| NHI BI TORS OF HEPATITIS C VIRUS Field of the Invention [0001] The invention
relates to conpounds useful for inhibiting hepatitis C virus ("HCV")
replicatiwe2opasgi2sul arly functions of the non-struct ur CTAB2¢T1NSEBS )
protein of HCV. Background of the Invention [0002] HCV is a single-stranded
RNA virus that is a nenber of the Flaviviridae famly. The virus shows
extensi ve genetic heterogeneity as there are currently seven identified
genotypes and nore than JSHIBEFORS IOCRIHERATYPESC VIRUSCV i nfected cel | s,

viral RNAis translated into a polyprotein that is cleaved into ten

i ndi vidual proteins. At the amno term nus are structural proteins: the
core (C) mpeMdtoeklic Rehtidhe envel ope gl ycoproteins, and E2. p7, an integral

menbr ane el foll ows El and E2. Ad there are sj

nonst r uct[ﬁ{)(glltJ 5 ERCALON TRIGHS OSHIPORRS RseNéjﬂ g’ﬁ%éﬁ heprglingsBYs W&ﬂ?&cvh)pl ay a

funct i onakplicatiéh, bﬁkt&\h&l)“@(ctidnﬁthﬁéz’ﬁérﬁstru(cﬁx‘?eﬁ,SBf(WSﬁB@Wt&n of4®v. Li ndenbach

and CM R ce, Nature. 436:933- 938, 2005). NS5B is the RNA pol ynerase or

replicase of the virus and is responsible for replication of both positive

and negatgyfssjuhdof tfSRdtonNA during the viral replicative cycle. NS5B
pl ays an éssential and critical role in viral replication, and a functional

NS5B r epl (0804 e HGV jsexpingletirandsd RRGY virspihacian msmbaief thafladyiridee famHys |

| nii bi t1 OfhcQh DRGSR SRARALR Hoy o AN AGL Lty bS8 cRRhEed to be an
effective \/ﬁ\:ayrug\?%t rsegkta‘?ng CV i n% e|}{o ?0603% re?]ectfjgnﬁ% ftk is a

seri ous hesadtypesiagd gwre then $%ldel§tfle¢kalttey:pets hitHQY dnfeted Ged Vpeldblﬂé iswor | dwi de are
chroni cal t c hepatitis,
ci rrhosi SL%FI?I{%&%@ gﬂ?%tlrgtlédr?%{ T é_%%cie}{ f&flé@{%g@g llr?geﬂngl 1%*(}%?]23 HCV

i nfecti ortennsmtsramsstalcanl @rottwmsr thdwpdéca;m@w ofd thd eneelopeglataptbtpne Fatod e

mortal it YE2 9004}][1&: F {agel:’] tro (()Ziﬁl)rw% ]ﬂfanS%rZeAddl%ona nttnere AL srlrxepll’] for HCV

i nfection |np VesE™ er oh-a a, alo nLB/ W th

ri bavi ri rstattdrabproredtsellS2 NS@hNS#@,rNSﬂB]eJStsmtm@jB whlchprmerfmnmaanﬂe

someti nes_ha i.litatin i. d ts do not
Gorably raaRe? B SEBL I B SaiR R Torufet 8 S R R B P B P Ly

} nf ecti or93a]{2!)0Ey gessd Mtﬂbﬁﬂdﬂ@olyﬁmfﬁﬁablyreﬂlicatd'tﬂ" t}herme@tekm@n r¢spO3Tjle ossent i al
uncti ons the NS protein in HCV r Ica make it, an attractive

i nt er vent'f ﬁafe%(gépif RpPIYY I}eﬁ@flveéval?ﬁ é&?l%%ﬁgﬁﬂréﬂ%a%g'é feR¥CBEosur e
descri besyale NS plafs 4IRAHIASd tic@Plold1d vlrﬂ&eﬁﬁéﬁ)npﬁlﬂi Liufctng Ngshods  of
their use to treat HCV infection_ in humans. _[000 1¥HThe resent di scl osure

descri bederficateds eapiredifar HEYgRlicpionandppfariips. Thpsgak ol yner ase
and net hog elﬂf:nttph@'nferé@ Gothvily i 1Rabved&@/bd &F&:h@"wéyrbfmém%c{f QQQCHOH In a

first aspect of the invention, conpounds of formula | are provided: Rl Z-R2
wher ei n, (08031 Jnfsgtipniby HGOY estarsriows heplth isweafttinestiated dvap bHsmakon preplar onat i ¢

ring to f%rf@w@d@aé@lar%@ﬁ?@rﬁnﬂé&t@@wuﬁ@I@\ﬁ' BEVGniBettbn Rl Eﬁc@%téﬂ%lcqe Mitis0, S P

and/or Si; L1, L2, or L37is 1 ndependently selected froma gr oup of " di val ent
substit uemf@sedwr &alpreging hepptdsolhar caginomaCUORIGIRIGYY infepyRB-is thust Gipjor -

-P(0) - fd {556)3 se of 5l )-reaedgeqa Qire nfRdsubsti tuted al kyl, al keny!

al koxy, cyc fl cyc f< , eterocy le, aryl, heteroaryl am de,

car bamat 40004 ed] he awrteng sthiicarvbeficde;trentniest @gintep forHQY infeioniokves ndependent ly

CH N Clzlnte%%%ﬁ)ﬁlﬁ%%}!  Qr )}raé%onébgrrﬁat%&ﬁ% r{hqﬁlpﬁqg%%gyeé@eclﬁ%g{\lﬁ qﬁe' S NRN N, O,

het erocyateetmemrIylcumb@’scenmdybmetamms d&ulhthmgaamﬂdaamdaﬂfebtaam manyRa Rb is

i ndependen nmet h or together, f.orr bear| n
o 1Pt oAt GGy gty el S b BN o R o PR G °
- CN, - C( QpfiebtionGedONri@Efiky,needed0) NHR7, - C(0) N(OH) R7, - C(=NR7) OMe,

- C(=NOwe) NHR7, C(=NCH) NHR7, -CH(CFS) NHR8, - N ND 1N-11- CH(CN) NHR9,

-S(0) 2NHR19, -C(=NCN)NHR11,HHH , orH - R2 is a substituted or unsubstituted

aryl or Ieingh&3oflthe IRehtfonsel ected from the group of hydrogen,
al kyl car bonyT, c""Toalkgr_erbon al koxyl carbonyl, cycl oal koxycar bonyl ,

al kyl sul fIBMA1 - Ententid) dpnshipraatdha I%%ﬁ%?mtwmaﬁfa‘f repliggtioniniide f@RABHENY net hyl |
ethyl, oripeNehRRARY for &fauhgﬂbw%eg@& e lp¥dsent @hebsitl B¥kribes ¥elQPs0PY !, or
benzyl R7 is hydrogen, Cl 4 al kyl, cycl opro yl, Cl_4 al koxy, cycl opropoxy,
al kyl sul feomppundgiargsiag S NSHBsRIPEBrApH motkpds pOtheiRyg, to Feat IV l%ecilﬁlaependent ly
hydrogen,, (d.né al kyls, cyclopropyl, Cl_4 al koxys, or cyclopropoxy; and
R15, R16 is I ndependently hydrogen, hydroxyl, azide, C2-4 alkenyl, C2 4

al kynyl, G _4 alkyl, cyclopropyl, Cl1_4 al koxy, or cycl opropoxy or R15 and
R16 together are a carbonyl or C1_4 al kenyl i dene or R1-5 and R16 j oi ned
together with the attached carbon are 3-6 nmenber ring optionally containing
0-3 heteroatons of O, NRN and/or S. [0008] The compounds may have an

|nh| bltory act|V|ty W|th respect to HCV ‘as rreasured by the concentratlon

Y o o a o, 17 a




R6 is hydrogen, allyl, G _4 alkyl, cyclopropyl, or benzyl; R7 is hydrogen,
Cl.4 al kyl, cycl opropyl, C1 4 al koxy cycl opr opoxy, al kyl sul fonyl, or

cycl oal kyweubfaasgi2s R8, RO, R10, or Rl1l is mdependentlycmmamg@msmm 4

al kyl's, cyclopropyl, Cl_4 al koxys, or cycl opropoxy; and R15, Rl16 is

i ndependently hydrogen, hydroxyl, azide, C2_4 al kenyl, C2_4 alkynyl, Cl1_4
al kyl, cyclopropyl, Cl1_4 al koxy, or cycl opropoxy or R15 and R16 toget her
are a carjposyy! 19E p@;.mfldﬁh&ﬁﬂyhe&s&%@a@rasﬁ%%e@&@y&@oin%nadta&gw %n@w with the
attached carbon are 3-6 nenber ring optionally containing 0-3 heteroatons
of 0, NRl\N%%Mymcsase all_lﬂ meL@da%rhwuqeé@@@%&C\wnquﬂwe hgmemached car bons of

the aro ri teroatons of N,
0, S, Pnztn}‘d?gr I%lgf&s‘%gpe@t O?T%rlﬁﬁeg@ iﬁ{s C‘?mn%tglggﬁﬁl}gﬁ?y se gr(?t%lgg&f romthe group

of dival ent substituents consis ,of a -0-, -C(R15R16) _, _NR3-,

-S(0)" -P(0)-, -Si (RARS) - and substi tuted al kyl,

aIkenyI, alkoxy, cycloalkyl ﬁ erocycle aryl, heteroaryl,
I

am de, carbamate, urea, and su n is 0, 1, or 2; R is selected
from hydrogen, halide, - - CN, C(O) -C(0)0R6-, -C(0)NHR7, -
C(0) N( G—l)\ﬂ?erelnC( NR?)ONE - C( =NOWe) NHR? " O(=NOH) NHR7, - CH( CF3) NHR8, - NN-

HD H3 H [il;d ol R is
a substl tut ecfmlél_L to%ﬁhgls\?vw&[% 2t %&92211 3 thte al%{’naw P ggg%)%agglz metmbd fromthe
group of rmgdeangpiming %Ih;tmtdmrqfﬂ\l Ocydl’ mal/quh car bonyI al koxyl car bonyl ,

cycl oal koxycar |,, al ul f on and c al Ifon and R5 are
G e et TR P S St R A R R S S
al kyl Iﬁmhdzpoaplsltli%lﬁ) ,beméyLS(olw Pfsa)hydm‘gén, GalmMabbm an%mﬁftmﬂggpyké
a 0 Cl O on or Ccyclo 0 ; , ,

R o Rt e akaB Ry sk 6y Byebust ot o 4

al koxys QrbaBye| @pA, @ﬂ@myfon@ﬂﬂe R15, R16 is independently hydrogen, hydroxyl,
azide, C2_4 alkenyl, C2_4 alkynyl, G _4 alkyl, cyclopropyl, Cl_4 alkoxy, or
cycl opr ogbR{): bPr&15 and RL6 t oget her are a car bonyl or Cl- 4 al kenyl i dene
or R15 andoR¥6s in@dpesbntipget ReCEVEEotdenat t ached carbon are 3-6 nenber
rings optionally containing 0-3 heferoatons of 0, NRN and/or S. [0013] In a
third enb‘éfd?(n‘ﬁrglséﬁdet’%’éeﬁt rser¥spect, Rl is hydrogen, halide, -C(0)OR6-, -
C( 0) NHR7 Yls@ﬁﬁNR?bOlbee Op_(cq;)akl( O—I) R? - C(=NOWe) NHR7, C(=NCH) NHR7, - ND ci 3

- CH(CF CH( , orH wherein, R6 is hydrogen al lyl,
Cl 4 al kyl 18 éWP@arﬁpwl Y10¢3 6Mﬁ2§1k2’1 Ws heéerdeofgélnhﬁ@Paféﬂ amidg| |

cycl opro 4 a%%ﬁr}é e-CycCl opropoxy, al kyl sul fonyl, or
ICblﬁs?ﬂa 0134 an

cycl oal ky onyl ; R9, or Rl isi ndependent |y hydrogen, Cl_4
al kyl s, dS/cRolprl@pdeeI(ﬁJY Mda)lgkloxryﬂdlylovtqutbbbfprropéixycyc[lmthpeamg 8-lfourth
enbodi ne aspect, is hydrogen, Br, |, -COOH - C(0)OM,

- C(0) OEtrhtE’te?Jé{‘%%f({)g Rk -'C( 0) NHI\/E - C(0) NHOVE, - C(=NOMe) NHME, - O =NOH) NHME,

- C( =Nwe) RVEs seleCfe0 JirOkf)dhezen,- T @, INFIS( G)&NE(OW(O?@RNHWKQ)NHN ND HN)

ertbod et O TR PO ARMEC ey gy (smﬁ@sﬁ%#lﬁ éif&#‘ S’ it

enbodi ment of the first aspect, R2 is sele d fN gro 4,;,0n5| sting of
(R12)mA, "E D(R12)m (R12),, (R12)m400W€ eny |ety|s

opt i onal IGHEM)SHRE, uS(m)ZM{RW @QNUNI;NHgén oms ﬁ?lz i 8 seﬂrectred fromthe
group of hydrogen, hali OCF3 al kyI cycl oal kyI al koxy,
cycl oal k&ysa&%ﬂ%ﬁeﬁw uns&ﬁ’%%%arylﬁrlk‘%tﬁwyl al kynyl , amide, al kyl sul fonyl ,

aryl sul T agiyd sele%téhff@ﬂﬁdﬂk ou @aﬁﬁa@healk artsonQh, ¢ lodylrbodfl, 41 G is 0, NRN,

S, or CRaRb @ p @ 9 )10 E |ys H?dgpendently Cor N
[0017] | r?“@xglé"\‘fé‘?ﬁyll} Cé?ﬂﬁ@ih‘i”ﬁ‘é?ﬂ’mﬁ‘ﬂ #WéguffP‘Pbétama@ﬁé@’ck}’lSN@W& sel ected fromthe
group consdigl Rngreaﬁgperpilgﬁgy&letml ahyl, b:yOBblopnal |y substituted with 0-2
nitrogen atons; Rl12 is selected fromtﬁ' group of hydrogen, halide, -CN,

- OCHF2, @}:Wdr%ekwﬂyl &y hlsul R)gﬁllopf@lYk@kk?eHZE‘ycl oal koxy, aryl al kyI aryl oxy,
al kenyl §<1¥ A aéndifﬂ“ feny. r

car banat e, i )!?1}1 g(%n Sl i %9581%1%{2&1 %“llkoé(? E@J@Wh&@%&mg{“ IS N 0, S
or CRaRb; Cy@lndkihbulﬂényls |ndependently Cor N [0018] In an ei ght h enbodi nent

of the f ili’s:sﬁg, ﬁs‘PSﬁE“ iﬁ%dép%nc?e%h? ﬁg;/cﬁgge];l, 1-4 all@y‘:fs gyc%Jp[r)opy? 14 a koxygs or

cyclopropoxy; and



(halide)0_2 substituted with 0-2 nitrogen atons. r\L1.4 L2 [0020] In a
tenth enbodi ment of the first aspect,L.3C is selected fromthe group
consi sti nyoab12/(58R2k27eRa Rb, rLL14 (het ePOTAISPI11/057398
e(hetero)aryN----"1-3)C'" and (hetero)aryV yL3 wherein, L1, L2, or L3 is
i ndependently selected fromthe group consisting of a bond, -0-,
-C(R15R16), -NR3-, -8(0)n-, -P(O)n-, -Si (R4R5)-, -C(0)-, -C(0)0-, and
substit utle‘d Rf i@}{hdep&{déﬁﬂl'byﬂlydr@lefgﬂbyynoxﬂythdbabkyilker@y ¢, Qﬂk%@xx;] Lheyerocycl e,
aryl, heter car banat e, %Fﬁ tAfonam nis 0, 1, or 2;

R s ol SEPRITYY G M ogeNCORaPT e (R T B BB fORG.

-C(0) NHR?alkenyﬁ{e@é B I RY R16j&ﬁcd\&s@9tﬁm/ﬁmh't@( MM)CW are Gle=NGRNHRE ,
-CH(CF3) NHR8, - NN, 3 CH( CN) NHR9, (0 2NHR1, - C(=NCN) NHR 1,H , H,
orH R2 |‘§’“8“%Uk9§’ﬁ“?‘f‘ﬁltgé)d3 Berterﬂﬁglﬂbgfi(?tl\&*eﬁl or heteroaryl; R3 is
sel ect ed [hoes) tie c%?&ﬂdpfnaﬁu@b@gg%m@memﬁg @mwés ect:%q#@a%yﬁeﬁﬁﬁ&pnyl
al koxyl car bonyl, cyc oalkoxycarboq¥l al kyl sul fo { and c cloalkylsulfonyl
R4 and REPYAPecansensiptiemieithe sompeung sifectynipiprodyee gl @w@gwl ibiggnijo§” hydr ogen,
ally!, Clgdval }@wmansa/@é@angaxh HML&%@@@T cé??hﬂe% PYHEOGE N maFhe sl kY
cyclopropyl Cl_4 al koxy, cyclopropoxy, alkyl sul ?ony or
cycloalkylsulfonyl R8, R9, Rl, or Rl11l is indep gdently hydrogen, Cl_4
aIkyIs cyclopropyl C _4 al koxys, or cycIoprg;L R12 i s independently
Cl 3 aI ky[booquyalheb@ﬁmunds mB{VRave Gie stridtivi; wiiedn "%d@g@&ﬂd@ﬁthl thle Myadiicagen,
- Ac, éﬁ§0 ) 2 R14 i.s . independently hydrogen or Me; R15, R16 is
|ndepend IFVS%SH?ﬂBEﬁUC%VﬂFHVVYm’8&?@3 MEBeR B kenyl , C2_4 al kynyl, Cl 4
al kyl, cycl opropyl, Cl1_4 al koxy, or cyclopropﬁxxﬁgr R15 and R16 toget her
are a carbonyl or Cl- 4 al kenyl i dene or R15 a 6 joined together with

th tt |

e e R R P G B,
-N(RN) -, aarbongef.the {0024 ringy fcarm aeff- @mmbhr Imgbbﬂls REMRRIP) tahé Hjns{ aspect ,

con t f

|ndZLZnhgg ﬁ]&eele%fegﬁbron1 e %r nde Y%ymgg h%ﬁg% f?@ ﬁﬁgﬁ%8H8|stlng
of a bond},. 4-a[k-ynyl (Q(m&mcﬁﬁzloprobm&, 4 &IIS(XQ) (lir-cyclelﬁbﬁc)x-y or RS dnBAFEDp gether @e0) -

)0 PR LR ™ i Y YL ST HSHER 52,

is 0, I, &herﬁberlﬂhg bﬁtl(ﬁﬁllﬁ@dlﬁdmﬁg o ageebaagent d)alR dad/or €F3, - CN, - C(0) H,
C(O)ORS- -C(O)NFRT, - C(O)N(CHIRT. - G(=NVE) OB, - G =NCWe) NHRT,

C(=NOH) NHR7, - CH( CF3) NHR8, ND N3 HN N- NN/RCH( G , - S(0) 2NHRL,

-C(=NCN) NHR11, HHH , orH - R2 is a substifute wmsubstituted aryl or
heteroaryl; R3.is sel ected from the gr ou en, .al kyl car bonyl
cycloalkﬂp@HHbéﬁ?ﬁthPW6WWPEQFB%ﬁ?$a“ﬁ?ﬁloaIkoxycarbonV?“*§ﬁ6ﬂ%ﬂﬁWonyl and
cycl oal kyl sul fonyl ; R4 .and R5 arg |ng€pendentlu1net I et hyky or
cycl opropyl; R6 is hydrodeq 14

) L cycl ‘apdl, Lor benzyl R7
ﬂghho. i <€| 4 aI cIo [ obo

i s hydrogen, Cl4 al kyl/? lﬁ
aIkylsulﬁgﬁmhmnggmgw@ﬁsa¥ yIsuI?onyL 1™1s |ndependently

hydr ogen, Cl4 al kyl s, cyclopropyl_,| Cl4 alkoxys or cycl apropoxy; Rl12 is
i ndependently Gl1_3 alkwr\\ oraopyl, 1 NHMVe; R1B, Ri, 6is

i ndependefit iy drogen, Bhyd 3 §2|delﬂ eny Q24 al ynyI Cl4
al kyl, cydd op I Y- 14_al kOxy,~dr cyGIop op xy wogether are
a carbon¢L,ﬂ 4"Gal kenyTi derre or $0|ne N with the

attached carbon are 3-6 nenber rlng optlonally confalnlng 0- 3 heteroatons

of 0, NRN nd/or S,grrand i's indgpendently FCRaRb-, RN) -0-. flIL
L2 Ri 2k= /y t©f< (3'3\._1 j& (;N(LK)%-R
R? 12 - N-R?2
bﬁ’]:\/‘\ - 3 =N =N bLS N‘\?S

N-RZ |2
(\/L N R, KV/U




[0022] In a twelfth enbodi nent of the fist aspect,lso wherein, Llor L2 is
i ndependently sel ected fromthe group of dival ent substituents consisting
of a bondyv0-2012/0582R15R16) -, -NR3-, -S(0)-, -P(0)-, -Si(RCRE)S2011/08730 -,
-C(0)0-, and substituted al kyl, al kenyl, al koxy, cycloal kyl, cycl oal koxy,
het erocycl e, aryl, heteroaryl, am de, carbamate, urea, and sul fonam de; n
is 0, 1, or 2; RL is selected fromhydrogen, halide, -CF3, -CN, -C(0)H,
-C(0) OR6-, - C( 09 NHR#, - 0) N(OHRR7, - C(=NMe) OMe, - C(=NOVe) NHR7,

C( =NOH) NHR7,L'< CH( CE3) NHR8, - \HND [ M 1\ L CH(/EN) NHR9, R5(0) 2NHRI 9,

- C(=NCN) 1, HHorR4 LZR% Sfibsta t Ul BN qbs'?t' agyl or
3 ‘ droglen,LS arbonyl ,
r bon

het er oar yk; s Nel ected-from Lhe P {
cycl oal kyl car bonyl R al koxyl cdf bonyl ,- cycl oal koXyca yl, al kyl sul fonyl and

cycl oal kyl sul fonyl ;R4 and R5 are_ i ndependently nethyl, ethyl, or
cycloprop@\;Ua d_R15, 6 i's _indegpendent|y hydrogen, hydroxyl, azide, C2_4
al kenyl , 4 WHR2 @k _4 al yN—reycl opropyl, Cl-4 al koxy, or

cycl opr opaxy?or-R1% and\RL8 twg her arg,a carbonyl or Cl-4 alkenylidene or
R15 and R16 joi ned together with the attached carbon are 3-6 nmenber ring
opt i onal |y, Eomddi’ mogetheOwBh Hetasached omsone bf O aldRNtiaridg GrmS.5-[DO28berl N a
second aspect of .the invention.isa und that has the structure:

wherei n L1 f_(ﬁ]?aérﬁagﬁi(étgﬁfﬁfg)ﬁsotfygeof ﬁ’gf%??r%"t he attached carbons of the
aromat i ¢ It'i hgot D’ it ardepend&stly Aelaabizom thengouca i alani suystkuchtshehastoatodas of N,

0, S, P and/or, Si;,ikl@r 351 S, lnde dept |y ssel e m t he. grou

consi st i ﬁﬁ’ng*f'bé’ E(%ckié ’Oﬁ E d(EQFSR?@_EK% ? ’ '-Cgf%) ‘%(I)S(S)IDf‘ﬁ;)1 S-“?gl-ugf’ RARS) -,
-C(0) -, -4060)dkenylafidosybgtdatiyt, egeladikasly, hetdré@p)| arylahdt@syryl, emedeoal Kyl ,

cycl oal kOXé), heterocx I(? aré/l', heteroaryl, am de, carbamate, urea, and

sul f onami @Hanyie; ey and sulfgpamider, n Ry 5" sel ected from hydr ogen, hal i de,
-CF3, -CMNiisoC(QrH, -C(0)OR6-, -C(0)NHR7, - C(0)N(OH)R7, -C(=NOwk)NHR?,
C(=NOH) NHR7, -C(CE3)NHR8, -C(CN)NHR9, - N ,3 N-N S(0)2NHRL, . - C( =NCN) NHR
AN et e gen dr cer oA g URE ol oY R ke 7

subst i t uariosN(JIR’ S cealrbbed, foeroihenarOWR=RbHINAROIeR(CR)kyREar bonyl

cycl oal kyl car bonyl , al koxyl carbonyl, cycl oal koxycarbonyl, al kyl sul fonyl and
cycl oal kyl sul fonyl; R4 and R5 are indepe E |%</NT'[%>(J\IW eth ,"f‘r;lor
cyclopropyl; R12 is independently C1,3 alkyl, tyetopr , f , or - NHWe;
R15, RI16 -I§<q1\aaél@e,na@w§RhyﬁeJ§6N>NH3dr ox{ll ., aZi de, €2 .4ral Kenyl, C2_4

al kynyl , .. 4 oxy, or cycl opropoxy or R15 and
R16 t oget 3eF?%l?lgjlsg'gt}ﬂ(:mé{ro ﬁ%%il}ﬁﬁglﬁ&%ﬂh&éﬁ%eo% ‘idene or R15 and R16 j oi ned

t oget her Ruis kelached fant e lsedp obhpioegear dkydecagbamghrberloatliyhgrtopyli onal | y cont ai ni ng
0-3 heter 0, N ; 7 4 [ . [0024] The
conpound a@%&%@gg@%ﬁggfég?ﬁ@%Léé)ﬁyﬁ’gé&lg%glﬁoﬁﬁ?%?)fcgdraﬁ}(%asgg?n\yﬂ\ly wWth respect to
HCV, as riﬁ‘astédreblydepheiemmmahylrahjzloqsro@élopﬂmaylconpound effective to produce

hal f - i.mpl, inhibiti f H | b i cati EC50) i
?b_ﬁuh- Ld }lﬁ%df@ril’n’lca@:yf’ Iq?‘?ﬂlgy%’ R ?HY?P&LE)?{”%‘?ZY 'Iognnﬁ/l or I)e!sg. : N. NX Oz-;

-1's. ., O\ R.is hfdir&en, O\,QN1,epeombpA/ C\J/alkoRy, dychNpYopdk, alkylsulfddyt, of - --- -- N
. Nr\1c:0?l.gl%.lo%gkl_-\, 0, 0.:"S...\SS...ss::/s\ o Vo \09,,/
(--) 9/ 9/YFOHFYRUEME  NXN. ' S.'S\OS-  vr\N, NGNN,..,N

R® R’ R orR' is independently hydrogen, C;_4 alkyls, cyclopropyl, C; 4 alkoxys, or
cyclopropoxy; and

R R is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, C, 4 alkynyl, C; 4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C;4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR" and/or S.



NNXk/0-0\0\OOO5 0 NoO-S NXH,11 / SNO N 'ONN HCOH
Oxs",-0/0k /0/0 55 00 D)<D DN [0026] RI- is selected fromthe group
consi sti nyoahr/osei2sandH ; and R2 is selected fromthe gPolfysean®ssvs ng of ,
and [0027] The conpound in this enbodi mrent may be selected fromthe group
consi sting of conpounds identified by ID NOS: B5, B15, B20, B33, B35, B45,
B67, B85, B92, B94, B107, B118, B120, B121, B127, B128, B130, B131, B132,

B138, B139, B145, B148, B158, B163, B168, 9, B171,r'B187, B190, B191,
B192, B196, B197, B198, B201, B207, B208, B21P} B218, B221, B226,
B232, B233, B236, LC/?’ M JZ-R?
[0012] 1In a second embodiment of the first aspect, L v is selected from
R!
(o v a \re
isti e © s ©
the group consisting of , , F ,
R F
(\L,I _ (-\L1 R1 (\L“ p R1
L2 II%’RZ 12 i >Rr? |2 R
(v o ,L/Ls NN ,bLS SN
R1
(v
@ JOR
\ =
bl—s N wherein,

L', L% and L together with the attached carbons of the aromatic ring form a 5-9 member ring,

containing 0-4 heteroatoms of N, O, S, P and/or Si;

L', L% orL?is independently selected from the group of divalent substituents consisting of a

bond, -O-, -C(R"R'®)-, -NR™-, -8(0),-, -P(0)-, -Si(R*R)-, -C(0)-, -C(0)0-, and substituted

alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,

carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R' is selected from hydrogen, halide, -CF3, -CN, -C(O)H, -C(O)OR"-, -C(O)NHR’, -

C(O)N(OH)R’, -C(=NR7)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?, -
HIHIH]

CH(CN)NHR’, -S(O),NHRY, -C(=NCN)NHR'!, R , N | N o N

R? is a substituted or unsubstituteed aryl or heteroaryl;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R® are independently methyl, ethyl, or cyclopropyl;

R® is hydrogen, allyl, C, 4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C,.4 alkyl, cyclopropyl, C;4 alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl;

RS, R9, Rm, or R is independently hydrogen, C,.4 alkyls, cyclopropyl, C;.4 alkoxys, or

cyclopropoxy; and

RD , R'®is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cy.4 alkynyl, C; 4 alkyl,

cyclopropyl, Ci4 alkoxy, or cyclopropoxy or R and R"® together are a carbonyl or Cy 4



B237,

B238, B239, B240, B2, B3, B4, B6, B7, B9, Bl16, B18, B19, B22, B29,

B31, B32, B34, B36, B47, B48, B54, B55, B57, B60, B63, B71, B84, B93, BI 00,

B101,
B134,
B156,
B173,
B189,
B217,

B10OwWO 2B20B8128109, Bl111l, Bl112, B113, B115, B116, BPCY/USBH2B573B3 24,
B136, B137, Bl142, Bl144, B146, B147, B150, B151, B153, B154, B155,
B157, B159, B160, B161, B162, B164, B165, B166, Bl167, B170, B172,
Bi174, B175, Bl176, Bl178, B179, B180, B181, B183, B184, B186, B188,
B198kenBli@5e oBR@ sand BI0GineB2@2her BAB3he BACHE cRPOHare BXIQemB2 Hhgs B216
B2 109p’tl or|133%12y contamm g O~§3ge%erbatoms2 f)"f O, NRY and/or S.

