of Celite (eluting
with EtOAc). The filtrate is washed with water and brine, dried over MgSO,, filtered
and concentrated. The residue is purified by CombiFlash® Companion
(EtOAc/hexanes) to give the diester 10b.

20
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EXAMPLE 12
SYNTHESIS OF COMPOUND 1187 (TABLE 1)

Step 2
—_—

Step 1:
5 A mixture of nitrile 10a (Example 10) (1.7 g, 5.4 mmol), 2-aminophenylboronic acid

(1.0 g, 7.3 mmol), bis[tri-t-butylphosphine]palladium(0) (276 mg, 0.54 mmol},
NaHCO; (2.25 g, 26.7 mmol), DMA (50 mL) and water (5 mL) is degassed by
bubbling Ar(g) under sonication for 5 min. The mixture is heated to 130°C and
stirred for 15 h, then cooled to RT and partitioned between EtOAc (225 mL) and

10 water (200 mL). The agueous layer is extracted with EtOAc (2 x 100 mL) and the
combined organic layers are washed with water, dried over Na,SO, and
concentrated. The residue is purified by CombiFlash® Companion to give the aniline
12a.
Step 2:

15 Aniline 12a is converted to intermediate 12b using the procedure described in step 2
of Example 5.

| el

\
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Step 3:
A mixture of 12b (3.8 g, 9.8 mmol), aqueous NaOH (10N, 9.8 mL, 98 mmol) and

EtOH (10 mL) is heated at 90 °C in a sealed tube for 16 h. The mixture is cooled to
RT and diluted with concentrated HCI (12N, 10 mL, 120 mmol) and water (500 mL).
The mixture is extracted with EtOAc (3 x 500 mL) and the combined organic layers
are dried over Na,SO,4 and concentrated to dryness. The residue is taken up in
MeOH (5 mL) and Et,O (50 mL) and treated slowly with a hexane solution of
TMSCH:N; (2M, 3.5 mL, 15.0 mmol), and the mixture is stirred for 10 min, then
evaporated to dryness. The residue is purified by CombiFlash® Companion to give
the diester 12¢.

Step 4:

A mixture of diester 12¢ (2.9 g, 6.9 mmol), THF (9 mL) and MeOH (3 mL) is treated
with LiOH (1N, 9.7 mL, 9.7 mmol). The mixture is stirred for 10 min, then is acidified
with aqueous HCI (1N, 15 mL, 15 mmol), diluted with brine and extracted with
EtOAc (3 x 50 mL). The combined organic layers are dried over Na,SO, and
concentrated to give carboxylic acid 12d.

Step 5:

To a mixture of 12d (1.9 g, 4.6 mmol) and Et;N (1.3 mL, 9.3 mmol} in PhMe (63 mL)
is added water (0.4 mL, 23 mmol) followed by DPPA (2.0 mL, 9.3 mmol). The
mixture is heated at 90°C for 30 min, and then a further portion of DPPA (500 pL,
2.3 mmol) is added. Stirring is continued for 40 min and the mixture is cooled to RT,
diluted with EtOAc (100 mL), and washed with saturated aqueous NaHCO;, water
and brine. The organic layer is dried over Na,SO, and concentrated and the residue
is purified by CombiFlash® Companion to give intermediate 12e.

Step 6:

A mixture of aminopyridine 12e (30 mg, 0.08 mmol) in THF (2 mL) is treated with
Et;N (22 L, 0.16 mmol) followed by benzoyl chloride (12 uL, 0.10 mmol) and the
mixture is heated at 50°C for 2 h. The mixture is diluted with MeOH (0.5 mL),
aqueous NaOH (5N, 80 pL, 0.40 mmol) is added, and the mixture is stirred at 55°C
for 2 h. The mixture is concentrated nearly to dryness and diluted with AcOH (1.5
mL) and DMF (0.5 mL), and purified by preparative HPLC to give compound 1187
(Table 1).
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EXAMPLE 13

SYNTHESIS OF COMPOUND 1268 (TABLE 1)

Step 1:
5 A mixture of nitrile 12b (Example 12) (6 g, 15.4 mmol) and AcOH (100 mL) is treated

with 10% Pd/C (1.64 g, 1.54 mmol). The mixture is purged with hydrogen gas and

stirred at RT for 1.5 h. The flask is evacuated several times and the catalyst is

removed by filtration through Celite® with EtOAc washes. The mixture is

concentrated in vacuo and the residue is taken up in EtOAc, washed with saturated
10 NaHCO; and saturated brine, dried over MgSO,, and concentrated. The residue is

purified by CombiFlash® Companion (1-10% MeOH/DCM gradient with 1% Et;N) to

afford after concentration, amine 13a.

Step 2:

To a solution of amine 13a (85 mg, 0.22 mmol) in DCM (2 mL) is added Et;N (61 L,
15 0.44 mmol) followed by t-butylacetyl chloride (34 pL, 0.24 mmol). The mixture is

stirred at RT for 2 h and concentrated to dryness. The crude material containing

amide 13b is used in the following step.

Step 3:

A mixture of 13b (106 mg, 0.22 mmol), MeOH (0.5 mL) and THF (1.5 mL) is treated
20  with 5N NaOH (217 uL, 1.08 mmol). The mixture is stirred at 50°C for 16 h and
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concentrated to dryness. The residue is dissolved in AcOH/DMSO (1 mL each) and
purified by preparative HPLC to afford after freezing and lyophilization, compound
1268 (Table 1).

5 EXAMPLE 14
SYNTHESIS OF COMPOUND 3010 (TABLE 3)

Step 1:
To solid P,O5 (652 mg, 4.6 mmol) in a dry RB flask is slowly added 85% H;PO, (503

10 upl, 7.34 mmol) via syringe. This mixture is allowed to stir a few minutes; DCM (20
mL) is then added followed by alcohol 2g (Example 2) (970 mg, 3.67 mmol). To this
mixture is added BF3-Et,O (931 L, 7.34 mmol) and methylenecyclobutane (3.4 mL,
37 mmol). The mixture is stirred at RT for 2 h then is quenched rapidly with aqueous
NaHCO;. The reaction mixture is diluted with EtOAc, washed with saturated brine,

15 dried (MgSO,), filtered and concentrated. The residue is purified using the Combi-
Flash® Companion (hexanes/EtOAc) to give ether 14a and recovered starting
alcohol 1g.

Step 2:
A mixture of 14a (825 mg, 2.48 mmol), Zn(CN), (583 mg, 5 mmol), Pd(PPhz), (430

20  mg, 0.37 mmol) and DMA (12 mL) is sealed in a microwave vessel and heated in
the microwave at 125°C (10 min) using a Biotage Initiator Sixty. The reaction
mixture is cooled, poured into EtOAc and washed with saturated brine. The organic

phase is dried over MgSQ,, filtered and concentrated and the residue is purified by
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Combi-Flash® Companion (hexanes/EtOAc) to give nitrile 14b.

Step 3:

Intermediate 14b is transformed to intermediate 14¢ using the procedure described

in steps 1 and 2 of Example 12.

5 Step 4.

To nitrile 14¢ (176 mg, 0.44 mmol) in MeOH (4 mL) is added 5 N NaOH (441 uL, 4.4
mmol). The mixture is heated at 65°C (24 h), cooled to RT, acidified with 1N HCI (pH
~1-2) and extracted with EtOAc (3x). The combined organic phases are dried

(MgSQ,), filtered and concentrated to give diacid 14d.

10 Step 5:

To a solution of diacid 14d (181 mg, 0.45 mmol) in anhydrous THF (8 mL) is added
Et;N (263 pL, 1.9 mmol) and pivaloyl chloride (116 pL, 0.94 mmol) at RT and the

mixture is stirred for 1 h. To a portion of this stock solution (2 mL, 0.11 mmol) is

added aniline (11.3 pL, 0.12 mmol) and the mixture is allowed to stir at RT for 16 h.
15 The reaction mixture is treated with 10 N NaOH (112 uL, 1.12 mmol) for 4 h and

concentrated to dryness, purified by preparative HPLC and lyophilized to give

compound 3010 (Table 3).

EXAMPLE 15

20 SYNTHESIS OF INTERMEDIATE 15F

Step 1.

OH OH
NO
NO. 2
C[ 2 Step 1 Step 2
15a Br 15b
Oﬁ
Oﬁ
NH
NH
Step 5 Step 4

-~ D

B
o o Br

Br
15d

A mixture of nitrophenol 15a (5.23 g, 34.1 mmol) and AcOH (20 mL) is cooled in an
ice bath and bromine (1.75 mL, 34.15 mmol, dissolved in 5 mL AcOH) is added



5.0 527.3 1040 el 1401 Br 5.5/5.6 * 542.1/ 544.1 1041 O F 40 5.6/5.7 *
542.1/ 544.1 1042 lel 1.1 NN N 4.5 527.4 pd C3 RRS tR (mn) M
WD 20H/130084462. 3 1044 01 PCT/CA2010/000707

1043 | el

10

15

20

25

30

-84 -

dropwise with stirring. The mixture is stirred for about 1 h at 0°C and poured into ice
water (250 mL). The mixture is extracted with EtOAc (2 X 100 mL), washed with 5%
NaHCO;, dried over anhydrous MgSO,, filtered and concentrated to give 15b. This
material is used in the next step without further purification.

Step 2:

To a well stirred ethanol solution (75 mL) of 15b (8.1 g, 34.9 mmol) is added SnCl,
(20 g, 105 mmol) and the reaction mixture is stirred at reflux for 2.5 h. A further
portion of SnCl; (29, 10 mmol) is added and heating at reflux is continued for 1 h.
The mixture is cooled to RT and poured onto ice (250 g), and the pH is adjusted to
approximately 7.5 with aqueous 5% NaHCO;. The mixture is extracted with EtOAc
(3 X 100 mL) and the organic extract is washed with brine, dried over anhydrous
MgSQ,, filtered and concentrated to dryness to give the aniline intermediate 15¢.
Step 3:

To a stirred, ice cold, mixture of K;CO; (2.05 g, 14.8 mmol), aniline 15¢ (750 mg,
3.71 mmol) and DMF (5 mL) under nitrogen, is added chloroacetyl chloride (355 WL,
4.45 mmol) dropwise. The mixture is allowed to warm to RT over a period of about
15 min and is then heated to 60°C for 1 h. The mixture is allowed to cool to RT, is
poured into a mixture of ice/water (250 mL) and is stirred for approximately 15 min.
The suspension is centrifuged, and the supernatant is discarded. The solid material
is left drying under suction overnight to give intermediate 15d.

Step 4:

To an ice cold mixture of the cyclic amide 15d (280 mg, 1.16 mmol) and THF (6 mL)
under nitrogen is slowly added a borane-THF solution (1M in THF, 1.74 mL, 1.74
mmol). The reaction mixture is slowly allowed to warm to RT, then is stirred at RT
for 1.5 h and then gently heated to reflux for 1 h. The mixture is cooled in an ice bath
and is carefully quenched with aqueous 1 M NaOH (4 mL) over about 10 min. The
reaction mixture is partitioned between EtOAc (150 mL) and water (25 mL). The
organic layer is washed with aqueous 1 N NaOH (20 mL) and saturated aqueous
NaCl, and dried over anhydrous MgSQ,, filtered and concentrated to give 15e.
Step 5:

A well stirred mixture of the arylbromide 15e (0.50 g, 2.2 mmol), potassium acetate
(728 mg, 7.7 mmol) and bis(pinacolato)diborane (0.83 g, 3.3 mmol) in DMF (15 mL)
is degassed by bubbling Ar through the solution for about 20 min. PdCl,(dppf)-DCM
(320 mg, 0.44 mmol) is added and degassing is continued for about 15 min. The

(MeH) +
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system is sealed (teflon screw cap vessel) under Ar and heated to 90°C for 5 h. The
reaction mixture is allowed to cool to RT, diluted with EtOAc (150 mL), washed with
brine and water, dried over anhydrous MgSQ,, filtered and concentrated to dryness.
The residue is purified by CombiFlash® Companion (EtOAc/hexanes) to give the

5 desired boronate 15f.

EXAMPLE 16
SYNTHESIS OF INTERMEDIATE 16C

O

Step 1 Step 2

OH OTf o) fe)

16a 16b % 16¢
10 Step 1.

Neat Tf,O (0.56 mL, 3.3 mmol) is added dropwise to a cooled (0°C) mixture of
phenol 16a (350 mg, 2.1 mmol; prepared according to Doi ef al Bull. Chem. Soc.
Jpn. 2004 77, 2257-2263) and pyridine (0.91 mL, 11 mmol) in DCM (10 mL) under
an Ar atmosphere. The mixture is allowed to warm to RT and is stirred for 2 h. The

15 reaction is quenched by the addition of a 10% citric acid solution (20 mL) and the
mixture is extracted with DCM (3 x 20 mL). The combined organic layers are
washed with water, dried over MgSQ,, filtered and concentrated to dryness. The
residue is purified by CombiFlash® Companion to provide triflate 16b.

Step 2:

20 A mixture of the triflate 16b (510 mg, 1.7 mmol), bis[pinacolato]diborane (560 mg,
2.2 mmol) and potassium acetate (500 mg, 5.1 mmol) in DMF (18 mL) is degassed
with Ar for 5 min, and PdCl.dppf-DCM complex (140 mg, 0.17 mmol) is added. The
reaction mixture is degassed for an additional 5 min and heated to 100°C by
microwave irradiation for 10 min, then cooled to RT. The mixture is diluted with

25  EtOAc (60 mL) and washed with brine, dried over MgSQ,, filtered and concentrated.
The residue is further purified by CombiFlash® Companion to afford boronic ester
16c¢.
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EXAMPLE 17
SYNTHESIS OF INTERMEDIATE 17F

OH o
Step 1 Step 2
_— [ O
Cl
Cl

H OH OMe

17e 17d

A solution of phenol 17a (0.91 g, 5.74 mmol) in dry DMF (1 mL) is added dropwise
to a mixture of NaH (60% in oil, 0.60 g, 15 mmol) in dry DMF (1 mL) cooled to 15°C
and the mixture is stirred for 20 min. A solution of 3-bromopropionic acid (1.1 g, 6.9
mmol) in dry DMF (0.5 mL) is added dropwise and the mixture is stirred at RT
overnight. After 16 h, MeOH (1.2 mL) is added and the reaction mixture is added to
dilute HCI (12 mL of 1 N HCI in 100 mL water) and extracted with EtOAc (80 mL; the
pH of the aqueous phase is adjusted to pH <3). The organic layer is dried over
anhydrous Na,SQ,, filtered and concentrated to give 17b contaminated with some
unreacted starting material.

Step 2:

A mixture of 17b (1.53 g, 6.63 mmol) and polyphosphoric acid (7 g) is heated to
75°C. After 4 h, the reaction is cooled, and ice and water are slowly added with rapid
stirring. The mixture is extracted with EtOAc (100 mL) and the organic extract is
washed with water, saturated NaHCO; and brine, dried over anhydrous MgSQO, and
concentrated to give 17¢ (crude).

Step 3:

AcOH (80 mL) is added to a mixture of chromanone 17¢ (6.2 g, 29 mmol) and
freshly activated zinc powder (38 g, 580 mmol). The mixture is stirred at 100°C
for15 h and filtered through Celite, and the Celite pad is rinsed repeatedly with
EtOAc (4 x 25 mL). The filtrate is concentrated and extracted with EtOAc (400 mL)
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and the organic extract is washed with saturated NaHCO; (2 x 400 mL) and brine
(200 mL). The organic phase is dried over MgSQO, and evaporated to provide crude
chromane 17d.

Step 4:

A mixture of anisole 17d (4.0 g, 20 mmol) and dry dichloromethane (40 mL) is
cooled to -78°C. A BBr; solution (1M in DCM, 44 mL, 44 mmol) is added dropwise
and then the reaction mixture is removed from the dry ice bath. After 45 min, the
mixture is cooled (ca. 0°C) and the reaction is quenched with water (25 mL) added
dropwise. The mixture is diluted with water (400 mL) and is carefully neutralized with
saturated aqueous NaHCO; (final pH ca 8). This mixture is then extracted with DCM
(300 mL and then 100 mL) and the combined organic layers are dried over Na,SO4
and evaporated to dryness. The product is purified by CombiFlash® Companion to
provide phenol 17e.

Step 5:

Compound 17e is transformed to compound 17f using the procedure described in
steps 1 and 2 of Example 16.