[0013] In a third embodiment of the first aspect, R'is hydrogen, halide, —C(O)ORG-, -

C(O)NHR', -C(=NR7)OMe, -C(O)N(OH)R’, -C(=NOMe)NHR’, C(=NOH)NHR, -

CH(CF5)NHR®, -CH(CN)NHR’, NN B Lot N wherein,

R%is hydrogen, allyl, C;4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C;.4 alkyl, cyclopropyl, C,4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl; and

Rg, R9, RIO, or R is independently hydrogen, C;.4 alkyls, cyclopropyl, C;.4 alkoxys, or
cyclopropoxy.

[0014] In a fourth embodiment of the first aspect, Rlis hydrogen, Br, I, -COOH, -
C(0)OMe, -C(0O) OEt, -C(O)O 1Bu, -C(O)NHMe, -C(O)NHOMe, -C(=NOMe)NHMe, -
C(=NOH)NHMe, -C(=NMe)OMe, -C(O)N(OH)Me, -C(O)NHS(0),Me, -CH(CF;)NHMe, -

] %«/7 +Oh

N-N
CH(CN)NHMe, -C(=NCN)NHMe, H |, H , Or H

N
]
[0015] In a fifth embodiment of the first aspect, R!is -C(O)NHMe or H

[0016] In a sixth embodiment of the first aspect, R? is selected from the group consisting of

R12

R12 R12) R12 R12
03 Ky A @
@ 3R

D 12
j P P (R")m
@ @ D’ :@ R},
T Ry (R, and

(Rm)m
A\D/ E
R™)m
wherein,
Each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;
R* is selected from the group of hydrogen, halide, -CN, -OCHF,, -OCF;, alkyl, cycloalkyl,
alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,
sulfonamide, carbamate;
mis0, 1,2, 3 ord;
G is O, NRY, S, or CR'R";



B225, B227, B228, B229, B230, B231, B234, B235, and B241l. [0028] In
sone preferred enbodi nents conpounds in this enbodi nent, selected fromthe

group corspapiamgses ,..., NN \<"0O k \OO5/ NOQs "0 , PCIWUBRN1B5IBYN
C(1-iyN NXNX NX NXFc.... . ? .0? .0? .0'0 S'SS:.\S..; / \Q \d \O \0 555
0,4A0-14 00 O.ty,,_ ,. 0)-N N NX/ NNV\, ), .g -0 HO\ /0'0 S.

55 oSz/ \O,/ \O, and [ 0029] The above corrpounds I ncl ude conpounds
i dentifi e&sllsbly (])[S NEE‘CIB'R,b aBd.S B20, B33, B35, B45, B67, B85, B92, B94,

B107, Bl 'E %% er@f%%yc 7, B128, B130, B131, B132, B138, B139, Bl145,
B148, B15%," BI&5P B171, B187, B190, B191, B192, B196, B197,
B198, B200017B2QH a seventh embodiment of the first aspect, R” is selected from the group consisting

R")m

R, R, (R13),.
R'?), %—< >—G

Yol i TUO L @E\
of o 4D A/b

s 5

R’IZ)m

1o O
wherein,

each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;

R'? is selected from the group of hydrogen, halide, -CN, -OCHF,, -OCF;, alkyl, cycloalkyl,
alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,
sulfonamide, carbamate;

mis0,1,2,3,or4;

Gis O, NRY, S, or CR'R";

AisN, 0, S, or CR'R"; and

D, Eis independently C or N.

[0018] 1In an eighth embodiment of the first aspect, R* is selected from the group consisting

0 o)

cr HO)-

of , 3 CF;. CHF,_
(halide)g., (halide)o_, (halide)o_p

H

;::ifi(ha"de)ua "§*<iii>>“<i%iif§(hande>@2 —§-<iifj>-N: j ;(haﬁde)wz

> ?

o)

(halide)o_z

' (halide)q o
O (halide)y.» @ o

O and 0) wherein, each phenyl moiety is optionally

@0®

F
[0019] In a ninth embodiment of the first aspect, R? is : <i:> or F.

substituted with 0-2 nitrogen atoms.



B208, B212, B214, B218, B221, B226, B232, B233, B236, B237, B238, B239, and

B240. [ 0030] As can be appreciated, the conpounds in this

enbodi menwvorza/ase12§ubdi vi ded into (1) a 7 orC3/usendos73as i phatic
ring, as exenplified by compounds B5, B15, B35, B67, B85, B92, B120, B130,
B198, B94, and B130; (it) a 7 or 8 nmenber ring having an internal

oxygen atom as exenplified by conpounds B45, B118, B148, B197, B168, B187,
B190; B192, B196, B207, B214, B191, B212, ("Z; B221, B222, B226, B232,
B233, B236, B237, B238, B239, and B240; (iii) a7 or 8 menber ring

L2
havi ng a int nitrogen.a e ounds B107,
B139, Bli@ﬁﬁﬁlgﬁat£§ﬁﬂéﬁﬂ é%%ﬁeﬁ“‘ay%?.%yg' E%ﬁx§HBVX ring, as
exenplified by conpounds 8127 2L28 B13 8132 8158 8163 B169,
B189, and B201. Oéng [0?32 Th tgwct r ePg. t getﬁ%r with the attached
qathc fing?i
b:@
th

carbons of the ar inih di x:! se €hy1 or
ei ght - renber ringéri Q§3 %ln i enb f Byf?%ubstltuted
with one or nore S tsuent( NTRCFOS 'R@Sl r$ od| may be a
4- phenoxyghﬁgyﬂcﬁndtﬁme phénbxz;g Qup i spEdStituted with onesOR° nore RL17
substituents. [0036] In at |rd aspect of the invention'is a conmpound of
formula I (- 221 \ RN,V ---0ee9ig17 11 \O Werein, L1, L2 and
-N(SO02Me){ togeth r(mﬁigfiﬁ% atfached cgrbons of the aromatic ring forma
5-12 menbetpelld cont aj teroatons.of N, O, S, P and/or Si; L1 or
L2 is |ndep§%dgﬁf?y sel ect ed P?onf?ﬁe/g?3’ 8% dival ent substituents
consisting of a bond -0-, -C(R15R16 _NR3-, -S(0)n-, -P(0)-, -Si (R4AR5) -

oo ke D B 2 tﬁngeml'ars R %%%Wa%f?l'rpkc%ﬁﬁftaﬁfgﬁf’%%ré SRR g

sul f onami-g@’-, P8(08,- OP(Q),-, Fi(RZR)R2CI®- aﬂ(@DWan@EuH’Q@ﬁl%ﬁQﬁJyV'alk@ﬂ}d dMykype
substi tuted th one or nore RL7 substituents, R3 is selected fromthe
group of %%%b‘eﬁ’do&l&?ﬂ R AR aryéﬁfeé%ﬂrﬂyftr%‘ﬁ? [saiRymatediro R34 car bony! ,
cycl oal kaxpeanh@ny! , al kyl sul fonyl and cycl oal kyl sul fonyl; R4 and RS are
i ndependent | y nethyl, ethyl, or cyclopropyl; R15, R16 is independently
hydr ogen,? B{d-8%y1 , azide, C2_4 alkenyl, C2_4 alkynyl, Cl 4 alkyl,

cycl opr oyl se@cte‘&lfﬁ]'nk%ogeﬁrhaﬁé@l@p{ mxw@h E@@)e -.F@,ﬂfe K@gether are a

carbonyl or G dene or R15 and oi ned her mnth t he
attached @Qﬁ%@*@r ng: ﬁ&%@rCFWeﬁHPo n@f }é)@ﬁﬂ?al ﬁ%ﬁ@FﬂNﬁRhet er oat ons
of 0, NRN and/or S; Rl7 is H F, d or CN;Nand CCN.
[0037] In a fourth aspect of the |nvent|ek( {a{é@ Cﬁﬁp th?f Has the

STrUCt Ur € (CN)NHR’, -S(0):NHR?, -C(=NCN)NHR'!, M
R? is a substituted or unsubstituted aryl or heteroaryl,
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl,
ROis hydrogen, allyl, C,4 alkyl, cyclopropyl, or benzyl;
R’is hydrogen, Ci.4 alkyl, cyclopropyl, C;.4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
R® R’ R, orR" is independently hydrogen, C,.4 alkyls, cyclopropyl, C;.4 alkoxys, or
cyclopropoxy;
R' is independently C3 alkyl, cyclorpopyl, -OMe, or -NHMe;
¥ is independently hydrogen, -Ac, or —S(O),Me;
R"is independently hydrogen or Me;
R", R'® is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Co4 alkynyl, Cy.4 alkyl,

cyclopropyl, C; 4 alkoxy, or cyclopropoxy or R' and R'® together are a carbonyl or C; 4



17 Werein, L1, L2 and -N(SO02Me)- together with the attached carbons of
the aromatic ring forma 5-12 nenber ring, containing 1-4 heteroatons of N,
0, S, P aw@/20r2/088125Li or L2 is independently sel ected fr ®@eTiuseo1giossps of

di val ent substituents consisting of a bond, -0-, -C(RL5R16)-,

-NR3-,-S(0)"-, -P(0)-, -Si(R4R5)-, -C(0)-, -C(0)0-, and substituted al kyl,
alkenyl alkoxy cycloalk% cycl oal koxy, heterocycle, aryl, heteroaryl,
am de, ceui]b:ayrﬁdeae otR Band Bifdoiged tgniarivde; thaatiashed carbon ae 325 mBRhbdrsingel ect ed

from hydro . hal | de, -CN, - H -C(O0)OR6-, -C(0)NHR7, -
c(0) N(é—l)ﬁgon ”é(‘"'ﬂﬂi?éf‘ Tt Qt@@msﬁ&%,m@(%&sﬁﬂm, “ CH% CF3)NHRS, - NN,
Nt N NN or-A2GHOEN MRy -CISR0), 2MHRL, or ©(=NCN) NHR11, H , HHorH R2 is an aryl

or heteroaryl and nmay be substituted with one_or nore RL7 substituents; R3
is selected fromthe group of hydrogen, alkyl cakbonyl, cycl oal kyl carbonyl,

al koxyl carbonyl , cycl oal koxycarbonyl, al kyl gl fgnyl and cycl oal kyl sul fonyl ;
R4 and Roas1g iR e PEAGRNEHBOATRIAY the ﬁ§tmfﬂect ksQRI-0RY FromMldgrodpl6 1S
i ndependent |y hydraogen, hydroxyl, a2| C2_4 alkenyl, C2_4 alkynyl, Cl 4

al kyl', cyclopropyl( ke 4(a1\k pXy, or cI opr opoxy or R15 and R16 together
ke

are a carbonyl or A%al )bfl dep or eRY8Vi<0i ned toget her with the
attached car bon ar(e—/:;N ﬁng opt onal |y contalning 0-3 heteroatons
of 0, NRN anq/or R%ng’ R1 7. ||$:

(hée gy,z;or [1R_0-hy OJA HON )S'N 1.0
--HO 0 KOEPMHAN o R -k 2 WX NX T 020 S Wll‘efe”(‘s 0,/ o,
1 1"- (2\ MI.)L N‘-LNXMdﬁpenﬂléﬂ\Dﬁ suxctea fom. tl@?gmtﬂ)'?ﬁdiva&nﬁsulethénlwéonﬁstingQ)fa and 00

D )<D D ,[003 15S16S he y ndH and R2
is sel ectk%)ag &]dmgh ﬁ ﬁé}’ ’?%& ?a%gafo%i@f@ ¥ed orpounds
in this emnbodiksant alkﬁbcy| Uﬂﬁoa’ll&?ﬂ)%@clbﬂﬁd’k@l fidteokyble, drid, h@oa@ﬁgmlda96 B97 B125,
B126, and B129. O 00481\ Jn this enbodi mrent may beH [0042] R2 in th| S
enbodi nerf?%%teb‘ére apdaiPnaidhst it uted with one or nmore RL7 substituents.
[0043] R iko, thig; embodi ment nay be a 4-phenoxyphenyl and the phenoxy group
i's substltuted with one or nore RL7 substituent

015 056 P PRI PO oot F: DR, L OHBBI RAINHR) -be sel ect ed
f r omand [@@«9154\] fk)wadmwe)cﬁa@e@t—mMEmwn@@mmmﬁ agerpRuRd of fornula

V. 0/ fl H L2\ \,
% % 4 s N

CH(CN)NHR’, -S(0),NHR"°, -C(=NCN)NHR", %{ﬁ] %{N] %{H’N, or %{N/N :
R? is a substituted or unsubstituted aryl or heteroaryl;
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl;
R%is hydrogen, allyl, C;.4 alkyl, cyclopropyl, or benzyl;
R’ is hydrogen, Cj4 alkyl, cyclopropyl, Ci.4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
RS, R9, Rm, orR" is independently hydrogen, C.4 alkyls, cyclopropyl, C,_4 alkoxys, or
cyclopropoxy;
R" s independently C,_; alkyl, cyclorpopyl, -OMe, or -NHMe;
R R s independently hydrogen, hydroxyl, azide, C, 4 alkenyl, C,.4 alkynyl, Cy4 alkyl,
cyclopropyl, Ci4 alkoxy, or cyclopropoxy or R' and R'® together are a carbonyl or C; 4
alkenylidene or R and R joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR" and/or S; and”
A? is independently -CR*R"-, -N(R™)-, or -O-.



01V Werein, L1, L2 and -N(SO2Me)- together with the attached carbons of
the aromatic ring forma 5-12 nenber ring, containing 1-4 heteroatons of N,
0, S, P aw@/20r2/088125Li or L2 is independently sel ected fr ®@eTiuseo1giossps of
di val ent substituents consisting of a , bond, -0-, -C(R15R16 ) , NR--,

-S(0)"-, -P(O0)-, -Si(R4R5)-, -C(0)-, -C(0)0-, and substituted al kyl,
al kenyl , al koxy, cycl oal kyl, cycl oal koxy, heterocycle aryl, heteroaryl,
am de, carbanmate, urea, and sulfonamde; nis O, qg 2; R2 is an aryl or

het eroaryl and may be substituted with one Ie substltuents R3 is
selected fromthe group of hydrogen, alkyl lB’Sny e cloalkylcarbonyl

al koxyl car bonyl , cycl oal koxycarbonyl, alk gionyyz%ﬁd cycloalkylsulfonyl
R4 and RIVMH iThaspfibenbedmentohipe fiseasmipt, “of cifcl opPopylieieiand R15, R16 is

i ndependeﬂb}w@M@p@ﬁaugum&mfbm 18288 of@atbnadubQNdns éé%s;etm%lokxnyl Cl_4

al kyl cycloprogé , al kox or cycl&Perox or R15 and 6 togetherare
a carbonyﬂméroei(RaRkényNRde br -5 a¥K RS-j-61 MedCfQ@Gkt 4nd subgfitredt he

attached t het er oat ons
o 0. RN i op PseRGe RRINSL cjp Ok ARy handlt FOCHBLARA AN, Mo S et ot
the |nven@ﬂ@nmwsmaa@Dﬁﬁdﬁﬂdﬂ@ﬁ;fornula V. RI7 NH R2 NV N, RN 0V Werein,
L2 aqngNgggghh)- together with the attached carbons of the aromatic
rlng forn1a 5-12 henber ring, containing 1-4 heteroatons of N, 0o, S, P
and/ or SiR'is kdletedlfom hydwmte;iahden@ﬁy -@I-EDEH -EORI-heC(INHR',consi sti ng of

a bond, = 7, ~7 R 575 s- C(0) -

-C(0) 0-, (g(r?c}Ngcﬁ%)s%li "Itag(i"fe I zy(l)ﬁ%r@%ﬂR W)N%Rcf ()&F%BEBQKI cycl oal koxy
heterocycle, aryl, heteroaryl anlde ﬁ%ﬁ t fonam de; n
is 0, 1, or 2; RNis hydrogen, Cl1_4 alky gg &gy l yI“ié%&S
heterocyahaxmanmﬁ-Bebﬁmsaﬁykx_NangﬂR§ulfananl , orHcanba e; R2is an
aryl or ero nd nay be ubstltuted with one or nore |l e substituents;
R3 is sel f%ﬂﬁ?g%ﬁﬁPﬁémﬁﬁﬁ YR SFSEHERY. al kyl car bonyl |

cycl oal ky'casdreay frondlns @b R RREEh, all@y}l@dr&@x&k@w&ﬂ{ymmbhyl al kyl sul fonyl and
cycl oal kyl sul fonyl; R4 and R5 are |ndeﬁ9 ndent |y met hy ethyl or

cycl opr op?}]foxylﬁi‘l‘?m}iléyf’@alk?ﬁéﬁéﬂ‘a/érf"ﬂlfy}su Wé@‘é?ﬂdq@ii}‘d}s&%y azi de C2_ 4

al kenyl , 122ind RAL#MAWD &h%}%éthylca{xfdy%ﬁ@ | andCl_4 al koxy, or
cyclopropquI r 1C and | e together are"a carbonyl or Cl-4 al kenyl'i dene or

RI 5 and & ki ﬁereﬁet)@gié@thfé%ydwgﬁ% hyfrexg 1zadeh e kb f2arlbyl.Eimelder ring
optional | cl\%ﬁ‘abﬁ CHI Mk&&ora&gﬁﬁﬁé)@@ R@qcang RlNB&tﬁé?q{eodrcaﬁonﬁjDzd s H F d

or CN, an I'n a sevent spect of the
i nventi orﬂlliegylaiee@ﬁrp%uﬁ@ﬂ B’ thlmdrmgeahevmthlme?atmedlcamare|3r6 methber fRgand

- N( SOZME\)0 thx?aglﬁthx‘?thW %ﬁé?&()ﬁ&héﬁﬁ@%@g&%% of the aromatic ring forma

5-12 cont aining 1 teroatoms of N, O, S, P and/or Si; Lior
L2 is |n d stituents
consi st ﬂg@%? DR FLGe B AT B SO AR SRS oS Py -

-C(0)-, -C(0)0-, and substituted aIkyI aI&enyI al koxy, cycloalkyl
cycloalkoxy, het erocycl e, aryl,( heteroaryl, anide, carbamate, urea, and
sul fonam de; nis 0, 1, or 2; ﬁg::sigiiig§}wﬁw het eroaryl and nay be
substituted with one or nore RI{ sy gnts; R3 is selected fromthe
group of hydrogen, alkyl carbonyl” cya oal kyl carbonyl, al koxyl carbonyl,
cycl oal koxycar bonyl, al kyl sul fonyki2iod cycl oal kyl sul fonyl; R4 and R5 are
i ndependently nethyl, ethyl, or cyclopropyl; R15, R16 is independently
hydrogen‘“ﬁ?ﬂﬁoxyl azi de, C2-4 alkenyl, C7_4 alkynyl, Cl_4 alkyl,
cycl opropyl 52 fad_¢ S@jzkg?@ﬁa e®er G¥th k&gﬂﬁ%}l@ﬁ)éar%ns%%%xe%ﬂgnﬁ%@ln%@(gﬁ)tnh%rs @r € a
carbonyl or Cl4 a ken &%ne or R16 joined together with the
attached1@%@EbﬁmaF@“@n@gdéhbéﬁﬂﬁpmg0%%#?6%Swpwbtﬁhtaln|ng 0-3 heteroatons
of 0, NR 16,CCl , or
[ 0048] Iﬁdggqg?gdéﬁngéﬁ'Séﬁ&%d£% ﬁ%&ﬁ)lg%aﬁ égaggﬁgggngboﬁﬁa Fmul a VII
R17 NH P@N ROV PRy SiR R - C(192 ,aA)ON(280 2ashituted atkat, ikenydi dlkoxyhe
attached S rin cont ai ni ng
1-4 heter %%%g@ %& ﬁ#ﬂgy%égﬁﬁyagéﬁgpggyglﬂ]%?gi%%bm%mh ée%ﬁnently sel ected
fron1thesgmmupn@ﬁ di val ent substituents consisting of a bond, -0-,

- C(R15R16).- nd’ S(0)" -P(0)-, -Si(R4R5)-, -C(0)-, -C(O)O-, and
substltutéd éﬁﬁr f‘alkenyl alkoxy, cycl oal kyl, cycl oal koxy, heterocycle,
aryl, heteroaryl am de, carbanate, urea, and sulfonamde; nis 0, 1, or 2;
R2 is an aryl or heteroaryl and may be substituted with one or nore R17
substituents; R3 is selected fromthelfroup of hydrogen, alkyl carbonyl,
cycl oal kyl carbonyl , al koxyl carbonyl, cycl oal koxycarbonyl, al kyl sul fonyl and
cycl oal kyl sul fonyl; R4 and R5 are independently nethyl, ethyl, or
cycl opropyl; R15, R16 is independently hydrogen, hydroxyl, azide, C2-4



L2 \ O VIl Werein, LI, L2 and -N(SO2Me)- together with the attached
carbons of the aromatic ring forma 5-12 nenber ring, containing 1-4

het er oat ow® 20f2/088120, S, P and/or Si; Llor L2 is indepen@#€miusgoismrzes ed from
the group of divalent substituents consisting of a bond, -0-, -C(RI5R16)-,
-NR3-, -S(0)"-, -P(0)-, -Si(R4R5)-, -C(0)-, -C(0)0-, and substituted al kyl,
al kenyl, al koxy, cycloal kyl, cycloal koxy, heterocycle, aryl, heteroaryl,

ani de, caxhasMiced fHneRydrane, IBld, ooa;m(cte C(O)Hs @(0)@R6-OIC(®)NIE@7 Ls an aryl or
heteroaryl and may be substituted wt (RL7 substituents, R3 is
sel ect ed ?WQWQF&UIBO%)W%P G@éﬂOH&“@I C%@E@WR GENPIRy car bonyl ,

al koxyl car bonyl, cycl oal koxycar benyl, a-kyl swfonyl anq{l cycl oal kyl sul fonyI ;
R4 and R5 are independently ﬁ ], %ot o;ia(’ WI R1-5, 1216 is
independ alr ioxyl y azi d@{y C2- &y al keny C2_4 alkynyl, C _4
al kyl, cycph%lr}ic%ylegglbw oxy, or cycl opr oﬁoxy or I5415 ‘and R 6 together
are a carlrany ar@]’or(ﬁitoﬂoa@llkleﬁygd)rd:emmom’RmmﬁtlalﬁﬁtsRJ.G joined together with

h d N
het or oat dud. 1200 IR R RGP Brede 18R Bl BB Vi s on N o

CO, or CGNoxlyR&BOyl|dyc@alkenichrbaspediylaffoiand ARAlkyRAlfés1;a conpound of
formul a NH_\Wher e 1 L2 nd - N(SO2Me) - together with the attached
car bons §‘4 P& Wd?faftpf"?ff%?ﬁ]%@ett‘ ?H‘%t G YSlop8RYer ring, containing 1-4

het er oat qﬂ%lsqﬁdeyen&m]ﬁclﬁlmdjyelbppgpy] .ldMé ok 2NHSlel ndependent |y selected from
the gr oup of divalent substituents consisting of a bond, - C(Ri sR16, _,
3

,R'%is mdep§ndRRl tg@mgen hyd rp(qj) a21de §?‘(M§° C2 4 algrg} C1 4 -a](ISQ’]@) 0-, and
substi t Utc@@loﬁlob%ﬂl C; ﬁdli&ﬁ@y&cyé’lbﬁr@?&y oCEYQ@51 é?t@lli‘{%l)getﬁeyﬁ}e%amﬁ%m ket er OCyC| e,

aryl, hetero am.de ar bama urea, and sulfonamde; " nis 0, 1, or 2;

R2 is an aopyli rleﬁretteuﬂthyUOlaWdogﬁél}ﬂerthéltﬁo%tarltedtcefaowr’@ﬁ Comembsr Titer e R17
substi t ued;stlénauﬁ%ottanﬁlgloeﬁeaott&ﬂt%ftdaq\n@r fﬂd%r@f aydrogen, al kyl car bonyl ,

cycl oal kyl' car bonyl koxyl carbonyl,” cycl oal koxycar bonyl , aIkyIsquonyI and
cycl oal kyk'sisiH, GrhyllCNR4 and R5 are |ndependently met hyl, ethyl, or

cycl opro ide, C2.4
al kenyl | qggli qﬂﬁ Waun@%ﬁtgﬁsselntﬂﬁt’ %%vg ap?/n%b%%ggacgl ﬁﬂ&/ﬂl)t(%s;?ec%

cycl opr orﬂ&V ?@nndm&ecabtdthRﬁortcgrgetlhleoiahecmmmﬂ)drﬁgtklvmo PBidude ahtdémykmdéne or
R15 and RL6 i n th t a re 3- rrng
optionally i ](D:Ilél%g at?ﬁrclnf?ggep g “"?é m% 18 I%Igbﬂu%&?\?%? ?1 i hegr Cm@ude Iﬁ?&g IS

d or CNnN[[Gﬂ]Es]s] In an el eventh aspect of the inventionis a corrpound of
formula XI. RL7NH 21 \ XI O Werein, L1, L2 and - N(SO02Me) - ether with
the attached carbons of the aromatic ring forma 5-12 ne §ng,
containing 1-4 heteroatons of N, O, S, P and/or Si; Liar 3@9,;

i ndependently selected fromthe group of divalent substit %%consr sting
of a bond, -0-, C(F{15F216%1 -NR3-, -S(0)-, -P(0)-, -Si (I?24F{51 -C(0) -
-C(0)0-, [ﬁWé]lebStlﬁ"tlmUeéO 1hkS3FImb0é1Ifrl€éthY WWHC@V@ vhicky| | c‘}cllSoaI koxy,

het er ocycl e, r , heter oaryI am de, carbamate,gur ea oand sul fonam de; n
is 0, 1, or ary oar, and bstituted with one
or nore R17 su S zeni cted from/th grou of hydr ogen,

al kyl car bonyl , | car nyI ko l[jkar W‘i koal koxycar bonyl ,

al kyl sul f onyl d cycI kyI ybf ony\ 20 R4 d R5 i ndependent |y net hyI
ethyl, or, cygl @’pr\opyl 7 \815 i s/r\bdepe*nd@nt | y™ “@ydr@é hydr oxyl , azi de,

C2 4 al kenyl, C2_4 al kynyI Cl-4 al kyl’, cycl opropyl’, Cl_4’ al koxy, or
cycl opropoxy or R15 and R16 t oget her are a carbonyl or ClH® al kenylidene or

RI5 and RI 6 ]OI negrt oget fer wi tth th tached car bon re 3-§ nmenber ring
optronaII nng “X he r at m; an 0 is H F d
or CN an CI% [0 52] ﬂn If h @spect of the
i nvention | NO any’ = N( S02Me) -

t oget her vvr the tac edocar ns of t aronﬁﬁr c r| forrBa 5-12 menber
ring, cont a| n@ng 1- Qf he erooat Oof N, OOS P dhd/ of or cUoR.L2 s

i ndependent | y seI ect ed fromthe roup of dival ent substituents consisting
of a bond R16)\/\N -, -SI(RARS) -¢(®-, -C(0)0-, and
substi t ut I kyI nyI aIN< al c wgal k het erocycl e,
aryl, heter , r nd%1 onam de; is 0, 1, or 2;
R2 is an or het No ryI an NS bs it h or nore Rl

substi tuent °R3 is s/est ected fr he /g$0up ofs? ydrg@n, aIsK(s}I car bonyl ,

cycl oal kyl clt)c)nyl dl kBxyl car bon?l cycPoal k/o>@/car “alkyl sul fonyI and
cycl oal kyl suI fonyl; R4 and RS are |ndependently nmet hyl , et hyl , or

cycl opropyl ; R15, R16 is i ndependent |y hydrogen, hydroxyl, azi de, C2_ 4

al kenyl, C2_4 al kynyl, G _4 al kyl, cyclopropyl, Cl_4 al koxy, or

cycl opr opoxy or R15 and R16 toget her are a car bonyI or Cl 4 al kenyl | dene or

A NA o ~~A ~ " e . - ~ o~



Det ai | ed Description [0060] Unless otherwi se stated, the follow ng terns
used in this application, including the specification and clains, have the
definiti oNe 2givssI2Bel ow. It nmust be noted that, as usedPCH/USR1/057398
specification and the appended cl ains, the singular forns "a," "an" and
"the" include plural referents unless the context clearly dictates

ot herwi se. Definition of standard chem stry terns nay be found in reference

wor ks, ingluding Carey and Sundberog (2 07) "Adv anr c Chem stry 5th
Ed." Vol s. nd/B, Sp ess New Yor k. The
practice df the regen ventr on vvr I I nI e hervvr se indicated,
convention N%ret hodsoo SyHt het N rga ft;ry spect roscopy,
preparative anakyti cal g#et hodg-0f chr‘ togr Bt ei n chemistry,

bi ochem stry de rrbr nant /DNA tee’hm ques” and pha(rbacol/ogg [ 0061] The term
"al kanoyl " as used herein cont enpl at es a car bonyI gr oup with a | ower alkyl

group as a substr tuent [ 0062] Th "al kenyl as used herein
cont enpl aF 25§ ,\p@gns\dzgt o .u iched chain
al kene radrcal@ ncIudr th th nta' ni"ig fromtwo to
ei ght carbon a{t\o . The al kenyl &p}nay he opt al}l;y Sibski tuted with
one or nore subs”dr@uents sgl,e;ct ed fr(')‘lrnd he group co L(Stl ngr‘f,fo hal ogen,

-CN, -N®2, CRR, S(0)R -0 - N(RNYZ. - N(RN) C(0) RS (RN)Si ) 2R, - SR,
C(O)N(RN)Z -0C(0)R, -0C(0)NCRN) 2, S(8)R S2R, -SSR’ -S(0) ZN(RN) 2,
phosphat e, ph spgxanat e, cycl oal kyl, cycl oal kenyl, ar 9l and het er oaryl .

[ 0063] The | k xy use h e|n nt enpl an oxygen with a | ower
al kyl grou ud S tho
triflurong ho%y an t e |k I Isg cI

|t

et ABx) but oxy,
, Ien\ bstituents |inked
d oxy@e Ohg, such™§ t linmtation,, -0-CF2-0-,
-0 (CH2) 1- 4/@~\ CH2CHAS )1 g.S\iand (/G“:\%HZCI—RVO)l [ 0064] fne term
"al koxycar bonyt" as us d her €i:n conte Iate a car bonyI g oup with an

al koxy gr up as subst ent: [006 rm sed herein
cont enpl at u.é%tr felY ut e@m t and\ ched chain
al kyl radi caI i frd:m o n at The term

"l ower al kyl\ use e| n co e\gpl ates bot h\s gjr ght n”@ branched chain

al kyl radical s ¢ontaini n (br om one si x carbon datons an L(DIC| udes net hyl,
et hyl, propyl, /rsppropyl/ cputyl gutyl, tert- yl and t‘dte l'i ke. The
al kyl group may be’ optionally substrtdt ed with one or nore substituents
sel ected from haI ogen - CN, NOZF FC(O)ZR C(O)R FO-R -N(RN)2, -

N(R 0) IO 2R, 0)R)-0C(0)N(RN) 2, -SOR
-(SCE)RC(-) %mi phg ate hop C( ) ; S oatia

~cycl oal kyl ,
cycloalkenyl r and het ef oary [0069] er "al kyl ene, " "al kenyl ene"
and ' aIkynern "f%s used ers to t ro ‘al kyl ," "al kenyl " and
"al kynyl " respec H@ely, mhe‘(%he caPe drvalen%/Ore @ ached to two atomns.

[ 0067] The ternv“ajkylsulfdnpl" as(ysed her ein@ont€npl ates a sul fonyl
group whi ch has a Iomer al kyl ‘group as a substituent. [0068] The term
"al kynyl" as used her el ntenplates substituted or unsubstituted,

strai ght and branched c¢ chain cor@,aj ni ng fromtw to eight carbon

at ons andudrawi ng I eas e car on- eéq)\n [ pI e d. [The term al kynyl
i ncl udes, for exangrke et hynyI N=RE opynyl | Nes Nb;%{ynyl ,
3rrethy|-|-buty and the 1ik he aIkyn;’<eJ be/ optionally
substituted with or nore sust tuents s tedfromh p?ﬁ CN, - N2,

CRR, -C(0)R, -0-REPN(RN)2, -N 0)R -N(R9YS(0)2R - SRLC(0) N(RN) 2,
-OC(O)R,C(-z)C(O)N(R‘I\I)(Q (-SOR -S&R%Q{?g:(s)oera ((\p)zrxr()Rrxr)z prmssq)ﬁgté (R

phosphonat e, cycl oal kyI cycl oal kenyI E and heteroaryl. [0069] The term
"am no" as used herein conterrpl ates a gro the structure -NRN7. [0070]
The term "am no acid" as used herein conte tes group of the structure

00 HHH N C%Icc\orﬂ n giN he(gt hﬁ -ND of the féjgur at /éﬁand i ncl udes but
y

i s not rr@ B st a&d{%{d‘i am no ci ne, |eucine,
| ysi ne, t hi=oni henyI i ne hrgoni ne, op?% al i ne, al ani ne,
aspar agi ne, I\a%partat% cys te’i’agn@ gl ut"ﬁ % '\I/}\gd, ne, proline,
seri ne, tyr9§¢ne aﬁ I ni ne d(bhrstrdase The pr i nyegtion also

i ncl udes, tfout 1iMtati on, configuration amn acr ds, beta-am no
acids, am no aci ds havi ng si de chains as well as all non- natural am no
acids known to one skilled in the art. [0071] The term "aral kyl" as used
herein contenplates a | ower al kyl groyp which has as a substituent an
aromatic group, which aromatic group may be substituted or unsubstituted.
The aral kyl group nmay be optionally substituted with one or nore
substituents sel ected from hal ogen, CN -N®2, -CO2R, -C(0)R -0-R

ARI7Z <A I\ ~ ARIZ AN 7~~7 /M\ I~ RIZ PSRN 7~7 /\ /I~ If\\klhkl\f\ NN M\ N
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wherein, L1, L2 and L3 together with the attached carbons of the aromatic
ring to forma 5-12 nenber ring, containing 0-4 heteroatons of N, 0, S, P
and/ or SiwoR2/asg125or L3 is i ndependently sel ected frompaTgrseup/o0s1398li val ent
substituents consisting of a bond, -0-, -C(R15R16)-, -NR3-, -S(0)"-,
-P(0)-, -Si (R4R5)-, -C(0)-, -C(0)0-, and substituted al kyl, al kenyl,

al koxy, cycl oal kyl cycl oal koxy, heter ocycl e, aryl, heteroaryl, am de,

car bamat e, uréda, and S| fonam d nis @, U or i s independently
CH N, CF, %ZIso Cor Yis NRN, N, O,

S, Se, or e OI-'\'K& hy@ ge %a Kyl oal kyl, C4_5
heterocyc/&@b ryl, I;%‘Id WFamate; Ra, Rb is

a
i ndependent | y g% drogen s/ﬁet hyI toget r forrmé) C3 6 cgfa oal kyl bearing
0-1 heteroat o/m@f 0 o E |Qs sel ected frofm ﬁydroge/n Ohal i de, - CF3,
-CN, -C(0)H, C(O)OR6 - C(O)N - C(Q)N(OH)R7, -LC(=NR7)O0Me,

- O =NOVe) NHRY ¢ C( HR? - ’Nﬁeé:i - NN NEN N CI—ISEéQNHRQ,
-S(O)2NHF% H* R2 is 8 Stbstituted T
unsubst i t ut d a{ r xel e@t/e_deirbgm t-he gr U,P"LOf

hydr ogen, al ki ,czar bony’I‘ ,,ocycl 0 I byl car bt npl , al kox%,oar

cycl oal koxycap | sul f,oﬁ%y and ,é"‘y@I oaI kyl sxﬁ\\g‘)onyl R4/§%d R5 are
i ndependently net hyI et yl, or cycl opropyl R6 is hydrogen all'yl, G _4
al kyl, cy rgpyl, or benzyl R7 yvdr oggen, 4 al kyl, cyclopr opyI ,
ClL 4 aI k \ I{dhb/éj{ Oks CY. a-kyl sul fonyl; R8, R9,
R, or endge ‘ al_ kyl

; yc opropyl, ClL 4
al koxys or 'Nﬁe end I“-

h

nd R NI’L}LR16 S hydrogen hydr oxyl ,
azide, C2_4 al I@f yI c2 4359 kynyl ,3/6 _4 al kgﬁo cycl ogrzopyl , Cl-4 al koxy, or
cycl opropoxy of @215 and R1® t ogethe® ,are a’c& bonyl ©0r0Cl-4 al kenyl i dene or

R15 and R16 joined together wth the attached carbon are 3-6 nenber ring
optionally contgi g 0-3 het/r{éoatom; f 0, NRN and{;@ S, and 096] In a
frrst errbodrrren thefrr t asp ciN gEo ongi $ti ng of =7 erein,
L2 an er__ thth attached car hhear rrarcgrngform
a 5-12 rre r| ngy aond & nin ,@ 4 het'?ér@atom; of N Qo S, P an® @ Si; LI,
or |ndep€?dently sefected frd fE?\I t he group 0F ‘gl val ent ,S%bBStI tuents
consr str ng of a bo -0-, -C(R15R16) -S(0), -P(0)-, -SI(R4RS) -

-C(0)-, -C(0)0-, sand substituted al kyl/ al kenyl al koxy, cycl oal kyl ,

cycloal koxy, he ocycl e, oarryl het e® yl, r bamat ’@rea and
sul f onam defﬁgﬁo 1/-@& ],/I*f{r%( ect ed fro}an h@ﬁﬁaﬁh% i de, -CF3,
- CN, C(U)—LSL\O' Q&ORB'O Q%\IH Rég

- NN N

- C( =NOWE) CizRoH) NHR7, 8H( CF3) NH e(&? N CH(CN) NHI@O

-S(0) 2NHR1 C( N@N) NHR11, I—’fHI—D orH ; F@@ is a stbfjtuted or ﬁn@ubstl tuted
aryl or heteroaryl; i s select ed from the group of hydrogen,

al kyl carbonyl, cyg|-dal kyI car b al goxyéf.éébonyl c%oal koxycar bonyl ,

al kyl sulfcmyl c cI oal k I onyI R4, ard R5 areor ependent |y net hyl,
ethyl, or c pr B R6N| S ogerN I% Clstf a kéj{ cycl opropyl, or
benzyI . R7OI s "hydro eJ(D, a4 aI cchI opr'\bmll L@ 4 Lsoxy, cycl opropoxy,
al kyl sul fonyl, or c shoal kyl suI R8, o RL, or S§i's i ndependent |y

hydr ogen, Cl1_ 4 al kyl s cycl opr opy Cl 4 al kox’ys or cyc opropoxy; R15, R16
i s i ndependent|y hydrogen, hydr oxyI azj de C2_4 al kenyl, C2_4 al kynyl,

Cl 4 alkyl, c propyl 4 al koxy,0 cycl opy ogosys or R15
toget her grg rbon 1- 4 alﬁefx?l(r dene_or nd Rl & N
wth the agt /bon b N%rn tro t ai

d toget her
het er oat ofrs of G\ofoN and/og"S d L1, s{; @ L3 t ot e(%/her wrthts
attached carborfs ®f the arorr@tl c ring folom a 5-9 rreﬁb@r ring, c6n\lOa,| ni ng

0-4 het eroat ons of 0, S, P ng/or Si; L1, L2, or L3 is ingependently
sel ected fromth oup of d| t substrtute s consrstr f a bond, -0-,

- C(R15R16) =P(0) - 5) ,0- C( 0)(9 bstituted
al kyl , al kewﬁ%\ L koxy, neyel §,L%I_Iggﬁ\g{ > cy I e}{ aryl,
IUI d

heteroaryl am de, \r;erbarrate ur aﬁrd sul fo nis (‘)I,ol or 2; R1
i's selectedfromhytgogen halrd\ -CF3, - 0O)H -C(0) -, -C(0) NHR7,
- C(O)N(OH)R7, -C(=NR7)O0Me, - N&\/b) NHR?7, NHR7, - CH( CF3) NHR8, -
CH( CN) NHR9, -S(0)2NHR10, - NCN) NHR | 1, HHH orH; R2 is a substituted or

unsubstituteed aryl or heteroaryl; R3 is selected fromthe group of

hydr ogen, al kyl carbonyl, cycl oal kyl carbonyl, al koxyl car bonyl,

cycl oal koxycar bonyl, al kyl sul fonyl and3cycl oal kyl sul fonyl; R4 and RS are

i ndependently nethyl, ethyl, or cyclopropyl; R6 is hydrogen, ally!, ClA

al kyl, cycl opropyl, or benzyl; R7 is hydrogen, CIA alkyl, cyclopropyl, CA
al koxy, cycl opropoxy, al kyl sulfonyl, or cycloal kyl sul fonyl; R8, RO, le, or



R6 is hydrogen, allyl, Cl4 al kyl, cyclopropyl, or benzyl; R7 is hydrogen,

Cl A al kyl, cyclopropyl, Cl.4 al koxy, cycl opropoxy, alkyl sul fonyl, or

cycl oal kyweubfaosgi2zs and R8, R9, R10, or 1211 is i ndepen®€musgoinpsrogen,
Cl 4 alkyls, cyclopropyl, Cl.4 al koxys, or cyclopropoxy. [0099] In a fourth

enbodi mrent of the first aspect, R is hydrogen, Br, I, -COOH, - C(0)OM,
-C(0) Oet, -C(0)0 tBu, -C(0)NHWE, -C(0)NHOWVE, -C(=NOWE)NHWe, - C(=NOH) NHM,
- C(=NMe) OMe, C(O) OH) Me, C(O)NHS( )2Me, -CH(CF3)Nyve, - N ciD 11
CH( CN) NHMve, - NHVe, HH orHs . [0100] In agkKfth enbodi nent of the
first asp ~5/R1 -C(0O)N 9&—(&9 In a si efbodi ment of the first
aspect, el frg@ﬁl@e conS| skt+fig o ,Q@lZ)m(RlZG
(R12)(R12)rr(R12)m NA D, D, (R]s% vvhere:;(%/OEach phenyl noiety
is optionally subst’l\but ed \M’Th 0-2 /ﬁlcbrogen at ons %is selected fromthe

group of hydrogen, halide, -CN, -QOCHF2  -0CF3, alkyl, cycloal kyl, alkoxy,
cycl oal koxy, arylal kyf, aryl oxy, al ken/:%, al kynyl , am de, al kyl suI fonyl,
arylsulfonyl sul f car arrate is 0, 1, 2, 3, or 4, Gis 0, NRN,
S, or ’\a} S, g{__@’éf@%andD E|S|ndependently Cor N
[0102] event h @%Qﬁdl rrent 'F‘ the"Ripst aspect, R2 is selected fromthe
group conél sting EacpS,g enyl ety SSSC?“ onally substituted with 0-2

ni trogen atons; R12 1sYsé@hécted fromt'he’group of hydrogen, halide, -CN,
-OCHF2, -0CF3, alkyl, cycloal kyl, al koxy, chloabkox;y, arylg yl, aryl oxy,

al kgnyl : al kynyl, Q ai]r: dg al kyl szl fcc);nyl ar;%ll\ n{g)(@sRul f deN 0 s
car bama i r a i.s
or e[OOi@& % EOs Fflr thg den FOHS]étSI(])grOf [0103] In 8N ei ght’h enbodi nment

of the f iang R’ sspleckq fiRd thsgmeﬂ’ emﬂsxsnhgofom the group consisting
(halide)0_2 substituted W|th02n|trogen atons. [0104] In a ninth
enbodi nent of the flGiSt aspect, Fﬁ I $ nLi. 2 L3k L1 L2, or L3 is

i ndependent sel ect ge={ rom t h up e6NSi St of a kefid, -0-, -C(RL5R16)
- NR3-, Q - 24 gbstituted al kyl,
aIkenyI al Y, cyclo. kyI oalko het ocyel e,—aryl ; heteroaryl,
am de, car bamate nd suI f onam de n is O, 2; Rl is selected
from hydrogen, hali 0)H, -C(0) OR@@ NHR7, -

C(0) N(OH) R?, C( Nl\/b) N@@f) =NOH) NHR7 - )NHRS, - N
N3N3N - 1\ N CH( CN) NHRQ__ /2 S( 0) =NCN) NHR1' H, OH R

is a substi eoBror unsubst i t ted aryl o et erodelryl 37 i S sel ected
fromthe group of’ hydrogen, kyl car bonyl, yCI oal kyI car bonyr
al koxyl cdf0R¥ihyIThe C(yxmbcmaﬂ kothiscarbodimeht mayt H@dek:utleﬂ Gyl thagdueyekvadgytl sul f onyl ;

Ayt crarRyT RO DTS Y marlt baad oM AR BeRB iyl

cycl opr om0y, K114, Bli(DBy;Zl ®jiel dpinepex3p, B&d 1k Bl 32)[B1e8yE 13908145, B148, B158,
cy el oa I LR bl By o8 )5, BOSERGDIO Y N BRE R0 L4, ||
C1_3 al kyB212c3zl40BprpBL21, HOe, B30, BA¥IMB236, B237, B238, B239, B240, B2, B3, B4,

B6, B7, B9, B16, B18, B19, B22, B29, B31, B32, B34, B36, B47, B48, B54, B55, B57, B60,

B63, B71, B84, B93, B100, B101, B106, B108, B109, B111, B112, B113, B115, B116,

B119, B123, B124, B134, B136, B137, B142, B144, B146, B147, B150, B151, B153, B154,

B155, B156, B157, B159, B160, B161, B162, B164, B165, B166, B167, B170, B172, B173,

B174, B175, B176, B178, B179, B180, B181, B183, B184, B186, B188, B189, B193, B195,

B199, B200, B202, B203, B204, B205, B210, B215, B216, B217, B219, B220, B222, B223,

B224, B225, B227, B228, B229, B230, B231, B234, B235, and B241.
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R13 is independently hydrogen, -Ac, or -S(0)2Me; Rl14 is independently

hydr ogen or Me; R15, R16 is independently hydrogen, hydroxyl, azide, C24
al kenyl , wofoebasgregl , Cl4 al kyl, cycl opropyl, Cl4 al koxPCTAIS2eOF3ps opoxy
or R15 and R16 together are a carbonyl or Cl-4 al kenylidene or R15 and R16
joined together with the attached carbon are 3-6 nenber ring optionally
containing 0-3 heteroatons of O, NRN and/or S; and AL or A2 is

i ndependently -d eR6-, -N(RN)-, or -0-. [0106] In an el d? enbodi ment of
the fist aspect, ,2 R _consisting ofo , R Rb, (hetero)ary L2 is
selected fromthe group (hetero)aryk. 4 yL3 wherein, ([\aé or L3 is

i ndependent | y sel ect ed fromthe group of dival ent substl Mt t’s consisting

of a bond - 1R|6% NR3-S(0)"-, -P(0)-, -Si(R4 3’5 -¢(0) -
_C(0)0-, [Qﬂ%ﬁ]sdﬁéwwrf@ae rmmﬂlmartwmdér"kmerﬂ%r Kyl cy‘él oal koxy,
heterocycle, aryl, heteroaryl, amde, carb rrate rea and su nam de; n
is 0, 1, or 2; Rlis selectedfro dro * C(0) H,
-C(0)0OR6-, -C(0)NHR?7, - C(O)N(C]—l) 7, @e R7

C(=NOH) NHR7, - CH(CF3)NHR8, - N N %21 KHRY

-C(=NCN) NHR11,H ,H ,HH R2 is a subs§ai0tute§/Q)r u bstrt @d ar%oor

het er oar yslekc&ﬁblsl tﬁ@é@@gﬂsgﬁ it he/ gooup/o‘fo hydzf OQen al P?Q'I car \‘@nyl

cycl oal kyl carbonyl , al Koxyl carbonyl, c cIoaIkoxycarbonyI aikylsulfonyl and
cycl oal kyl syl fonyl ; R4 and/R5 are |nd€i : hyl , or

cyclopropg R6/4 s¥*hydr'o , Lig yc* pr 6pyk, or benzyl; R7
i s hydrog Cl kyll, ¢ opyl, Cl al oxy cycl opr opoxy,

al kyl sul fonyjf{ or di;/{ ) uI foh‘lpz %L %: Rl fi?g i ndependent | y
hydr ogen, \4 al Kyl ycSé r opyISg Cl 4 al k/@%/s or \cycl oﬁt(opoxy, R12 is

[ ndependent I y €1_3 a(PkyI fgl or po , -OMe NHIVE R15, R16 is

i ndependent | y hydrqgen, hydro yl, azi nyl HoC2_4 kynyl, Cl 4
al kyl , pyI 4Na . QF i&opréﬂ R15 a %6 t oget her
are a car yl Cl- den\e=§‘Q 15 'and<c\ j oi ned ther with the

attached ca bo‘ﬁ; ar 2r| n tonal |y \cari ai ni ng ﬁkhet er oat ons
of 0, NRN andl \oo S ; ~§md A2 | /DndepenHeot ly -CRa -N(RN)-\,oor -0-. nLly
L2 L3 [0107]/@at/ fth ervt)so(gllnent,osfétheflsvacpect |s/L§Cl,\l R12 ,_u
wherein, L' or L2 is independently sel ected fromthe group of divalent
substi tuenFsF onsi sting of a bond, - - C(R15R16) -, -NR3-, -5(0)11-,

-P(0) - R5) C(O) C(O) 0-, an substl tuted al kyI | kenyl ,

al koxy, al kyIQ cl oad) y, hete cI e, ar yd),/%w , am de,

car barrat ur ea nd sul% de 1 hi\e\l cted from
hydr ogen a [ de NHR? NE(0) N(OH) R7,

1 S
- C( =NMve) OMe, 52OC( =NO HR? g(G:NO—D NHR @0193) NHRE ND N3‘S/0 11
CH( CN) NHR9,~ - “ &( 0) 2NARDO, C( WCN) NHR11, /rf ,H, orHo R2 i s7asubstituted
or unsubstituted aryl or het eroaryl R3 is sel ected fromthe group of
hydr ogen, (/al car bonyl, gycl oal k car bonyl , I koxyl car Bonyl ,
oxy

cycl oal k risonyl , aICP< sulf and cy kyI sul on | ; R4 and RS are
|ndepende'\rl|t y get hyé th OQ_1 R16 are
e,
a

|ndependentIyNh},5dr  OX yI kyenes N 4 al kynes, Cl-4
al kyl s" cycl o/pﬁr\\opy C1 _4S koxys}, \or cycI opr @poxy or Rl% and R16 toget her
are a carbonyl Br 4 al Qenyl s. [ 108] In a $econd aspe%t’ of the
invention is a corrpo nd has the structure erein Rl12 u s selected from
t he group consr str f CE,\QY 0 vs,"0 QS/&‘
SN B G f&
— ‘s”o N7 N‘s”o / ‘s’/o S N\S/’O
7o "o 2 "o
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N ks",,0 ? -0 S.; NO HO 04% C- _NXNX NX /
.0 "\C) \S-0k/0\ 00/ NO NO \ID5 O
S"'"ts., OWO 20 NSRS 0O less', 0 NX".HO/
/" 0.11 /N4/N" % .0H2NIs. . ... v s 01
and"0 00 DN N, Q -)

ID,55 / NNN NN . () 0 O?
F/ OH QANJ N NN S.NN NN .0
1''0.11 ' "S' | YCANSS)B/05B398 1, 00
0 1A4 09 N ? .0 N/ \\O,

/ N
A Px 3 /‘ :(O / /\S::O
/T o, o, O  and
ok
Q
HO—P~0 N“l{
OH -0
S

[0029] The above compounds include compounds identified by ID NOS: B3, B15, B20,
B33, B35, B45, B67, B85, B92, B94, B107, B118, B120, B121, B127, B128, B130, B131,
B132, B138, B139, B145, B148, B158, B163, B168, B169, B171, B187, B190, B191, B192,
B196, B197, B198, B201, B207, B208, B212, B214, B218, B221, B226, B232, B233, B236,
B237, B238, B239, and B240.

[0030] As can be appreciated, the compounds in this embodiment may be subdivided into

. 2% .
subsets wherein R0 is:

(1) a 7 or 8 member aliphatic ring, as exemplified by compounds B5, B15, B35, B67,
B85, B92, B120, B130, B198, B94, and B130;

(ii) a 7 or 8 member ring having an internal oxygen atom, as exemplified by
compounds B45, B118, B148, B197, B168, B187, B190; B192, B196, B207, B214, B191,
B212, B218, B221, B222, B226, B232, B233, B236, B237, B238, B239, and B240;

(iii) a 7 or 8 member ring having a second internal nitrogen atom, as exemplified by
compounds B107, B139, B145, B171, and B208; and

(iv) a fused 7 or 8 member ring, as exemplified by compounds B127, B128, B131,

B132, B138, B158, B163, B169, B189, and B201.
O

kU\/.