40
N /
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EXAMPLE 18
SYNTHESIS OF COMPOUND 1356 (TABLE 1)

NH.,,
NH, F
F
Step 1
R +
/B\ O
O (@] ~

18b

Br
18a

Cl

18f

Step 1:
5  To a mixture of bromide 18a (1.0 g, 5.3 mmol), bis-(pinacolato)diboron (1.9 g, 7.4

mmol) and potassium acetate (1.6 g, 16 mmol) is added anhydrous DMF (20 mL)
and the mixture is deoxygenated by bubbling a stream of N, gas through the mixture
for about 25 min. 1,1'-Bis(diphenylphosphino)ferrocene (0.58 mg, 0.79 mmol) is
added and the mixture is deoxygenated for approximately a further 5 min, then

10  heated to 95°C. After 5 h, the reaction mixture is cooled, diluted with EtOAc (200
mL) and washed with brine (2 x 100 mL). The layers are filtered through a pad of
Celite and reseparated. The organic phase is dried over anhydrous MgSQ,, filtered
and concentrated and the residue is purified by CombiFlash® Companion
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(EtOAc/hexanes) to afford the boronate 18b.
Step 2:
Intermediate 18b is coupled to intermediate 10b (Example 10) using the procedure
described in step 1 of Example 12 to give intermediate 18c.
5 Step3:
Intermediate 18c is transformed to intermediate 18d using the procedure described
in step 2 of Example 5.
Step 4:
Intermediate 18d is transformed to intermediate 18e using procedure described in
10 step 4 of Example 12.
Step 5:
A mixture of carboxylic acid 18e (44 mg, 0.10 mmol) in NMP is treated with Et;N (58
ML, 0.42 mmol) and TBTU (67 mg, 0.21 mmol). The mixture is stirred for 5 min and
frans-4-methylcyclohexylamine (35 pL, 0.31 mmol) is added. The mixture is stirred
15 for 1 h, diluted with EtOAc (40 mL), washed with water and brine, dried over MgSQOy,,
filtered and concentrated. The crude mixture is purified by CombiFlash® Companion
using a gradient of EtOAc/hexanes to afford the desired amide 18f.
Step 6:
A mixture of amide 18f (42 mg, 0.080 mmol), THF (1.5 mL) and MeOH (0.75 mL) is
20  treated with 1.0 N LiOH (0.75 mL, 0.75 mmol). The mixture is stirred at 55°C for 1 h,
neutralized with AcOH and purified by preparative HPLC. A mixture of the product
and DCM (3 mL) is adjusted to pH > 10 with 1N NaOH and neutralized with AcOH.
The mixture is passed through a phase separator filter and the organic layer is
concentrated in vacuo, diluted with a mixture of MeCN / water and lyophilized to give
25  compound 1356.

EXAMPLE 19
SYNTHESIS OF INTERMEDIATE 19D

o o Q
Step 1 Step 2 Step 3
o) . _— —_—
/B\
o” "o
19a 19b

|19 % 19d
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Step 1:
A mixture of chromanone 19a (9.78 g, 66.0 mmol) and AcOH (20 mL) is added to a

mixture of zinc dust (108 g, 1.65 mol) in AcOH (150 mL). The mixture is heated to
100°C and is stirred overnight, then filtered through Celite® (washed with EtOAc,

5 100mL), diluted with PhMe (300 mL) and concentrated to give intermediate 19b.
Step 2:
AgNO; (12.0 g, 70.6 mmol) and |, (15.8 g, 62.3 mmol) are added sequentially to a
mixture of 19b (8.45 g, 63.0 mmol) and MeOH (225 mL). The mixture is allowed to
stir for about 1 h and filtered through Celite®, and the filtrate is concentrated under

10  reduced pressure. The residue is diluted with EtOAc (250 mL) and washed with
saturated sodium thiosulfate (250 mL). The organic layer is washed with water (200
mL), dried over Na,SO,, filtered and concentrated. The residue is further purified by
CombiFlash® Companion to give 6-iodochroman 19c.

Step 3:

15 A mixture of the 6-iodochroman 19¢ (1.0 g, 3.85 mmol), bis[pinacolato]diborane
(1.22 g, 4.81 mmol) and potassium acetate (1.10 g, 11.5 mmol) in DMF (36 mL) is
degassed with Ar for about 5 min followed by the addition of the PdCl,dppf-DCM
complex (314 mg, 0.38 mmol). The reaction mixture is then degassed for about an
additional 5 min and heated to 95°C for 5 h. The mixture is then cooled to RT,

20  diluted with water and extracted with EtOAc (3 x 100 mL). The combined organic
extracts are washed with water (100 mL) and brine (100 mL), dried over MgSQO,,
filtered and concentrated. The residue is further purified by CombiFlash®
Companion using a gradient of EtOAc/hexanes to afford intermediate 19d.
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EXAMPLE 20
SYNTHESIS OF INTERMEDIATE 20H

OW oH ¢ OH
Cl
Cl
Step 1 Step 2 Step3
—— —_—

20c Step 4 l

o
o
al cl
Step 7 Step 6 Step5
- —~—

OH

20e

Step 1:
A mixture of phenol 20a (6.75 g, 47.3 mmol) and DMF (270 mL) is treated with allyl

bromide (6.55 mL, 75.7 mmol). To this mixture, NaH (60%, 4 g, 99.4 mmol) is added
portionwise and stirring is continued overnight. The reaction mixture is diluted with
EtOAc (500 mL) and washed with H,O. The organic layer is dried over MgSOy,,
filtered and concentrated to dryness to obtain the desired product 20b.

Step 2:

The ether 20b (8.6 g) is stirred and heated at 240°C for 20 min in a microwave vial
to provide 20c.

Step 3:

To a mixture of the allyl intermediate 20¢ (9.3 g, 45.8 mmol) in anhydrous THF (300
mL) at 0°C is added borane (1 M in THF, 96 mL, 96 mmol, 2.1 eq). The mixture is
allowed to warm to RT and then is stirred for 2.5 h. The mixture is then cooled to
0°C and treated with 10 N NaOH dropwise, followed by slow addition of 30% H,0-
(104 ml, 916 mmol). The resulting mixture is allowed to warm to RT and is stirred at
RT for 1 h. The reaction mixture is diluted with HCI (10%, 100 mL) and extracted
with EtOAc (3 x 200 mL). The combined organic phases are dried over MgSQO,4 and
concentrated. The residue is purified by CombiFlash® Companion to give 20d.
Step 4:

To a mixture of the diol 20d (7.1 g, 35.3 mmol) in THF (500 mL) are added PPh; (12
g, 45.9 mmol), followed by DEAD (7.2 mL, 45.9 mmol). The mixture is stirred at RT
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for 4 h. The reaction mixture is concentrated under reduced pressure and purified by
CombiFlash® Companion to obtain the desired product 20e.
Step 5:
A mixture of the chroman derivative 20e (5.26 g, 28.8 mmol) and AcOH (70 mL) is
5  treated with Br, (19.2 mL, 37.4 mmol) in AcOH (40 mL). The mixture is stirred at RT
for 15 min, then diluted with toluene and concentrated to dryness. The residue is
taken up in EtOAc (25 mL) and washed with saturated Na,S,0; (25 mL) and
saturated NaHCO; (25 mL). The organic layer is dried over MgSO,, concentrated
and purified by CombiFlash® Companion to obtain the desired product 20f.
10 Step6:
A mixture of bromide 20f (2.71 g, 10.4 mmol) and DMF (120 mL) is treated with
bispinacolatoborane (4 g, 15.5 mmol) and potassium acetate (3.45 g, 36.3 mmol).
The mixture is degassed (using an Ar balloon) and PdCl.dppf (845 mg, 1.04 mmol)
is added. The mixture is degassed again (using an Ar balloon) and heated at 95°C
15  for 16 h. The mixture is cooled to RT, diluted with H,O (300 mL) and extracted with
EtOAc (2 x 300 mL). The combined organic layers are washed with water, dried
over MgSQ,, filtered and concentrated. The residue is purified by CombiFlash®
Companion and is triturated with hexanes to provide intermediate 20g.
Step 7:
20  Palladium on activated charcoal (10% Pd by weight, 0.63 mg, 0.59 mmol) is added
to a solution of aryl chloride 20g (0.91 g, 2.95 mmol) and ammonium formate (1.92
g, 30.4 mmol) dissolved in MeOH and the mixture is heated to reflux. After 15 min,
the reaction is cooled to RT and filtered through Celite®, and the Celite® pad is
rinsed with MeOH. The filtrate is concentrated to dryness and the residue partitioned
25  between water and EtOAc (10 mL each). The organic layer is dried over anhydrous
MgSQO, and concentrated to obtain boronic ester 20h.
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EXAMPLE 21
SYNTHESIS OF INTERMEDIATE 21E
0 e
[I_CF3
OH 0" o o\B/o
OH
+ Step 1 Step 2 Step 3
~Bo ~ ~ /) = /
21a HO” “OH o—M - B
21b 2le 21d 21e

Step 1:
5 A mixture of 21a (1.0 g, 4.5 mmol), 21b (0.72 g, 5.2 mmol), potassium carbonate

(1.6 g, 12 mmol) and trans-dichlorobis(triphenylphosphine)palladium (Il) (0.36 g,
0.62 mmol) in DMF (8.3 mL) and water (0.88 mL) is heated under microwave for 15
min at 130°C. The mixture is partitioned between EtOAc (25 mL) and water (25 mL)
and the organic layer is washed with water, dried over Na,SQ,, filtered and
10 concentrated. The residue is purified by CombiFlash® Companion using a gradient
of EtOAc/hexanes to afford the desired alcohol 21c.
Step 2:
A mixture of alcohol 21¢ (0.70 g, 3.7 mmol) in pyridine (15 mL) is treated with Tf,O
(0.95 mL, 5.6 mmol) and stirred at 23°C for 30 min. The mixture is concentrated and
15  the residue is partitioned between DCM (50 mL) and 10% HCI (50 mL). The organic
layer is washed with 10% HCI and saturated NaHCO; solution and passed through a
phase separator. Evaporation of the organic layer gives the triflate 21d.
Step 3:
A solution of the triflate 21d (1.2 g, 3.7 mmol), bis(pinacolato)diborane (1.4 g, 5.5
20  mmol) and potassium acetate (1.2 g, 13 mmol) in DMF (50 mL) is degassed with Ar
for about 5 min followed by the addition of the PdCI.dppf-DCM complex (0.39 mg,
0.48 mmol). The reaction mixture is then degassed for about an additional 5 min
before being heated to 95°C overnight. The reaction mixture is then cooled to RT,
diluted with water (150 mL) and extracted with EtOAc (3 x 100 mL). The combined
25  organic extracts are washed with water, dried over Na,SO,, filtered and
concentrated. The residue is purified by CombiFlash® Companion using a gradient

of EtOAc/hexanes to give borane 21e.
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EXAMPLE 22
SYNTHESIS OF COMPOUND 2006 (TABLE 2)

o OH
CN ___CN ) \\,j Step 1 N
© \ ‘ Step 2
22a 226 R
22¢

Cl

cl |(|3 OH
CN o
x o)
o’ N o Y N
20f N
22d

N
22e

Step 5 L
Ny .
o] OH o] o) !
H H B\o

CN - o CN ' SN

=~ ‘ ~ Step 6 = ‘

| - |
X o) X o)
o] N o]

229

N o 21e
NH

+
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Step 1:
4-Hydroxypyridone 22c¢ is synthesized using the procedure described by T. Kato; Y.

Kubota; M. Tanaka; H. Takahashi and T. Chiba; Heferocycles 1978, 9, 811.
Step 2:
5 Intermediate 22c¢ is transformed to intermediate 22d using procedures described in
step 2 of Example 2.
Step 3:
Intermediate 22d is transformed to intermediate 22e using procedures described in
step 3 of Example 2.
10  Step4:
Intermediate 22e is transformed to intermediate 22f using procedures described in
step 4 of Example 2.
Step 5:
Intermediate 22f is transformed to intermediate 22g using procedures described in
15  step 5 of Example 2.
Step 6:
Intermediate 22g is transformed to intermediate 22h using procedures described in
step 6 of Example 2.
Step 7:
20 Intermediate 22h is transformed to intermediate 22i using procedures described in
step 1 of Example 4.
Step 8:
Intermediate 22i is transformed to intermediate 22j using procedures described in
step 1 of Example 5.
25 Step 9
Intermediate 22j is transformed to intermediate 22k using procedures described in
step 2 of Example 5.
Step 10:
Intermediate 22j is transformed to compound 2006 using procedures described in
30  step 3 of Example 4.
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EXAMPLE 23
SYNTHESIS OF INTERMEDIATE 23K
Q OH
k o~ .
o o o o o) o] | o]
w Step 1 N Step 2 k
HO OH — + — ©
A NN ’\“"2 %
23a © © © Br H ©
23b 23¢ Br

Step 3

% OH OH
X Step 6 AN Step 5
—
NT el N Xg
H
Br
23h Br
23g
L Step 7
o
o
A
Xy  Steps P
- N

B.
HO” “oH 23k

Step 1:
5 1,3-acetonedicarboxylic acid 23a (30 g; 205.3 mmol) is added in portions to Ac,O

(55 g; 587.7 mmol) and the mixture is stirred at 35°C for 23 h, then filtered. The
filtrate is diluted with benzene (200 mL) and the solution stored at 5°C for 3 h. The
precipitate is filtered and dried under vacuum to give intermediate 23b.

Step 2:

10 To a stirred solution of aniline 23¢ (7.5 g, 44 mmol) in AcOH (50 mL) is added 23b
(8.0 g, 40 mmol) portionwise. The reaction mixture is warmed to 35°C for 2 h, then
cooled to room temperature and poured in ice/water (600 mL). The resulting
precipitate is isolated by filtration, rinsed with water (100 mL) and dried under
vacuum to give 23d.

15 Step 3:

Intermediate 23d (5.7 g, 15.4 mmol) is added portionwise to concentrated sulfuric
acid (20 mL) at RT, so that the temperature of the reaction mixture is kept below
30°C during addition. The mixture is stirred at RT for 30 min and poured in ice/water
(400 mL). The resulting precipitate is isolated by filtration, rinsed with water and
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dried under vacuum to give 23e.
Step 4:
A solution of borane (1.0 M in THF, 10.5 ml, 10.5 mmol) is added dropwise to an ice
cold solution of quinolone 23e (1.5 g, 4.8 mmol) in dry THF (40 mL) under a N
5 atmosphere. The mixture is allowed to warm to RT and stirred for 22 h. An additional

equivalent of BH; is added at 0°C and the reaction mixture is heated to 45°C for 2 h.
The reaction is carefully quenched witn 1.0 N NaOH (10 mL) and THF is removed
under vacuum. The mixture is poured in EtOAc (100 mL) and the precipitate is
collected by filtration and dried under vacuum to provide 23f.

10 Step 5:
To a mixture of 23f (1.1 g, 3.8 mmol) and DCM (60 mL) at -78°C is added dropwise
a 1.0 M BBr; solution (23 mL, 23 mmol). The cooling bath is removed after 1 h and
the mixture is stirred at RT for 16 h. The mixture is poured in ice/water (100 mL) and
the precipitate is collected by filtration and dried under vacuum to give 23g.

15 Step6:
To a solution of intermediate 23g (773 mg, 2.27 mmol) in THF (30 mL) is added
PPh; (928 mg, 3.5 mmol) followed by DIAD (0.69 ml, 3.5 mmol) (dropwise), and the
solution is stirred at RT for 2 h. The reaction mixture is concentrated under vacuum
and the crude product is directly added portionwise to POCl; (2 mL) at RT. The

20  reaction mixture is stirred at 100°C for 45 min and then cooled to room temperature.
The mixture is concentrated under vacuum and the crude product is diluted with
DCM. The organic phase is washed with 1.0 N NaOH, water, and brine, dried
(MgSQ,), filtered and concentrated under vacuum. The crude product is purified by
combiFlash® (Hex/EtOAc 9/1 to 1/1) to give 23h.

25 Step 7:
To a solution of chloroquinoline 23h (300 mg, 1 mmol) in TFA (10 mL) is added zinc
(340 mg, 5 mmol) and the mixture is stirred at RT for 16 h. The mixture is filtered
and concentrated under vacuum, and the residue is diluted with 1.0 N NaOH (50
mL) and extracted with DCM (3x). The combined organic extracts are washed with

30  water and brine, dried (MgSQO,), filtered and concentrated under vacuum. The
residue is purified by combiFlash® (Hex/EtOAc 6/4 to 4/6) to give 23i.
Step 8:
A mixture of aryl halide 23i (5 g, 20 mmol) Et,O (400 mL) under a nitrogen
atmosphere is heated to 43°C then cooled to -75°C in a dry ice/acetone bath. n-
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Butyllithium solution (1.38 M in hexanes, 21.7 mL, 30 mmol) is added dropwise (4
min addition time, internal temp below 70°C). The mixture is stirred for an additional
5 min and n-butyllithium solution (880 pL, 1.2 mmol) is added. After 5 min,
triisopropyl borate (16.9 mL, 72 mmoles) is added while the temperature is held at -
74°C. The reaction mixture is allowed to warm to -42°C and 5 mL (21 mmol) of
triisopropylborate are added. The mixture is stirred for 10 min at -18°C,and 2.5 mL
(11 mmol) of triisopropylborate followed by aqueous 2 N HCI (200 mL, 400 mmol)
are added. The mixture is allowed to stir at room temperature for 2.5 h, then is
diluted with Et,O (50 mL) and 2N HCI (50 mL). (The layers are separated and the
aqueous layer is adjusted to pH = 7 with 10N NaOH (45 mL) and 1N NaOH (20 mL).
The precipitate is filtered and dried for 16 h at high vacuum affording the desired
compound 23k.