N
[0031] R'in this embodiment may be H
(g

L2
[0032] The structure u?{‘ , together with the attached carbons of the aromatic ring in
this embodiment may be a seven- or eight-member ring.
[0033] R?in this embodiment may be a phenyl substituted with one or more R

substituents.
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, 1le., il ND)<D NRLl is selected fromthe group consisting ofH ,H andH ;
and R2 is selected fromthe group consisting of One Goup of exenplary

hi gh- act iwpRy126068126unds are identified by I D NOS: B5, BPET/US20,1/0833% B35,
B45, B67, B85, B92, B94, B107, B118, B120, B121, B127, B128, B130, B131,
B132, B138, B139, B145, B148, B158, B163, B168, B169, B171, B187, B190,
B191, B192, B196, B197, B198, B201, B207, B208, B212, B214, B218, B221,
B226, B23B034B238,in BA3GnboBR%At mBR B8a 4 PRSDxymagk] B2dHhe iphendRpemndp & A, and a
second grogg. of . high-acti vi Egs(é%én%ounds are identified by 1D NOS: B2, B3,

B4, B6, Brrolgged Wigongygnorg 829, B31, B32, B34, B36, B47, B48, B54,
B55, B57, B60, B63, B71, B84, B93, B100, B10l1l, B106, B103 09, Bill,
Bl112, B113, B115, B116, B119, B123, Bl124, B134, B136, 3 42, Bl44,
B146, B147, B150, B151, B153, B154, B155, B156,
F
[0035] R? in this embodiment may be selected from C and F.
[0036] In a third aspect of the invention is a compound of formula II.
0]
RY N
(e
L2 ]\\ RZ
(U Syo
/Qg I

Wherein,
L' L?and -N (SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;
L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"’R'®)-, -NR-,
-S(O)y-, -P(O)-, -Si(R4R5)—, -C(0)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;
nis0, 1, or2;
R’ is an aryl or heteroaryl and may be substituted with one or more R'7 substituents,
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl;
RIS, R'®is independently hydrogen, hydroxyl, azide, C,4 alkenyl, C,.4 alkynyl, C;4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R'* and R'® together are a carbonyl or C4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S;
RY s H, F, Cl or CN; and
Vis CH, N, CF, CCl, or CCN.
[0037] In a fourth aspect of the invention is a compound that has the structure:

R17 ]

R
C\U% 2

=0
Sy
/"0

n-Z
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B157, B159, B160, Bl161, Bl162, B164, B165, Bl166, Bl167, B170, B172, B173,
B174, Bl175, Bl176, B178, B179, B180, B181, B183, B184, B186, B188, B189,
B193, Bl9S02BR9B$128200, B202, B203, B204, B205, B210, BPRCHUSBRIO57BR17,
B219, B220, B222, B223, B224, B225, B227, B228, B229, B230, B231, B234,
B235, and B241. [0110] As can be appreciated, the conmpounds in this

enbodi nent may be subdivided into LN subsets whereinRl'" b is: (1) a7
or 8 nenbwhemin phatic ring, as exenplified by conpounds B5, B15, B35, B67,
B85, B92, ,B120, B130, B198, B94, and 7 or 8 nenber ring

havi ng ar®t ht @A CONge pesthgyithie é%ﬁ‘iﬁ’l qafhoeﬂofﬁpe EB%WHtgstB!&B >-18118,

B148, Bl94em®Bteifle, BARihingHLlPRoterBdOrs oBY90; s, BaRdior §214, BLO1, B212, B218,
B221, B222, 3226 B232, B233, B236, B237, B238, B239, and B240; (iii)

a 7 or 8 lmgnbels ideprgdenlyisplgeied &@@pr@ﬂh@lenhsubﬁtﬁw @peHnzaaexenpl i fi ed

by conpoungls 6106(11151'1@? @4%(0)‘31715(0)3@(1%?’% 8,- GO0, an@lls¥isifydgused 7 or
menber ring, as exenplif by conmpounds 7 812 B131, B132, B138,

8158 B168kyl.BiGDY. Bke9), lemﬂlﬁiz@Iclof[lmif}etqrﬂpyalet Hvk betergye‘btamdﬁ the invention
is a Corrpc%%glaf%f ulfeﬁ) milglﬁfouumdgjjo NH NV 0

nis0, 1, or2;

R' is selected from hydrogen, halide, -CFs, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -

C(O)N(OH)R’, -C(=NR")OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?, -
I+

CH(CN)NHR’, -S(0),NHR'?, -C(=NCN)NHR'’, NN b or M

R? is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R are independently methyl, ethyl, or cyclopropyl;

R R'®is independently hydrogen, hydroxyl, azide, Cy.4 alkenyl, C, 4 alkynyl, C;4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R’ and R'® together are a carbonyl or C 4

alkenylidene or R"* and R"® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NRY and/or S; and

R isH, F, Cl or CN.
(\v
k,N

[0038] For the compounds in this embodiment, / O may be selected from the group
// \ //O \ /O /O \ //O /O
consisting of 70, 4 \\O ., 7o, \O .7 \\O ,

o

N
\

Dé li ffsﬁm“i

4 “o 4 “o s \‘o / \‘o s “o 70

’ k] » L] > 2
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11 0 Werein, L1, L2 and -N(SO2Me)- together with the attached carbons of
the aromatic ring forma 5-12 nenber ring, containing 1-4 heteroatons of N,
0, S, P awo/20r2/088125L1 or L2 is independently sel ected fr®@eTiuseo1giossps of

di val ent substituents consisting of a bond, -0-, -C(RL5R16)-, -NR3-,-P(0)-
-Si (R4R5)-, -C(0)-, -C(0)0-, and substituted al kyl, al kenyl, al koxy,

cycl oal kyl, cycl oal koxy, heterocycle, ar yI het eroaryl, am de, carbanate,
urea, and sul fongmde; nis/0, 1, or is an aryI or heteroaryl and may
be substitutedo h one @ ~xpre R17 stltuera R3|scsei!;ectedfromthe
group of hy al kyl €ar Qonyl , cycl pal kyl cqr bgny akkoxyl car bonyl ,
cycl oal koY car |, O@é/%ﬁﬁ&% \ﬁﬂ‘) %c \ﬁ%w ul f Q}ﬁt\ 4 and R5 are
i ndependent |y rretgh?I et hyI /Q)r cycI ops-Bpy R153 1% |s |§€%pendently
hydr ogen, hydroXylQ , azi de, C@ 4 al keng/lo C2 4 afKpnyl, G 74cal kyl

cycl opropyl, Ci1 4%koxy, or cycl Opr opoxy or 5 and R 6 togetherare a

carbonyl or Cl-4 eny i dene or R15 and 0| ned toget er with the
attached g) on 3 het er oat ons
of 0, NRa‘Ptd/or S; Zan 0R1 ,FCioCb{andV| Ct;lL,NCFCC1 or
CCN. [0112] In a fﬂuoth aspect 6{f d he invent f"onm is a corrpb!u&d t hat has the
structure: Wherekn, L1, L2 an%( N( SO2Me) /9t~8get her vmths\\&he attached
carbons of the aroma rc rlng forma 12 menber 'ring, contarning 1-4

het er oatorrEN nd/ or ; L2 is findepend tIy sel ected
fromthe ﬁ?@ rv|a Mtu l;@nsm-tt\l of kT d,

C(R15R16) ‘L%GN‘FMRB % cwg: t ut ed "al kyl

al kenyl , al k , cycl aI ko3 Nkheter , heteroaryl,

am de, carbama ; urea, s d sulf amde nols 0, §.’ or 2; & ‘ is an aryl or
het er oar yl and ey be €ulssfitut@dowith o’neD or nmof €ORL7 subsoituents: R3 is
sel ected fromthe group of hydrogen, alkyl carbonyl, cycl oal kyl car bonyl ,

al koxyl car bxwy.z’{(gh cycl oal k xycar bonyl , al kyl sul fonyl and cycl oal kyl sul fonyl ;
R4 and R5, depegﬁe met hyl , ethyl, or cyclopropyl; RL5 and R16 are
|ndependen ¥y dr og h Q,Lr oxyl, azide, C2_4 al kyenes, C2_4 al kynes, Ch4
al kyl s" cycl o;ﬁ‘t,qpyl Cl 4 abkoxys or cyclopropoxy or R15 and R16 together
are a carbonyJ/ r C(J{ 4 al,k%gyls and R17 is H F, d, or CN [0113] In a
fifth aspect of t invention is a conmpound of formila IV. 0/ NHL2\ R IV
\\ O Wherein, L1, L2 and - N(SO02Me) - toget herOW|thOt h@ Bttac o:gr:arbons of

t he aromatlc rlngforma512 menber ring oatons of N,
0, S, P qo6899r RSiis seletc@rolndhé SrobpEGRBRAGENT | Y Hsel ecm ed fmamt .group of

di val ent substituents consisting of a bond, -0-, C(R15R16) “NR3-,

-S(0)"-, anp BO)S selecteg] frpmrthg group tstf@ftmg of(0)0-, and substituted al kyl |

al kenyl al koxy, cyclsoal kyl, cycl oal koxy, het erocycle, aryl, heteroaryl,

am de, carbamate, uréa, and sul f gnamfde; n ik 0, 1, or 2FR2 is an aryl or
het er oary may be=sybstit yey w.t e or//fpre R17 bstituents; R3 is
sel ect ed %‘r%’é G @ n, | r-@ F, %@EFMI car bonyl

al koxyl car bonyl, cycl oal koxycar bonyl , al kyl sul fonyl and cycl' oal kyl sul f onyl ;
R4 and R5 are inde%g@t Ly methyl, et hyI or cycl; and R15, R16 is
i ndependent | y hydr dg hyroxyl 2 _4 al ken CA\4 al kynyl, C _4
al kyl , cyclopropyl, Cl-4 @ (I’)o ropoxy or R15 @ 6 toget her
are a car%g{?il(}iqsrr Cl-4 al kesyl i dene or @gr}d R16 | oi ned\tggether with the
attached nare 3-6 nmenber ri ng optl Ilyag(pnt ai ning 0-

of 0, NRN and/or & and R17 is H, F, or CN. [0114] In a sixth aspect of
the i nverlP940h ExemplapRoBRAENdsin @&rﬁ*ﬂh%wm ingdyde fpgedgmifighpsINOSei n, L1, L2
and - N( SGZd¥enos tHeg e el sd, bnd Be2oat t ached carbons of the aromatic ring form
a 5-12 menber ring, containing 1-4 heteroatonms of N, 0, S, P and/or Si; L'
or L2 is independently selected fromthe group consisting of a bond, -0-,

- C(R15R16) _, NR3-, -S(0). -P(0) - &£ =" (R4R5) -, -C(0)-, -C(0)0-, and

subst i t ut[8QH1al I&/Im thsslelnémghhnenallnk}ob@ c¥cl oal kyl , cycl oal koxy, heterocycl e,

I, het 2, | de;onis 0, 1, or 2;
R s nydiolln X Ao RAEREAC iR AR Ul SO RS Syt T

het er oar yhbstiarhde, sulfonam de, or carbamate; R2 is an aryl or het er oar yl

P om e B Rof" RyardaenoR Ry Fa BT ohefi AR iR b aryp % '

al koxyl canbmnyéd,wﬂy@deoﬁlnk@e(mfaﬁtbsﬁnyehgs al kyl sul fonyl and cycl oal kyl sul fonyl ;
R4 and R5 are independently methyl, ethyl, or cyclopropyl; R15, R16 is

i ndependent |y hydrogen, hydroxyl, azide, C24 al kenyl, C24 al kynyl, Cl4

al kyl, cycl opropyl, C 4 al koxy, or cyclopropoxy or R15 and R16 together are
a carbonyl or Cl-4 al kenylidene or R15 and R16 joined together with the
attached car bon are 3-6 rrenber r| ng opt| onal I 'y cont a| ni ng 0- 3 het er oatoms

Y o ~ —~A =y




flILI RL7/ NH L2 NVS VI 0 Werein, LI, L2 and -N(SO02Me)- together with the
attached carbons of the aromatic ring forma 5-12 nenber ring, containing
1- 4 het erwotor#sef2sN, 0, S, P and/or Si; Lior L2 is indepgamdentioy73gel ect ed
fromthe group of divalent substituents consisting of a bond, -0-,
-C(RI5R16) -, -NR3-, -S(0)-, -P(O)-, -SI(R4R5)-, -C(0)-, -C(0)0O-, and
substituted al kyl, al kenyl, al koxy, cycloal kyl, cycl oal koxy, heterocycl e,
aryl, heteroaryl, am de, carbamate, urea, and sul fonam.d nis 0, 1, or 2
R2 is an aryl or heteroaryl and may be substituted mﬁ?%*@i%*ﬁ? nore R17
substituents; R3 is selected fromthe group of hydrogen, alkyl bonyl ,

cycl oal kyl car bonyl , al koxyl carbonyl, cycl oalk a%bonyl, al k dl f onyl and
cycl oal ky f . re. eﬁ?{iigﬁ |, ethyl, o
cycloprod@ﬁ#hF§§¥kgf§%ﬁgaﬁ% e%g%g%%%%égﬁgﬂ}ogen, hydr oxyl , azidef:C2_4

al kenyl , 02454 di k¥ifthlaspe@i of gheahteption Bypchmpowpydf for@uladVal koxy, or

cycl opropoxy or R15 and R 6 togetherare g capbonyl or Cl-4 al kenylidene or
R15 and R16 joined together w't he atta carbon are 3-6 nmenber ring
optional |y containing 0-3 heterbat bres /g, NRN and/or S; R17 is H F, O

or CN; and Vis CH N, CF, CCi, tor 51 In an eighth aspect of the
invention is a conmpound of forn&LaN | 7 Nherein, L1, L2 and - N(S02Me) -
together with the attached carbon;%@@ the gromatic ring forma 5-12 nenber
ring, containing 1-4 heteroatons ofON, 0, S, P and/or Si; Llor L2 is

i ndependegfly,sel ected fromthe group of divalent substituents consisting
of a bond, -0-,, -C(RL5R16' . ) NR3-, -§(0)"-, -P(0)-,

- Si ( RAR5)L; L-agdoPNSOMy oyogethergrith thapgchad sadgnadiicle arompticamng formah RdRy,

cycl oal ky emtﬁ’ ﬁhg%lgt%}’nr% 1@@5%&8%8& Gt 13?6,3% p gL 0aryl, amde, carbamate,
urea, and sulfonam de; is 0, I, or 25 R2'is an aryl or heteroaryl and may
be subst ilt atleds widependeely oelestod EoRlR solpsifidivaknt ibstRBnissopeftmgoéd from t he

group of r poen, 18 Kyl canbc . _Bysl oal 5_ak§ 1yl koxyl car honyl ,
cycl oal kod%g’argboggﬁ ?éa Rt TG g&ﬁ%?ﬂo& i ﬁgtucf(%ﬂ%s/r?“déﬁg%ﬁ‘gefgs are
i ndependentityl,yalkeeylhalkoxyetyrydalkyb cydyadkaxyr lemrbcycle RE§, hdRirbaryls amiidependent | y
hydr ogen, droxyl . azi 4 al kenyl, C2_4 al kynyl, d 4 alkyl,
cycIoproﬁ?ﬁ%mﬁf; e%ﬁﬁ%%@gh%%%gyclopropoxy or R15 and R16 together are a
car bonyl mis 01 od2;al kenyl i dene or R15 and R16 joi ned together with the

attached garbon are 3-6 nenper ring optionally containipng 0-3 heteroatons
of 0, NRI@?Z%W G %?leﬁﬁjﬁryli&%g)‘ingy é—? su ‘?m%Fé B’FE @N}/ Or[rﬁﬂ'ig] Sluﬁsq’é“eﬁfsht h aspect of
the i Evemﬁiﬁﬂaldcﬁd&roﬁmﬁi@%ﬁﬂgg oﬁflybdfr@g’eﬁldfllaylc%ékﬂdnyl, Wtqac_raﬁiymarugil;¥1, L2 ang 1 y( SOrZ]rb Me) -
together with the attac carbons_ o e aromatic ring forma 5- menber
ring, corf‘tn%ﬂxﬁlfc?faorﬁ}’izfy ?lg?’ﬁﬁfréﬂ‘ﬁ’l’@ikyﬁ}]}fe?yl and gyclogloyisplfayl: |jor L2 s
independqﬁ@hyRSnggkggu@mgmh&Bﬁ,gﬁgy&- ﬁbg&yﬁlﬁﬂt substituents consisting
of a bond,.-Q:, -C(RL5R16)-, -NR3-, -§?q;'-, -P(OL-, -Si (R4R5)-, -C((0)-,
C(0)0-, Bn® stitrdependemsly hydrogen, hyinesyazideaCleoallenyk et §hYRYICi4 8k oal koxy,
het er ocy | ¢ I ! ¢ . nam de; n
is O, 1,Qggog?ﬁ%&cVg?gﬁ&gi;%hggéﬁ2§§¢ggﬁ&Fagﬁggﬁ%§5%§x§§%§?§?E%gd w th one
or nore Rikenylidsse pkyeardR ™ pEngdsogethes shithdher gtigehed lserbe e g-omemad riogen,

al kyl car : Yz I b | , cycl oal koxycar bonyl ,
aIkyIsquIB§FHEE§R%§@%§5%%@%@%ﬁy%ﬁy’thzﬁgn Sﬁgﬂgre i ndependent |y net hyl,
et hyl , oR'cpdl.dptbpydN. R15, R16 is independently hydrogen, hydroxyl, azide,
C2_4 alk ; I e 5 Cl_4 al koxy, or
cyclopro@@%&loﬁgﬁééﬁgﬁﬁgﬁggh%%ﬁé¥%é5%%¥gﬁéﬁ%g@ﬁ§ﬁ%ﬁaXr Cl-4 al kenyl i dene or
R15 and R16 joined together with the att&hed carbon are 3-6 nmenber ring
optionally containing 0-3 heterpﬁbgns of @, and/or S; R17 is H F, d
or CN;, and Vis CH N, CF, CIl,Lpr ] 1%@] In a tenth aspect of the
invention is a conmpound of form%;g S -ANH NN O Wherein, L1, L2 and
-N(SO2Me) - together with the at Hgg carlppns of the aromatic ring forma
5-12 nenber ring, containing 1-4 h§§eroatons of NN 0, S P and/or Si; Lior
L2 is independently selected fromthe groupVof dival ent substituents
consi sti RgpQfixa bond, -0-, -C(RL5R16)-, -NR3-, -S(0)"-, -P(0)-, -Si(RARS)-,
-C(0)-, -¢(0)0-, and substituted al kyl, alkenyl, alkoxy, cycloalkyl,

cycl oal kdxyl." dndt-df e etogetharwithiibg affagkadydarbopndidee arematvamngt ferm apdd, and
sul f onam de; ! . Qry @ ' r teroaryl and may be
substitute lﬁf?ﬁggﬁgméwg26?%ﬂ?§30%%%@$fﬁdgkﬁgpo "is selected fromthe
group of hydrogen, al kyl carbonyl, cycloal kyl carbonyl, al koxyl carbonyl ,

cycl oal koxycar bonyl , al kyl sul fonyl andgocycl oal kyl sul fonyl; R4 and R5 are

i ndependently nethyl, ethyl, or cyclopropyl; and R15, R16 is independently
hydr ogen, hydroxyl, azide, C2-4 al kenyl, C2_4 alkynyl, G _4 alkyl,

cycl opropyl, G _4 al koxy, or cyclopropoxy or R15 and R16 together are a

~a - o ~~aA ~ "




R15, R16 is independently hydrogen, hydroxyl, azide, C2-4 al kenyl, C2_4

al kynyl, Cl1_4 al kyl, cyclopropyl, Cl-4 al koxy, or cycl opropoxy or R15 and
R16 t ogetworowvessrscar bonyl or Cl-4 al kenylidene or R1BCaA$H2R1657308 ned
together with the attached carbon are 3-6 nmenber ring optionally containing
0-3 heteroatons of O, NRN and/or S; R17 is H F, d or CN; and Vis CH N,
CF, CCl, or CCN. [0120] In a twelfth aspect of the invention is a conpound
of fornul@oXilis indh@deitsy seledied frém adbrol A MmE-of b BERE her -t IR'Hhe at t ached
carbons of the aromatic ring.forma 5-12 menber ring, containing 1-4

het er oat iR o (- F(Os; “qﬂRaﬁdiﬂo?((@i" ~C{Q)BY- ang sibstiuisd afahalkgryyaksSpect ed from
the grou g@foal‘ﬂyl\!@}lc%lkﬁy{bﬁ{ekdcgﬁata%l,%%62&7%]! N6idOfca®af@Birea, Qg - C( RISR16

) NR3-, -S(0)"-, -P(0)-, -Si(R4R5)-, -C(0)-, -C(0)0-, and substituted

al kyl , al%Hpgamides| koxy, cycloal kyl, cycl oal koxy, heterocycle, aryl,

het er oar yl js papigle, carbamate, urea, and sulfonamde; nis 0, 1, or 2; R2is
an aryl or_heteroaryl and nmay be substituted with one or nore R17

subst i t udht is:hygegins Csetlsdt € dyelontkylnGgrapupeyole. syldhasgearyl, anldgl car bonyl |

cycl oal ky, I ﬁgéylcarbonyl, cycl oal koxycar bonyl, al kyl sul fonyl
and cycl oggﬁ%a?gg%’/ rocnaii/ll%; 4 and R5 are independently nethyl, ethyl, or

cycl opr op¥is aRars] orRkeBraasy! andimpe balebstityted with ogeer, méry &' ‘oxpdtitueasi de, C2_4

al kenyl , 4 nyl i 4 K cycl.opropyl.,  Cl- | koxy, or

cycl opr oplgéf/‘seé%keéﬁ%a% %)f:?fg O? l(%%% eg*r%l?yelc a glkl B%Crlﬁfﬂkyg"raﬁ’éﬁl@a al kenyl i dene or
R15 and Rlikbxyohimbedyltaygletlkerycubblyl tdieyatfomd hedcywhnbyBuldsms];3- 6 menber ring

opti onal l.ys cqntsai ni 0- 3 hetero ns. of 0 RN and/or S; and R17 is H, F,
d or CN.]¥[@%%Feﬁxn%%ﬂdteg@n?lﬁ&gsath@t Orocfydf)ﬁ@pynventi on provides a

|[ohar rr]aceu}lF,QdF isdﬁﬂ?éﬁﬁﬁiieﬁdﬂfyd&(gﬂmf Lhiy&ﬂoﬂg, it cgmmnygszpilkydygfdlgmmi on. .
0122] A fourteen ect of the invenii Hrovides use of the conpounds
of the i VERPIOBR: Cin AHE melFAPAORPE SR st CErARere TOToR)! oF 4 1115t
erbodi menfikeaflidehe of RUBLERKEinaspgher Wil thediaciaRibon &eBW mthBertingat ment  of
hepatitis C. [0124] A fifteenth aspect of the invention provides a method
of treatiWorEysPRPNReE-Thrippranhe G nif¥Sing to a subject in need

t hereof , R7themrapestdcadndy ef fective anmount of a conpound of the invention.
General Synthesis HgiZS The conpounds of the invention may be prepared by
a vari ety¥ 5fCHNhHz OF%G@%S, sanmpl es of themare illustrated in the

synt heti qogghenks sQuhhiafRe: 48hOWentibn 88NSHAbund R gormupiviesi s starts with
constructing the central scaffolds such as benzofuran, benzothi ophene,

i m dazopyridine or pyrazol opyridi ne bwy'eigl QYj ng vari ous synthetic

t echni quesknown to those skilled "p_the ayt. (e.g. in Heterocyclic

Chem stry, J.A Joule and K Miis, and Sons, 2010.) . Once the
properly subustituted cores arel mage; &her functional group

mani pul ati ons including but not T7gided to chain el ongation, am dation,
esterification, cyclization are pérformed ¥s necessary to lead to the
target nol ecul es. When being allowed chemcally and in sone cases

necessar YWhe'Big, central cores nmay be preferred to be introduced toward the
end of o, sy HiNRSEGMET foeline il ECLBRASRIAL Gh! BBnARdind Bt 938 sCaSES,
ort hogonal protection-deprotection strategies are required to acconplish
t he desi rednher singfcontamingdrd harpgomeafNebendiand/odBiscri pti ons of these

synt heti g ipet2 i } . in these ot her

ref er encg“s&%&%‘?éﬁ%ﬁ%ﬁyé&gﬁggﬁ%%%rgg%@f%%ﬁ‘% I E)S%g ggﬁn%.colﬁ%raglgﬁj?%d. ,

W | ey- RCHond,909.-CHRt'R '8et-NRe-, F(OUpSPid)-, BRI’ S, SY0)-haED¥)-, ThdAub@Greehe and

P.GM Wts rded, J WII an ons, 1999. 01 The fo]low ng

bbr evi actihateby et Dbt vRRS: nRrTek, Fon i HepE AR cr1 1o
AcOHAcet icarbamibd, @edgueoilfonBaidter t - But oxycar bonyl BuBut yl

Cszenzox%/[ilé(Qa{ bog_oyl Coned. Concent r at ed

DBUL, 8- Di"d2dbi" &Y ¢l o[ 5. 4. 0] undec- 7- ene DCCN, N-di cycl ohexyl car bodi i mi de

DCMDI chl at’qgret rane hBledabil eidiyihy Bzedimaedaxybad & BIER' substituents;

(DI PEA) Di i,sopr opyl et hyl am ne_DVAN, N- Di net hyl acet am de

DVB2, 4- Difret W&?E}Séﬁﬂ%@ BIoRPRL Redapgsae sy caiban. Rerisalkyénamhenyl,

D1VI E1, 2- i Apicheyetchan ke No My A8 dbh R ha® 'e%l@yﬁgﬂ' pet hyl sul f oxi de WO
2012/ 0581%5%4 US2011/ 057398 DgB?Dimglﬂ]enyl)ghosgghory azi ge dpppl

, 3- Bi s(difpredRl pisdadsnsnds)br vpfrectypdrrydlorBpyi di phenyl phosphi no) f er r ocene
DCl 1- Et hy1- 3-[ 3- (di met hyl am no) propyl]carbodiim de hydrochl oride

EC. %&f f ecti ve concentration to produce 50% of the maxi mal effect

ESI El ectrospray loni zation Et3N, TEATriet hyl am ne Et OAc, Et AcEthyl acetate
Et OHEt hanol Gran(s) h or hrHour(s) HATU2-(7-Aza-1H benzotriazole- | -yl)- |
, 1,3, 3-tetramet hyl ur oni um hexaf | uor ophosphat e HexHexanes

HOBt 1- Hydr oxybenzotri azol e HPLCHi gh performance |iquid chromat ography




| C5() The concentration of an inhibitor that causes a 50 %reduction in a
nmeasured activity LG MSLi quid Chromat ogr aphy- Mass Spectronetry

1. 1MM cr owol2ar(esy12e]l Met hyl | odi de MeOHMWet hanol m nM nuP€TA)S2011/057398

mW I linolar(s) mml MIIlinole(s) MaNP2- Met hoxy- 2-( 1- napht hyl ) propi onic acid
MsMesyl, Methyl sul fonyl MSHO-(nesityl sul fonyl)hydroxyam ne maMM cr owave
NBSN- Br onosucci ni m de N SN- | odosucci ni m de nMNanonol ar (s)

NVON- et hy'P nf phidepaigteM onsidetee NWRBoRRt 5¥deD¥n; akdndi, @pﬁkNyR"d%la [, magnetic
resonance WO 2012/ 058125PCT/ US2 11/ 057398 PEPetrol eum et her rotective
Group PPANSIOPIMRYs bhot ey e ppﬁew%ﬁem&o@m%érewarbpwlmﬂld. ne rtRoom
tenper at Ufigen ér k TrahdRthyhad tb% Rt RO IR Ve d € bOK hrd8-6 member ring

TBAFTet ra- n-but yl ammoni um f | uori de TEATri et hyl am ne

Tf OHTri f I%P%tcﬁ%ﬁﬁ@wﬂ%mt@o%méioﬁ@m| d{mSpacet i ¢ aci d

THFTet r ahydEoh yr e I&GETHgn Layer Chromat ography TMSOTf Tri et hyl si |yl
trifluoronethanésulfonate tRRetention time TsTosyl, Methyl phenyl sul f onyl

w Wi ght Y weGIdhY, O, ¢WblantéM™Nol une [ 0127] Reagents and sol vents used bel ow
can be o e il Chemi cal :

(1 vk ey dn of S SR & i P £ B3 P AL "o & B aker 400
MHz or 500 Mz NMR spectroneter. Signighi ©&nt /peaks are tabulated in the
order: multiplicity (s, singl et(\d . dgubl 5Nt triplet; g, quartet; m

mul tiplet; br s, broad singlet) y2 COUP 0 _q?stant(s) in Hertz (Hz) and
nunber of protons. El ectrospra\;ll\xed\l ; Ny zation (ESI) mass spectronetry
anal ysis was conducted on a He dtyackard 1100 MSD el ectrospray mass
spectroneter using the HP1 100 HPLE T or §|§1an e delivery. Mass spectronetry
results are reported as the ratio of mas¥" over charge, followed by the
relative wbueﬁlance of each ion (in parentheses) or a single niz value for
the MrH ( , as on_contai ni ng the npst conmon atomc |sot opes.
| sot ope p‘at s %%&&@p@ﬁﬁh‘?rd‘“fhﬁ e%ti@ﬁgeétcéﬁ”f‘%‘?% gompicying ferm as-12Nor mal |y
the anal yhémdasingicss@inited -4 RerérBicbanet Nad, ) Pkni@f 8. and 5 microliter was
infused with the delivery sol vent into the nass spectroneter, which scanned

from 100 % & 115‘6)91 depandentiy selagted Eoisisumend o dinalenbwbsiiuanisLepsistnsoha positi ve
ESI node,poHgi-0g -aR 'ac'et QRREY, Lé(e/)waw) gsm‘lRépt d(ég 650-, &%rLBfidkEd e 1n
water with 0.1%form c acid as delivery sol vent e conpounds provided

bel ow cowullyl-alksaylptkeyarseiatkyl: ﬁyql%k%glmtqrwcksarylnb@@roargg pRle2 mV NHAOAC in
acet oni t rdhaiMARL §Ea asd dRfoh¥fiay. sol vent. Enantioneric purity was determ ned
using a Hew ett-Packard Series 1050 system equipped wth a chiral HLPC

col um ( @hisPal.Pak AD, 4.6 m*nx 150 mw) and isocratic elution using 5:95

| Sopr opanel EKNG @8R Ly RlASGy. 01281y HheasRIpRUNds LR, nared usi ng

ChenDr aw progra rom escribes a
gener al dpps sdckdtfonbbe Emungf hmfmnralhg@rbﬂnvln Cyhl(fallle/ﬁoarttonsh zes that are

attached S che mati ons on these
fused ri natélés)?x%arég@tl 01”5%( 8{&.&% L?%satlky? Czya fkéﬁﬁl%%ly[fol | owed by
sul f onyl R'ia0n amemdeperﬁlpnd{methyh ahylnmcablbmdpﬂ substituted term nal al kyne

to afford, A ted rin ycljz actio orms A-6.
Al t er nat ﬂ%/elR;, ls,&u%pe ﬁ‘ﬁ@q‘ygfoéﬁ‘éﬁ‘éé‘%ﬁé %@A 8 ajgengﬁgg é?lF % f’al for the
Heck r eaalytlopropHydr agienxgt srenclopropoxty @Rﬁ%&t}é@méﬁl&mﬂﬂ@fmﬁﬁmrml_@o be
obtained fro - 10 hydr,ogenat i on C onvert om A-6 t hrough
an i soner I?Eﬁcgﬂ? of e&\‘fggel ’f‘edttﬁ%eﬂ?f(.r)l‘ﬁ’btpih Q‘BFZ‘ O%arﬁél ’QE’EEB‘?‘F(W& ons such
as onzonquugli,aﬂygbmgﬁm@o% hetdrbBEmESD,DERY grglirlsyasonverted into A-11 to A-21
follow ng typical reduction, aalkylation, O-alkylation, elimnation, and/or
hydr ogendt i Brih okt ons. Scherme A [ H X1= halide,- Owe, -0iPr Rl X1