EXAMPLE 24
SYNTHESIS OF INTERMEDIATE 24B

N
N=\ @S
S

Br ; {

24a
To a mixture of the bromide 24a (152 mg, 0.71 mmol) and DMF (5 mL) is added
bis(pinacolato)diboron (234 mg, 0.92 mmol) and KOAc (210 mg, 2.13 mmol). The
solution is degassed with argon gas under sonication (10 min) and dichloro[1,1'-
bis(diphenylphosphino)ferrocene]palladium (II) DCM adduct (87 mg, 0.10 mmol) is
added. The mixture is heated at 90°C for 16 h and cooled to RT. The mixture is
diluted with EtOAc, washed with saturated brine, dried (MgSO.), filtered and

concentrated. The residue is purified using the CombiFlash® Companion
(hexanes/EtOAc) to give the boronate 24b.

578.1 1122 Cl

S|
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EXAMPLE 25

10

15

20

SYNTHESIS OF INTERMEDIATE 25E

OH

(0]
OA(
N H2 Step 1 Step 2
[ NH E— N
F
F
25b

O
EAN

F
25a
Br 25¢

Step 3
oﬁ
NH
oﬁ
NH
F Step 4
/B\ ‘
;Tﬁ F
25

Br

25d
e

Step 1:
To a cold (0°C) mixture of 25a (15.0 g, 118 mmol) and DMF (180 mL) is added

K.CO; (48.9 g, 354 mmol) followed by dropwise addition of chloroacetyl chloride
(9.40 mL, 118 mmol). The reaction mixture is allowed to warm to RT and then
heated to 60°C for 2 h. The reaction mixture is cooled to RT, poured into ice-water
(2.0 L) and stirred for 30 min. The mixture is filtered and the solid rinsed with water
and dried under reduced pressure to provide 25b.

Step 2:

To a cooled (10°C) mixture of 25b (12.4 g, 74.4 mmol), DCM (150 mL) and glacial
Ac;O (150 mL) is added dropwise over 1.5 hours, a solution of Br; (4.6 mL, 89
mmol) in DCM (75 mL). After 2 hours at 10°C, an additional amount of Br, (2.30 mL,
44.6 mmol) in DCM (40 mL) is added over 1 h with stirring at 10°C. Stirring is
continued for 1 h and the reaction mixture is concentrated under reduced pressure.
The residue is triturated with Et.O (500 mL) to provide bromide 25c.

Step 3:

To a solution of 25¢ (13.4 g, 54.5 mmol) in THF (300 mL) is added slowly borane-
methyl sulfide complex (65.0 mL, 2.0 M solution in THF, 110 mmol) at 0°C. The
mixture is allowed to warm to room temperature and then stirred at reflux for 1 h.
The reaction mixture is cooled to 0°C, quenched slowly with 1 M aqueous HCI (27
mL), and then refluxed for 1 h. The mixture is diluted with Et,O, neutralized with 1 M
aqueous NaOH and after further extraction is concentrated. The residue is purified
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by flash column chromatography (15 to 30% EtOAc/hexanes) to provide
intermediate 25d.

Step 4:

A mixture of 25d (10.0 g, 43.1 mmol), bis(pinacolato)diboron (16.4 g, 64.7 mmol)
and KOAc (12.7 g, 129 mmol) in 1,4-dioxane (430 mL) is degassed with nitrogen for
30 min at RT and heated at 100°C under a nitrogen atmosphere. After 30 min,
dichloro[1,1’-bis(diphenylphosphino)ferrocene]palladium (1) DCM adduct (3.5 g, 4.3
mmol) is added and stirring is continued at 100°C (15 h). The reaction mixture is
cooled to RT and filtered through a pad of Celite®. The Celite® pad is rinsed with
EtOAc and the combined filtrate is concentrated under reduced pressure. The
residue is purified by flash column chromatography (twice with 25% EtOAc/hexanes
followed by 5 % EtOAc/DCM) to provide 25e.

EXAMPLE 26
SYNTHESIS OF INTERMEDIATE 26E

3

H 0]
N
Step 1 N Step 2
—_— —_—

26a 26b

OH =0 Oyo
N
Br  26c

L Step 3

o o Br

M 260 26d
Step 1.

To a cold (0°C) solution of 1,2,3,4-tetrahydroquinolin-8-ol 26a (6.00 g, 40 mmol) in
DMF (60 mL) is added K,CO; (16.7 g, 121 mmol) followed by dropwise addition of
chloroacetyl chloride (4.25 mL, 53.6 mmol). The reaction mixture is warmed to RT
and heated at 60°C for 2 h. The reaction mixture is cooled to RT, poured into ice-
water (1.5 L) and stirred for 30 min. The resulting mixture is filtered and the solid
rinsed with water and dried under reduced pressure (16 h) to provide amide 26b.
Steps 2, 3, and 4:

Intermediate 26b is transformed to intermediate 26e using procedures described in

140
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steps 2 to 4 of Example 25.

EXAMPLE 27
SYNTHESIS OF INTERMEDIATE 27E

OH OH oﬁ4o
F NO2 F NH
F NH
Step 1 ? step2
—_— —_—
Br Br
974 27b Br 27c
oﬁ l Step 3
F NH o
Step 4 F NH
e S
B
o Yo

M 27e Br 27d
Step 1:

To a mixture of 4-bromo-2-fluoro-6-nitrophenol 27a (12.0 g, 51 mmol) and EtOH
(375 mL) is added a solution of sodium dithionite (35.4 g, 203 mmol) in water (125
mL). The mixture is heated at reflux for 1 h, then cooled to 0°C and slowly

10 neutralized with saturated aqueous NaHCO; (150 mL). The mixture is concentrated
and the residue is triturated with 10% MeOH/EtOAc (1.0 L) and filtered through a
pad of Celite®. Concentration of the filtrate under reduced pressure provides aniline
27b.
Step 2:

15 Intermediate 27b is transformed to intermediate 27¢ using the procedure described
in step 1 of Example 25.
Steps 3 and 4:
Intermediate 27c¢ is transformed to intermediate 27e using the procedures described
in steps 3 and 4 of Example 25.

20
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EXAMPLE 28
SYNTHESIS OF INTERMEDIATE 28E

-0
oH o} =P oﬁ/
@i 2 SteP 1 i :NH _step2 N

T

28a

o

Step 4

NH Oﬁ
N
F

Steps 1to 4:

5 Intermediate 28a is transformed to intermediate 28e using procedures described in
steps 1 through 4 of Example 25.

EXAMPLE 29
SYNTHESIS OF COMPOUND 4007 (TABLE 4)

10
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Step 1:
To a mixture of 12e (Example 12) (570 mg, 1.5 mmol), EtOH (11 mL) and acetone
(2.2 mL) is added NaHCO3; (197 mg, 1.6 mmol) and methyl bromopyruvate (177 L,
1.7 mmol). The mixture is heated at 85°C for 16 h and solvents are evaporated in
5  vacuo. The residue is dissolved in DCM (20 mL), washed twice with water, dried
over MgSQO, and concentrated in vacuo giving 29a.
Step 2:
A mixture of 29a (620 mg, 1.4 mmol), THF (18.7 mL) and MeOH (6.2 mL) is treated
with LiOH (1N, 1.4 mL, 1.4 mmol) at 23°C for 15 h. A further portion of 1N LiOH (1.4
10  mL, 1.4 mmol) is added and the mixture is stirred for 4 h at 23°C. 1N NaOH (0.1 mL,
0.1 mmol) is then added and reaction is continued until complete conversion to
product is detected by UPLC-MS. The mixture is adjusted to pH 1 with 1N HCI and
extracted with DCM (3x), and the organic extract is dried over MgSO,. The residue
is purified by CombiFlash® (5% MeOH / 94 % DCM / 1% AcOH) affording pure 29b.
15 Step 3:
To a mixture of 29b (50 mg, 0.11 mmol) and NMP (1 mL) is added Et;N (63 pL, 0.45
mmol), followed by N,N,N',N'-tetramethyl-O-(benzotriazol-1-ylyuronium
tetrafluoroborate (72 mg, 0.22 mmol). The mixture is stirred for 10 min, treated with
neopentylamine 29¢ (30 mg, 0.34 mmol) and stirred 16 h at 23°C. 1N NaOH (0.5
20  mL, 0.5 mmol) is added to the reaction mixture and stirring is continued for 2 h at
60°C. The solution is neutralized with AcOH and EtOAc (75 mL) is added. The
organic layer is washed with water and brine, dried over MgSO,, filtered and
concenrated in vacuo and the residue is purified by prep HPLC. A mixture of the
product and DCM (3 mL) is treated with 1N NaOH (pH > 10) and neutralized with
25  AcOH. The mixture is passed through a phase separator filter and the organic layer
is concentrated in vacuo. The residue is diluted with a mixture of MeCN / water and
lyophilized to give compound 4007.
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EXAMPLE 30
SYNTHESIS OF COMPOUND 5002 (TABLE 5)

B

o7 Yo

o ﬂ
3h

30d 5002

Step 1:
5 Intermediates 10b (Example 10) and 3h (Example 3) are transformed to

intermediate 30a using the procedure described in step 2 of Example 4.
Step 2:
Intermediate 30a is transformed to intermediate 30b using the procedure described
in step 4 of Example 12.

10 Step 3:
To a mixture of 30b (700 mg, 1.5 mmol), Et;N (420 uL, 3.0 mmoles) and THF (15
mL) at 0°C is added isobutyl chloroformate (205 uL, 1.6 mmol) dropwise. The
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mixture is stirred at 0°C for 30 min, and diazomethane (0.67 M in Et;O, 11.2 mL, 7.5
mmol) is added. The mixture is allowed to reach 23°C and stirred for 2 h, then is
concentrated in vacuo. A mixture of EtOAc and water is added to the residue, the
layers are separated and the organic layer is washed with saturated NaHCO;, water
and brine, dried over Na,SOy,, filtered and concentrated in vacuo affording 30c.
Step 4:

A mixture of 30c (125 mg, 0.28 mmol) and DCM (1 mL) is treated with
neopentylamine 29¢ (Example 29) (65 pL, 0.55 mmol) and Et;N (47 uL, 0.34 mmol),
followed by addition of silver benzoate (16 mg, 0.07 mmol). The mixture is stirred at
23°C for 16 h. The mixture is diluted with DCM, washed with saturated NH,Cl,
saturated NaHCO3; and water, dried over Na,SO,, filtered and concentrated in vacuo
providing 30d.

Step 5:

A mixture of 30d (40 mg, 0.08 mmol), chloroacetaldehyde (50% in water, 15 pL,
0.12 mmol) and NaHCO; (19.7 mg, 0.23 mmol) in EtOH (0.5 mL) is heated at reflux
for 16 h. The mixture is cooled to 23°C and filtered, and the solvent is evaporated in
vacuo. The residue is mixed with THF (1 mL) and MeOH (0.3 mL), and 1N NaOH
(0.3 mL, 0.3 mmol) is added. The mixture is stirred at 45°C until the reaction is
complete, then cooled to 23°C, adjusted to pH 5 with AcOH and purified by prep.
HPLC to give compound 5002,
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EXAMPLE 31

SYNTHESIS OF COMPOUND 6002 (TABLE 6)

O Step 2

2h

Step 1:
5  To a mixture of intermediate 2h (Example 2) (5 g, 15.6 mmol) in AcOH (100 mL) is

added zinc (15.3 g, 234 mmoles). The mixture is stirred at 60°C for 120 min, then is
cooled to 23°C and filtered through a Celite® pad, and the filtrate is concentrated in
vacuo. The residue is slowly neutralized with saturated NaHCO; and extracted twice
with EtOAc. The organic layers are combined, washed with water and brine, dried
10  over MgSQ,, filtered and concentrated in vacuo to give the desired intermediate
31a.
Step 2:
A mixture of DMA (15.8 mL) and distilled water (1.58 mL) is degassed for 10 min
with nitrogen and added by syringe to a mixture of the intermediate 31a (1 g, 3.5
15 mmol), 6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-chroman 19d (Example 19)
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(1 g, 3.85 mmol) and NaHCO; (1.47 gr, 17.5 mmol) under nitrogen atmosphere in a
48 mL resealeable vessel equipped with a magnetic stirring bar and fixed with a
rubber septum. Bis(tri-t-butylphosphine)palladium (179 mg, 0.35 mmol) is added to
the reaction mixture and the vessel is placed in a sonicator for 10 min while being
purged with nitrogen. The vessel is sealed with a Teflon cap and heated at 130°C
for 4 h. The mixture is diluted with EtOAc and filtered through Celite®, and the
organic extract is washed with water and brine, dried over MgSO,and concentrated
in vacuo. The residue is purified by flash chromatography (10-25-100% ethyl
acetate: hexanes) affording 31b.

Step 3:

To a 15 mL resealable vessel equipped with a magnetic stirring bar is added
intermediate 31b (500 mg, 1.3 mmol), O-(2,4-dinitrophenyl}hydroxylamine (300mg,
1.5 mmol; prepared as described in Tef.Leff. 1972, 28, 3833-3843) and MeCN (1.7
mL). The reaction vessel is sealed with Teflon cap and the mixture is stirred at 40°C
for 24 h, then is cooled to 23°C and concentrated in vacuo affording 31c.

Step 4:

To a mixture of 31¢ (521 mg, 1.3 mmol) and DMF (17.4 mL) is added K,CO; (198
mg, 1.43 mmol). The reaction mixture is stirred for 5 min at 23°C (exposed to air),
then methyl proprionate (132 mg, 1.56 mmol) is added and stirring is continued for
18 h. The mixture is diluted with EtOAC and washed with saturated NaHCOs, water
and brine. The organic layer is dried overMgSO,, filtered and concentrated in vacuo
and the residue is purified by flash chromatography (10-100% ethyl acetate:
hexanes) affording 31d.

Step 5:

A mixture of 31d (250 mg, 0.52 mmol), THF (2.5 mL) and MeOH (0.83 mL) is
treated with a solution of 10 N NaOH (0.42 mL, 4.2 mmol) at 60°C for 18 h. The
mixture is adjusted to pH 1 with 1N HCI and extracted with DCM (3x). The combined
organic layers are dried over MgSOy,, filtered and concentrated in vacuo affording
intermediate 31e.

Step 6:

Intermediate 31e is transformed to compound 6002 using the procedure described
in step 3 of Example 29.

[
6

|
.3

6.

9
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EXAMPLE 32
SYNTHESIS OF INTERMEDIATE 32A

oﬁ oﬁ

NH ©/N\

ﬁ

32a
To a mixture of boronate 3h (Example 3) (0.80 g, 3.1 mmol) and acetone (20 mL) is
added K,CO; (5.23 g, 38 mmol) followed by methyl iodide (2.9 mL, 39 mmol). The
reaction vessel is sealed and the reaction mixture stirred at RT (24 h). The mixture
is diluted with EtOAc and saturated brine. The aqueous phase is extracted with

EtOAc (2x) and the combined organic phases are dried (MgSO,), filtered and

concentrated to dryness to afford the desired boronate 32a.

EXAMPLE 33
SYNTHESIS OF INTERMEDIATE 33C

OH N " +
N\< NH? ¢
Step 1 0 Step 2
_— —_—
33a 33b 33c

Step 1:
To a mixture of methylcyclopentanol 33a (2.0 g, 20 mmol) and AcOH (2.0 mL) is

added KCN (1.43 g, 22 mmol) portionwise, followed by conc. H,SO, (3.0 mL) added
dropwise at a rate to keep the temperature at 30-35°C. The mixture is heated to
60°C for 30 min and is then stirred at RT (16 h). Ice water (35 mL) is added, and the
mixture is adjusted to basic pH with solid K,CO; and extracted with Et,O (5x). The
combined organic phases are dried over MgSO,, filtered and concentrated to give
33b.

Step 2:
A mixture of derivative 33b (1.5 g, 11.8 mmol) and dioxane (8 mL) is treated with 5N

0
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HCI (8.0 mL) and EtOH (4 mL). The mixture is heated at gentle reflux for 4 h, then
ethanol and dioxane are removed under vacuum. The aqueous phase is washed
with hexanes and then concentrated. Traces of water are removed by azeotropic
removal with EtOH. The resulting solid is dried under high vacuum to give the amine

hydrochloride salt 33c.

EXAMPLE 34
SYNTHESIS OF INTERMEDIATE 34D

(o] (o] N
] } V. +
OH  step 1 NH,  Step2 Step 3 NH Cr
- _ -
34a 34b 34c 34d
Step 1.

A mixture of 1-methylcyclohexane carboxylic acid 34a (25 g, 176 mmol) in DCM
(125 mL) is cooled to 0°C and a catalytic amount of DMF (250 ulL) is added. Oxalyl
chloride (20 mL, 228 mmol) is then added dropwise over 30 min and the mixture is
allowed to stir for 45 min. The reaction mixture is then warmed to RT and stirred an
additional 2.5 h. The mixture is concentrated to dryness and dried and the residue is
mixed with 1,4-dioxane (125 mL). To this mixture is added portionwise a solution of
20% ammonium hydroxide (125 mL) at RT (1 h). The mixture is diluted with water
(200 mL) and extracted with EtOAc (3x). The combined organic extracts are washed
with saturated brine, dried (MgSQ,), filtered and concentrated to give a crude solid.
This material is dissolved in hot hexanes (125 mL) and left at 4°C (18 h). The solid
formed is filtered and washed with cold hexanes to afford amide 34b.