Heck reaqboﬂ M@Hm%masg&tafm@mv&ﬁmmul?&célﬁaouea of tbrmegWRi hyl ation 2.
triflation en X1 = Me or -

S
(\ R7 NH
L'l
br}r Sy
=0
~3; Vil
@]
‘Wherein,
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Rl R\k2 m A-4 Re Z-R2 Base X2 = halide, -Ovs or OTs m= 0-5 Rd Re NVAY A-8
1 H RI Re RL (41 --OA-10 Re Rd alkylation ,Z-R2 .\--"- A-1lel-0
,-J-"A-MOROI2RBI2B 1 1. mesylation 2. base [0130] SchexwsSB1dosses bes a
general approach to B-3 bearing two substituents at the benzylic carbon.
N-al kylation of A-3 wth B-1 gives B-2, which is readily converted to B-3
t hrough an intra-nol ecul ar Heck reaction when X1 is a halide. Wien Xl is

- OR (R = H, LMad -NPSOSI®) 10gBh& Wisthd QupR@RAREs bEhOGoBart @ frmph 8aQr sor .
Scheme C R1 [0131] Schene C descri bes _a gener al approach to
cycl opr op P peg; coppEPednhhdgeatemy of R0, TPandiRHSIc- 4 from A-6, A-10, A-13

and A-18, bfeﬁmﬁtdbﬁvahmy sm&t&pfl&hm&%ﬂ’@ﬁ{d&ﬁa%&t%ﬁ%mstmg%%§2] Schene D
descri bes a genera lrr%proag to analog D-2 from A-6 %mboratl on of A-6

gi ves D- 12onflrOnrCeR R hie -NEF c%{ﬁ))rbep@ad&l(% R b éPLe® Oif-oandkssbsiiisd at e,
toysl ate, @, ehl@chyld%ko@upy%‘?cgtﬁsfp%ya%kﬁg%érb@cl%ugﬁt hét@%ér?p apideh a

nucl eophi | € gener at es hene E chene’ E describes’ an

al t er nat i spebagyatsy was lind eplipnimhidesf used rings with different sizes that are
attached r;gob?%;gzol e noi eties. Sonogashira reaction of either A-1 or E-3
and E-1 qi Ves whi ch is hydrogenated to afford E—4 Sel ective

sul f onyl aiiomn of! E&-h4terdapll hm#@dy baysubktivgted ok Qn@orfmrrzrg Aubsdltue@tsnver sion the

the tripl 1? g:te%ffroll?hgi oiah 2o %gna)fk 1D cyc y on 1, reduct i on of the
0dure genera

-NQ2, sulTtonylation and r X1 = halide Heck
reaction ahltteylcbﬂ)onyl@yﬂodko@cﬁbomﬂ Olll(’l;flsutfemmain@/d:)&tdam;ﬂ&ulﬂﬂlyg. triflation R\ S
V' q. Re 0134] . Sch scri.bes eneral approach to anal ogs F-4
and F-7 fl?oarlr]]dk gl lflp?n Ir]T;Fya'PFt h o ylForfy\?\]n ?’ﬁ 2 gives F-3, which undergoes
cyclizat irh Rlénsafﬁcfeperdlelﬁmaydsjgem Ihgddoyyl, &zide, Canalbayp Cepakenl, tc[swmyF- 6 i nstead
of F-2 to react thE-1. chene G [0135];s Schenme G descr a general
appr oach Y8 OPTL?B@%M‘W&@SOYGY@?P@%Y OGRS,a“g}ﬁlztoé'ﬂ Tgepgar &action of
A-1 with dkehy@gievesr I&° 2nd mhuahemtageﬂadrs@thbl& PaeRacedol a@mdin&nbdReﬂgcti on of
G2, followed by sulfonylation affords &3, which is the key precursor to

the foll &Bf‘ﬁ‘@f“@’r"ﬁ‘ﬁé“flﬁ‘lg%li‘%er’f%at?lﬁa?f%% Y4 Sus fused analogs G 6, G 7,
G 8, G 1R'apd,E tfer cN\@And012/ 058125PCT/ US2011/ 057398 Schenme H 0 *Ar ref ers

to substituted tBu-OAr-B&C]l—\?Z aromatics or heteroaronatics
V is CH, N, CF, CCl, or CCN.

[0050] In a tenth aspect of the invention is a compound of formula X.

‘Wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L% is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"*R'®)-, -NR>-, -S(0)y-, -P(0)-, -Si(R*R’)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0,1,o0r2;

R? is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R*and R’ are independently methyl, ethyl, or cyclopropyl; and
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- Frr NNRn0O O NHO. NH R1IR1 Arl | Z-RR O ( ItAr' NV'NV _ Re
"(:)H6Re '"bH 7 steps P2-N-Ar-B(OH)2 H8 OP1 P2 = -Boc, Chz etc. A R =

- CONHRm WHHCOMRARS, and - NHCOORm etc. X2 = -CH2-, - CMPET/US2@Qi0PT3p8 , - O-,
-S-, and -S(0)1 2- etc. [0136] Schene H describes a general way to prepare
H5 H6 and H 7. Suzuki coupling of A-1 and H 1 gives H 2, which is
converted to H4 follow ng the sane strategy depicted in Schenme E. Further
transf or n@t | Rhsg igdepkhddndlBiyydtasliHydirof1f 4k, 55 palkdiy® canslityr .C, Syl arly, H9
can be synthesized by replacing A-1 with suitable starting materials.
Schene 1 {OPBPPYISEheHEY: edelrPrag ydgd Rerad Raaipsethes a5 qaePoBY fu fet i onal i zed
benzof ur afikdiii@&hY or R™ aRd RI°6&ihé LB Qher With:thd AlabiRREHBY a0 &RM: g M €act i on
with a substituted al kyne Qi ves %-3, ch is de-protected in the presence
of an aci@tiperlkyfcpetaidging 043 hepprpaiorng deSgaes a [Pd]- nediated ring
cyclizatipn;i9 # M dy>, which can be readily converted to 1-7 by follow ng
a two-step sequence of saponification and am de formation. Alternatively,
1-4 can H80TdnJepr eldvant ap&:t phihe inykbotentisvocosipepnd efdsfivde ¥ht i on of NI'S or
NBS- pronot ed cyclization and [ Pd] nedi at ed/%a}r bonyl ation. 1 J-5

[0138] Schene J describes a general way, t% build a functionalized

pyrazol e-pyridine noiety. N am pa i_pn of J- N"bi ves pyridiumsalt J-2, which
undergoes a ring cyclization with a bi%xyl ate J-3 to form substituted
pyrazol e-pyridine J-4. Saponifi(ati -4 followed by am de formation
affords J-5. Scheme K flL1 ,2°NayNH2 k-1 [0139] Schene K describes a
general way to build a functional i2ed im dezol e- pyridi ne noiety.
Cyclization of substituted am noperdi ne K-1 with brono-ketoester K-2 gives
t he cycl iweeefr oduct K-3, which can be readily converted to K-4 by

L 0240] TSchcHl AR Heahe HEHET APty B o PP SHar Pada

benzot hi aphehe ridBiehitininPaNOgasBAtbRAs HEROD| DIP Mf/okSil Wi th a substituted

al kyne gives J1-2, which is converted to thioether L-3. An |2-pronoted ring
cycl i zat iTofff bf's fndgpendently selegietbop fireoppprd divalent spREICHSCORHENg %6an be
readily tHoﬂH‘,SbO,r-ffﬁﬂ'SR%},QW3QGS(@9]?W—P§§)Q -SSR TRO5-mdoncicOnd], hiedbdimed Whi ch
under goes saponification and am de formation to give L-6. Schene M Br 2
nLi u_r LN-Alkepylgalioxyqpycéiade cycloatksm hepporyclessyl hgeroargk gmideet t . 20009,

11, 4270 Qifaklle, w09 4nd dnRRakigter ocycl . 2007, 71, 1755 Aust. J. Chem 1988,
41, 1677 .[0141] Schene M descri bes general ways to build a functionalized
2H i ndazdléOnbiogRy. A Cu-nediated N-arylation gives a mxture of 1Hinzaol e
M2 and tgegg gr?ﬁ"yf(fﬁ%e l%'a}ﬂg@@ﬂb?bé\@ubgguteéwitmaﬁe &ng%(grglkmsﬁﬂst%n&?ad' Iy

converted fo M4 ol low'ng a two-step sequence saponification and am de
f or mat i orR” ipbelastaddtany @k group jf hyiegeo] akNtasbapgh cihdodbivdnriheayled at the C 3

017 or o Stk BRI ARGty < BRRISLERERL N e "o oo

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R, R s independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cy.4 alkynyl, C;4 alkyl,
cyclopropyl, Ci.4 alkoxy, or cyclopropoxy or R"” and R'® together are a carbonyl or C; 4
alkenylidene or R” and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRY and/or S;

R"isH, F, Clor CN; and

Vis CH, N, CF, CCl, or CCN.

[0052] In a twelfth aspect of the invention is a compound of formula XII.

Wherein,
24



N3 NH R2 [0142] Schenme N describes a general way to build a
functionalized indole noiety. A condensation of N-1 and keto-ester N2

gi ves N- 3vORetns8i2z6n of N-3, followed by a ring fornati @TASR@ONHS7398
substituted indole N-4, which can be readily converted to N-5 by foll ow ng
a two-step sequence of saponification and am de formation. WO

2012/ 058125PCT/ US2011/ 057398 [0143] Table 1. Substituted benzofuran

anal ogs RI4L? andRIN(SORE- kig@ché‘ﬂ WitthOat{aeBedlddrtoht &t the drodhatic lhﬁgNlel}\/ES 122 HNrOH
I||HNNX- N-- HO N OCF3 HCF:3 HODNDHOH OHHXL-..---N.

--\ H lrgerppqq_rmg, copjaryngn KHhWOatoms of N, O, S, P and/or Si;

Llor L?is independently selected from the group of divalent substituents consisting of a
bond, -O-, -CR"’R'®)-, -NR*-, -§(0),-, -P(O)-, -Si(R*R’)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nisQ, 1, or2;

R? is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

RIS, R!®is independently hydrogen, hydroxyl, azide, Cp 4 alkenyl, C; 4 alkynyl, C,.4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C;4
alkenylidene or R' and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

R'is H, F, Cl or CN.

[0053] A thirteenth aspect of the invention provides a pharmaceutical composition
comprising the compounds of the invention, including the exemplary compounds identified
by the above ID NOS. The composition may be formulated for oral delivery, and may include
a second and/or third anti-HCV agents.

[0054] Also disclosed is a method of treating HCV infection in a subject by the steps of
administering to the subject, a pharmaceutically acceptable dose of the above compound, and
continuing the administering until a selected reduction of in the subject’s HCV titer is
achieved.

[0055] The compound administered may be one or more of the exemplary compounds
identified by the above ID NOS. The method may include administering to the subject, either
in a single or separate administrations, a second anti-HCV agent selected from the group
consisting of interferon-alpha, ribavirin, or both. The administering may be by oral route.
[0056] Also disclosed is the above compound, for use in the treatment of HCV infection in
an infected subject. The compound may be one of those identified by ID NOS above.

[0057] Further disclosed is the use of the above compound, such as one of the ones
identified by ID NOS, in the preparation of a medicament for the treatment of HCV in an
HCV-infected subject.

[0058] Some of the compounds of the invention possess chiral carbons. The invention
included all stereoisomeric forms, including enantiomers and diastereomers as well as

mixtures of stereomers such as racemates. The stereoisomers or their precursors can be either
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asymmetrically synthesized or obtained by separations of the racemates according to methods
commonly known in the art.

[0059] The invention is intended to include all isotopically labeled analogs of the
compounds of the invention. Isotopes include those atoms having the same atomic number
but different mass. For example, isotopes of hydrogen include *H(D) and *H(T) and isotopes
of carbon include “C and "C. Isotopically labeled compounds of the invention can be
prepared according to methods commonly known in the art. Such compounds may have
various potential uses as, but not limited to, standards and reagents in determining
biological/pharmacological activities. For those stable isotopically labeled compounds of the
invention, they may have the potential to favorably modulate biological, pharmacological, or

pharmacokinetic properties.

Detailed Description

[0060] Unless otherwise stated, the following terms used in this application, including the
specification and claims, have the definitions given below. It must be noted that, as used in
the specification and the appended claims, the singular forms “a,” “an” and “the” include
plural referents unless the context clearly dictates otherwise. Definition of standard
chemistry terms may be found in reference works, including Carey and Sundberg (2007)
“Advanced Organic Chemistry 5™ Ed.” Vols. A and B, Springer Science+Business Media
LLC, New York. The practice of the present invention will employ, unless otherwise
indicated, conventional methods of synthetic organic chemistry, mass spectroscopy,
preparative and analytical methods of chromatography, protein chemistry, biochemistry,
recombinant DNA techniques and pharmacology.

[0061] The term “alkanoyl” as used herein contemplates a carbonyl group with a lower
alkyl group as a substituent.

[0062] The term “alkenyl” as used herein contemplates substituted or unsubstituted, straight
and branched chain alkene radicals, including both the E- and Z-forms, containing from two
to eight carbon atoms. The alkenyl group may be optionally substituted with one or more
substituents selected from the group consisting of halogen, -CN, -NO,, CO;R, C(O)R, -O-R, -
NRY),, -NRMC(O)R, -NRMS(O)R, -SR, -C(O)N(RM),, -OC(O)R,

-OC(O)N(RN)Q, S(O)R, SO5R, -SOsR, -S(O),N(RY),, phosphate, phosphonate, cycloalkyl,
cycloalkenyl, aryl and heteroaryl.

[0063] The term “alkoxy” as used herein contemplates an oxygen with a lower alkyl group
as a substituent and includes methoxy, ethoxy, butoxy, trifluromethoxy and the like. It also
includes divalent substituents linked to two separated oxygen atoms such as, without

limitation, -O-CF,-O-, -O-(CH3);.4-O-(CH,CH;-0),.4~ and -(O-CH,CH,-0) 4-.
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[0064] The term “alkoxycarbonyl” as used herein contemplates a carbonyl group with an
alkoxy group as a substituent.

[0065] The term “alkyl” as used herein contemplates substituted or unsubstituted, straight
and branched chain alkyl radicals containing from one to fifteen carbon atoms. The term
"lower alkyl" as used herein contemplates both straight and branched chain alkyl radicals
containing from one to six carbon atoms and includes methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert- butyl and the like. The alkyl group may be optionally substituted with one or
more substituents selected from halogen, -CN, -NQO,, -C(O):R, -C(O)R, -O-R, -NRY),, -
NRMC(O)R, -N(RMS(O)R, -SR, -C(O)N(RM),, -OC(O)R, -OC(O)N(R"),, -SOR, -SO,R, -
SOsR, -S(0)NRM,, phosphate, phosphonate, cycloalkyl, cycloalkenyl, aryl and heteroaryl.
[0066] The term “alkylene,” “alkenylene” and “alkynylene” as used herein refers to the
groups “alkyl,” “alkenyl” and “alkyny]” respectively, when they are divalent, ie, attached to
two atoms.

[0067] The term “alkylsulfonyl” as used herein contemplates a sulfonyl group which has a
lower alkyl group as a substituent.

[0068] The term “alkynyl” as used herein contemplates substituted or unsubstituted,
straight and branched carbon chain containing from two to eight carbon atoms and having at
least one carbon-carbon triple bond. The term alkynyl includes, for example ethynyl,
1-propynyl, 2- propynyl, 1-butynyl, 3-methyl-1-butynyl and the like. The alkynyl group may
be optionally substituted with one or more substituents selected from halo, -CN, -NQO,, -
CO3R, -C(O)R, -O-R, -N(R"),, -NRMC(O)R, -N(RMS(O)R, -SR, -C(O)NR"),, -OC(O)R,
-OC(O)N(RM),, -SOR, -SO;R, -SOR, -S(0),N(R™),, phosphate, phosphonate, cycloalkyl,
cycloalkenyl, aryl and heteroaryl.

[0069] The term “amino” as used herein contemplates a group of the structure -NRN,.

[0070] The term “amino acid” as used herein contemplates a group of the structure

0] O

H H “ H H ”

-———N——T-—C——O N (|3 C
R or R in either the D or the L

configuration and includes but is not limited to the twenty “standard” amino acids: isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine, alanine, asparagine,
aspartate, cysteine, glutamate, glutamine, glycine, proline, serine, tyrosine, arginine and
histidine. The present invention also includes, without limitation, D-configuration amino
acids, beta—amino acids, amino acids having side chains as well as all non-natural amino

acids known to one skilled in the art.
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[0071] The term “aralkyl” as used herein contemplates a lower alkyl group which has as a
substituent an aromatic group, which aromatic group may be substituted or unsubstituted.
The aralkyl group may be optionally substituted with one or more substituents selected from
halogen, -CN, -NO,, -CO:R, -C(O)R, -O-R, -NR"Y),, -NRMC(O)R, -NR™MS(O)%R, -SR,
-C(OIN(RY),, -OC(O)R, -OC(O)N(R™M),, -SOR, -SOR, -SOsR, -S(0),N(R™),, phosphate,
phosphonate, cycloalkyl, cycloalkenyl, aryl and heteroaryl.

[0072] The terms “aryl,” “aromatic group” or “aromatic ring” as used herein contemplates
substituted or unsubstituted single-ring and multiple aromatic groups (for example, phenyl,
pyridyl and pyrazole, etc.) and polycyclic ring systems (naphthyl and quinolinyl, etc.). The
polycyclic rings may have two or more rings in which two atoms are common to two
adjoining rings (the rings are “fused”) wherein at least one of the rings is aromatic, e.g., the
other rings can be cycloalkyls, cycloalkenyls, aryl, heterocycles and/or heteroaryls. The aryl
group may be optionally substituted with one or more substituents selected from halogen,
alkyl, -CN, -NO,, -CO5R, -C(O)R, -O-R, -N(R™),, -N(RMC(O)R, -N(RMS(O),R, -SR, -
C(OIN(RM);, -OC(O)R, -OC(O)N(RM),, -SOR, -SO;R, -SO3R, -S(0).N(R™),, -SiR;, -P(O)R,
phosphate, phosphonate, cycloalkyl, cycloalkenyl, aryl and heteroaryl.

[0073] The term “arylsulfonyl” as used herein contemplates a sulfonyl group which has as a
substituent an aryl group. The term is meant to include, without limitation, monovalent as
well as multiply valent aryls (eg, divalent aryls).

[0074] The term “carbamoy!” as used herein contemplates a group of the structure

——C—NRVN,

[0075] The term “carbonyl” as used herein contemplates a group of the structure
ﬁ

____..._C____

[0076] The term “carboxyl” as used herein contemplates a group of the structure
ﬁ
c

[0077] The term “cycloalky]l” as used herein contemplates substituted or unsubstituted

0]

cyclic alkyl radicals containing from three to twelve carbon atoms and includes cyclopropyl,
cyclopentyl, cyclohexyl and the like. The term “cycloalkyl” also includes polycyclic systems
having two rings in which two or more atoms are common to two adjoining rings (the rings
are “fused”). The cycloalkyl group may be optionally substituted with one or more

substituents selected from halo, -CN, -NO,, -CO5R, -C(O)R, -O-R, -N(RY),, -NRMC(OR, -
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NRMS(0O)R, -SR, -C(O)NRM),, -OC(O)R, -OC(O)NRY),, -SOR, -SO:R, -S(0),NRM),,
phosphate, phosphonate, alkyl, cycloalkenyl, aryl and heteroaryl.

[0078] The term “cycloalkenyl” as used herein contemplates substituted or unsubstituted
cyclic alkenyl radicals containing from four to twelve carbon atoms in which there is at least
one double bond between two of the ring carbons and includes cyclopentenyl, cyclohexenyl
and the like. The term “cycloalkenyl” also includes polycyclic systems having two rings in
which two or more atoms are common to two adjoining rings (the rings are “fused”). The
cycloalkenyl group may be optionally substituted with one or more substituents selected from
halo, -CN, -NO,, -COR, -C(O)R, -O-R, -N(RY),, -NRMC(O)R, -NRMS(O):R, -SR, -
C(O)N(RM, -OC(O)R, -OC(O)N(R™),, -SOR, -SO2R, -S(0),N(R™),, phosphate,
phosphonate, alkyl, cycloalkenyl, aryl and heteroaryl.

[0079] The term “halo” or “halogen’ as used herein includes fluorine, chlorine, bromine
and iodine.

[0080] The term “heteroalkyl” as used herein contemplates an alkyl with one or more
heteroatoms.

[0081] The term “heteroatom”, particularly within a ring system, refers to N, O and S.

[0082] The term “heterocyclic group,” “heterocycle” or “heterocyclic ring” as used herein
contemplates substituted or unsubstituted aromatic and non-aromatic cyclic radicals having at
least one heteroatom as a ring member. Preferred heterocyclic groups are those containing
five or six ring atoms which includes at least one hetero atom and includes cyclic amines
such as morpholino, piperidino, pyrrolidino and the like and cyclic ethers, such as
tetrahydrofuran, tetrahydropyran and the like. Aromatic heterocyclic groups, also termed

“heteroaryl” groups, contemplates single-ring hetero-aromatic groups that may include from

one to three heteroatoms, for example, pyrrole, furan, thiophene, imidazole, oxazole, thiazole,

triazole, pyrazole, oxodiazole, thiadiazole, pyridine, pyrazine, pyridazine, pyrimidine and the
like. The term heteroaryl also includes polycyclic hetero-aromatic systems having two or
more rings in which two or more atoms are common to two adjoining rings (the rings are
“fused’”) wherein at least one of the rings is a heteroaryl, e.g., the other rings can be
cycloalkyls, cycloalkenyls, aryl, heterocycles and/or heteroaryls. Examples of polycyclic
heteroaromatic systems include quinoline, isoquinoline, cinnoline, tetrahydroisoquinoline,
quinoxaline, quinazoline, benzimidazole, benzofuran, benzothiophene, benzoxazole,
benzothiazole, indazole, purine, benzotriazole, pyrrolepyridine, pyrrazolopyridine and the
like. The heterocyclic group may be optionally substituted with one or more substituents
selected from the group consisting of halo, alkyl, -CN, -NO,, -CO;R, -C(O)R, -O-R, -N(RN)Z,
-NRMC(O)R, -NR™MS(O)R, -SR, -C(O)NRY),, -OC(O)R, -OC(O)N(RM),, -SOR, -SOR, -
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SOsR, —S(O)ZN(RN)Z, -SiR3, -P(O)R, phosphate, phosphonate, cycloalkyl, cycloalkenyl, aryl

and heteroaryl.

[0083] The term “oxo0” as used herein contemplates an oxygen attached with a double bond.
[0084] By “pharmaceutically acceptable” or “pharmacologically acceptable” is meant a
material which is not biologically or otherwise undesirable, i.e., the material may be
administered to an individual without causing any undesirable biological effects or
interacting in a deleterious manner with any of the components of the composition in which it
is contained.

“Pharmaceutically acceptable salt” refers to a salt of a compound of the invention which is
made with counterions understood in the art to be generally acceptable for pharmaceutical
uses and which possesses the desired pharmacological activity of the parent compound. Such
salts include: (1) acid addition salts, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like; or formed with
organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid,
glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene- 1-carboxylic acid, glucoheptonic
acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid and the like; or (2) salts formed when an acidic proton present in the parent
compound is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion or an
aluminum ion; or coordinates with an organic base such as ethanolamine, diethanolamine,
triethanolamine, N-methylglucamine, morpholine, piperidine, dimethylamine, diethylamine
and the like. Also included are salts of amino acids such as arginates and the like, and salts
of organic acids like glucurmic or galactunoric acids and the like (see, e.g., Berge et al.,
1977, J. Pharm. Sci. 66:1-19).

[0085] The terms “phosphate” and “phosphonate” as used herein refer to the moieties

having the following structures, respectively:

—0-P-OR  —P-OR
OR OR
[0086] The terms “salts” and “hydrates” refers to the hydrated forms of the compound that

would favorably affect the physical or pharmacokinetic properties of the compound, such as
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solubility, palatability, absorption, distribution, metabolism and excretion. Other factors,
more practical in nature, which those skilled in the art may take into account in the selection
include the cost of the raw materials, ease of crystallization, yield, stability, solubility,
hygroscopicity, flowability and manufacturability of the resulting bulk drug.
[0087] The term sulfonamide as used herein contemplates a group having the structure

O

——S——NRV,

O

[0088] The term “sulfonate” as used herein contemplates a group having the structure

o wherein R® is selected from the group consisting of hydrogen, C,-Cg alkyl,
C2-Cyp alkenyl, C;-Cjp alkynyl, C,-Cj¢ alkanoyl, or C;-Cyg alkoxycarbonyl.
[0089] The term “sulfonyl” as used herein contemplates a group having the structure

O

._.___.S..._._.

[0090] “Substituted sulfonyl” as used herein contemplates a group having the structure

o including, but not limited to alkylsulfonyl and arylsulfonyl.
[0091] The term “thiocarbonyl,” as used herein, means a carbonyl wherein an oxygen atom
has been replaced with a sulfur.
[0092] Each R is independently selected from hydrogen, -OH, -CN, -NO,, halogen, C; to
Cis alkyl, C; to Cy, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycle, aryl, heteroaryl,
aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate,
sulfonamide, amino, and oxo.
[0093] Each R" is independently selected from the group consisting of hydrogen, -OH, C;
to Cyz alkyl, C; to Cy; heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycle, aryl, heteroaryl,
aralkyl, alkoxy, alkoxycarbonyl, alkanoyl, carbamoyl, substituted sulfonyl, sulfonate and
sulfonamide. Two RY may be taken together with C, O, N or S to which they are attached to
form a five to seven membered ring which may optionally contain a further heteroatom.
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[0094] The compounds of the present invention may be used to inhibit or reduce the
activity of HCV, particularly HCV’s NS5B protein. In these contexts, inhibition and
reduction of activity of the NS5B protein refers to a lower level of the measured activity
relative to a control experiment in which the cells or the subjects are not treated with the test
compound. In particular aspects, the inhibition or reduction in the measured activity is at
least a 10% reduction or inhibition. One of skill in the art will appreciate that reduction or
inhibition of the measured activity of at least 20%, 50%, 75%, 90% or 100%, or any number
in between, may be preferred for particular applications.

[0095] In a first aspect of the invention, compounds of formula I are provided:
R?