Step 2:

In a 2 necked round bottomed flask equipped with a condenser is added 34b (18.0
g, 128 mmol) in thionyl chloride (12 mL, 106 mmol). The mixture is heated to reflux
for 2 h until gas evolution ceases, then cooled to RT and diluted with Et,O (125 mL)
with careful addition of water (75 mL). The mixture is vigorously stirred for 5 min and
then adjusted to basic pH with solid Na,COj;. The organic phase is separated and
washed with saturated Na,CO; and saturated brine, dried over MgSQO,, treated with
charcoal and filtered through Celite®. The filtrate is concentrated under vacuum at
RT to give 34c.
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Step 3:
To a mixture of EtOH (50 mL) and HCI (g) (8.3 g, 0.23 mmol) at 0°C is added 34c¢

(14.7 g, 119 mmol) followed by platinum oxide (400 mg). The mixture is placed in a
Parr shaker and treated with H>(g) at 40 psi for 48 h. The atmosphere is flushed and

5  the mixture filtered through Celite® and washed with EtOH. The filtrate is
concentrated to dryness and the residue is washed with ether, filtered and dried to
give the intermediate 34d as the hydrochloride salt.

EXAMPLE 35
10 SYNTHESIS OF COMPOUND 1363 (TABLE 1) INCLUDING SEPARATION OF ATROPISOMERS

D
HN
cl OH
S e
[ +

B
N 0" o
28e

o 35a %
Step 2 L

1363

Step 1:
To a mixture of the diester 10b (1.0g, 2.91 mmol), DCM (7 mL) and MeOH (0.25

mL) is added TFA (8 mL). The mixture is allowed to stir at RT for 2 h and is
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concentrated to dryness. The residue is taken up in EtOAc and washed with
saturated NaHCO;, dried (Na,SOy), filtered and concentrated to give alcohol 35a.
Step 2:

A mixture of boronate 28e (400 mg, 1.43 mmol), alcohol 35a (420 mg, 1.46 mmol),
2-dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (S-Phos, 59 mg, 0.1 mmol),
tris(dibenzylideneacetone)dipalladium(0) (39 mg, 0.04 mmol) and Na,CO; (607 mg,
5.7 mmol) in 2-methyl tetrahydrofuran (5.6 mL) and water (1.4 mL) is placed in a
sealable vessel. The mixture is degassed by bubbling argon through the solution (10
min) and the vessel is sealed and heated at 75°C (20 h). Further portions of the
catalyst and ligand are added and the mixture is again heated at 75°C (20 h). The
cooled mixture is filtered, diluted with EtOAc, washed with brine, dried over Na;SO,,
filtered and concentrated. The residue is purified by CombiFlash® Companion to
give a mixture of isomers 35b.

Step 3:

The mixture of alcohols 35b (362 mg, 0.90 mmol) in tert-butyl acetate (7.1 mL, 53
mmol) is cooled to 0°C in an ice bath and treated portionwise with perchloric acid
(70% w/w in water, 1.2 mL, 13.4 mmol). The vessel is capped and the reaction
mixture stirred at 0°C until about 50% completion. The reaction is quenched with 1N
NaOH (pH~9) and the mixture is extracted with EtOAc. The organic phase is
washed with water and brine, dried over Na,SO, and concentrated. The residue is
purified by CombiFlash® Companion (20 to 100% EtOAc/hexanes) to give the
separated isomers 35¢ and 35d plus unreacted starting alcohols 35b.

Step 4:

To a mixture of diester 35d (87 mg, 0.19 mmol), MeOH (0.4 mL) and THF (1.2 mL)
is added 1N LiOH (0.21 mL, 0.21 mmol). The mixture is allowed to stir at RT (16 h)
then is acidified with 1N HCI and extracted with EtOAc (2x). The organic extract is
dried over Na,SQ,, filtered and concentrated to give acid 35e.

Step 5:

A mixture of acid 35e (30 mg, 0.06 mmol) and NMP (1 mL) is treated with TBTU (40
mg, 0.12 mmol) and Et;N (35 uL, 0.25 mmol). The mixture is allowed to stir at RT for
5 min then trans-4-methylcyclohexyl amine (25 uL, 0.19 mmol) is added. The
reaction is allowed to stir at RT (2 h) and is then diluted with EtOAc. The organic
phase is washed with saturated NH,CI, H,O, and brine, dried over MgSO,, filtered

and concentrated to dryness to afford the amide 35f.

I SI'N.
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Step 6:
A mixture of amide 35f, THF (0.9 mL) and MeOH (0.3 mL) is treated with 1N NaOH

(0.29 ml, 0.29 mmol) at 50°C (1 h). The solution is acidified with AcOH and purified
by preparative HPLC. The pure fractions are combined, concentrated to remove
5 MeCN and then extracted into DCM. The organic phase is dried over Na,;SOy4,

filtered and concentrated. This solid is re-dissolved in DCM and treated with 10
drops of 1N NaOH and then neutralized with AcOH. The phases are separated and
the aqueous layer is extracted with DCM. The combined organic phases are
concentrated and lyophilized to give compound 1363.

10
EXAMPLE 36
ALTERNATIVE SYNTHESIS OF INTERMEDIATE 12C

2h 10b

12¢

Step 1:
15 A steel bomb is charged with the compound 2h (11 g, 34.3 mmol), Pd(OAc), (0.17

mg, 0.68 mmol) , bis(diphenylphosphino)ferrocene (0.42 g, 0.76 mmol) and 2,6-

lutidine (8.0 mL, 68.7 mmol). Degassed MeOH (50 mL) is added and the system is

sealed. The system is purged with N, (2x) and CO (3x). The mixture is stirred at

110°C under 200 psi of CO for 48 h. The reaction mixture is filtered, concentrated
20  and purified by Combiflash® Companion to give 10b.
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Step 2:
Intermediate 10b is transformed to intermediate 36a using the procedure described

in step 1 of Example 12.
Step 3:
5 Intermediate 36a is transformed to intermediate 12c using the procedure described

in step 2 of Example 5.

EXAMPLE 37
SYNTHESIS OF COMPOUND 1142 (TABLE 1)

10
Step 1.

Intermediate 12d is transformed to intermediate 37a using the procedure described
in step 5 of Example 35.
Step 2:

15 A mixture of amide 37a, (30 mg, 0.06 mmol), THF (2.5 mL) and MeOH (0.75 mL) is
treated with 5N NaOH (65 pL, 0.33 mmol) at 60°C (1 h). The solution is neutralized
with AcOH (19 uL, 0.33 mmol) and evaporated to dryness. The residue is then
purified by CombiFlash® Companion to give compound 1142.
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EXAMPLE 38
SYNTHESIS OF COMPOUND 1438 (TABLE 1)

1438 38b

Step 1:

To 12d (1 g, 2.5 mmol) and Et;N (481 uL, 3.5 mmol) in THF (13 mL) at 0°C is added
isobutyl chloroformate (448 uL, 3.5 mmol) dropwise. The mixture is stirred at 0°C for
1 h. A diazomethane solution (0.67 M in diethyl ether, 37 mL, 25 mmol) is added
slowly and the mixture is allowed to reach 23°C. After 1 h, the mixture is
concentrated in vacuo and then EtOAc and water are added. The organic layer is
washed with a saturated aqueous solution of NaHCO3, water, brine, dried over
Na,SO,, filtered and concentrated in vacuo. Crude product is is purified by
CombiFlash® Companion to give 38a.

Step 2:

To a solution of 38a (828 mg, 2.5 mmol) in THF (16 mL) at 0°C is added dropwise
an HBr solution (48% aq, 1.09 mL, 9.6 mmol). The mixture is stirred for 1 h at
0°C.The solution is diluted with EtOAc, washed with NaHCQO; (sat), water, brine,
dried over Na,SQ,, filtered and concentrated in vacuo to provide 38b.

Step 3:

To 38b (50 mg, 0.1 mmol) in a mixture of EtOH (750 L) and acetone (150 L) is
added NaHCO; (8.1 mg, 0.11 mmol) and 2-amino-5-chloropyridine (14.7 mg, 0.11
mmol) in a sealed tube. The mixture is heated at 85°C for 30 min then concentrated
in vacuo. The residue is diluted with THF (1 mL), MeOH (300 uL) and a NaOH

solution (5 N, 103 pL, 0.52 mmol) and the resulting mixture is then stirred for 15 min

476. 1
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at 60°C. The mixture is cooled to 23°C and the pH is adjusted to ~5-6 with ACOH.
The crude mixture is purified by prep HPLC (MeOH/water containing 10mM
ammonium bicarbonate (pH10)). The desired fractions are collected and
concentrated under reduced pressure. The residue is dissolved in MeCN (1.5 mL)

and freeze-dried to give 1438.

EXAMPLE 39
SYNTHESIS OF INTERMEDIATE 39C

NHBoc
NH, NHBoc
Step 1 Step 2 F
> B
F F 0" o
Br Br
39%a 39b
39%¢
Step 1.

To a THF solution (90 mL) of 39a (7.2 g, 38 mmol) is added solid NaHCO; (16 g,
190 mmol) and water (9 mL) at RT. This mixture is stirred for 10 min before the
portionwise addition of solid di-t-butyl dicarbonate (16.5 g, 76 mmol). The mixture is
stirred at 55°C for 16 h or until completion. The mixture is filtered and then
partitioned between EtOAc and water. The aqueous phase is extracted with EtOAc
and the combined organic phases are washed with brine, dried (MgSQ,) filtered and
concentrated. The crude product is purified by CombiFlash® Companion to give
39b.

Step 2:

To 39b (11 g, 37.8 mmol) dissolved in dry 1,4-dioxane (120 mL) is added
bis(pinacolato)diboron (13.7 g, 54 mmol) and potassium acetate (9.9 g, 101 mmol)
before being deoxygenated by bubbling a stream of argon for 15 min. To this
mixture is added 1,1’-bis(diphenylphosphino)ferrocene (2.75 g, 3.4 mmol). This
mixture is degassed a further 5 min before being refluxed at 100°C for 16 h. The
cooled mixture is diluted with EtOAc and water and then filtered through Celite. The
phases are separated and the organic layer is washed with water, brine, dried
(MgS0Q,), filtered and concentrated. The resulting residue is purified by
CombiFlash® Companion to give intermediate 39c.
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EXAMPLE 40

SYNTHESIS OF COMPOUND 1453 (TABLE 1)
NHBoc

Step 1:
5 Intermediate 10a (4.0 g, 12.9 mmol) is treated with boronate 39¢ (5.2 g, 15.5 mmol)

using the procedure described in step 1 of Example 12 to afford 40a.
Step 2:
Intermediate 40a is transformed to diester 40b using the procedure described in
step 3 of Example 12.

10 Step 3:
Aniline 40b (2.86 g, 6.84 mmol) is converted to intermediate 40c¢ using the
procedure described in step 2 of Example 5. The atropisomers are separated at this
stage by CombiFlash® Companion to give 40c.
Step 4:

15  Diester 40c is converted to mono-acid 40d using the procedure described in step 4
of Example 12.
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Step 5:

Intermediate 40d is transformed to intermediate 40e using the procedure described
in step 5 of Example 12.
Step 6:
5  To a solution of 4-methoxy-2-quinoline carboxylic acid (302 mg, 1.5 mmol} and DMF

(15 L) in DCM (7 mL) is added oxalyl chloride as a 2M solution in DCM (968 L,
1.94 mmol) dropwise at RT (with evolution of gas). After 20 min, the solution is
concentrated to dryness and then dissolved in THF (2 mL). To this solution is added
intermediate 40e (294 mg, 0.74 mmol) and DIPEA (650 L, 3.72 mmol) then heated

10  at 50°C for 2h. The cooled reaction mixture is diluted with EtOAC and washed
consecutively with a NH,ClI solution (sat), a NaHCO; solution (sat) and brine. The
organic phase is dried (MgSQ,), filtered and concentrated to dryness. The solution
of the crude ester (431 mg, 0.74 mmol) in THF (4 mL) and MeOH (2 mL) is heated
at 50°C before being treated with 5 N NaOH (743 uL, 3.72 mmol). The reaction is

15  stopped after 1 h by quenching with AcOH (500 pL) and the mixture is concentrated
to dryness. The residue is taken up into MeOH and purified by preparative HPLC to
give, after lyophilization, compound 1453.

EXAMPLE 41
20 SYNTHESIS OF INTERMEDIATE 41D

0
Step 1 Step 2 Step 3
—— —_— e
NHBoc NHBoc NHBoc NH.CI
41a 41b 41c 41d
Step 1:

Compound 41a is converted to 41b using dimsyl sodium and methyl-

triphenylphosphoium bromide as described in J. Am. Chem. Soc., 1980, 702, 1404-
25  1408.

Step 2:

Intermediate 41b (250 mg, 1.18 mmol) is dissolved in diethyl ether (5 mL) and

cooled to 0°C before being treated with diazomethane in ether (40 mL, 2.8 mmol).

To this cooled solution is added portionwise palladium (I} acetate (5 x 5 mg). This
30  sequence is repeated until the reaction is complete by NMR analysis. The solution is
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filtered and concentrated to give 41c.

Step 3:

To 41¢ (261 mg, 1.16 mmol) is added 4M HCl/dioxane (5 mL, 20 mmol) and the

mixture is allowed to stir at RT for 2 h. The solution is concentrated and then treated
5  with diethyl ether. This mixture is sonicated to afford a solid which is filtered and

dried to give 41d as the HCI salt.

EXAMPLE 42
SYNTHESIS OF COMPOUND 1440 (TABLE 1)

10

Step 1:
A solution of 2-aminoaniline (27 mg, 0.25 mmol), HATU (110 mg, 0.30 mmol) and

12d (0.10 g, 0.25 mmol) in DMF (3 mL) at RT is treated with Et;N (0.10 mL, 0.74

mmol). This mixture is stirred at RT for 1 h. EtOAc (10 mL) is added and the solution
15 is washed with brine, dried (MgSO,), filtered and the solvent evaporated. The crude

amide is dissolved in AcOH (4 mL) and heated at 80°C (1 h). The solution is

concentrated, EtOAc (10 mL) is added and the solution is washed with saturated

NaHCO; and brine. The layers are separated and the organic layer is evaporated to

give the crude benzimidazole. The product is purified by CombiFlash® Companion
20  to afford 42a.
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Step 2:

A solution of benzimidazole 42a (120 mg, 0.25 mmol) in DMF (1.5 mL) is treated
with NaH (60% dispersion in mineral oil, 11 mg, 0.27 mmol) and the mixture is
stirred for 15 min. lodoethane (30 pL, 0.37 mmol) is added and the reaction is
5  stirred for 1 h. The reaction is diluted with water (15 mL) and extracted with EtOAc
(15 mL). The organic layer is dried (MgSO,) and evaporated to dryness to give
compound 42b.
Step 3:
A mixture of amide 42b (125 mg, 0.25 mmol) in THF (3.5 mL) and MeOH (0.5 mL) is
10 treated with 5N NaOH (250 L, 1.5 mmol) at 50°C (3 h). The solution is acidified
with AcOH and evaporated to dryness. The residue is then dissolved in MeOH (1
mL) and purified by preparative HPLC. The fractions containing pure compound are
pooled, evaporated to dryness, redissolved in 1:1 MeCN / water (50 mL), frozen and
lyophilized to give compound 1440.
15
EXAMPLE 43
SYNTHESIS OF COMPOUND 1437 (TABLE 1)

O. O
H NH, H
™ Step1 N
T +
Cl cl
43a 43b 12d
Step 3
ep g
N Q/
1437 o 43¢

Cl
Step 1:

20  To a solution of compound 43a (1.9 g, 10 mmol) in THF is added tin powder and 1N
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HCI (50 mL, 50 mmol). After 1 h of vigorous stirring, 1 N NaOH (50 mL) is added
slowly to the reaction. The mixture is filtered on Celite and the filter cake is washed
with EtOAc (200 mL). The filtrate is extracted with EtOAc and the combined organic
layers are dried (Na,SO,4) and concentrated to dryness to give compound 43b.
Step 2:

Intermediates 43b and 12d are coupled to give intermediate 43¢ using the
procedure described in step 1 of Example 42.

Step 3:

Intermediate 43c is transformed to compound 1437 using the procedure described
in step 3 of Example 42.

EXAMPLE 44
SYNTHESIS OF COMPOUND 1450 (TABLE 1)

42b

Step 1:
A mixture of benzimidazole 42b (88 mg, 0.19 mmol), cyclopropyl boronic acid (32

mg, 0.37 mmol), copper acetate (34 mg, 0.19 mmol) 2,2-bipyridyl (29 mg, 0.19
mmol) and Na,CO3; (39 mg, 0.37 mmol) in DCE (3 ml) is heated to 70 °C for 18 h.
The mixture is cooled to RT and washed with a mixture of water / saturated NH,ClI
(15 mL each). The water layer is extracted with DCM, and the organic layer is
washed with brine, dried (MgSO,), filtered and concentrated to give compound 44a.
Step 2:

Intermediate 44a is transformed to compound 1450 using the procedure described
in step 3 of Example 42.

S

PCT/CA2010/000707

1
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EXAMPLE 45
SYNTHESIS OF COMPOUND 1447 (TABLE 1)

cl cl 45¢ 45b
Step 1:
5 Intermediate 10b is transformed to intermediate 36a using the procedure described
in step 1 of Example 12
Step 2:
t-Butyl nitrite (90% w/w, 1.0 mL, 7.9 mmol) is added to a stirred suspension of CuBr;
(1.6 g, 7.3 mmol) in anhydrous, deoxygenated MeCN (12 mL) cooled to 0°C under a
10 nitrogen atmosphere. A solution of compound 36a in dry, deoxygenated MeCN (15
mL + 5 mL rinse) is added dropwise and the reaction is allowed to warm to RT.
After 4 h, additional t-butyl nitrite (0.3 mL, 2.4 mmol) is added and the stirring is
continued. After 16 h, silica gel is added (30 g) and the solvent is evaporated. The
product is purified by CombiFlash® Companion to afford intermediate 45a.
15 Step 3:
Intermediate 45a is transformed to intermediate 45b using the procedure described
in step 4 of Example 12.
Step 4:
Intermediate 45c¢ is transformed to intermediate 45¢ using the procedure described
20  in step 1 of Example 42.

Step 5:
Intermediate 45c¢ is transformed to intermediate 1447 using the procedure described
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in step 3 of Example 42.

EXAMPLE 46

SYNTHESIS OF COMPOUND 1443 (TABLE 1)

Step 1:
Intermediate 12d and commercially available D-11 cyclohexylamine (CDN Isotopes)

are coupled to give intermediate 46a using the procedure described in step 5 of
Example 35.

10  Step 2:
Intermediate 46a is transformed to compound 1443 using the procedure described

in step 2 of Example 37.

EXAMPLE 47
15 SYNTHESIS OF COMPOUND 1470 (TABLE 1)
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Step 1 Step 2

— —

Step 3 Step 4

— —
47b 47c

1470

Step 1:
To 12d (200 mg, 0.49 mmol) in N-methylpyrrolidinone (2.5 mL) is added Et;N (137

ul, 0.99 mmol) followed by N,N,N',N'-tetramethyl-O-(benzotriazol-1-ylyuronium
tetrafluoroborate (320 mg, 0.99 mmol). The mixture is stirred for 10 min, treated
with N, O-dimethylhydroxylamine hydrochloride (96 mg, 0.99 mmol) and then stirred
for 60 h at 23°C. A saturated, aqueous solution of ammonium chloride is added to
the mixture. The solution is diluted with water and extracted with EtOAc (2x). The
combined organic layers are washed with water (2x), brine, dried over MgSO,,
filtered and evaporated in vacuo. The crude product is purified by CombiFlash®
Companion with an eluting gradient of 20 to 100% EtOAc / hexanes to afford 47a.
Step 2:

To a solution of 47a (163 mg, 0.36 mmol) in THF (3.6 mL) at -78°C is added
dropwise an ethyl magnesium bromide solution (2.2 M in THF, 198 L, 0.44 mmol).
The mixture is stirred for 30 min at -40°C. A 1N HCI solution (~10-15 mL) is added to
the reaction mixture and then the mixture is extracted with diethyl ether (2x). The
combined organic layers are washed with brine, dried over Na,SO,, filtered and
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concentrated in vacuo. The crude product is purified by CombiFlash® Companion
with an eluting gradient of 5 to 20% EtOAc / hexanes affording pure 47b.

Step 3:

To 47b (100 mg, 0.24 mmol) in THF (1 mL) is added phenyl trimethylammonium
tribromide (94.5 mg, 0.25 mmol). The reaction mixture is stirred at reflux for 20 h.
The solution is taken up in EtOAc, washed with NaHCO; (sat), brine, dried over
Na,SO,, filtered and concentrated in vacuo to give 47c.

Step 4:

To 47¢ (50 mg, 0.1 mmol) in a mixture of EtOH (729 uL) and acetone (145 pL) is
added NaHCO; (8.8 mg, 0.11 mmol) and 2-aminopyridine (14.2 mg, 0.11 mmol) in a
resealable tube. The mixture is heated at 85°C for 2 h then concentrated in vacuo.
The residue is diluted with THF (1 mL), MeOH (300 pL), aqueous NaOH solution
(5N, 140 pL, 0.70 mmol) and stirred for 60 h at 23°C. The pH of the mixture is
adjusted to approximately 5-6 with AcOH. The crude mixture is purified by prep
HPLC (MeOH: water containing 10mM ammonium formate (pH 3.8)). The desired
fractions are collected and concentrated under reduced pressure. The residues are
dissolved in AcCN (1.5 mL) and freeze-dried to afford 1470.

EXAMPLE 48

C8166 HIV-1 LUCIFERASE ASSAY (ECx)

C8166 cells are derived from a human T-lymphotrophic virus type 1 immortalized
but nonexpressing line of cord blood lymphocytes (obtained from J. Sullivan and
originally produced in the laboratory of R. Gallo, Virology 1983; 129: 51-64) and are
highly permissive to HIV-1 infection. The pGL3 Basic LTR/TAR plasmid is made by
introducing the HIV-1 HxB2 LTR sequence from nucleotide -138 to +80 (Sca1-
Hindlll) upstream of the luciferase gene in the pGL3 Basic Vector (a promoterless
luciferase expression vector from Promega catalogue # E1751) with the gene for
blasticidine resistance cloned in. The reporter cells are made by electroporating
C8166 cells with pGL3 Basic LTR/TAR and selecting positive clones with
blasticidine. Clone C8166-LTRIuc #A8-F5-G7 is selected by 3 consecutive rounds of
limiting dilution under blasticidine selection. Cultures are maintained in complete
media (consisting of: Roswell Park Memorial Institute medium (RPMI) 1640 + 10%
FBS + 10° M p-mercaptoethanol + 10 ug/ml gentamycin) with 5 ug/ml blasticidine,

however, blasticidine selection is removed from the cells before performing the viral

511. 2
5 H
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replication assay.
LucIFERASE AssAY PRoTOCOL
Preparation of Compounds

Serial dilutions of HIV-1 inhibitor compounds are prepared in complete media from
10 mM DMSO stock solutions. Eleven serial dilutions of 2.5X are made at 8X
desired final concentration in a 1 mL deep well titer plate (96 wells). The 12" well
contains complete media with no inhibitor and serves as the positive control. All
samples contain the same concentration of DMSO (< 0.1% DMSO). A 25 L aliquot
of inhibitor is added, to triplicate wells, of a 96 well tissue culture treated clear view
black microtiter plate (Corning Costar catalogue # 3904). The total volume per well
is 200 pL of media containing cells and inhibitor. The last row is reserved for
uninfected C8166 LTRIuc cells to serve as the background blank control and the first
row is media alone.

Infection of Cells

C8166 LTRIuc cells are counted and placed in a minimal volume of complete RPMI
1640 in a tissue culture flask (ex. 30 X 10° cells in 10 mL media/25 cm? flask). Cells
are infected with HIV-1 or virus with variant integrase generated as described below
at a molecules of infection (moi) of 0.005. Cells are incubated for 1.5 hours at 37°C
on a rotating rack in a 5% CO, incubator and re-suspended in complete RPMI to
give a final concentration of 25,000-cells/175 pL. 175 pL of cell mix is added to wells
of a 96 well microtiter plate containing 25 pL 8X inhibitors. 25,000 uninfected C8166-
LTRIuc cells/well in 200 pL complete RPMI are added to the last row for background
control. Cells are incubated at 37 °C in 5% CO, incubator for 3 days.

Luciferase Assay

50 uL Steady Glo (luciferase substrate T,,=5 hours Promega catalogue # E2520) is
added to each well of the 96 well plate. The relative light units (RLU) of luciferase is
determined using the LUMIstar Galaxy luminometer (BMG LabTechnologies). Plates

are read from the bottom for 2 seconds per well with a gain of 240.

The level of inhibition (% inhibition) of each well containing inhibitor is calculated as

follows:

o -inhibirion:[l—[ RLU -well— RLU - blank D*loo

RLU -control — RLU - blank
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The calculated % inhibition values are used to determine ECsg, slope factor (n) and
maximum inhibition (1.2, by the non-linear regression routine NLIN procedure of

SAS using the following equation:

o I x|inhibitor]”
% - inhibition = —2 | I

[inhibitor]” + ICs0”

All compounds of Tables 1 to 6 have ECs values of 500 nM or less against the
NL4.3 strain of HIV-1 integrase (SEQ ID NO: 1) as measured by the assay of
Example 48. The potency of representative compounds is provided in Table 7.

10  TABLES OF COMPOUNDS
The following tables list compounds of the invention. Compounds of the invention
are particularly effective at inhibiting HIV integrase. Retention times (tg) for each
compound are measured using the standard analytical HPLC or, where indicated,
UPLC conditions described in the Examples. As is well known to one skilled in the

15 art, retention time values are sensitive to the specific measurement conditions.
Therefore, even if identical conditions of solvent, flow rate, linear gradient, and the
like are used, the retention time values may vary when measured, for example, on
different HPLC or UPLC instruments. Even when measured on the same instrument,
the values may vary when measured, for example, using different individual HPLC

20 or UPLC columns, or, when measured on the same instrument and the same
individual column, the values may vary, for example, between individual
measurements taken on different occasions.
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*presence of 2 inter-converting conformers by HPLC

**Most active atropisomer

5 *Retention time (tr) measured by UPLC
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N -
1270 = O/ N 53* | 546.2
N/ o o)

S|



1403 7(:) H3c7N .1 NN H 4.4/4.5* 519.2

-N H3ci o 400l

4.7/ 4.8* 555.2 1405 7(:) H3c7N 01 No ', ..
549. 3 14080MbL03@I3 0 1 4.5/ 4. 8*

Cpd R3 R5 tR (nin) M (MrH)+ 1404

N H5.2/5. 4%

520.2 1407 C 10 N PCT/CA2010/000707
-137 -
s 5 t MS
Cpd R R (min) | (M+H)!
i o
HN
1271 NJ 46/51* | 4843
H
(Y o
HN , . " 518.2/
1272 \H '.NJ . 5.7 2205
. H
Cl
N N
X 5241/
1273 @Z/ \lé 71 526.1
Cl
N N
482.2/
1274 = 5.8
|/ \U) 484.2
cl H i
N\”
1275 @ | © 5 1 5512%2;
,,,,, | /
Cl
N N
X — 5141/
6.9
1276 ) z/ \U) 516.1
Cl
H
N 536.1/
1277 @ ® \|L 72 | 3381
FsC
cl H
T
1278 ~ L 1 49 5555?5’
o
Cl
N
482.2/
1279 N© S 4.8
I P \U) 4842




----:,-.. 1 NH 4.9 482.2/ 484.2 1408 Vo H3c7/N io 401R\I'-' 4.9/5.1*
534.3 1409 ----.."71 0 6.1/6.2* 538.4 1410 10 \401lo0 6.3/6.4* 575.3 1411
---" L " swWoQoNBee3s H 5. 7/5.8*% 524.4 1412 --..",.."-40 @OCraA2p10/006708 552. 4
Ccpd R3 R5 tR
- 138 -
t MS
Cpd R’ R® (min) | (MeH)"
Cl
N
N - 536.1/
1280 @ _ 1 6.9 538.1
FsC
Cl
H\[.---
\ 4931/
1281 @ P } 6.7 4951
N/
cl H
N L.
o 512.2/
1282 o 5.8 4o
,,,,, \O
cl H
A N\H"'- 511.2/
1283 NGNS © 5.9 513.2
»»»»» O
Cl
"
N 566.2/
1284 @ Hj@( T 7.1 P
= o
1285 " XNJ 5.8/6.4* | 4843
H
3
HN O
1286 Q\ A 6.2/6.8* | 510.3
N
3
HN O
1287 Q\ g 6.5/7.3* | 524.3
,,,,, oo
i
HIN N O
| 5432/
1288 P NJ._‘ 4.4 545.2
c© H




(nin) MB (MrH)+ 1413 70 (101 H 6.5** 542.4 1414 10 \ Sl

7NF 1.1 HcroN__ --

HN | H 6. R0208280841418 HN | .

4.0/ 4. 2*

6. 3/6. 4%

579. 3 1415

1o 6.3/6.4* 542.2 1416 10 0(1) 6.2/6.3* 542.2 1417 Vo

\'40110 4.0/ 4. 2*

- 139 -

565. 1 1419CHNA2010M00707

" s tr Ms
Cpd R R (min) | (M+H)'
@i X
HN s
1289 <Ij T 3.8/4.1% | 547.2
\ o
N
O
HN(\ "~~~ N O
1290 Mo 4.0/43* | 509.2
)
S
HN /(/\S o
1291 A 3841 | 511.2
N N
H
Cl
H
N ——__
1292 @ @ B 05 | SO
~ .
HN
1293 G/\NJ 5.9/6.5% | 496.2
H
@i 0
HN
1294 OCHJ 6.8/77* | 5242
Cl H
N N
1295 @ Hsz T s9 | 8112
»»»»» O
i bi
HN .
1296 OAH - 56/6.0 | 524.2
Cl
1297 N .- 6o 4731/
| : 4751
]




528.2 1420 HN | * >\; 11
(MrH) + 1421 Hr(,
1423 Vo HBOZMDBAM 4. 8/ 5. O

HN I .

11,

------- r 11 o 3.8/4.0* 502.3
(1) 3.9/4.1* 528.3 1422 HN 40 O IoN)-j"' "' -

507.3 1424 Vo H3c7N io \

- 140 -

Cpd R3 R5 tR (nin) MS

H4.2/4. 3*

542. 3

4 PETACAZD10406703 1425

" 5 e VS
Cpd R R (min) | (M+H)'
Cl
S~ 4753/
1298 [:;] :%\\ [ 6.5 R
% 0
HN J
1299 N 47/5.1% | 4963
H
Cl
N 509.0/
1300 \E) 6.5 5110
@i 0
HN
1301 ”~N/in‘ 4.9/5.4* | 498.1
H
Cl
e 509.0
S
HN H ~
1303 e 51/56* | 532.3
(e}
Cl
501.1/
1304 <i::1\v/n - 6.8
[?] T 503.1
@i q
HN
1305 N/ﬂ\\ 45/5.0* | 4823
D/\H
~
HN H -
1306 N 5.1/5.5 | 532.3
(0]




\

N 4.5/ 4. 8*

527.3 1426 7,

H3c7N 01 11110 \

--=-",,, 00 HLOLLHEETErrrrrl 6.3 538.4 1428 0 Sl

(mn) M5 Web0H306829 O N Si

N 5.0/5. 1*

H 2.2% 550.4

541.3 1427
Cpd R3 R5 tR

(1) 0 2 . 2% 550.2 1430 0 OPCT/CA2010/000707
- 141 -
3 5 tr MS
Cpd R R (min) | (M+H)!
Cl
m'* - 459.1/
N -
1307 I 6.2 110
]
®
HN : H
1308 SN \” 4.8/52¢ | 4843
o
Cl
N .
X : 485.2/
1309 @ \(N]N/ WO 60 | 4222
\
Cl
N
X 471.2/
1310 <N>N/ \U) 50 | 32
»»»»» \
Cl
H
s 538.1/
1311 _QN]C( R &7 | 5402
cl H
D!
NN 608.2/
1312 . SF“ 5.4 510.0
,,,,, b’
Cl
XN 471.1/
1313 @ ﬂ \'é 56 | 4Ll
H
Cl
N
s 539.1/
1314 HzN—<\Nj©/ 1 5.0 541.1
Cl
s N
489.0/
1315 \( W/ ﬁo 6.4 2010
N—N




401 O | alfwWORN /138343 1436

6.6

N ,. g0H2. 1$ 536.2 1431 Br 401 SI 5.5 496.1/ 498.1 1432 Br 01 S
532.0/ 534.0 1433 Cl 401 le 6.0 470.1/ 472.1 1434 o 0 H 5.8/5.9* 528.2 1435
Il 06.0/6.1 PCT/CA2010/000707
- 142 -
t MS
Cpd R’ R® (min) | (MeH)"
Cl
y
Se N 515.0/
1316 @ %(N]N/ \'L 6.7 A
Cl
H 507.0/
1317 Q\/H‘/N 6.2 509.0
»»»»» o]
Cl
_ 527 1/
1318 @ J%H 62 | 5201
””” @]
Cl |
© 497.0/
1319 @;{H >3 | 4990
””” e}
Cl
1320 e 61 4751/
| : 4771
»»»»» O
(@]
; 498.1
1321 | @ 367 5001
F\\‘ : Cl
[y o
1322 " XNJ 6.1%* 4983
H3C H
(e 0
H
1323 GANJ\ 6.2** 510.3
H3C H



516. 2 Cpd RB RS tR (min) M (MH)+ 1437 C Si C 41\ 2.0 2.0% 512. 2/
514.2/ 516.2 1438 CI 101 C 4.9 498.1/ 500.1 1439 C SI 10 \ 2.1%$ 508.0/
510. 0 l1l44®0cp10@30es4 / 2.8s 492. 1/ 494.1 1441 ci PCT/CA2010/000707

- 143 -

3 5
Cpd R R (min) | (M+H)'

y
N 3 N
1324 e \© ¢ \U) 4243 | 5612
N

1325 W O/ \” 41/42+ | 5243
- (o]

(@]
1326 < j@/ W 7.9% | 587.3
N (e}

1327 ©/CH3 O/ \” 7578 | 4972
: o

H
CH, Ne .o
1328 ©/ <\sj©/ I 78/8.2% | 534.1
. N O
H
.
1329 75 490 1
©. SO

Cl

4421/
1330 @ F@ >2 | 4441

470.2/
1331 @ \SJ@ 55 o

) 502.2/
1332 @ \SJ@ 49 oy




SI ,--" 1.5% 542.2/ 544.2/ 546.2 d 1442 ClI 1101 40 4.8 532.2/
534.2 1443 CI 10 DDHO DN(/ Dip DD, D DD DD 6.4 484.3/ 486.3 1444 C Si
1\11. 1., -Wo208/180084499. 2/ PCT/CA2010/000707
- 144 -
t MS
Cpd R® R® (min) | (MeH)"
Cl
i 516.2/
1333 @ /\SQ 5 1 Ay
o ©
Cl
482.2/
1335 @ )\OJ@ 5.7 4842
Cl
458.1/
1336 55 460.1/
cl 4621
Cl
s 481.1/
1337 QNI:[ a9 | 207
i o
1338 " O/ E 6.1/6.7* | 5243
% H
HN N N .-
1339 (j@/ Y 3.7/4.0* | 5472
s (o]
(9
HN S H -
1340 < r 417 | 561.2
N (o]
H3C
0\
o Ho
<
1341 42 5342
AT
Oﬁ H
N, N .-
1342 ©: CH, O/ \” 5.7 538.2
@]
7~ cH, 0




500.