(U M

L2 I@@IZ—W

L/LS V'X\Y

|
wherein,
L', L?and L’ together with the attached carbons of the aromatic ring to form a 5-12 member
ring, containing 0-4 heteroatoms of N, O, S, P and/or Si;
L L% orL3is independently selected from a group of divalent substituents consisting of a
bond, -O-, -C(R"R')-, -NR*-, -S(0),-, -P(0)-, -Si(R*R®)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloaikoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;
nis0, 1, or 2;
U or V is independently CH, N, CF, CCl, or CCN;
W, X, or Z is independently C or N;
Y is NRY, N, O, S, Se, or -CR*R";
RYis hydrogen, C, 4 alkyl, Cs¢ cycloalkyl, Cs.5 heterocycle, aryl, heteroaryl, amide,
sulfonamide, or carbamate;
R* R’ is independently hydrogen, methyl, or together form a Cs.¢ cycloalkyl bearing 0-1
heteroatom of O or NR?;
R is selected from hydrogen, halide, -CF;, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NR")OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHRS, -
N N«
I R
CH(CN)NHR’, -S(O),NHR, -C=NCN)NHR'}, H , H ., H _or H ;
R? is a substituted or unsubstituted aryl or heteroaryl;
R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl;
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R is hydrogen, allyl, C;.4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C; 4 alkyl, cyclopropyl, C, 4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;

RS, Rg, Rm, orRMis independently hydrogen, C;.4 alkyls, cyclopropyl, C; 4 alkoxys, or
cyclopropoxy; and

R, R"is independently hydrogen, hydroxyl, azide, C, 4 alkenyl, Cy.4 alkynyl, C;_4 alkyl,
cyclopropyl, C.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C 4
alkenylidene or R"> and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR" and/or S; and

dﬁ

[0096] In a first embodiment of the first aspect, L/L Y is selected from the

1

(v R (o
12 j@jg* b l\ R? 12 mR?—
3 L3

group consisting of b"

\ 2b3mR2 r\um (\UI/‘/\fg_z
| R L bLa N\N b[} N‘N R

F

1 1 F R? R
L/L3 t/La L3 SN bLS Nf:zs

Wi (\U i
& I I 5-s b mRZ
L3 L3

L', L? and L’ together with the attached carbons of the aromatic ring form a 5-12 member

wherein,

ring, containing 0-4 heteroatoms of N, O, S, P and/or Si;

L, L% or L¥is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(RR™®)-, -NR*-, -§(0),-, -P(O)-, -Si(R*R%)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;
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R! is selected from hydrogen, halide, -CF;, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -

C(O)N(OH)R’, -C(=NR7)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?, -

N N /N\” /N\hJ

CH(CN)NHR?, -S(0),NHR ", -C(=NCN)NHR | %{uj %{ﬁ] _§_<H’N, or %{ﬁ'N :

R? is a substituted or unsubstituted aryl or heteroaryl;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R® is hydrogen, allyl, C, alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C,.4 alkyl, cyclopropyl, C;.4 alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl;

R® R’ R orR"is independently hydrogen, C;.4 alkyls, cyclopropyl, C; 4 alkoxys, or

cyclopropoxy;

R'®, R'® is independently hydrogen, hydroxyl, azide, C,4 alkenyl, C,.4 alkynyl, C;4 alkyl,

cyclopropyl, C.4 alkoxy, or cyclopropoxy or R'® and R'® together are a carbonyl or Cy4

alkenylidene or R and R' joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

e
’\Y

[0097] In a second embodiment of the first aspect, is selected from
R‘I
R!
Kﬂ § =
| R? L2 | R2 3
bﬁ bL

the group consisting of ,
R! 1 R
R
Lt 1 1
¢ (\%
e e N (s

wherein,

LI, L?and 1} together with the attached carbons of the aromatic ring form a 5-9 member ring,
containing 0-4 heteroatoms of N, O, S, P and/or Si;

L', L? or L% is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(RPR'®)-, -NR?-, -S(0),-, -P(O)-, -Si(R*R?)-, -C(0)-, -C(O)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,

carbamate, urea, and sulfonamide;
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nis0, 1, or2;

R! is selected from hydrogen, halide, -CF;, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -

C(O)N(OH)R’, -C(=NR")OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHRS, -

+ T R

CH(CN)NHR’, -S(0),NHR ', -C(=NCN)NHR "', N , N , b ,or N :

R?is a substituted or unsubstituteed aryl or heteroaryl;

R is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R®is hydrogen, allyl, C,4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, Cy.4 alkyl, cyclopropyl, C1.4 alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl,

RS, R9, RIO, orR"is independently hydrogen, C;_4 alkyls, cyclopropyl, C;.4 alkoxys, or

cyclopropoxy; and

RP , R'%is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cs.4 alkynyl, C;4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R" and R"® together are a carbonyl or Cy4

alkenylidene or R'¥ and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NRM and/or S; and

[0098] In a third embodiment of the first aspect, R!is hydrogen, halide, —C(O)ORs—, -

C(O)NHR’, -C(=NR7YOMe, -C(O)N(OH)R’, -C(=NOMe)NHR’, C(=NOH)NHR, -

YT+

CH(CE)NHRY, -cHCNNHR®, 8 , N . N o N wherein,

RCis hydrogen, allyl, C,.4 alkyl, cyclopropyl, or benzyl;

R’ is hydrogen, C,.4 alkyl, cyclopropyl, C;.4 alkoxy, cyclopropoxy, alkylsulfonyl, or

cycloalkylsulfonyl; and

R:E R R orR" s independently hydrogen, C;_4 alkyls, cyclopropyl, Ci.4 alkoxys, or

cyclopropoxy.

[0099] In a fourth embodiment of the first aspect, Rlis hydrogen, Br, 1, -COOH, -

C(0)OMe, -C(0O) OEt, -C(0)O 1Bu, -C(O)NHMe, -C(O)NHOMe, -C(=NOMe)NHMe, -

C(=NOH)NHMe, -C(=NMe)OMe, -C(O)N(OH)Me, -C(O)NHS(O),Me, -CH(CF;)NHMe, -
HI 1+

CH(CN)NHMe, -C(=NCN)NHMe, N , H , H L or N .
+)

[0100] In a fifth embodiment of the first aspect, R' is -C(O)NHMe or E‘
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0,---- N(\OO O0ONH HO 1-41 0\OO0"0 (" \SIO-4)T 1-4__...0\ 0 HO -4
0-4 1 s=0 ,S\4 0"01-4(,), Nt 0-41, s,..., \OHON ", - 1410/8\’?0

0"0(r""'. We20120581251\r' - 141 S.\--C) NOHX ,----(>4 1- BNTAuszo_llms739s_-,g,,
oo 2,0 --tS0 1-31\r' L O-.::;,,,, € O& HON :3-S=0 0 o -2S11\1).. 12-g=0 O

1-3 o-,g 0 -1V/0-4", 1-3N,,,,.., 0z..-/g.,

[0101] In a sixth embodiment of the first aspect, R’ is selected from the group consisting of
P g

& (R?) (R (R™), e
@ , @ , o) , A/\'\D, A’\b, E‘\D’A,
R e Py . (R
W 54
At R <R12>m,%D\AIBL " L) and
(R™)

m
wherein,

Each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;

R is selected from the group of hydrogen, halide, -CN, -OCHF,, -OCF;, alkyl, cycloalkyl,
alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,
sulfonamide, carbamate;

mis 0,1, 2,3, or4;

G is O, NR", S, or CR'R";

AisN, O, S, or or CR*R®; and

D, E is independently C or N.

[0102] In a seventh embodiment of the first aspect, R? is selected from the group consisting

(R"?)

12 i R (R, R,
(R")m %‘< >‘G (R, 0 . .

+0) J b 5
of 0] A A

b k4 »

R12)m

(
W JOO
wherein,

Each phenyl moiety is optionally substituted with 0-2 nitrogen atoms;

R is selected from the group of hydrogen, halide, -CN, -OCHF;, -OCF;, alkyl, cycloalkyl,
alkoxy, cycloalkoxy, arylalkyl, aryloxy, alkenyl, alkynyl, amide, alkylsulfonyl, arylsulfonyl,
sulfonamide, carbamate;

misO0,1, 2,3, ord;

G is O, NR", S, or CR’R";

AisN, O, S, or CR'R" and

D, E is independently C or N.
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[0103] In an eighth embodiment of the first aspect, R? is selected from the group consisting

(halide)q (halide)q.

(halide)s (halide)q.2
H ) )
of@ %@CH CFs, CHE,,

. »

oo
w
._.55
= Q
O
1
1
«Q

P_
o

olg_o
~I

(halide)q.o (halide)o » (halide)q_»
o H

G(halide)g_z @(Sé(halidE)o-z @‘N (halide)y.

? » ’

(halide)y.,

> (halide)q.,
O (halide)q. QO

O and 0) wherein, each phenyl moiety is optionally

O

O - Q

[0104] In a ninth embodiment of the first aspect, R%is or F.
(> Lig

L2
[0105] In a tenth embodiment of the fist aspect, b"sjf‘ is selected from the group

2 2 ’
%;ﬁ‘ (o
&R:g\)éo ( n N\Sji‘ ( n N\R13 ( n N‘R13 R4 nN‘R13 t:z%

.. b b
consisting of o o, R R [ RR , R R

) /_\ng{ (\“;é ((hetero)aryl{
(hetero)aryl
uEXL L <
(hetero)arytj{, and 2\_/(‘ wherein,

substituted with 0-2 nitrogen atoms.

Ll, Lz, orL’is independently selected from the group consisting of a bond, -O-, —C(R]SR]G),
-NR™-, -S$(0)y-, -P(O)s-, -Si(R*R?)-, -C(O)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;
nis0, 1,or2;
R’ is selected from hydrogen, halide, -CFs, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHR?, -

%]ﬂ]%7-ﬁﬁ
CH(CN)NHR’, -S(O),NHR'®, -C(=NCN)NHR"!, H | ,or  H
R? is a substituted or unsubstituted aryl or heteroaryl;
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R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R*and R® are independently methyl, ethyl, or cyclopropyl;
Ris hydrogen, allyl, C;4 alkyl, cyclopropyl, or benzyl,;
R’is hydrogen, C,.4 alkyl, cyclopropyl, C,.4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
RS, Rg, RIO, or RM is independently hydrogen, C;.4 alkyls, cyclopropyl, C;_4 alkoxys, or
cyclopropoxy;
R is independently C,.3 alkyl, cyclorpopyl, -OMe, or -NHMe;

Bis independently hydrogen, -Ac, or —S(O),Me;
R™is independently hydrogen or Me;
R", R is independently hydrogen, hydroxyl, azide, Cy.4 alkenyl, Cy.4 alkynyl, Cy.4 alkyl,
cyclopropyl, C,4 alkoxy, or cyclopropoxy or R%and R'® together are a carbonyl or C 4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and
A' or A? is independently -CR*R®-, -N(R™)-, or -O-.

L1
L
[0106] In an eleventh embodiment of the fist aspect, &/LS% is selected from the group
L1
Ly
O p TN
% G C C
R1ZS\\=O 7&

.. b
consisting of o , R* R (heterojaryts and LK/L wherein,

hetero)aryl\y{

L', L2, or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR’-, -§(0),-, -P(O)-, -Si(R'R’)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;
nisO0, 1, or2;
R' is selected from hydrogen, halide, -CFs, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CF;)NHRS?, -

N N

I R

CH(CN)NHR’, -S(O),NHR'’, -CNCN)NHR'!, H |, H , H _or H
R? is a substituted or unsubstituted aryl or heteroaryl;
R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl,
R* and R’ are independently methyl, ethyl, or cyclopropyl;
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R is hydrogen, allyl, C,.4 alkyl, cyclopropyl, or benzyl;
R’ is hydrogen, Cy4 alkyl, cyclopropyl, C; alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
R3, Rg, Rw, orR" is independently hydrogen, C; 4 alkyls, cyclopropyl, C;.4 alkoxys, or
cyclopropoxy;
R"?is independently C; 3 alkyl, cyclorpopyl, -OMe, or -NHMe;
RS R s independently hydrogen, hydroxyl, azide, C,4 alkenyl, C;.4 alkynyl, C,4 alkyl,
cyclopropyl, C;_4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or C; 4
alkenylidene or R" and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRY and/or S ;and
A? is independently -CR*R®-, -N(R™)-, or -O-.
al
(L &,N%

[0107] In a twelfth embodiment of the fist aspect, b" O wherein,

L'or L? is independently selected from the group of divalent substituents consisting of a

bond, -O-,-C(R"R'®)-, -NR*, -8(0),-, -P(O)-, -Si(R'R%)-, -C(0)-, -C(0)O-, and substituted

alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,

carbamate, urea, and sulfonamide;

nis0, 1, or 2;

R! is selected from hydrogen, halide, -CF3, -CN, -C(O)H, —C(O)ORG—, —C(O)NHR7, -

C(O)N(OH)R’, -C(=NMe)OMe, -C(=NOMe)NHR’, C(=NOH)NHR’, -CH(CFg)NHRS, -
I J SRl

CH(CN)NHR’, -S(0),NHR'’, -C(=NCN)NHR'!, N , ,or N :

R? is a substituted or unsubstituted aryl or heteroaryl;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl; and

R'" and R'® are independently hydrogen, hydroxyl, azide, C,.4 alkyenes, C, 4 alkynes, Cy4

alkyls, , cyclopropyl, C;.4 alkoxys, or cyclopropoxy or R'% and R'® together are a carbonyl or

C;.salkenyls.

[0108] In asecond aspect of the invention is a compound has the structure:
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"--Nk 0-3 g=0 Il o0 o-
R1
(T
L2 | \ R2
LN o
\SCO
R12\\O
wherein
(\L.]‘;\ 26 G *
LN% N%" Nk N?{ N322
O\ \//O \//O ‘//O
S\ /S\\ A a
R O is selected from the group consisting of o o, o,
ééé@@dg%o
N S/i \ \\ \\ S/: NS 3
/\o "0 | /‘o,/o 70, "0, /‘, o,
‘/O ‘ ‘ ‘//O /,O //O
s \‘ A \‘ s \\o % /S\‘O /S\\O
N\S// \ S/ //O //O
/\\o, 70, /‘\o, 70, /“ 770 | /“o,
F
ko VW& A
N &'\'%o & }i N% &Nko
/ \\O / \\O 7 \\ /S\\ /S\\O
O
OH
©/\OJ<N . » QC& q /éé [k ; [{é{
N%‘ Nk
I °
7 \\O Ve \\O 7 \\O / \\0 / \O 7/ “\O 7 \\O

2 s s >
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Q.0
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X _x L x
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7 \\O /\\O / \\O 7 \\O
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N N
L0 +20 N //O -0 -0 +20 -0
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oLk ok ok O
s ™
N NG HO 3; —s 32 N
e 50 L0
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R is selected from the group consisting of H | H , and H

and R? is selected from the group consisting of
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: O
O
[0109] R may be H and R* may be or F.

One Group of exemplary high-activity compounds are identified by ID NOS: B3, B15, B20,

B33, B35, B45, B67, B85, B92, B94, B107, B118, B120, B121, B127, B128, B130, B131,

B132, B138, B139, B145, B148, B158, B163, B168, B169, B171, B187, B190, B191, B192,
B196, B197, B198, B201, B207, B208, B212, B214, B218, B221, B226, B232, B233, B236,

B237, B238, B239, and B240 in Appendix A, and a second group of high-activity compounds

are identified by ID NOS: B2, B3, B4, B6, B7, B9, B16, B18, B19, B22, B29, B31, B32,
B34, B36, B47, B48, B54, B55, B57, B60, B63, B71, B84, B93, B100, B101, B106, B108,

B109, B111, B112, B113, B115, B116, B119, B123, B124, B134, B136, B137, B142, B144,
B146, B147, B150, B151, B153, B154, B155, B156, B157, B159, B160, B161, B162, B164,
B165,B166,B167, B170, B172, B173, B174, B175, B176, B178, B179, B180, B181, B183,
B184, B186, B188, B189, B193, B195, B199, B200, B202, B203, B204, B205, B210, B215,
B216, B217, B219, B220, B222, B223, B224, B225, B227, B228, B229, B230, B231, B234,

B235, and B241.

[0110] As can be appreciated, the compounds in this embodiment may be subdivided into
(v
Cs,

\\

subsets wherein R0 is:

(i) a 7 or 8 member aliphatic ring, as exemplified by compounds BS, B15, B35, B67,

B85, B92, B120, B130, B198, B94, and B130;

(i1) a 7 or 8 member ring having an internal oxygen atom, as exemplified by
compounds B45, B118, B148, B197, B168, B187, B190; B192, B196, B207, B214, B191,
B212, B218, B221, B222, B226, B232, B233, B236, B237, B238, B239, and B240;

(1i1) a 7 or 8 member ring having a second internal nitrogen atom, as exemplified by

compounds B107, B139, B145, B171, and B208; and
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d ' or.,.g_ 9 NaO-Pcs-NO 00,14 0 9L KO--O K s--00-1", O ' 09 0-P-0l Ca

e6 \-o (r) a0O,,,,. 4.-.. 00 004-0 e6\--0\c, (7N \ O --OH. .-rg 0O H2N
HCl 0 a.w0-2012/058125. O\ N/ HCINk o - _-.;,_of 0O J-OPENUS2HTIOSTS. ., ...
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0o-,9,. d O 2N, HC, o- , --,s,

(iv) a fused 7 or 8 member ring, as exemplified by compounds B127, B128, B131,
B132, B138, B158, B163, B169, B189, and B201.

[0111] In a third aspect of the invention is a compound of formula II.

177 O /
(\U R NH
=
L2 ~ | Ny_R2
N Tv7 0

Wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'orL?is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(RPR')-, -NR>-, -S(0)y-, -P(O)-, -Si(R*R%)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R’ is an aryl or heteroaryl and may be substituted with one or more R'7 substituents,

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

RIS, R'®is independently hydrogen, hydroxyl, azide, C,4 alkenyl, Cp4 alkynyl, C,_; alkyl,
cyclopropyl, C;4 alkoxy, or cyclopropoxy or R'* and RS together are a carbonyl or Ci4
alkenylidene or R" and RS joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and;

R" is H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0112] In a fourth aspect of the invention is a compound that has the structure:

R17

R

C L1f>4$7R2

&/N\ o N~
‘Wherein,
L', L? and -N(SO;Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;
L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR>-,-S(0),-, -P(O)-, -Si(R*R%)-, -C(0O)-, -C(0)O-, and substituted
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alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R?is an aryl or heteroaryl and may be substituted with one or more R'7 substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R® are independently methyl, ethyl, or cyclopropyl;

R" and R'® are independently hydrogen, hydroxyl, azide, C,.4 alkyenes, C, 4 alkynes, C; 4
alkyls, , cyclopropyl, C;.4 alkoxys, or cyclopropoxy or R and R'® together are a carbonyl or
Cj.4 alkenyls; and

R"is H, F, Cl, or CN.

[0113] In a fifth aspect of the invention is a compound of formula I'V.

0 /
(-\U NH
bf}l ~ N
=0
/S‘b v

Wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L% is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"’R'®)-, -NR™-, -8(0),-, -P(0)-, -Si(R*R’)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;

R*is an aryl or heteroaryl and may be substituted with one or more R'7 substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R*and R’ are independently methyl, ethyl, or cyclopropyl; and

RV , R'¢is independently hydrogen, hydroxyl, azide, C;.4 alkenyl, Co.4 alkynyl, C; 4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C;4
alkenylidene or R andR' joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

R"is H, F, Cl or CN.

[0114] In a sixth aspect of the invention is a compound of formula V.
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Wherein,

L', L? and -N(SO;Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group consisting of a bond, -O-, -C(RR®)-, -
NRY-, -S(0)y-, -P(O)-, —Si(R4R5)-, -C(0)-, -C(O)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;

nis0, 1, or 2;

RV is hydrogen, C,.4 alkyl, Cs.¢ cycloalkyl, C4s heterocycle, aryl, heteroaryl, amide,
sulfonamide, or carbamate;

R” is an aryl or heteroaryl and may be substituted with one or more R'7 substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsuifonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R R s independently hydrogen, hydroxyl, azide, C,4 alkenyl, C,.4 alkynyl, Cy4 alkyl,
cyclopropyl, Ci.4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or Cy 4
alkenylidene or R'> and R joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S;

R"is H, F, Cl or CN; and

Vis CH, N, CF, CC], or CCN.

[0115] In a seventh aspect of the invention is a compound of formula VL

17 O /
et R NH
L2 _ l\ R2

N
=0
/S‘b Vi

Wherein,
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L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR>-, -S(0),-, -P(0)-, -Si(R*'R>)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or 2;

R*is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R are independently methyl, ethyl, or cyclopropyl;

R , R'®is independently hydrogen, hydroxyl, azide, C,4 alkenyl, C; 4 alkynyl, C;4 alkyl,
cyclopropyl, C14 alkoxy, or cyclopropoxy or R'® and R'® together are a carbonyl or Cy 4
alkenylidene or R and R® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S;

RY s H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0116] In an eighth aspect of the invention is a compound of formula VIIL

Wherein,

L', L and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R®)-, -NR’-, -S(0),-, -P(O)-, -Si(RR%)-, -C(0O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or 2;

R%is an aryl or heteroaryl and may be substituted with one or more R’ substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;
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R R s independently hydrogen, hydroxyl, azide, C,4 alkenyl, Cy.4 alkynyl, C,.4 alkyl,
cyclopropyl, C;_4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C; 4
alkenylidene or R' and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S; and

R"is H, F, Clor CN.

[0117] In a ninth aspect of the invention is a compound of formula VIII.

(\ 1 R NH

L

12 ~ | N _R2

bw v© 0
/S\S Vil

Wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

Llor L% is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR>-, -S(0),-, -P(O)-, -Si(R*R’)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;

R%is an aryl or heteroaryl and may be substituted with one or more R substituents,

R is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R R is independently hydrogen, hydroxyl, azide, Cy.4 alkenyl, C,.4 alkynyl, C; 4 alkyl,
cyclopropyl, C;4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C; 4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S;

R is H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0118] In a tenth aspect of the invention is a compound of formula X.
N
—NH
(v
bf}l NN
/S\\: © X

Wherein,
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Ll, 1.2 and -N(SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L? is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"*R')-, -NR>-, -S(0)y-, -P(O)-, -Si(R*R®)-, -C(O)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis0, 1, or2;

R%isan aryl or heteroaryl and may be substituted with one or more R'” substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl; and

R'5, R" s independently hydrogen, hydroxyl, azide, C,4 alkenyl, C, 4 alkynyl, Cy 4 alkyl,
cyclopropyl, C,_4 alkoxy, or cyclopropoxy or R'® and R'® together are a carbonyl or Cy4
alkenylidene or R'® and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

R"is H, F, Cl or CN.

[0119] In an eleventh aspect of the invention is a compound of formula XT.

17 Nﬁ

(\ . R NH
L
~
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Wherein,

L' 1? and -N (SO,Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L?is independently selected from the group of divalent substituents consisting of a
bond, -O-, -C(R"R'®)-, -NR>-, -S(0)y-, -P(O)-, -Si(R*R’)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R? is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

RIS, R'%is independently hydrogen, hydroxyl, azide, C,4 alkenyl, Co.4 alkynyl, C, 4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R'® and R'¢ together are a carbonyl or C;4
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alkenylidene or R" and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR" and/or S;

R"is H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

[0120] In a twelfth aspect of the invention is a compound of formula XII.

Xl

Wherein,

L', L” and -N(SO;Me)- together with the attached carbons of the aromatic ring form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

Llor L?is independently selected from the group of divalent substituents consisting of a
bond, -O-, -CRR'®)-, -NR>-, -S(0),-, -P(O)-, -Si(R*R®)-, -C(0)-, -C(0)O-, and substituted
alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide,
carbamate, urea, and sulfonamide;

nis 0, 1, or 2;

R*is an aryl or heteroaryl and may be substituted with one or more R'” substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl,

R* and R® are independently methyl, ethyl, or cyclopropyl,

R', R is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, Cy.4 alkynyl, Cy4 alkyl,
cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or Cy 4
alkenylidene or R” and R'6 Jjoined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR" and/or S; and

R"is H, F, Cl or CN.

[0121] A thirteenth aspect of the invention provides a pharmaceutical composition
comprising the compounds of the invention.

[0122] A fourteenth aspect of the invention provides use of the compounds of the invention

in the manufacture of a medicament.

[0123] In a first embodiment of the fourteenth aspect the medicament is for the treatment of

hepatitis C.
[0124] A fifteenth aspect of the invention provides a method of treating hepatitis C
comprising administering to a subject in need thereof, a therapeutically effective amount of a

compound of the invention.
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General Synthesis

[0125] The compounds of the invention may be prepared by a variety of synthetic routes,
samples of them are illustrated in the synthetic schemes outlined below. In general, the
synthesis starts with constructing the central scaffolds such as benzofuran, benzothiophene,
imidazopyridine or pyrazolopyridine by employing various synthetic techniquesknown to
those skilled in the art. (e.g. in Heterocyclic Chemistry, J.A. Joule and K. Mills, J Wiley and
Sons, 2010.) . Once the properly subustituted cores are made, further functional group
manipulations including but not limited to chain elongation, amidation, esterification,
cyclization are performed as necessary to lead to the target molecules. When being allowed
chemically and in some cases necessary, the central cores may be preferred to be introduced
toward the end of the synthesis. Often, protection-deprotection and, in some cases, orthogonal
protection-deprotection strategies are required to accomplish the desired transformation.
More comprehensive descriptions of these synthetic methodologies, techniques can be in
found in these and other references: Comprehensive Organic Transformations, R.C. Larock
Ed., Wiley-RCH, 1999. Protective Groups in Organic Synthesis, T.W. Greene and P.G.M.
Wats, 3" ed. J Willey and Sons, 1999. .

[0126] The following abbreviations are used throughout this application:

ACN Acetonitrile

AcOH Acetic acid

aq Aqueous

Boc tert-Butoxycarbonyl

Bu Butyl

Cbz Benzoxylcarbonoyl

Concd. Concentrated

DBU 1,8-Diazabicyclo[5.4.0Jundec-7-ene
DCC N,N'-dicyclohexylcarbodiimide
DCM Dichloromethane

DEAD Diethyl azodicarboxylate
DIEA (DIPEA) Diisopropylethylamine

DMA N,N-Dimethylacetamide

DMB 2,4-Dimethoxybenzyl

DMAP N,N-dimethyl-4-aminopyridine
DME 1,2-Dimethoxyethane

DMF N,N-Dimethylformamide
DMSO Dimethylsulfoxide

51



0.14,s\.,-.:'-* 00 ----"%, _s,-:-.0"00-40-,,k-,..00 0-4 /. i
...... sz0\ 0Cs- N 04Nk -..:0\O-:"0-41"--0S" " "' -17 " A
0-4i s 0O wowoR/s8I2s''' < - """"A0-4 z O Rnk S--",-CpCW/U320d1/03398 ' ' O

0\
0-4 Nk 1 s""0\ Ocis- 0-4 N k"--0\ 00-4\ 0 0-41"0Cs- 0-4165-;"

\' 00. 0-4--0\ 004N

DPPA

dppp
dppf
DCI
ECso

ESI

EtsN, TEA
EtOAc, EtAc
EtOH

g

h or hr
HATU

Hex
HOBt
HPLC
ICs

LC-MS
uM
Mel
MeOH

mM
mmol

MaNP

MSH
mw
NBS
NIS
nM
NMO
NMP
NMR

Diphenylphosphoryl azide
1,3-Bis(diphenylphosphino)propane
1,1'-Bis(diphenylphosphino)ferrocene
1-Ethyl-3-[3-(dimethylamino) propyl]carbodiimide hydrochloride
Effective concentration to produce

50% of the maximal effect

Electrospray Ionization

Triethylamine

Ethyl acetate

Ethanol

Gram(s)

Hour(s)
2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

Hexanes

1-Hydroxybenzotriazole

High performance liquid chromatography
The concentration of an inhibitor that causes a 50 % reduction in a
measured activity

Liquid Chromatography-Mass Spectrometry
Micromolar(s)

Methyl Iodide

Methanol

Minute(s)

Millimolar(s)

Millimole(s)
2-Methoxy-2-(1-naphthyl)propionic acid
Mesyl, Methylsulfonyl
O-(mesitylsulfonyl)hydroxyamine
Microwave

N-Bromosuccinimide

N-ITodosuccinimide

Nanomolar(s)
N-methylmorpholine-N-oxide
N-methylpyrrolidinone

Nuclear magnetic resonance
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PE Petroleum ether

PG Protective Group

PPA Polyphosphoric Acid

PPh; Triphenylphosphine

Py, Pyr Pyridine

rt Room temperature

SEMC1 2-(Trimethylsilyl)ethoxymethyl chloride

TBAF Tetra-n-butylammonium fluoride

TEA Triethylamine

TfOH Trifluoromethanesulfonic acid

TFA Trifluoroacetic acid

THF Tetrahydrofuran

TLC Thin Layer Chromatography

TMSOTS Trimethylsilyl triflucromethanesulfonate

R Retention time

Ts Tosyl, Methylphenylsulfonyl

wiw Weight/weight

viv Volume/volume

[0127] Reagents and solvents used below can be obtained from commercial sources such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA). 'H NMR spectra were recorded on a
Bruker 400 MHz or 500 MHz NMR spectrometer. Significant peaks are tabulated in the
order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br s, broad
singlet), coupling constant(s) in Hertz (Hz) and number of protons. Electrospray spray
ionization (ESI) mass spectrometry analysis was conducted on a Hewlett-Packard 1100 MSD
electrospray mass spectrometer using the HP1 100 HPLC for sample delivery. Mass
spectrometry results are reported as the ratio of mass over charge, followed by the relative
abundance of each ion (in parentheses) or a single m/z value for the M+H (or, as noted, M-H)
ion containing the most common atomic isotopes. Isotope patterns correspond to the
expected formula in all cases. Normally the analyte was dissolved in methanol at 0.1 mg/mL
and 5 microliter was infused with the delivery solvent into the mass spectrometer, which
scanned from 100 to 1500 daltons. All compounds could be analyzed in the positive ESI
mode, using an acetonitrile/water gradient (10%-90%) acetonitrile in water with 0.1% formic
acid as delivery solvent. The compounds provided below could also be analyzed in the
negative ESI mode, using 2 mM NH4OAc in acetonitrile/water as delivery solvent.