110

2 1445 Cl [10 C it N\ N H 4.2** 516.0/
(min) M8 (M+H)+ 1446 110 ,Cl C

518.0/ 520.0
N 411 \ 4.1** 498.0/ 500.0/ 502.0 1447 Br

Cpd R3 R5 tR

N Cl wD2010413%03842. O/ 544.0/ 546.0 1448 Br PCT/CA2010/000707
- 145 -
s s t MS
Cpd R R (min) | (M+H)'
@]
N H
1343 Hi” \/\/N\[ 5557 | 498.1
|
O
S :
N : H .
1344 e @N“ﬁ'“ 5.8/6.0° | 546.1
@]
S
N ’
1345 e W)N 5.3/5.5% | 498.1
!
% H\n
N
1346 e e 6.4/6.5* | 518.1
S
N
1347 e VE\N | 5455t | 5101
o
) g
N .~
1348 W OAH - 6.2/6.4* | 5382
Cl
.
N 512.2/
1349 @ (T T 66 1 5142
@] N
(v
N
1350 o . 56 | 5383
N
H,C H_([l




1101 |

$11 0 7.0** 519.2/ 521.2 1 452 C
401 H O Ow0.261071130@317. 3/ 519.3 1453 Cl 401 S PCT/CA2010/000707
- 146 -
s s t MS
Cpd R R (min) | (MeH)"
(7
N
1351 He” Q\N/T 50 | 5243
HC H |O
(%
AN . o 544.3/
1352 H,C OFN—”-' 58 oAt s
Cl H
[@]
S
@]
1353 e O\/H 5.4/56* | 510.3
(%
AN Hoo . o | 5322
1354 HC %N\”- 71 P
Cl O
[y
1355 e H\," 78 | 2402
; HN | : 548.2
Cl ©
Cl
y
I e o S I
IS : 507.1
Cl
1357 F s H\( 86 542.0/
<\N s ' 544.0
9 By
1358 s 54/5.9* | 5292

\

_\ 3.5 522.1/ 524.1 1449 C
Si 2.1% 504.0/ 506.0 1451 Cl 401 H,--

10 it \ 2.2% 518.2/ 520.2 1450 C

5



6.6%* 566.2/ 568.2 1454 H 0 2.9**$ 505.2/ 507.2 Cpd R3 R5 tR (nin) MBS
(MrH) + 1455 1101 ,Cl H .ON.- O 6.7** 487.4/ 489.4 1456 Br 10 H 11 0 5.4

531. 2/ 538020437038r 40 H OO0 7.6 PCT/CA2010/000707
- 147 -
1 VS
Cpd R® R® (min) | (MeH)"
S
HN | N\
1359 5.2/58% | 4782
7 S

H
1360 | N 47/52% | 4872
O

H
1361 @ 475.1* | 5032
S

1362 " <\S N 7.4% | 5652

H N
1363 O/ o 73+ | 5283
o

1364 e O/ @ 7474 | 5383

4 >b“ '
1365 H:C N\[ 6.3/6.6* 498.3

1366 e @/\/\> 53/55% | 501.2
(@]

HN -
, — *
1367 )\/N} 4.3/4.7 493.3




545. 2/ 547.2 1458 Br

10 H -

O 11 0 7.4 543.2/ 545.2 1459 0 H -

527.3 1460 HN O 6.6 512.2 1461 CI 40 40 , 6.7 548.3/ 550.2 1462 C
a i pH T 2WO0 28$10/130034 PCT/CA2010/000707
- 148 -
s s t MS
Cpd R R (min) | (MeH)"
(o]
CF3
1368 U 56 549.3
(9 .
: @]
(o]
|
1369 N\ﬂ" 46 500.3
@]
Cl
N
. s 461.2/
1370 w . 1.9 o
o
Cl
1371 I/N H 19° 468.1/
- : 4701
»»»»» O
Cl (@]
N s 517.2/
1372 @ H 21 Y
Cl @)
N s 517.2/
1373 @ H 21 Y
Cl
O
s 481.2/
1374 @ /@AL N 2.0 483.1
Cl o
s 537.0/
1375 @ /dLH 22 2300
»»»»» Cl Cl
Cl \)OL
N s 511.2/
1376 @ IO 21 o

HO 6.8

40



531.2/ 533.1/ 535.1 1463 Cl 40 it $ 2.2523.3 521. 3/ Cpd R3 RS tR (min) M
(MtH) + 1464 CI S 0 1 2.0% 487.3/ 489.3 1465 Cl le 110H OF, 2.7% 549.0/
551. 0 14680Chi10003e¢l a 2.2% 519.1/ 521.1/ 523.1 1467 O PC&/dA2010/000707

- 149 -

3 5 tx MS
Cpd R R (min) | (M+H)'
Cl
(0]
469.1/
1377 N N 1.8° 4711
bN
7 F O
$ 503.1/
1378 @ @iku 2.0 205 1
»»»»» F
Cl
O
$ 481.1/
1379 @ ©iﬁ 2.0 4831
7 ~o o
N $ 5271/
1380 @ @5& 1.9 o0 1
O
»»»»» |
Cl o
74 N $ 539.1/
1381 @ O/ N 21 a1 1
,,,,, CF3
Cl o
$ 546.0/
1382 @ @5% 2.0 2450
»»»»» Br
Cl [e)
N $ 481.2/
1383 @ Q)‘\H 2.0 1812
Cl O
-
N $ 4971/
1384 @ d 2.0 495 1
,,,,, /O
Cl
o)
.- $ 433.2/
1385 @ %H 17 435 1




-,NITHN(:) 15.5512.2/ 514.2 1468 CI 5 0 4.0 499.3/ 501.3 1469 C S a-
4.8 511.9/ 513.9 1470 C 5 - N 4.5 487.0/ 480.0 1471 C le 6.3 493.1/

495.1  .WO 2010/130034 PCT/CA2010/000707
-150 -
; . t MS
Cpd R R (min) | (M+H)'
Cl O
s | 4851/
1386 @ & N 20 487 1
,,,,, F
Cl O
y o | 486.1/
1387 @ N\)IN\H 1.9 o
6]
Cl O
o | 4612/
Cl [e)
N $ 4921/
1389 @ Q)‘\H 20 4941
,,,,, CN
Cl | O
° N 5071/
H $ :
1390 20 ot
,,,,, e
Cl
(@]
o | 497.1/
1391 @ J@)L i 19° | Goo1
,,,,, \O
Cl
PO
] o | 4452/
1392 NN 18 iao2
H
Cl o)
N o | 4921/
1393 @ ﬁi 2.0 o1
,,,,, N//
Cl O
o | 483.1/
1394 @ ©\)km 1.9 e 1
»»»»» OH




N. TABLE 2 R3 7 R4 -002 H R5R1 *presence of 2 inter-converting
conforners by HPLC **Mbst active atropisoner Cpd RL RB R4 RS tR (mn) M
(MtH) + 2080 2000H30034CN - CH3 5.9 395.1 2002 -CH2SMe 0 CzPcTHdA2Db®008701/ 5. 6 *
521.2 2003 -CH20Me -CH3 | el

-151 -

s 5 t MS
Cpd R R (min) | (M+H)'
cl (@]
1395 N 55 | 5351/
: 537 1
,,,,, CF,
Cl o)
N $ 510.2/
1396 @ R /@AH 2.0 102
N
,,,,, |
Cl
U
s 4732/
1397 = 2.0 P
H
Cl O
s 501.1/
1398 @ ©fﬂ 2.0 503.1
,,,,, cl
Cl O
s 4732/
1399 @ O)ku 2.0 e
Cl
o
) s 4312/
1400 D)J\N,f 17 a1
H
Cl
S
s 4882/
1401 C( T 2.0 1982
1% 7
Hl\’l/\ N\/j
1402 N 4.0/4.4% | 4791
S
N ~ O
1403 e @NJ 4445 | 5192
H




5.7 482.0/ 484.0 2004 -CH20Et -CH3 lei 5.8 496. 2/ 498. 2 2005
-CH3 -CN 140 8.5 530. 2/ o 532.2 2006 -CH3 0 Cz -CN
WO 2010/130034 PCT/CA2010/000707
-152 -
3 5 t S
Cpd R R (min) | (MeH)"
i 1N o
1404 he” @\N/H 47/4.8* | 5552
H
S
~N e}
1405 e /O\/@kNJ‘\ 5.2/5.4* | 549.3
H
S O
1406 H 45/48% | 5202
0]
|
Cl
N
1407 D\ j io | 4822
e ' 484.2
H
e S o
1408 e @)‘\N 4951 | 5343
H
@]
N o
1409 ~ Q\ i 6.1/62" | 5384
N RS
H
§ H
~M S N
1410 <\j©/\|{ 6.36.4* | 5753
@]
N
9 0
N
1411 ~ NJ 5.7/5.8 | 524.4
H
ﬁo 0
N
1412 ~ HJ 6.6 552.4




140 7.2* 553.2 0 Cpd RL R3 R4 R5 tR (min) M (MrH) + 2007 - CHECH2
-CH3 lei 5.6 464.2/ 466.2 2008 -CH3 lei 5.8 44
WO 2010/130034 PCT/CA2010/000707

-153 -

5
Cpd R R (min) | (M+H)'

H
N .-
1413 - O/ i 65 | 5424
g o

5
N F s N -
1414 - <\j©/ i 6.36.4* | 579.3
N O
9 '
N F N
1415 /\©/ O/\” 6.3/64" | 5422
o &
>y
N F 0
1416 J 6.2/6.3* | 542.2
N RS

H

S

HN e

1417 O/ s 62 | 5283
., e O

1418

S
HN F N
1419 O/ N 40/4.2% | 5282
W o

" ] =l
1420 N~ 3.8/4.0* 502.3
Bl

4.0/4.2* 565.1

T
Zw
EQO
n
Zé\(f)
ZT




2009 -CH3 0 Cz -F S
2011 - CH20Me o.

0 546.1 2010 -CH20M= 0 Cz -CH3 4.04/5.
z -CH3 5.3/5.5 * 554.4 TABLE 3 2 3 HBCCO2H 5 ----

* 540.4
"""\ CH3

*presencewof20/13miser - converting confornmers by HPLC 5** MpET/GAabioe0707
atropisoner Copd R R3 R5 tR

- 154 -

3 : tr MS
Cpd R R (min) | (M+H)'
S
HN F o
1421 /IJ 3.9/4.1* | 5283
N
H
= 0
HN F i
1422 N | 4243 | 5423
S
N -
1423 e \<\N/j 48/5.0* | 507.3
A—
»»»»» N
S
[
1424 e \\\N\/j 46/47* | 493.3
N/
S
HN
1425 45/4.8* | 527.3
\r
)
A—
e N
S
N
1426 e 5.0/51* | 5413
\r
)
N\
,,,,, N
& !
N
1427 g i 63 | 5384
O
S
N Ne
1428 O/ s 22° | 5504
o O




(min) MBS (MrH)+ 3001 / HNip 5.7/6.2* 524.3 Cpd R2 R3 R5 tR (min)

MS (MHH)+ 3002 / HN 40 le 5.9/6.4* 504.3 3003
WO 2010/130034 PCT/CA2010/000707
- 185 -
. 5 tn S
Cpd R R (min) | (M+H)'
S
Ao | (] -
1429 22 550.2
N \\\
; H
o o
N
1430 K;@ Q\NJ 21° | 5362
. H
Br
496.1/
L
F F
5320/
1432 6.6 o
i
i 470.1/
1433 6.0 ey
(9 o
N F
1434 - Q\NJ 5859 | 5282
H
~ :
N F
1435 - \©/ (jAHJ 6.6 556.3
~
N F
1436 - %H\” 6.061 | 5162
O




HN io HNa 10 5.6/6.1* 524.3 3004 HNio Hd"------ ro---
5.1/6.6* 510.2 3005 Cl S H
WO 2010/130034 PCT/CA2010/000707
- 156 -
3 5 t MS
Cpd R R (min) | (M+H)'
Cl
N 512.2/
1437 C|/@N\>"' 20° | 5142/
\ 516.2
Cl
Cl
=N 498.1/
1438 @ « \/N\> 49 | 5001
Cl
N\
1439 @ /@ e 545 | 5080/
- N 510.0
o \
cl w
1440 N 2.8$ 492 1/
4941
Y | o
,,,,, N
al N .-
N
\"u 5422/
1441 o) ~ 1.5°% 544.2/
/ 546.2
»»»»» cl
Cl
N/
H 532.2/
N -
1442 @ \(@ 4.8 o34 o
Cl DD D H\//O
1443 b =N 6.4 484.3/
b ' 486.3
D D
,,,,, Db
Cl H
N »
g 499.2/
1444 @ \(fjl 4.4 000
Cl cl
N 516.0/
1445 | \@\> a2+ | 5180/
“E N 520.0




N- cr
483. 1

10 GC,..c., 501.1/ 503.1 3006 / ClI 1.1 lel 6.9 481.1/
3007 Cl le HN a..... |lo GC
WO 2010/130034 PCT/CA2010/000707
- 187 -
. 5 tn MS
Cpd R R (min) | (M+H)'
Cl N
498.0/
1446 @ U Moo | a1 | 5000/
Cl
N 502.0
H
Br
N 542.0/
1447 /@ Do 42 544.0/
cl N 546.0
H
Br
o
5021/
1448 \ 35 e
\
N s | 5182
1449 | 22 s
i s
A\
s | 504.0/
1450 @ NA 21 e
Cl
§
< W | 5192
1451 ><j 1 7.0 5212
F
L
§
| s173
1452 DO Wg a6 | N7
F
L _
1453 W 66~ | 9652
o P : 5682
LI /O
.~\‘F H
. x$ 505.2/
1454 “al O/ E 2.9 507.2




.c., 501.1/ 503.1 3008 ad 1.1 HCYNIlo -,, -,, 487.1/ 489.1

3009 JIl A 101 ¢GC,..,r:., 499.1/ 501.1 3010
WO 2010/130034 PCT/CA2010/000707
-158 -
, 5 t MS
Cpd R R (min) | (M+H)'
§
| | as7a
1455 - O/ \Cﬂ) 6.7 e
—5
§
~ 531.2/
1456 O/ <|3| 54 533.2
=
N
545.2/
1457 >C( Wg e | 352
=
§
~ 543.2/
1458 D(j ] 74 | 332
S
s N
1459 \© O/ il 6.8 | 5273
(o]
(o H
S
1460 \© J\\g 6.6 512.2
cl ]
s N 548.3/
1461 P 6.7 e
,,,,, /O
Cl o
- 531.2/
1462 H 2.0° 533.1/
cl c|> 5351
Cl o
N s | 5213/
1463 @ Cﬁ)k N 22 503.3




Cl 101 Si GC,..c., 479.1/ 481.1 Cpd R2 R3 R5 tR (min) MS

(M-H) + 3011 Cl ill aNH... O
WO 2010/130034 PCT/CA2010/000707
-159 -
3 5 tx MS
Cpd R R (min) | (M+H)'
Cl
%
$ 487.3/
1464 @ /O N 2.0 14893
Cl O
N $ 549.0/
1465 @ \@H 270 | $00
»»»»» CF3
Cl o
" 519.1/
1466 H 208 521.1/
cl 523.1
,,,,, F
cl O
TN 512.2/
1467 @ A 55 5142
T
cl e}
N 499.3/
1468 @ VO)J\H 40 5013

Xy 511.9/
1469 @ - NJ,\/ 48 | 5139

Xy 487.0/
1470 @ g NJ,? 45 480.0

1471 @

493.1/

6.3 4951

E /

O:(




r- 499.1/ 501.1

485. 1/

3012 Cl ip HcN,.. .- 1lo1lr) -
487. 1
WO 2010/130034 PCT/CA2010/000707
-160 -
TABLE 2
*presence of 2 inter-converting conformers by HPLC
**Most active atropisomer
1 3 4 5 t; MS
Cpd R R R R (min) (M+H)*
(o]
2001 | -CH; -CN -CHs 59 395.1
ﬁo
HN 3 1/%
2002 | -CH,SMe -CHs Q 356 5510
Cl
' . 482.0/
2003 | -CH.,OMe ﬁ; -CH; Q 5.7 484.0
Cl
' . 496.2/
2004 | -CH,OFEt ﬁ; -CH; Q 5.8 498 2
Cl
- 530.2/
2005 | -CH; [f;] -CN % ] 8.3 3322
»»»»» o
3
HN
2006 | -CH; -CN /} 7.2% 553.2
N
e}




5.5 464.2 466.2

HN so HN d- 10 4.9/5.0* 508. 2 3014 Cl
WO 2010/130034 PCT/CA2010/000707
-161 -
1 3 4 5 t; MS
Cpd R R R R (min) (M+H)*
Cl
_ ' . 464.2/
2007 | -CH=CH, ﬁ; -CHs Q 5.6 4662
Cl
' ] 478.2/
2008 A @ -CH; Q 58| 0
@
HN
2009 | -CH; -F N/I 6.2 546.1
o
Y n
HN 14/5
2010 | -CH.,OMe -CH;, O/ \'L 44501 5404
9
N
A R
2011 | -CH,OMe | ™ _CH; O/ \'L 331 | 5544
TABLE 3
2
rR® Q/R
H:C ~ COH
RPN Seh,
*presence of 2 inter-converting conformers by HPLC
5 **Most active atropisomer
2 3 5 tr MS
Cpd R R R (min) | (M+H)"*
Y
HN H .-
3001 g O/\” 5.7/6.2% | 5243
N \\“.. o

101 1%1




TABLE 4 R3 o< H3C CO2H H3 CpdR3R51 tRMB (min)(MH) + 4001
50LI11111J5.2 Cr) Cpd R3 R51 tR (min) MB (MH)+
WO 2010/130034 PCT/CA2010/000707
-162 -
2 3 5 t MS
Cpd R R R (min) | (M+H)'
i 0o
HN
3002 g ©/ T 5.9/6.4% | 504.3
o)
~
HN H .
3003 g Q e 56/6.1% | 524.3
0
% H
HN
3004 g d/ i 5.1/6.6% | 5102
o
Cl
N /
501.1
3005 g @ O/ \U: 68 | 31
Cl
H )
481.1/
3006 g @ ©/ 1 69 | i
Cl
¥
5011/
3007 g Q Wo 63 | 031
Cl
H
Ne o 487.1/
A S e [ w
Cl
N /
499 1
3009 | @ O/\|Cy) 63 | ol
Cl
¥
479.1/
010 | ©/ \|([) 63 | el




4002 01
526. 1/

542.1 400W0QCh10Ki30034

5.4 479.2 4003 Si | cn,..,r, 548.2 4004 C SI HN .0\.- - 0 7.1
528.1 4005 Cl SI H 11 0 6.9 526.1/ 528.1 4006 Cl Si 7.9 540. 1/
PCT/CA2010/000707
-163 -
t MS
Cpd R? R® R® (m?n) (M+H)*
Cl
i 499.1/
199
3011 O/ \U) 6.7 oLl
Cl
N /
| 4851
3012 @ \|L 6.5 S
i :
HN
3013 I 4.9/5.0% | 5082
@]
Cl )
' . 4642
3014 @ Q 77| 466.2
TABLE 4
t MS
Cpd R® R” (min) | (M+H)'
o ~
4001 O/ " 6.3 505.2




H
N
R3

N
I

1
I
R5

10
05
1t

500. 1/ 502.1 4008 C 9l >N1.i HO 7.0 514.1/ 516.1 4009 C
.3 458.1/ 460.1 4010 C Sl a'..- 0r - ,..,r, 512.1/ 514.1
RVO 2010/130034 PCT/CA2010/000707

-164 -
3 51 t MS
Cpd R R (min) | (MeH)?
o]
4002 X ) 54 4792
o H
N
4003 i 63 | 3482
O
Cl
§
526.1/
4004 O/ TA 71| e
Cl
s
526.1/
4005 @ Q/ \g 6.9 sl
Cl
H 540.1/
4008 @ QVNT' 7.9 542.1
O
Cl
4007 %H 66 500.1/
N >0 502.1
(o]
Cl
N . 514.1/
4008 }/V \ﬂo 7.0 el
Cl
N 458.1/
N~ 7 - 0.
4009 b >3 460.1
(@]
Cl
H -
OVN . 512.1/
4010 ﬁ; m 6.7 514.1
(o]

Si H
Cpd



(min) MS (MrH)+ 4011 CI 10 '0)1" Il 0 Cn ,,,r, 498.1/ 500.1 4012 Cl le \N
i 0 7.0 514.2/ 516.2

/" H_.- [l 0, -
4014 C 1WO 2010/130034

,,,r, 486.1/ 488.1 4013 C H.,,,
----- N, H 11 PCT/CA2010/000707
- 165 -
3 51 t MS
Cpd R R (min) | (MeH)'
Cl
H ,,
4011 Q\/N\ 63 4;98.1/
I 500.1
(@]
Cl
H
N~ 486.1/
o [i:] :>T/ i 61 488.1
o
Cl
H
N .- 514.2/
4013 @ m 7.0 5162
,,,,, o}
Cl
4014 )vH 6.1 486.1/
N ' 488.1
»»»»» @]
Cl
\ i
N - .- 500.1/
a0t @ N > 5001
»»»»» [@]
Cl
H
CF N <
4016 T 47 351124'22/
3 :
Cl
H
4017 A/N 45 4843/
\H ' 486.3
»»»»» o)
Cl
H
4018 N .-~ 50 512.3/
\H ' 5143
»»»»» o)
Cl
H
N .- N 514.2/
,,,,, = O




o, -
500. 1/
H vy T

i ,,,r, 486.1/ 488.1 4015 Cl le 1 !

""-N, 11 0 5.5

502.1 4016 CI 10 H CFN' 3 - ‘..,.1 0 4.7 512.2/ 514.2 4017 Cl
| IWO 2410513d84. 3/ 486. 3 PCT/CA2010/000707
- 166 -
3 51 t MS
Cpd R R (min) | (MeH)'
Cl
N
i 512.2/
4020 d/ j(l 5.0 43
TABLE 5
*presence of 2 inter-converting conformers by HPLC
3 51a 51b t MS
Cpd R R R (min) | (MeH)
Cl
IN 5112/
5001 @ g T H 88 | Y35
Y
HN H 3 -
5002 /*v N H 6.0/6.6% | 5223
]
i H
5003 H O/ e H | 65/73% | 5484
& H
5004 " (Y0 | ek | 7987% | 6163

Si



4018 G 10 /11-1 ,- I 1. 05 . O 512.3/ 514.3 4019 C 10 HIN__ .- EO

5.1 514.2/ 516.2 Cpd R3 R51 tR (nin) MS (M+H)+ 4020
WO 2010/130034 PCT/CA2010/000707
- 167 -
TABLE 6

N
/
N

*presence of 2 inter-converting conformers by HPLC

tr MS
(min) | (M+H)"

Cpd R® R*

6001 -COOMe 8.2 467.1

6002

H
N - -
& - 78 | 5222
!

6004

N .-
o 8.5/8.6 | 548.2

6005

C( \g 85 5482

6006

(§
(§
7 H
N .- 7475 | .
6003 >( \g ’ 506.2
(§
(§
(§

e 84 | 5362
o]




Cl SI H(2)N,.,- 05.0 512.2/ 514.2 TABLE 5 R51b *presence of 2
I nter-converting confornmers by HPLC Cpd R3 R5la R51 b tR (mn) M5 (M-H) +

5001 C Swolo0/10@B48 511.2/ 513.2 5002 HN 40 H N H 6. OP6TR&A260206703003 HN
40 H
-168 -
t MS
Cpd R’ R” (min) | (M+H)*
e]
: (e}
o
N - 6.2/64 | .
6008 e N\g—— e 5373
S H
6009 H3C/N O/NI[) 6.316.6 3632
Y ' :
6010 he d/ b 03/65 1 5497
o
H
(\O s N -
6011 e <\N \|L 6'016'2 600.1
T %VH 6.3/6.5
6012 e m 2T 5492
o)
o
6013 e H\”_.' 6'716'8 5772
O
S
HN N . 53/58 | .
6014 \(@ " 5232




6.5/7.3* 548.4 5004 HN 40 10 cF3 7.9/8.7* C R3 0/K H 30 CO2H R51CH3 -N
*presence of 2 inter-converting conforners by HPLC Cpd R3 R51 tR (mn) M5
(M+H) + 6000 208/BE3OVe 8.2 467.1 H 6002 7.8 522. PCTAMR010/000707

- 169 -

3 51 t MS
Cpd R R (min) | (M+H)*
S
'
HN b 5.6/5
6015 \© ‘O’W SO 540
y
HN J 5.7/6.2
6016 C( )l S 5492
y
HN H S A/5 C
6017 OVN\H.-' SA59 1 5357
(e}
9 . i
HN © | 5.0/
6018 <\Nj©/1 3056 5861

TABLE 7
Antiviral potency
Compound # ECso NnM Compound # ECso NnM

1005 19 1437 0.75
1009 20 1438 0.94
1011 59 1439 4.0
1017 21 1440 2.4
1018 180 1441 4.9
1020 49 1442 16

1102 17 1443 7.1

1111 15 1444 9.2
1113 7.7 1445 1.9
1116 13 1446 1.9
1119 17 1447 0.38
1124 81 1448 1.4
1127 4.5 1449 1.8
1132 9.4 1450 7.7
1141 26 1451 1.7
1142 7.9 1452 57
1143 21 1453 2.1

1145 35 1454 3.7




NI ) H 6003 S >(\ 1 107.4/7.5* 506.2 6004 01 8.5/8.6 548.2

6005 N, 101 O, 8.5 548.2 101 H
WO 2010/130034 PCT/CA2010/000707
-170 -
1146 17 1455 4.0
1147 6.9 1456 4.2
1152 15 1457 4.0
1153 22 1458 6.9
1154 27 1459 4.0
1160 16 1460 1.7
1161 27 1461 2.5
1167 9.3 1462 1.2
1192 8.3 1463 2.1
1202 31 1464 6.2
1208 8.9 1465 11
1242 220 1466 4.9
1256 8.1 1467 4.3
1275 4.5 1468 15
1276 68 1469 0.61
1280 22 1470 5.9
1283 140 1471 2.4
1290 11 2003 17
1293 24 2005 19
1307 17 3005 9.3
1311 26 3009 24
1316 47 4002 73
6001 89

Each of the references including all patents, patent applications and publications
cited in the present application is incorporated herein by reference in its entirety, as
5 if each of them is individually incorporated. Further, it would be appreciated that, in
the above teaching of invention, the skilled in the art could make certain changes or
modifications to the invention, and these equivalents would still be within the scope

of the invention defined by the appended claims of the application.

H



6006 1401 >, ...---,,, "A ,11 0 8.4 536.2 Cpd R3 R51 tR (nin) MS
(M+H) + 6007 01 8.1 534.2 6008 0 7N H3C40 H N11) 6.2/6.4 * 537.3 6009 0
H3c-"N 40wH8l 261058064 PCT/CA2010/000707

-471 -

CLAIMS
What is claimed is:

5 1. A compound of Formula | and a racemate, enantiomer or diastereomer of a
compound of formula (I):

R
R3 o
R4 :
= ‘ CO5H
5 - 1
R™™ a'N R
|
R6

(1)
wherein
R'is (Ci.)alkyl, (Co)alkenyl or (Css)cycloalkyl, wherein the (Cqg)alkyl is
10 optionally substituted with —O(C+.s)alkyl or -S(Cs)alkyl;
RZis (C1.s)alkyl or (Css)cycloalkyl, wherein the (Css)cycloalkyl is optionally
substituted with (C4s)alkyl;
R2is aryl, wherein the aryl is optionally fused to one or more cycles, at least
one of which is a heterocycle, to form a heteropolycycle, and wherein the
15 aryl or heteropolycycle is optionally substituted with 1 to 4 substituents each
independently selected from (C4)alkyl, halo and -O(C)alkyl;
R*is (Cis)alkyl, -CN, halo, (C+)haloalkyl, (Cs.s)cycloalkyl, or —O(C1s)alkyl;
and
a is a double bond, R®is absent and R® is R*' or -(C,.5)alkyl-R®"; or
20 a is a single bond and R® and R® are joined, together with the atoms to which
they are bonded, to form a 5-membered ring optionally having 1 to 3 further
heteroatoms each independently selected from O, N and S, wherein the 5-
membered ring is optionally substituted with 1 to 3 R® substituents;
wherein R* is in each case independently selected from R%, -OR®,
25 -N(R*)R®, -C(=0)R%, -C(=0)OR®, -C(=0)N(R*)R*, -OC(=0)N(R*R®>,
-N(R*)C(=0)R%, -N(R*)C(=0)N(R*R* and -N(R*)C(=0)OR®*; wherein
R® is in each case independently selected from R%, (C..s)alkenyl and
(Cag)alkynyl,
R® is in each case independently selected from (C4.s)alkyl, (Cas)cycloalkyl,
30 (Csg)cycloalkyl-(Cq5)alkyl-, aryl, aryl-(C,¢)alkyl-, Het, and Het-(C,s)alkyl-,



/* 563.2 6010 o H3c7/N H 0 6.3/6.5 549.2 6011 7--'-0 7N H3,40 , sil

6.0/6.2 * 600.1 6012 70 7N H3C010 1-11- .,.- 0 6.3/6.5 * 549.2
0 7N H3CMO0 2008/130B48 * 577.2 6014 PCT/CA2010/000707
-T2 =
and

10

15

20

25

30

R%is in each case independently selected from H and (C+.s)alkyl;
wherein each of R*? and R> is optionally substituted with 1 to 3 substituents
each independently selected from R®, halo, -CN, -OR®, -SR®®,
-SOR®, -SO.R%, -N(R*)R®, -N(R*C(=0O)R%,
-N(R®*)C(=0)N(R*)R®, -N(R*)C(=0)OR®, -OC(=0)N(R*)R®,
-C(=0)R%, -C(=0)OR%, and -CON(R*)R®®, wherein
R% is in each case independently selected from R*®, (C.s)alkenyl and
(C.g)alkynyl, and
R% is in each case independently selected from H, (Cy.s)alkyl,
(Css)cycloalkyl, (Css)cycloalkyl-(Cqs)alkyl-, aryl, aryl-(C4.¢)alkyl-, Het,
and Het-(C,g)alkyl-,
wherein each of R*® and R® is, where possible, in each case
independently optionally substituted with 1 to 3 substituents
each independently selected from (Cg)alkyl, (C4.g)haloalkyl,
halo, -OH, -O(C4)alkyl, -NH,, -NH(Cs)alkyl, -N((C4s)alkyl),
and -NH(C=0)(C.)alkyl;
wherein Het is a 4- to 7-membered saturated, unsaturated or aromatic
heterocycle having 1 to 4 heteroatoms each independently selected from O,
N and S, or a 7- to 14-membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from O, N and S;
or a salt thereof.

The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, having the formula:

wherein R', R% R®, R* and R°® are as defined in claim 1.

The compound according to claim 1 or 2, or a pharmaceutically acceptable
salt thereof, wherein R' is selected from:

6013



HNO HNI) .3 5/5.8* 523.2 Cpd R3 R51 tR (nin) MS (M+H)+ 6015 HN O | o
5.6/5.8 * 549.2 6016 HN O H O"NI| 5.7/6.2 * 549.2 6017 HN 40 5.4/5.9 *
535. 2 601MOHMOABG0034SI | 5.0/5.6 * 586.1 PCT/CA2010/000707

-173 -

AN

—CHs;, -CH,OMe, -CH.OEt, -CH,SMe, -CH=CH, and

4, The compound according to any one of claims 1 to 3, or a pharmaceutically

acceptable salt thereof, wherein R? is selected from:
' , g and .

5. The compound according to any one of claims 1 to 4, or a pharmaceutically
acceptable salt thereof, wherein R® is phenyl or a heteropolycycle selected

from:

ssRsslosRecios]
GO o &b &

or heteropolycycle is optionally substituted with 1 to 4 substituents each

10

; wherein the phenyl
independently selected from (C4)alkyl, halo and -O(C)alkyl.

15 6. The compound according to any one of claims 1 to 5, or a pharmaceutically
acceptable salt thereof, wherein R* is (Cy.s)alkyl, -CN, halo or (Cys)haloalkyl.