Enantiomeric purity was determined using a Hewlett-Packard Series 1050 system equipped
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with a chiral HLPC column (ChiralPak AD, 4.6 mm x 150 mm) and isocratic elution using
5:95 isopropanol-hexane as mobile phase.

[0128] The compounds were named using ChemDraw program from Cambridge Soft Inc.
[0129] Scheme A describes a general approach to building fused rings with different sizes
that are attached to benzazole moieties and some chemical transformations on these fused
rings. Reduction of NO; substituted benzazole A-1, followed by sulfonylation gives A-3,
which is installed a substituted terminal alkyne to afford A-5. A [Pd]-mediated ring
cyclization (Heck reaction) forms A-6. Alternatively, A-6 can be prepared using A-7 as a
starting material for the Heck reaction. Hydrogenation of A-6 generates A-8, which can also
be obtained from A-10 by hydrogenation. A-10 can be converted from A-6 through an
isomerization. Cleavage of the double bond of A-6 using conditions such as onzonolysis
gives A-9, which can be readily converted into A-11 to A-21 following typical reduction, a-

alkylation, O-alkylation, elimination, and/or hydrogenation conditions.
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Scheme B
RY
R! X2 R!
Xt 3 /< B4 ™ Base g X! R /< Heck reaction /<
HNI@@'Z-RZ X2 = halide, -OMs or MNI@QZ—RE when X' is a halide @O
SI‘ OTs; m=0-5 m S’O
RS \b A-3 Rc \b B-2 RC ‘\o B-3
X' = halide,- OMe, -OiPr ‘ 1. demethylation
2. triflation
when X' = -OMe or -OiPr )
Heck reaction

I@O

R° O
[0130] Scheme B describes a general approach to B-3 bearing two substituents at the
benzylic carbon. N-alkylation of A-3 with B-1 gives B-2, which is readily converted to B-3
through an intra-molecular Heck reaction when X' is a halide. When X' is —OR (R =H, Me,

iPr etc), B-3 can be prepared using B-4 as a precursor.

Scheme C
RY__R® RIRN
| ,<R1 R RO R
3 cycloproponation N
(" A \YIZ—RZ _— ( %Z—Rz
NV PNV
=0 -0
RRD A6 Rc’s‘b c-1
Rd__Re R Rice
/<R1 Ri R
/ o N ~
( d@z—Rz cycloproponation : %Z“RQ
CASY AR
m '}l’ v 4 ITI o \% Y
cS\r CS\\’
R A-10 R o C-2
R‘]
Ay 4
( )2~ -R? cycioproponatlon
NV oy 7N
SZ
RO A3 RCS“
Ri
R h 1
f R
"7 f X ’<
( {_)Z~R?cycloproponation R ( {_)Z-R?
ml}j v Y mt?l VoY
RC’S\\’ :‘S\\:O
O A-18 R* 0 c4

[0131] Scheme C describes a general approach to cyclopropyl-substituted analogs C-1, C-
2, C-3 and C-4 from A-6, A-10, A-13 and A-18, respectively.
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mi Re RY oH RY 3
Re 1
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( %,:,/< Hydrobronation % ,2 nucleophne - @) L,
m A Z_RZ—————————————-» m i(_Z-R
NVY N '}’ vy
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[0132] Scheme D describes a general approach to analog D-2 from A-6. Hydroboration of
A-6 gives D-1, in which the —OH can be readily converted into its mesylate, toyslate, or

halide. Subsequent nucleophilic substitution with a nucleophile generates 1)-2.

Scheme E

Rt MO \(} _
he W= n=0-5'/, E+ /<
I i )Z-R? /< R2 — 2.
VE = Sonogashira reaction

when X! = halide

A-1
t= Me, -OiP
X' = halide,- OMe, -OiPr Sonogashira 1‘RCSOZC|, base
1. demethylation reaction 2. NaH, DMF
2. triflation ;
when X' = -OMe or -OiPr

o 1

R s
R! HO < /< ﬁ |/<IZ—R2
LN T n %Z-RZ O S?Xsy
I 2R ONTVTY &=

ON" VY . R A
2 o E-5 L1'SHC'2 O A4

2. R°S0O,Cl, nbase
3. NaH, DMF

RO A9
[0133] Scheme E describes an alternative approach to build fused rings with different sizes
that are attached to benzazole moieties. Sonogashira reaction of either A-1 or E-3 and E-1
gives E-2, which is hydrogenated to afford E-4. Selective sulfonylation of E-4, followed by
ring closure forms A-14. Conversion the the triple bond of E-2 into a carbonyl group,

followed by reduction of the —-NO,, sulfonylation and ring closure generates A-9.
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d e d
R._R " R %\M/U\CI
when X' = halide rgl/t[ € !
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[0134] Scheme F describes a general approach to analogs F-4 and F-7 from A-2.
Sulfonylation of F-1 with F-2 gives F-3, which undergoes cyclization to afford F-4.
Similarly, F-7 can be prepared using F-6 instead of F-2 to react with F-1.
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[0135] Scheme G describes a general approach to fused analogs G-6, G-7, G-8, G-12 and
G-14. Heck reaction of A-1 with G-1 gives G-2, which can also be prepared from E-2.

Reduction of G-2, followed by sulfonylation affords G-3, which is the key precursor to the

following transformations that give various fused analogs G-6, G-7, G-8, G-12 and G-14.

59



410 Scv '00"0 (-)-- \s/0-4 ,, N--'?- 1-41 -0 S\ 0 HO -4

Nk 0-4 1
so\\O 0-4,..., 00\ 0-4 HO,, I'* 1-41 - 0 SNO\e,...."\0-4 "" N5-
1-4-2-0 NQOHORASS1251-3N, --y, 0 ,----/g ..,,, 0' "" -S' 0G#/USIBN0ST%

-g,,, O 04 HON 1.3..g= c) Il 00 --/,--A00 SINk 12 g=0 Il o NO 1-3
o, cr --1104,-. 1-3NI5- o0.,../g..,_ 01 HO1 3NO-, -,s, O,
Scheme H
0
* Ar refers to substituted
tB”‘O"“"Ar’B(OH)z aromatics or heteroaromatics
(N H1
= t Bu~ tBu~
; OB . 1-4 op! O deprotection of -P’ O
xm , P'=H, TBS, Bn etc ﬁA R1 and reduction of -NO, yﬁ
U Z-R
IXS Suzuki coupling I R _/(’ I r?
Y 1
O2N VA1 when X' = halide " © HO
X' = halide, -OMe, -OiPr H3
Suzuki
1. demethylation Coﬂ;ﬁnlg Bu. 1. R°SO,Cl, base
2. triflation o 2. ring formation
when X' = -OMe or -OjPr o} R
R1 A .
O« (Bt :@62_'22
I JZ—R? N“VTY
ON™ VY 520
v -
E-3 1. deprotection REo  H4
2. Curtis rearrangement 1. deprotection
2. amide formation
— m - m
R R RS NH
N—R" 0 }:O
|}]H R1 ’IQH R'] ( Ar. /<
( Ar. /< Ar. . /< Q‘ I { )Z-R?
Er _)z-R? or <gt I i )z-R2 NTTVTY
NTVTY NTVTY §=0
i | A\
S = R* 0 Hs
RO H6 RE Y H-7
R° R
steps ( Ar =
H Q‘ I (_)Z-R?
P2-N-Ar-B(OH), X2 RSy H-9
H-8 R° = -CONHR™ -NHCONR™R", and -
tOFﬂ NHCOOR™ etc.
o )
P2 = -Boc, Chz efc. X2 = -CH,~, -CMey-, -C(iPr)-, -O-, -S-,
A1 and -§(0),_,- etc.
[0136]

Scheme H describes a general way to prepare H-5, H-6 and H-7. Suzuki coupling
of A-1 and H-1 gives H-2, which is converted to H-4 following the same strategy depicted in
Scheme E. Further transformations of H-4 may readily afford H-5, H-6 and H-7. Similarly,

H-9 can be synthesized by replacing A-1 with suitable starting materials.

60



(7., (').1-3-_ kNO—,g,” 100 \ 0 _,,, 1-3N" z- 0-.-1.g.". 0/

0 \ O((. ) 13N0g ,. 0/ 0,0 CDNo (O* ----*41. 1-3 0-,1 ,q,,
LNO41. 1-80ir2012/58125 si "---. - 0" -0 ----NH O( ) ( 1-3NPCT/US2011/05739%), , . .
0=--N---; 2r) 13N Ozz-g,... | 0, WN"'"f\I104y, 1-3NrcL. O0.-_-,,, O

, N, t7 NO4 ,.,". 1-3N-<, O-,-,0,, O ----- CNNM4oO. ,,,,

1-3NfE. 0z..-,9, 01 0 ,-1,-A Nk 13 =0

Scheme |
L! 0] X3 L
C j[/ I SEMCI or MOMCI, Et;N (\ I I Sonogasmra reaction (\LI ]\/
7Sy "on v ops
-1 X®=Brorl -2 X3=Brorl
3 = SEM or MOM
R? ° O/
[Pd] mediated one-pot
H (\U /U]\/ cyclization and carbonylation (\U U A\
> 1.2 l 12 I | R2
™Sy o (S0
-4 ‘ -5
[;%g\ﬂ:ggg 1. LIOH, THF/H,0
NIS or NBS y 2. NH,RP, HATU, DIEA,
o, F°
NH
Pors et
.6 X*=Brorl

[0137] Scheme I describes general ways to build a functionalized benzofuran moiety. O-
protection of I-1, followed by Sonogashira reaction with a substituted alkyne gives I-3, which
is de-protected in the presence of an acid to afford I-4. This compound undergoes a [Pd]-
mediated ring cyclization to form I-§, which can be readily converted to I-7 by following a
two-step sequence of saponification and amide formation. Alternatively, I-4 can be converted

to 1-5 through a two-step transformation of NIS or NBS-promoted cyclization and [Pd]

mediated carbonylation.

Scheme J

o
(\ I/ amma’uon (\L \‘ 0 L\&RZ
b b@ @ NH, | KoCO; DMF 13 N~N
J-1

1. LIOH, THF/H,0 &
2. NH,RP, HATU, DIEA
L/LlivI/

N~y

S

[0138] Scheme J describes a general way to build a functionalized pyrazole-pyridine
moiety. N-amination of J-1 gives pyridium salt J-2, which undergoes a ring cyclization with
alkynecarboxylate J-3 to form substituted pyrazole-pyridine J-4. Saponification of J-4,

followed by amide formation affords J-5.
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[0139] Scheme K describes a general way to build a functionalized imidazole-pyridine
moiety. Cyclization of substituted aminopyridine K-1 with bromo-ketoester K-2 gives the
cyclized product K-3, which can be readily converted to K-4 by following a two-step

sequence of saponification and amide coupling.

Scheme L

n BuLi, Bn,S,,
I I Sonogashlra reaction THF, -78°C to rt I
bL3 L3 b,_a
(\ [Pd], CO, MeOH 1. LiOH, THF/H,0O
I2 DCM I Ig‘ or n-BuLi, MeOOCCI I 2. NH,RP, HATU, DIEA
bL3

0 ,R"
(\ L'V {
tz/HI\v lS ©
L-6

[0140] Scheme L describes a general way to build a functionalized benzothiophene moiety.

Sonogashira reaction of L-1 with a substituted alkyne gives L-2, which is converted to thio-
ether L-3. An I,-promoted ring cyclization of L-3 affords benzothiophene L-4. The iodo
group can be readily transformed into a carboxylate to form functionalized L-§, which

undergoes saponification and amide formation to give L-6.
Scheme M

= O
[Cu] mediated N-arylation (\L (\U /U _
and |_2 N-Ar
L L3 \ ~ s
\¥} N

M-3
1. LiOH, THF/H,0
2. NH,RP, HATU, DIEA

1
L2 I I\N a0 CL [Pd] mediated
bLs t-/ N Ar carbonylat;on NH
J. Heterocycl Chem 2009, 46, 1309 I j\/?/
3

Org. Lett. 2009, 11,4270
Synlett 2007, 2509
Heterocycl. 2007, 71, 1755
Aust. J. Chem. 1988, 41, 1677

[0141] Scheme M describes general ways to build a functionalized 2H-indazole moiety. A

Cu-mediated N-arylation gives a mixture of 1H-inzaole M-2 and the desired 2H-indazole M-
62
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3. The latter can be readily converted to M-4 following a two-step sequence of saponification
and amide formation. Alternatively, 2H-indazole M-8 can be brominated at the C-3 position

to give M-6, which undergoes a [Pd]-mediated carbonylation to afford M-3.

Scheme N
O o] O/‘“
reduction of -NO, ;
I I ———~————————> |_2 I :eiCO gt and ring cyclization C quﬂw
t/ Base 13 bLs \v )
H
o N4
R
O 1
1. LiOH, THF/H,0 NH

2. NH,RP, HATU, DIEA (\ L1j:/u
2

[0142] Scheme N describes a general way to build a functionalized indole moiety. A
condensation of N-1 and keto-ester N-2 gives N-3. Reduction of N-3, followed by a ring
formation affords substituted indole N-4, which can be readily converted to N-5 by following

a two-step sequence of saponification and amide formation.
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[0143] Table 1. Substituted benzofuran analogs
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[0149] The following examples illustrate the preparation and antiviral evalution of
compounds within the scope of the invention. These examples and preparations which follow
are provided to enable those skilled in the art to more clearly understand and to practice the
present invention. They should not be considered as limiting the scope of the invention, but

merely as being illustrative and representative thereof.

5 COOH Scheme 1 o
1-2
/@\ Cul, Cu(OAc), /@ PPA MsCl, TEA
COOH — T
~0 NH, H,0 o H/\/ ~o N
1-3

/@:uj | PhpOHET ey /@%
R
"BuLi, THF ™0 N CH2 5, Tol

jij% BBry/DCM I% SEMCI \/@f% : 1-11
TEA  SEMO Pd(PPh3)2Cl>

Ms
Cul, P(t-Bu);
piperidine, DMF

HCI/dioxane NaOAc, KZCO3
PdCl,, CuCl, F
SEMO MeOH, CO

1-12 113

0
OH N
LiOH \/ _HATU, DIPEA
D e s
N
MeOH/THF O 5 F MeNHzHCI DMF
N

Ms

1-15 1-16
[0150] Step 1. Refer to Scheme 1. To a solution of compound 1-1 (40.0 g, 325 mmol) in
water (40 mL) were sequentially added compound 1-2 (12 g, 162 mmol), Cu(OAc), (0.6 g,
3.25 mmol) and Cul (0.6 g, 3.25 mmol). After stirring at 100 °C for 48 hrs, the reaction
mixture was cooled to rt and added 30% (w/w) aq. NaOH (20 mL). The resulting mixture was
extracted with EtOAc (60 mL x 3) and aq. phase was adjusted to pH 7 to 8 by adding concd.
aq. HCI. The resulting mixture was concentrated to remove water in vacuo and the residue
was purified by silica gel column chromatography (DCM/MeOH = 60/1 to 10/1 (v/v)) to give
compound 1-3 (18 g, 57% yield) as a brown solid. LC-MS (ESI): m/z 196 [M+H]".

[0151] Step 2. A mixture of compound 1-3 (40.0 g, 20.5 mmol) in polyphosphoric acid
(PPA) (100 mL) was mechanically stirred at 90 °C for 3 hrs. The mixture was cooled to 60 °C
and ice water (50 mL) was added with stirring for 30 min. Subsequently, the mixture was
extracted with EtOAc (120 mL x 3). The organic extracts were combined, washed with water

(40 mL) and brine (40 mL.), and dried over anhydrous Na,SQO4. The solvent was removed and
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the residue was purified by silica gel column chromatography (DCM/MeOH = 100/1(v/)) to
give compound 1-4 (18 g, 50% yield) as a yellow solid. LC-MS (ESI): m/z 178 [M+H]".
[0152] Step 3. A solution of compound 1-4 (4.00 g, 22.6 mmol) and Et;N (9.40 mL, 67.8
mmol) in DCM (200 mL) was added MsCl (6.46 g, 56.4 mmol) at 0 °C. After stirring at rt for
3 hrs, the reaction was quenched by adding ice water (250 mL) and the aq. phase was
extracted with DCM (100 mL x 2). The organic extracts were combined, washed with water
and brine, and dried over anhydrous Na;SO4. The solvent was removed that the residue was
purified by silica gel column chromatography (DCM/MeOH = 400/1(v/A)) to give compound
1-5 (4.5 g, 78% yield) as a yellow solid. LC-MS (ESI): m/z 256 [M+H]"; "H NMR (500
MHz, CDCl;): 6 8.02 (d, J =9 Hz, 1H), 7.27 (d,/J=3.5Hz, 1H),6.79(dd, J/; =9 Hz, J, =2
Hz, 1H), 4.19 (t, J = 6.5 Hz, 2H), 3.89 (s, 3H), 3.06 (s, 3H), 2.79 (t, / = 6.5 Hz, 2H) ppm.
[0153] Step 4. To a suspension of PhsPCH3Br (14.0 g, 39.2 mmol) in 130 mL of THF was
added n-BuLi (2.5 M in hexane, 15.7 mL, 39.2 mmol) at O °C. After stirring at 0 °C for 2 hr, a
solution of compound 1-5 (4.00 g, 15.7 mmol) in anhydrous THF (30 mL) was added. After
stirring at rt overnight, the reaction mixture was quenched by adding aq. NH4Cl (sat., 20 mL).
The mixture was extracted with EtOAc (600 mL x 2) and the combined organic extracts were
washed with water (100 mL) and brine (100 mL), and dried with anhydrous Na;SOy. The
solvent was removed and the residue was purified by silica gel column chromatography
(DCM) to give compound 1-6 (1.2 g, 30% yield). LC-MS (ESI): m/z 254 [M+H]"; '"H NMR
(500 MHz, CDCls): 8 7.75 (d, J=9 Hz, 1H), 7.12 (d, J = 2.5 Hz, 1H), 6.78 (dd, J; =9 Hz, J,
=3 Hz, 1H), 5.59 (s, 1H), 4.91 (s, 1H), 3.76 (s, 3H), 3.73 (t, J = 6 Hz, 2H), 3.08 (s, 3H), 2.70
(t, J = 6 Hz, 2H) ppm.

[0154] Step 5. To a solution of compound 1-6 (2.70 g, 10.7 mmol) in dry toluene (200 mL)
was added ZnEt; (1 M in hexane, 85.4 mL, 85.4 mmol), followed by CHxl, (46 g, 171mmol)
at 0 °C. After stirring at rt overnight, the reaction mixture was partitioned between EtOAc
(100 mL) and 5% HCI (100 mL). The organic layer was dried with anhydrous Na,SOy4 and
concentrated and the residue was purified by silica gel column chromatography (DCM) to
give compound 1-7 (2.1 g, 72% yield). LC-MS (ESI): m/z 268 [M+H]"; 'H NMR (500 MHz,
CDCl3): 8 7.33 (d, J = 2.5 Hz, 1H), 6.66 (dd, J; = 14 Hz, J, = 3 Hz, 1H), 6.61 (d, J =9 Hz,
1H), 3.95-3.92 (m, 2H), 3.78 (s, 3H), 2.91 (s, 3H), 1.81 - 1.83 (m, 2H), 1.01 (dd, J; = 6.5 Hz,
J2» =5 Hz, 2H), 0.85 (dd, J; = 6.5 Hz, J; = 5 Hz, 2H) ppm.

[0155] Step 6. To a solution of compound 1-7 (290 mg, 1.09 mmol) in DCM (10 mL) was
added NBS (194 mg, 1.09 mmol) at 0 °C. After stirring at rt for 1 hr, the reaction mixture was
concentrated and the residue was purified by silica gel column chromatography (Petroleum
ether/ethyl acetate = 10/1 (v/)) to give compound 1-8 (220 mg, 59% yield) as a yellow oil.

LC-MS (ESI): m/z 346 [M+H]*; 'H NMR (500 MHz, CDCLy): 3 7.39 (s, 1H), 6.84 (s, 1H),
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3.93 (t, J = 5.5 Hz, 2H), 3.88 (s, 3H), 2.90 (s, 3H), 1.81 (t, / = 5.5 Hz, 2H), 1.03 (t, / = 5 Hz,
2H), 0.89 (t, J = 5 Hz, 2H) ppm.

[0156] Step 7. To a solution of compound 1-8 (200 mg, 0.58 mmol) in CH,Cl; (6 mL) was
added BBr; (4 N in DCM, 0.6 mL, 2.4 mmol) at -20 °C. After stirring at 0 °C for 1 hr, the
reaction was quenched by adding ice-water (50 mL). The mixture was extracted with DCM
(50 mL x 2) and the combined extracts were washed with water and brine, and dried with
anhydrous NaySOy. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/ethyl acetate = 10/1 (v/)) to give compound 1-9
(120 mg, 63% yield) as a red solid. LC-MS (ESI): m/z 331 [M+H]; 'H NMR (500 MHz,
CDCls): 8 7.44 (s, 1H), 6.77 (s, 1H), 5.47 (br s, 1H), 3.89 - 3.92 (m, 2H), 2.95 (s, 3H), 2.90
(s, 3H), 1.81 (t, /= 5.5 Hz, 2H), 0.89 — 1.01 (m, 2H), 0.87 — 0.89 (m, 2H) ppm.

[0157] Step 8. To a solution of compound 1-9 (1.60 g, 4.82 mmol) in 30 mL THF was
added DMAP (30 mg) and TEA (1.46 g, 14.46 mmol). The resulting mixture was cooled to 0
°C and SEMCI (1.60 g, 9.64 mmol) was added. After stirring at rt for 10 hrs, the reaction
mixture was poured into water (50 mL) and extracted with EtOAc (60 mL x 3). The
combined organic extracts were washed brine (30 mL) and dried with anhydrous Na,SO,.
The solvent was removed and the residue was dried in vacuo to give crude compound 1-10
(2.2 g, 99% yield) as a yellow oil. LC-MS (ESI): m/z 485 [M+Na]".

[0158] Step 9. To a solution of compound 1-10 (1.60 g, 3.47 mmol) in 20 mL of DMF were
added 1-11 (0.50 g, 4.16 mmol), Cul (33 mg, 0.17 mmol), Pd(PPh3),Cl; (244 mg, 0.35
mmol), P(-Bu); (140 mg, 0.69 mmol) and piperidine (1.18 g, 13.9 mmol). The resulting
mixture was flushed with Ar and stirred at 80 °C overnight. Subsequently, the reaction
mixture was cooled to rt, poured into water (60 mL), and extracted with EtOAc (100 mL x 2).
The combined organic extracts were washed with water (50 mL x 3) and dried with
anhydrous Na;SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 10/1 (v/v)) to give compound 1-12 (780
mg, 45% yield) as a yellow oil. LC-MS (ESI): m/z 524 [M+Na]".

[0159] Step 10. To a solution of compound 1-12 (750 mg, 1.50 mmol) in dioxane (10 mL)
was added 4 N HCl/dioxane (2 mL). After stirring at rt for 2 hrs, the reaction mixture was
concentrated and the residue was dried in vacuo to give crude compound 1-13 (600 mg,
quantitative yield) as a yellow oil. LC-MS (ESI): m/z 372 [M+H]".

[0160] Step 11. To a solution of compound 1-13 (600 mg, 1.62 mmol) in MeOH (20 mL)
was added NaOAc (265 mg, 3.24 mmol), K;CO3 (448 mg, 3.24 mmol), PdClL, (28 mg, 0.16
mmol), and CuCl, (653 mg, 4.86 mmol). The resulting mixture was flushed with CO and
stirred at rt overnight under an atmosphere of CO. The mixture was diluted with EtOAc (80

mL) and filtered through Celite®545. The filtrate was washed with water (30 mL) and brine
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(30 mL), and dried with anhydrous Na;SO4. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum ether/acetone =16/1 (v/)) to give
compound 1-14 (70 mg, 10% yield) as a white solid. LC-MS (ESI): m/z 429 [M+H]".
[0161] Step 12. To a solution of compound 1-14 (70 mg, 0.16 mmol) in MeOH/THF (1
mL/2 mL) was added LiOH (0.65 mmol). After stirring at 70 °C for 2 hr, the reaction mixture
was cooled to rt and acidified by adding 1N aq. HCI (7 mL). The resulting mixture was
filtered and the solid was dried in vacuo to give compound 1-15 (60 mg, 91% yield) as a
white solid. LC-MS (ESI): m/z 454 [M+K]".
[0162] Step 13. To a solution of compound 1-15 (60 mg, 0.14 mmol) in DMF (1.5 mL) was
added HATU (66 mg, 0.17 mmol). After stirring at rt for 30 min, the mixture were added
DIPEA (181 mg, 1.40 mmol) and MeNH; HCI (47 mg, 0.70 mmol). The resulting mixture
was stirred at rt for 20 min and poured into water (50 mL). The suspension was filtered and
the obtained solid was purified by silica gel column chromatography (DCM/MeOH = 600/1
(v/v)) to give compound 1-16 (30 mg, 50% yield) as a white solid. LC-MS (ESI): m/z 429
[M+H]"; 'TH NMR (500 MHz, CDCl3): & 7.93 (s, 1H), 7.85 (dd, J; = 8.5 Hz, J, = 5.5 Hz, 2H),
7.26 (d, J =3 Hz, 1H), 7.19 (t, / = 8.5 Hz, 2H), 5.74 (br s, 1H), 3.99 (t, / = 6.0 Hz, 2H), 2.98
(d, J=5.0 Hz, 3H), 2.89 (s, 3H), 1.88 (t, /= 6.0 Hz, 2H), 1.17 - 1.19 (m, 2H), 0.90 —- 0.93
(m, 2H) ppm.

Scheme 2
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[0163] Step 1. Refer to Scheme 2. A suspension of NaH (16.1 g, 402 mmol) in anhydrous
DMF (300 mlL.) was cooled to 0 °C with stirring under argon, compound 2-1 (20.0 g, 134
mmol) in anhydrous DMF (200 mL) was added and the mixture was stirred at 0 °C under

argon for 1 hr. The mixture was then allowed to warm to rt and Mel (22.8 g, 161 mmol) was
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added. After stirring at 1t for 1 hr, the reaction was quenched by adding ice water (3000 mL).
The resulting mixture was extracted with EtOAc (500 mL x 3) and the combined organic
extracts were washed with water and brine and dried with anhydrous MgSQj. The solvent
was removed and the residue was dried in vacuo to give crude compound 2-2 (12.5 g, 65%
yield) as a brown oil. LC-MS (ESI): m/z 160 [M+H]".

[0164] Step 2. A solution of compound 2-2(12.5 g, 79 mmol) and PtO, (1.1g, 4.8mmol) in
MeOH (500 mL) was stirred at 1t for 16 hrs under an atmosphere of H,. The reaction mixture
was filtered through Celite®545 and the filtrate was concentrated. The residue was purified by
silica gel column chromatography (EtOAc/petroleum ether = 1/8 (w/v)) to give compound 2-3
(9.0 g, 78% vyield) as a yellow oil. LC-MS (ESI): m/z 164 [M+H]"; "H NMR (500 MHz,
CDCl3): 6 6.84 (d, J = 8.5 Hz, 1H), 6.20 (dd, J; = 8.5 Hz, Jo = 2.5 Hz, 1H), 6.04 (d, J = 2.5
Hz, 1H), 3.73 (s, 3H), 3.26 — 3.28 (m, 2H), 2.69 (t, / = 6.5 Hz, 2H), 1.91 (dd, J; = 6.5 Hz, J;,
=4.5 Hz, 2H) ppm.

[0165] Step 3. To a solution of compound 2-3 (9.0 g, 55 mmol) and TEA (13.6 g, 135
mmol) in DCM (200 mL) at 0 °C was added MsCl (9.1 g, 80 mmol). After stirring at rt for 30
min, the reaction mixture was added ice water (250 mL). The mixture was extracted with
DCM (100 mL x 2) and the combined organic extracts were washed with water and brine and
dried with anhydrous Na,SO,. The solvent was removed and the residue was purified by
silica gel column chromatography (EtOAc/Petroleum ether = 1/6 (v/v)) to give compound 2-4
(10.6 g, 80% yield) as a yellow oil. LC-MS (ESI): m/z 242 [M+H]".