7. The compound according to any one of claims 1 to 6, or a pharmaceutically
acceptable salt thereof, wherein R*is -CHs.
20
8. The compound according to any one of claims 1 to 7, or a pharmaceutically
acceptable salt thereof, wherein a is a double bond, R® is absent and R® is
R® or -(C,3)alkyl-R®;
wherein R* is selected from R, -OR®, -C(=0)R*, --C(=0)OR®,
25 -C(=0O)N(R®*R®, -N(R*)C(=0)R*, -N(R*)C(=O)N(R*)R*® and
-N(R**)C(=0)OR®; wherein
R* is selected from R* and (C..s)alkenyl, and



TABLE 7 Antiviral potency Each of the references including all patents,
patent applications and publications cited in the present application is
i ncor por avedotverseisn by reference in its entirety, as 5 PCTaachogbotonem i s
i ndividually incorporated. Further, it would be appreciated that, in the
above teaching of invention, the skilled7é4n the art could nake certain
changes or nodifications to the invention, and these equival ents woul d
still be within the scope of the invention defined by the appended cl ai ns
of the application. -171 - CLAIMS What is clained is: 51. A conpound of
Formula | and a racemate, enantioner or diastereoner of a conpound of
formula (1): 2 R Rl is
(Cl 6)al kyl . (C2_ 6)F§|® E’?ﬁ'ﬁﬁg%r%*” CR&?NR(B?S) oloaRAeh rcloalkyt (G (Y al kyl is
10optional Iy substitut e@hid '(-1@(31,"‘1_%%“ WI r(ctﬁﬁsa(”@‘ -6)alkyl; R2 is
(C1_8)al kyl or (C3_8)cyealheairkndt, anmmtrpoﬂubeo(ﬂa_(e)mn)hmé Iﬁydach gsageptional |y
substituted with (CL_ 6)a|dlé erideR? se?eced¥rom wherein the aryl is optionally
fused to one or nore cyc'] at e one of Whl ch is a heterocycle, to

form a heteropol ycycl e, el n e het pol cleis
optionally substituted /t o) ubst each @p d tly selected
from (Cl_6)al kyl, halo an 6) aISkyI ﬁ4 |sN(C1 6)al kyl,s-CN, halo,

(C1_6) hal oal kyl , (C3_5)cycl oaI kyI or-O(ClG) al kyI and ais a doubl e bond,

R6 is absent and RS is RBl_or < gl e bond and

R5 and R6 are joined, to et\ er(l he at vﬂq a:ltp bonded, to
i NT

forma 5-nenbered ring op S| onal Ny having, 1 therN etematom; each
i ndependently sel ected fromO N and S, vvherel n t he 5 membered ri ng i s

optional Iy substituted j R .-.— uents, wher ejs is in each
case i ndependently sel ec e V{S;:Q 5- ( 53 N - ) R52,
- C(=0) OR53, - C(=0) N(R54) Rb63, =0 N(R) : -NE 4y C(=0)

- N(R54) C(=0) N(R54) R53 and - -N(R54) C(=0) OR53; wherein R52 is in each case

i ndependent|y sel ected fro u R53 8) ah and (€2 _8xal kynyl

R53 is in each case |nd @; ec@e‘é\;’*m(m all kyll

(C3_8)cycl oal kyl, 30(C3_ 8 Cy%l oa N—(ClN) Ylgnd a y Naryg i C1_6) al kyl -
Het, and Het-(Cl_6)al kyl -, and R54 is in each case |ndependently sel ected
fromH and (C1_3) al"‘f<y|S N gRbrc@phinderendently Reloctash Bombhandd Copalivdnal | y
substitutegow th 1 ixerein 844bsdf REUSAIRS i€ apfionamdapengenivity 1 &€ e@saderdts om R55,

halo, -CN -0R56, -SR56, ., independently selected from R%, halo, -CN, -OR®, -SR®,
-SO,R*, -N(R*)R™ and -CON(R**)R*, wherein
R% is in each case independently selected from H, (Cy.s)alkyl,

(Csg)cycloalkyl, (C;g)cycloalkyl-(Cqg)alkyl-, aryl,
15 aryl-(Cq)alkyl-, Het, and Het-(C)alkyl-,
wherein Het and the Het portion of Het-(C, s)alkyl- are in each

case independently selected from:

N\ N—\\ — N O

O
SO0 Q
P 4N /) N
, N , N and H :
20 wherein R® is, where possible, in each case independently optionally
substituted with 1 to 3 substituents each independently selected from

(C1.¢)alkyl, (C1.5)haloalkyl, halo, -O(Cy.)alkyl, -N((C+)alkyl), and
-NH(C=0)(C+.c)alkyl.



5- SOR56, -S02R56, - N(R54) R56, - N(R54)C(=0)R55, -N(R54)C(=0)N(R54)R56,

- N(R54) C(=0) OR56, -0C(=0) N(R54) R56, -C(=0)R55, -C(=0)0R56, and

- CON( R54)Wweep1oiter3ei n R55 is in each case i ndependent | yPsel@eomdoénom R56,
(C2_8)al kenyl and (C2_8)al kynyl, and 10R56 is in each case independently
selected fromH, (C3_8)cycloal kyl, (C3-8)yéycloal kyl-(C1_6)al kyl-, aryl,
aryl-(Cl_6)al kyl-, Het, and Het-(Cl_6)al kyl -, wherein each of R55 and R56
i's, where possible, in each case independently optionally substituted with
1 to 3 substituents 15 each independently selected from (Cl_6)al kyl,
(C1_6) hal oal kyl, halo, -OH, -0(Cl_6)al kyl, -NH2, -NH(C1_6)alkyl,

-N((C1_6) al ky1§2 aWconwd(Jﬁh'Qﬁc(gﬂac@%ﬁt'ekéﬂantld/mro?bll'astl§|%5m'ersofaa &m lE)EPnd7 menber ed
sat urat ed, unsaturated aromatic heterocycle having 1 to heteroatoms
each i ndependent |y @é‘l”%&eéarr?‘“%m 0, 20 Nand S, or a 7- to 14- menber ed
saturated, unsaturated or aromatic heteropol %/zcycl e havi ng wherever possible
l1tob heteroatom; each independently 8el geted fromO, Nand S; or a salt

t hereof . 252. The corrpound accordingsto claim 1, or a pharnmaceutically
acceptabl e salt thereof, having the ch&@m Ra -CO2 H R5 wherein RI1,

R2, R3, R4 and R5 are as defined in,claim1l, 303.The conpound according to
claim1 or 2, or a pharnmaceuticall yRacac"épt Bbl e salt t hereof, wherein Rl is
selected from - 173 - -CH3, -CH20Me,g®- CH20Et, - CH2SMe, - CH=CH2 and 4.
The conpound according to any one of clains 1 to 3, or a pharnaceutically
acceptabl e salt thevreodin wherein R2 is selected from 5\ and 5. The

d di 1 f |1
accoptabl o sait 1 pdyasF Rl CPhael PPicrak et Pind IR REREMYIFS! L) ot ea
from and; wher eiaptienady piRstiitedavith reX(ersheyl 9rcpcl@alkyl optional |y
substituted with 1 F&zc?s (b hk?ltdrt(@%f&goﬁ%ﬁWvHeFHﬂ?ﬂ@@@%Wbeal?ﬁﬁsQﬂ ik rom

(C1_8)al kyl, halo and % he conmpound accordi ng to any one of
clains 1 to 5, or & ﬁ&‘l‘t q1€)é ¥y acceptable salt thereof, wherein R4 is
(C1L_8)al kyl, -CN, m’*lma@r wﬁéﬂaln8hehaﬁynab;kt}ohalIy'lfh&ddﬁ)m’ﬁmmmﬁbracymﬂsdhtﬂgastO any

one of cl aifre 1 {0 G Pl RINIRGSHE! G3htys AREERIARLE SRlineldieheo!

wherein R4 'is -CH3. npoun to 7, or
a pharmaceutically aew@emtar@p@y@alpvs ertienadi fsubafitueadevith ‘atoidssubsttesuts eachond, R6

i s absent and R5 |smd§,gn4gn Wg&;;ldgd)f@dnkg 6}3@% hg}@gﬁ@lcﬂ ﬁﬁ%g |-S sel ected from
R52, -0R53, -C(=0)R 0) OR5 R54) R53 : 54 %RSZ
_N( R54) C( =0) N( R54) FES?,S %Gm) N(@hﬁé@d&@wga'kwg?%?ymﬁw s %16&! Yed from
R53 and (C2_8)al ke, and - 174 - R53 is select ed from (C1_8)al kyl,

S L S AR A B g O 1

Het (CL_8) al kyl - _araisarsingtediond ag&R? wm@peaidmmehytos@hqmtﬂedha‘ atoms toBwhich
they are bonded, to form a 5-membered ring optionally having 1 to 3 further
heteroatoms each independently selected from O, N and S, wherein the 5-
membered ring is optionally substituted with 1 to 3 R substituents;

20 wherein R* is in each case independently selected from R%, -OR®,
-N(R*)R®, -C(=0)R%, -C(=0)OR®, -C(=0)N(R*)R®®, -OC(=O)N(R*R®,
-N(R*)C(=0)R%, -N(R*)C(=0)N(R*)R™ and -N(R*)C(=0)OR®®; wherein
R% is in each case independently selected from R®, (C.s)alkenyl and
(Cas)alkynyl,

25 R® is in each case independently selected from (C,.s)alkyl, (Css)cycloalkyl,
(Cs.44)spirocycloalkyl, (Css)cycloalkyl-(C4g)alkyl-, aryl, aryl-(C, g)alkyl-, Het,
and Het-(C.¢)alkyl-, and
R® is in each case independently selected from H and (C)alkyl:
wherein each of R* and R® is optionally substituted with 1 to 3 substituents

30 each independently selected from R®, halo, -CN, -OR®, -SR®,



U\ N NOSHNOS R54 is in each case independently selected fromH and
(C1_3)al kyl; 10wherein each of R52 and R53 is optionally substituted with 1
to 3 subswoOtosmtigo3each i ndependently sel ected from R56, PRAIGA201008Y707 OR56,

- SR56, -S02R56, -N(R54)R56 and - CON(R54) R56, wherein R56 is in each case

i ndependently selected fromH, (C3_8)cycl76al kyl,

(C3_8)cycloal kyl -(C1_8)al kyl -, aryl, 15aryl-(Cl _8)al kyl-, Het, and

Het - (Cl_8)al kyl -, wherein Het and the Het portion of Het-(Cl_8)al kyl- are
in each case independently selected from / HN NNNN HHH\\ NN O -\\ SO O
N andH. 20wherein R56 is, where possible, in each case independently

optional ly substituted woRselsbor® RUPHRF UGRHSC(@BHY | ndependent |y sel ected
from (C1_8) hal oal kyl, halo,, -0(C1 E%aé?k%u- N(@él ) al k§1%254an5g

CNH(C=0) (CL_8)al kyl . W& OF COMBRIPET LB OEGT O 0 PSERINEMRUnd and a
racemate, enantioner or -ci=asRer-emORYT aml -CaMRURE haveietg t he fornula: R2

(G.6) cycloal kyl . wner ofe e tbrs Bstsiodd sttt b s cobretf el 1"
-0(C1_6)al kyl or -S(ClL_&F=bddyhyl, & i s (CL_8)al kyl or (C3_8)cycloal kyl,
wherein the (C3_8)cycl o@syln da2n eRde iRitpkhdentiy Bsidd A SIHW, Dakfl_6) al Kyl ;
(Csg)cycloalkyl, (Csg)cycloalkyl-(Cqs)alkyl-, aryl, aryl-(C4.)alkyl-, Het,
and Het-(C,g)alkyl-,
wherein each of R*® and R*® is, where possible, in each case
10 independently optionally substituted with 1 to 3 substituents
each independently selected from (C.g)alkyl, (C4.s)haloalkyl,
halo, -OH, -O(C4)alkyl, -NH,, -NH(Cs)alkyl, -N((C4s)alkyl),
and -NH(C=0)(C.)alkyl;
wherein Het is a 4- to 7-membered saturated, unsaturated or aromatic
15 heterocycle having 1 to 4 heteroatoms each independently selected from O,
N and S, or a 7- to 14-membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from O, N and S;
or a salt thereof.
20
10. A compound according to claim 1, or a pharmaceutically acceptable salt

thereof, having the formula:




R3 is aryl, wherein the aryl is optionally fused to one or nore cycles, at
| east 10one of which is a heterocycle, to forma heteropol ycycle, and
wher ei n twe 2aroyi3oass het er opol ycycl e is optionally substipCu@dowiobrol to 4
substituents each independently selected from (Cl_6)al kyl, halo and
-0(C1_6)alkyl; R4 is (Cl1_6)al kyl, -CN, -nao, (Cl_6)hal oal kyl,

(C3_ 5)cyc|oalky| or-Q(C16) al kyl ; and 15a is a double bond, R6 is absent
and R5 is R51 or -(Cl3)alkyl-R51; or ais a single bond and R5 and R6 are
joined, together with the atons to which they are bonded, to forma
5-nmenbered ring optionally having 1 to 3 further heteroatons each

i ndependent |y sel ect ed[fTom O, gIN"amd ST whereigr t1e 5= nenbered ring is
optionally substitutedfwth T te 3 RoI[Substituents; Z0Qwherein R51 is in
each case independently sel ectjed/fromR52, -0 , -N(Rb4)R53, -C(=0)R52,
-C(=0) OR53, -C(=0)N(R54) R53, =0) N( R54) R53,] - N( R54) C( =0) R52,
-N(R54) C(=0) N(R54) R53 and - N(54) C(=0) OR53; wherein R52 is in each case

i ndependent |y sel ected fron1R53 (C2_8)lal kenyi'and (C2]8) al kynyl, 25R53 is

in each case independently se ed frgm (Clg8yal kyl, (C3_8)cycl oal kyl,
(C5_14)spirocycl oal kyl | (C3_ 8 | oal kyl - (C1>&yal kyl -, jaryl,

aryl-(Cl_6)al kyl-, Het| and (C1_6) al kyl -, A\and R54 iS in each case

i ndependent |y sel ect ed| from HYand (Cl 3) al kyl\;« wherei n each of
R52 and R53 is optionaH-y °ubs Hutedwth 1 to—3 subsiituents 30each

i ndependent |y sel ected fron1R\ hal o , -SRH6, -176- -SOR56,

- SO2R56, - N(R54) R56, - N(R54) Ct=0) R55, (=0) N( R54) R56,

- N(R54) C(=0) OR56, -0C(£0) N( @ - C(=0) OR56, and

- CON( R54) R56, wherein ; s i n each|case independently
selected from R56, (C2[8)=at kt:ll;j' and—5(€2 - tkynyt>—and R56 is in each

case i ndependently sel ected frjom H,

(C3_8)cycl oal kyl -(C1_8) al kyl al kyl -, . Het, and

Het - (C1_8) al kyl -, whergein ea wher ¢ possible, in each
case 10 independently pptionalily substltuted h 1 to|3 substituents each

i ndependently sel ected[from( CgiS aIkyI, (1 al oal kyl, hal o, -OH,

ryl,

-0(C1_8)al kyl, -NH2, -NH(C1_8) N((C1_ kyl)2 and
-NH(C=0) (C1_8) al kyl ; wherein is a 4- to 7-[menbered|saturated,

unsaturated or aromati¢ 15he cycl e having 1o 4 heteroatons each

i ndependent|y selected|fromO,” N and S,| or aNys" to 14-menbered saturated,
unsaturated or aronati ¢ feteropotycycte naving _wierever possible 1 to 5
het er oat ons, each i ndependentloy sel ected fr N and|S; or a salt

t hereof. 20 10. A conpound ac ing to|clai or a pharmaceutically
acceptabl e salt thereof, havi the forimul a: o/ K |"wherein R3 and R5

are defined as: RR |le lel Bri - 177 - |
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1. A compound represented by a formula selected from the group consisting of:

N\



Br * Hcrkl, 0O Br *OH H o 401 H, NOc SI 10 RBR5 C ** HCAO I
C* a OHC S OIHCF d Si ci IS d
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5 12 The compound of formula (1) according to any one of claims 1to 10, or a
pharmaceutically acceptable salt thereof, as a medicament.

13. A pharmaceutical composition comprising a therapeutically effective amount
of a compound of formula () according to any one of claims 1 to 10, or a
10 pharmaceutically acceptable salt thereof, and one or more pharmaceutically
acceptable carriers.

14. The pharmaceutical composition according to claim 13 further comprising at
least one other antiviral agent.
15

15. Use of a compound of formula () according to any one of claims 1 to 10, or a



S ON I NO H1d S A d S -NC : 512. The conpound of
formula (1) according to any one of clains 1 to 10, or a pharmaceutically
accept ablwo=alwi3viser eof , as a nedi canent. 13. A phar nacedtriaabiognoaposi ti on
conprising a therapeutically effective amount of a conpound of forrula (I)
according to any one of clainms 1 to 10,-1@e -a 10pharmaceuti cally acceptabl e
salt thereof; and one or nore pharnaceutically acceptable carriers. 14. The
pharmaceutical conposition according to claim 13 further conprising at

| east one other antiviral agent. 15 WD 2010/130034PCT/ CA2010/ 000707
pharmaceutically acceptable salt thereof, for the treatnent of an HV

infection in a humgh.heiBeidamyadeeptbie Shit thbakr, RF tHadkiMknt Beanl iect i on.

infection in a human being having or at risk of having the infection.