[0166] Step 4. N-iodosuccinimide (NIS) (19.8 g, 88.0 mmol) was added to a solution of
compound 2-4 (10.6 g, 44 mmol) in CHCl; (200 mL) at 0 °C. After stirring at rt for 16 hrs,
the reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (EtOAc/Petroleum ether = 1/6 (v/v)) to give compound 2-6 (12.6 g, 80%
yield). LC-MS (ESI): m/z 368 [M+H]*; "TH NMR (500 MHz, CDCl3): § 7.52 (s, 1H), 7.32 (s,
1H), 3.86 (s, 3H), 3.81 - 3.79 (m, 2H), 2.88 (s, 3H), 2.77 (t, / = 6.5 Hz, 2H), 1.95 (t, J =5.5
Hz, 2H) ppm.

[0167] Step 5. A solution of BBr3; (13.6 mL/4.0M, 54.4 mmol) in DCM was added to a
solution of compound 2-5 (5.04 g, 13.6 mmol) in CH,Cl, (100 mL) at -20 °C. After stirring at
-20 °C for 1 hr, the reaction mixture was added ice water (200 mL). The resulting mixture
was extracted with DCM (100mL x 2) and the combined organic extracts were washed water
and brine and dried with anhydrous Na,SO,. The solvent was removed and the residue was
purified by silica gel column chromatography (EtOAc/Petroleum ether = 1/12 (v/v)) to give
compound 2-6 (1.4 g, 25% yield) as a white solid. LC-MS (ES]): m/z 354 [M+H]*: '"H NMR
(500 MHz, CDCls3): 6 7.42 (s, 2H), 5.31 (s, 1H), 3.78 (t, J/ = 6 Hz, 2H), 2.93 (s, 3H), 2.76 (t, J

=6.5 Hz, 2H), 1.95 (t, / = 5.5 Hz, 2H) ppm.
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[0168] Step 6. To a solution of compound 2-6 (1.2 g, 3.4 mmol) in 20 mL THF was added
DMAP (20 mg), followed by Et;N (0.69 g, 6.8 mmol) at rt. The resulting mixture was cooled
to 0 °C and SEMCI (0.68 g, 4.08 mmol) was added. After stirring at rt for 3 hrs, the reaction
mixture was poured into ice water (50 mL). The resulting mixture was extracted with EtOAc
(60 mL x 3) and the combined organic extracts were washed with brine (30 mL) and dried
with anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 2-7 (1.6 g, quantitative yield) as a yellow oil. LC-MS (ESI): m/z 506
[M+Na]",

[0169] Step 7. To a solution of 2-7 (1.60 g, 3.31 mmol) in 20 mL. DMF were added 2-8
(0.48 g, 4.0 mmol), Cul (32 mg, 0.17 mmol), Pd(PPhs3),Cl; (232 mg, 0.330 mmol), P(+-Bu);
(133 mg, 0.660 mmol) and piperidine (1.13 g, 13.2 mmol). The resulting mixture was flushed
with Ar and stirred at 80 °C overnight. The resulting mixture was poured in to ice water (60
mL) and extracted with EtOAc (100 mL x 2). The combined organic extracts were washed
with water (250 mL x5) and dried with anhydrous Na;SO;. The solvent was removed and the
residue was purified by silica gel column chromatography (Acetone/petroleum ether = 1/10
(v/v)) to give compound 2-9 (1.2 g, 76% yield) as a yellow oil. LC-MS (ESI): m/z 498
[M+Na]*.

[0170] Step 8. To a solution of compound 2-9 (1.2 g, 2.52 mmol) in 16 mL dioxane was
added 4 N HCl in dioxane (7.6 mL) at rt. After stirring at rt for 30 min, the reaction mixture
was concentrated and the residue was dried in vacuo to give crude compound 2-10 (870 mg,
quantitative yield) as a yellow oil, which was used directly for the next step without
purification. LC-MS (ESI): m/z 346 [M+H]".

[0171] Step 9. To a solution of compound 2-10 (600 mg, 1.74 mmol) in MeOH (17 mL)
were added NaOAc (285 mg, 3.48 mmol), K,CO3 (481 mg, 3.48 mmol), PACl; (31.0 mg,
0.17 mmol) and CuCl, (702 mg, 5.22 mmol) and the resulting mixture was flushed with CO.
After stirring at rt overnight, the mixture was concentrated and the residue was diluted with
EtOAc (100 mL) and filtered. The filtrate was washed with water (30 mL) and brine (30 mL)
and dried with anhydrous Na,SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Acetone/petroleum ether = 1/10 (v/v})) to give compound
2-11 (140 mg, 20% yield) as a yellow solid. LC-MS (ESI): m/z 404 [M+H]".

[0172] Step 10. To a solution of compound 2-11 (140 mg, 0.35 mmol) in MeOH/THF (2
mL/4 mL) was added LiOHH,O (58 mg, 1.4 mmol) at rt. After stirring at 70 °C for 1 hr, the
reaction mixture was cooled to 0 °C and acidified with 1N aqueous HCI (3 mL). The
suspension was filtered and the solid was dried in vacuo to give compound 2-12 (136 mg,
quantitative yield) as a white solid, which was used directly for the next step without further

purification. LC-MS (ESI): m/z 390 [M+H]".
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[0173] Step 11. To a solution of compound 2-12 (60 mg, 0.15 mmol) in DMF (2 mL) was

added HATU (68.4 mg, 0.18 mmol). The resulting mixture was stirred at rt for 30 min and
then N,N-diisopropylethylamine (DIEA or DIPEA) (194 mg, 1.5 mmol) and MeNH, HCI (52

mg, 0.77 mmol) were added. After stirring at rt for 20 min, the reaction mixture was poured

into ice water (50 mL). The suspension was filtered and the collected solid was purified by

silica gel column chromatography to give compound 2-13 (20 mg, 33% yield). LC-MS (ESI):
miz 403 [M+H]"; "H NMR (500 MHz, CDCls): & 7.88 — 7.93 (m, 3H), 7.60 (s, 1H), 7.19 (1, J
= 9.0 Hz, 2H), 5.80 (br s, 1H), 3.85 — 3.89 (m, 2H), 3.00 (d, /=4.5 Hz, 3H), 2.95 (t, /= 6.5

Hz, 2H), 2.89 (s, 3H), 2.01 — 2.06 (m, 2H) ppm.

Scheme 3
Y 0 O// Hz Y 0 O//
3 10% PdIC & MsCl, EtsN
OO )
ON 0 HN N MsHN X
341 3-2
o.
/ o
B(:r3 DCM HO N
B I~
O NN O
Ms 36
M&
T$,0, DCM N o LiOH
DMAP, EtsN TO Pd(AcO), PPhs 3-8 MeOH/H,0
e ———.
EGN, LGl
Ms DMF, 120°C

[ F
o}

NH,Me'HCI,
HATU, DIEA, DMF

Ms

/

NH
M}
(0]

3-10

OO

:
o]

s

F

M
S 39

.+.

NH
l ;
3-11

:
Q Yo

5)&&
O

> TFA, DCM
NH
=
)
N O
Ms  sa0

3-8

Pd(OH),, Ho

[0174] Step 1. Refer to Scheme 3. A mixture of compound 3-1 (2.00 g, 5.16 mmol)
(prepared by following the procedures described in W0O20075942 1 with some modifications)
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and 10% Pd/C (1.0 g) in EtOAc (40 mL) was stirred at rt for 2 hr under an atmosphere of H.
The reaction mixture was filtered and the filtrate was concentrated to give compound 3-2 (1.7
g, 92% yield). LC-MS (ESI): m/z 358 [M+H]".

[0175] Step 2. To a solution of compound 2 (1.70 g, 4.76 mmol) and TEA (1.32 mL, 9.52
mmol) in DCM (50 mL) was added MsCl (0.660 g, 5.71 mmol) at 0 "C. After stirring at rt for
30 min, the reaction mixture was added ice water (250 mL). The mixture was extracted with
DCM (100 mL x 2) and the combined organic extracts were washed with water and brine and
dried with anhydrous Na,SOs. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/EtOAc = 5/1 (v/4)) to give compound 3-3
(2.07 g, quantitative yield) as a yellow solid. LC-MS (ESI): m/z 436 [M+H]".

[0176] Step 3. To a solution of compound 3-3 (4.00 g, 9.5 mmol) in DMF (50 mL) was
added K,CO; (5.25 g, 38.0 mmol) and compound 3-4 (1.54 g, 11.4 mmol) at rt. After stirring
at 80 °C overnight, the reaction mixture was poured into ice water (60 mL). The resulting
mixture was extracted with EtOAc (100 mL x 2) and the combined organic extracts were
washed with water and dried with anhydrous Na;SOy4. The solvent was removed and the
residue was dried in vacuo to give crude compound 3-5 (4.2 g, 92% yield) as a yellow solid.
LC-MS (ESI): m/z 512 [M+Na]".

[0177] Step 4. To a solution of compound 3-5 (2.1 g, 4.3 mmol) in CH,Cl, (100 mL) was
added BCl; (1 N in DCM, 12.9 mL) at -78 °C, the solution was allowed to stirred at -30 °C for
1 hr and then quenched with ice-water (200 mL). The mixture was extracted with DCM (100
mL x 2) and the combined organic extracts were washed with water and brine, and dried with
anhydrous Na;SO,. The solvent was removed and the residue was dried in vacuo to give
crude compound 3-6 (1.7 g, 86% yield) as a yellow solid. LC-MS (ESI): m/z 448 [M+H]".
[0178] Step 5. To a solution of compound 3-6 (3.30 g, 7.37 mmol) in CH,Cl, (160 mL)
were sequentially added DMAP (45 mg, 0.37 mmol), DIEA (2.58 mL, 14.8 mmol) and Tf,0
(1.5 mL, 8.9 mmol) at 0 °C. After stirring at 0 °C for 20 min, the reaction mixture was added
ice-water (100 mL). The organic layer was washed with water and brine and dried with
anhydrous NaySO4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 5/1 (v/v)) to give compound 3-7 (3.2 g,
86% yield) as a yellow solid. LC-MS (ESI): m/z 602 [M+Na]".

[0179] Step 6. To a solution of compound 3-7 (3.00 g, 5.18 mmol) in 20 mL DMF was
added Pd(OAc), (116 mg, 0.520 mmol), PPh; (136 mg, 0.520 mmol), LiCl (242 mg, 5.70
mmol) and Et3N (1.44 mL, 10.4 mmol) at rt. The resulting mixture was flushed with Ar and
stirred at 120 °C overnight. The mixture was cooled to rt and poured into 60 mL water. The

resulting mixture was extracted with EtOAc (100 mL x 2) and the combined organic extracts
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were washed with water (50 mL x 3) and dried with anhydrous Na,;SO,. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 6/1 (v/A)) to give a mixture of compounds 3-8 and 3-8’ (1.4 g, 63% yield) as a
yellow solid. LC-MS (ESI): m/z 430 [M+H]".

[0180] Step 7. To a solution of compounds 3-8 and 3-8’ (1.00 g, 2.33 mmol) in
MeOH/THF (14 mL/14 mL) was added LiOH (335 mg, 13.97 mmol). The resulting mixture
was stirred at 80 °C for 1 hr, cooled to rt and acidified with 1N ag. HCI (5 mL). The
suspension was filtered and the solid was washed with water and dried in vacuo to give a
mixture of compounds 3-9 and 3-9° (980 mg, 98% yield) as a white solid, which was used
directly for the next step. LC-MS (ESD): m/z 402 [M+H]".

[0181] Step 8. To a solution of compounds 3-9 and 3-9” (950 mg, 2.37 mmol) in DMF (5
mL) was added HATU (1.35 g, 3.55 mmol). The resulting mixture was stirred at rt for 30 min
and added DIEA (3.30 mL, 19.0 mmol) and MeNH, HCI (639 mg, 9.47 mmol). After stirring
at rt for 20 min, the reaction mixture was poured into ice water (50 mL). The suspention was
filtered and the solid was purified by silica gel column chromatography to give a mixture of
compounds 3-10 and 3-10° (580 mg, 59% yield). LC-MS (ESI): m/z 415 [M+H]*. Compound
3-10 was readily converted to compound 3-10° in CH,Cl, in the presence of TFA. LC-MS
(ESI): m/z 415 [M+H]"; "H NMR (500 MHz, CDCls): § 7.93 — 7.96 (m, 2H), 7.74 (s, 1H),
7.71 (s, 1H), 7.26 — 7.29 (m, 2H), 5.96 (s, 1H), 4.38 (br s, 1H), 2.98 (s, 3H), 2.74 (s, 3H),
2.23 (s, 3H) ppm.

[0182] Step 9. A mixture of compounds 3-10 and 3-10° (41.4 mg, 0.10 mmol) and Pd(OH),
(22 mg) in EtOAc (20 mL) and MeOH (2 mL) was stirred at rt for 3 hr under an atmosphere
of H,. The reaction mixture was filtered through Celite®545 and the filtrate was concentrated.
The residue was purified by re-crystallization (hexane/EtOAc = 10/1 (v/A)) to give compound
3-11 (23 mg, 55% yield) as a while solid. LC-MS(ESI): m/z 417 [M+H]*; 'H NMR (500
MHz, CDCl3): 6 7.92 (s, 1H), 7.86 — 7.89 (dd, J; = 8.5 Hz, J, = 5.5 Hz, 2H), 7.70 (s, 1H),
7.26 (s, 2H), 7.17 - 7.20 (t, J = 8.5 Hz, 2H), 5.93 (br s, 1H), 3.89 - 3.92 (m, 1H), 3.84 - 3.86
(m, 1H), 3.03 - 3.06 (m, 1H), 3.00 (d, 3H), 2.89 (s, 3H), 2.13 - 2.16 (m, 1H), 1.70 - 1.73 (m,
1H), 1.42 (d, 3H) ppm.
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[0183] Step 1. Refer to Scheme 4. To a solution

of compound 3-1 (4.00 g, 10.3 mmol) in

CH,CI; (30 mL) was added BCl; (1 N in CH;Cl,, 20.6 mmol) at 0 °C. After stirring at rt for 1

hr, the reaction mixture was added ice water (100 mL). The mixture was extracted with

CH,Cl, (800 mL. x 2) and the combined organic extracts were washed with water and brine

and dried with anhydrous Na;SOy4. The solvent wa

s removed and the residue was dried in

vacuo to give crude compound 4-1 (3.4 g, 96% yield) as a yellow solid. LC-MS (ESI): m/z

346 [M+H]".

[0184] Step 2. To a solution of compound 4-1 (3.4 g, 9.8 mmol) in CH,Cl, (100 mL) were
added DMAP (120 mg, 0.980 mmol) and DIEA (1.52 g, 11.8 mmol), followed Tf,0 (3.20 g,
11.3 mmol) at 0 °C. After stirring at O °C for 2 hrs, the reaction mixture was added ice water
(100 mL). The organic layer was separated, washed with water and brine, and dried with
anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 4-2 (4.6 g, quantitative yield) as a yellow solid. LC-MS (ESI): m/z 478
[M-+H]".

[0185] Step 3. To a solution of 4-2 (2.0 g, 4.2 mmol) in 20 mL. DMF was added 4-3 (0.44
g, 6.3 mmol), Cul (0.16 g, 0.84 mmol), Pd(PPh3),Cl, (0.29 g, 0.42 mmol) and EtzN (20 mL).
The resulting mixture was flushed with Ar, stirred at rt for 1 hr and poured into ice water
(100 mL). The mixture was extracted with EtOAc (50 mL x 5) and the combined organic

extracts were washed with water and dried with anhydrous Na,SOy4. The solvent was removed
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and the residue was purified by silica gel column chromatography (Petroleum ether/acetone =
4/1 (v/v) to 3/2 (v/v)) to give compound 4-4 (1.10 g, 69% yield) as a gray solid. LC-MS

(ESI): m/z 398 [M+H]".

[0186] Step 4.To a solution of compound 4-4 (2.00 g, 5.03 mmol) in EtOAc (150 mL) was
added 10% Pd/C (2.0 g). The resulting mixture was flushed with H; and stirred at rt for 1.5
hrs. Subsequently, the reaction mixture was filtered through Celite®545 and the filtrate was
concentrated and dried in vacuo to give compound 4-5 (1.8 g, 97% yield). LC-MS (ESID): m/z
372 [M+H]"; "TH NMR (500 MHz, CDCls): § 7.98 - 8.01 (m, 2H), 7.70 (s, 1H), 7.12 - 7.16
(m, 2H), 6.82 (s, 1H), 4.39 (dd, J; = 14.5Hz, J> =7 Hz, 2H), 3.73 (t, J = 6 Hz, 3H), 2.66 (t, J
=7.5Hz, 2H), 1.69 — 1.80 (m, 4H), 1.40 (t, J =7 Hz, 3H) ppm.

[0187] Step 5. To a solution of compound 4-5 (1.80 g, 4.85 mmol) in CH,Cl, (50 mL) was
added DMAP (6 mg) and anhydrous pyridine (3.07 g, 38.8 mmol), followed by MsCl (1.60 g,
14.5 mmol) at 0 °C. After stirring at rt for 2 hrs, the reaction mixture was added ice water (50
mL). The organic layer was separated, washed with water and brine and dried with anhydrous
Na;SOy4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/acetone = 5/1 (v/v)) to give compound 4-6 (1.4 g, 55%
yield) as a yellow solid. LC-MS (ESI): m/z 449 [M-Ms+H]"; "H NMR (500 MHz, CDCls): &
8.02 — 8.05(m, 2H), 7.90 (s, 1H), 7.71 (s, 1H), 7.16 — 7.19 (m, 2H), 6.61 (s, 1H), 4.42 (dd, J,=
14 Hz, J; = 7.0 Hz, 2H), 4.34 (t, J = 5.5 Hz, 2H), 3.04 — 3.08 (m, 6H), 2.83 (t, J = 8.0 Hz,
2H), 1.81 -1.92 (m, 4H), 1.41 (t, J = 7.0 Hz, 3H) ppm.

[0188] Step 6. To a suspension of NaH (0.21 g, 60% in mineral oil, 5.31 mmol) in
anhydrous THF (160 mL) was added a solution of compound 4-6 (1.40 g, 2.65 mmol) in
anhydrous THF (40 mL) at 0 °C. After stirring at rt for 2 hrs, the reaction mixture was added
sat. aq. NH4Cl (10 mL). The resulting mixture was concentrated and the residue was diluted
with EtOAc (100 mL). The mixture was washed with water and brine and dried with
anhydrous Na;SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 5/1 (v/v)) to give compound 4-7 (1.1 g,
96% yield) as a yellow solid. LC-MS (ESI): m/z 432 [M+H]"; '"H NMR (500 MHz, CDCl3): &
8.02 — 8.06 (m, 2H), 7.90 (s, 1H), 7.60 (s, 1H), 7.15 - 7.20 (m, 2H), 442 (dd, J; = 14 Hz, J> =
6.5 Hz, 2H), 3.69 (t, / = 6.0 Hz, 2H), 3.07 (s, 3H), 3.02 (t, J = 6.0 Hz, 2H), 1.94 (dd, J; = 11
Hz, J, =5.5 Hz, 2H), 1.77 (br s, 2H), 1.40 — 1.43 (m, 3H) ppm.

[0189] Step 7. To a solution of compound 4-7 (50 mg, 0.12 mmol) in MeOH/THF (2 mL/4
mL) was added LiOH (2.0 N, 0.46 mmol). The resulting mixture was stirred at 70 °C for 2
hrs, cooled to rt and acidified with 1 N aq. HCI (5 mL)). Subsequently, the suspension was

filtered and the solid was washed with waster and dried in vacuo to give crude compound 4-8
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(46 mg, 95% yield) as a white solid, which was used directly for the next step without further
purification. LC-MS (ESI): m/z 404 [M+H]".

[0190] Step 8. To a solution of compound 4-8 (46 mg, 0.12 mmol) in DMF (2 mL) was
added HATU (54 mg, 0.14 mmol). The resulting mixture was stirred at rt for 30 min and
added DIEA (154 mg, 1.20 mmol) and MeNH,HCI (41 mg, 0.60 mmol). After stirring at rt
for 20 min, the reaction mixture was poured into ice water (50 mL). The suspension was
filtered and the solid was purified by silica gel column chromatography (Petroleum
ether/acetone = 3/1 (¥/)) to give compound 4-9 (30 mg, 61% yield) as a white solid. LC-MS
(ESI): m/z 417 [M+H]*; "H NMR (500 MHz, CDCl3): § 7.89 — 7.92 (m, 2H), 7.68 (s, 1H),
7.59 (s, 1H), 7.19 (t, J = 9.0 Hz, 2H), 5.80 (d, J = 4.0 Hz, 1H), 3.69 (d, J = 6.0 Hz, 2H), 3.06
(s, 3H), 2.98-3.03 (m, 5H), 1.93 (dd, J;= 11 Hz, J, = 5.5 Hz, 2H), 1.75 (d, J = 2.5 Hz, 2H)
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[0191] Synthesis of compound 4-9°. Following Scheme 4 by replacing compound 4-3
(but-3-yn-1-ol) with pen-4-yn-1-ol, compound 4-9> was obtained as a pale yellow solid. LC-
MS (ESI): m/z 431 [M+H]"; 'H NMR (500 MHz, CDCls): § 7.92 (m, 2H), 7.71 (s, 1H), 7.43
(s, 1H), 7.19 (1, J = 8.5 Hz, 2H), 5.86 (s, 1H), 3.08 (m, SH), 3.01 (d, /= 4.5 Hz, 3H), 1.59 (m,
6H) ppm.
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[0192] Synthesis of compound 4-9”°. Following Scheme 4 by replacing compound 4-3
(but-3-yn-1-ol) with hex-5-yn-1-ol, compound 4-9°’ was obtained as a yellow solid. LC-MS
(ESI): m/z 447 [M+H]"; 'TH NMR (500 MHz, CDCls): § 7.93 (m, 2H), 7.68 (s, 1H), 7.35 (s,
1H), 7.18 (t, J =8.5 Hz, 2H), 5.86 (s, 1H), 4.05 (m, 1H), 3.47 (m, 1H), 3.37 (m, 1H), 3.00 -
3.02 (m, 6H), 2.76 (m, 1H), 1.90 — 1.95 (m, 2H), 1.73 - 1.79 (m, 1H), 1.26 — 1.65 (m, 4H),
1.06 (m, 1H) ppm.

[0193] Synthesis of compound 4-10. A mixture of compound 4-8 (50 mg, 0.12 mmol) in
SOCI, (1.5 mL) was stirred at 80 °C for 2 hrs. The solvent was removed and the residue dried
in vacuo to give the crude acid chloride, which was used for the next step without further
purification. Subsequently, the crude acid chloride was dissolved in anhydrous pyridine (1.5

mL), followed by O-methylhydroxylamine hydrochloride (124 mg, 0.490 mmol). After
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stirring at 100 °C for 1.5 hrs, the reaction mixture was concentrated and the residue was
purified by preparative HPLC to give compound 4-10 (20 mg, 37% yield) as a white powder.
LC-MS (ESD): m/z 433 [M+H]"; "TH NMR (500 MHz, CDCl3): 8 8.31 (s, 1H), 7.90 — 7.93 (m,
2H), 7.66 (s, 1H), 7.20 (t, J = 8.5 Hz, 2H), 3.85 (s, 3H), 3.03 (s, 3H), 2.97 — 3.00 (m, 2H),
1.93 - 1.96 (m, 2H), 1.69 — 1.76 (m, 2H) ppm.

Scheme 5
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[0194] Step 1. Refer to Scheme 5. To a suspension of Zn (3.92 g, 60.3 mmol) in EtOH (80

mL) was added HOAc (3 mL), followed by solution of compound 5-1 (2.0 g, 8.6 mmol) in
EtOH (20 mL) at rt. After stirring at rt overnight, the reaction mixture was filtered. The
filtrate was concentrated and the residue was diluted with EtOAc (150 mL). The mixture was
washed with water (200 mL) and brine (100 mL) and dried with anhydrous Na;SO,. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum ether /EtOAc = 19/1 (v/v)) to give compound 5-2 (1.15 g, 48% yield) as a yellow
oil. LC-MS (ESI): m/z 202 [M+H]".

[0195] Step 2. A solution of compound 5-2 (10.0 g, 49.8 mmol) in anhydrous pyridine (50
mL) was added MsCl (4.04 mL, 52.2 mmol) at 0 °C. After stirring at rt for 30 min, the
reaction mixture was diluted with EtOAc (200 mL). The mixture was washed with 1 N aq.
HC1 (100 mL x 3) and brine (100 mlL.) and dried with anhydrous Na;SO;. The solvent was

removed and the residue was purified by silica gel column chromatography (Petroleum
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ether/EtOAc = 10/1 (vA)) to give compound 5-3 (9.3 g, 67% yield) as a white solid. LC-MS
(ESD): m/z 280 [M+H]".

[0196] Step 3. To a solution of compound 5-3 (800 mg, 2.86 mmol) in DMF (10 mL) were
added compound 5-4 (511 mg, 3.43 mmol) and K,COs (1.58 g, 11.4 mmol). After stirring at
80 °C for 4 hrs, the reaction mixture was added ice-water (50 mL) and EtOAc (50 mL). The
organic layer was washed with water (50 mL x 5) and brine (50 mL) and dried with
anhydrous Na,SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 10/1 (v/)) to give compound 5-5 (980
mg, 99% yield). LC-MS (ESI): m/z 347 [M+H]".

[0197] Step 4. To a solution of compound 5-5 (980 mg, 2.83 mmol) in DMF (5 mL) were
added Pd(OAc); (64 mg, 0.28 mmol), PPhs (297 mg, 1.13 mmol), LiCl (132 mg, 3.11 mmol)
and Et;N (572 mg, 5.66 mmol) and the resulting mixture was flushed with Ar and stirred at
120 °C for 1.5 hrs. Subsequently, the reaction mixture was cooled to rt and poured into water
(60 mL). The mixture was extracted with EtOAc (100 mL x 2) and the combined organic
extracts were washed with water (50 mL x 5) and dried with anhydrous Na;SQ,. The solvent
was removed and the residue was purified by silica gel column chromatography (Petroleum
ether/Acetone = 10/1 (v/v)) to give compound 5-6 (600 mg, 79% yield) as a yellow oil. LC-
MS (ESI): m/z 268 [M+H]"; 'H NMR (500 MHz, CDCl3): & 7.20 (d, J = 8.5 Hz, 1H), 7.04 (d,
J=2Hz, 1H), 6.84 (dd, J; = 8.5 Hz, J, = 2.5 Hz, 1H), 5.17 (s, 1H), 5.06 (s, 1H), 3.80 — 3.83
(m, SH), 2.85 (s, 3H), 2.45 (t, / = 6 Hz, 2H), 1.89 — 1.93 (m, 2H) ppm.

[0198] Step 5. To a solution of compound 5-6 (3.60 g, 13.5 mmol) in toluene (60 mL) were
added ZnEt; (1 M in hexane, 108 mmol) and CH,I, (57.6 g, 216 mmol) at O °C. After stirring
at rt overnight, the reaction mixture was diluted with EtOAc (100 mL) and the resulting
mixture was washed with 5% (w/w) aq. HCI (100 mL) and brine and dried with anhydrous
NaySOy4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 20/1 to 8/1 (v/v)) to give compound 5-7 (2.5 g,
66% yield) as a yellow solid. LC-MS (ESI): m/z 282 [M+H]"; 'H NMR (500 MHz, CDCly) 6
7.18 (d, J = 8.5 Hz, 1H), 6.92 (d, J= 1.5 Hz, 1H), 6.75 (dd, /; = 8.5 Hz, J, =2 Hz, 1H), 3.78
(s, 3H), 3.61 (br s, 2H), 3.06 (s, 3H), 1.92 (br s, 2H), 1.52 (br s, 2H), 0.90 (br s, 2H), 0.73 (br
s, 2H) ppm.

[0199] Step 6. To a solution of compound 5-7 (1.80 g, 6.43 mmol) in DCM (65 ml.) was
added NBS (2.28 g, 12.9 mmol) at 0 °C. After stirring at rt for 24 hrs, the reaction mixture
was concentrated and the residue was purified by silica gel column chromatography
(Petroleum ether/EtOAc = 15/1 (v/v)) to give compound 5-8 (860 mg, 38% yield) as a white
solid. LC-MS (ESI): m/z 360 [M+H]"; "H NMR (500 MHz, CDCls): § 7.44 (s, 1H), 6.98 (s,
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1H), 3.88 (s, 3H), 3.65 (br s, 2H), 3.09 (s, 3H), 1.90 (br s, 2H), 1.52 (br s, 2H), 0.90 (br s,
2H), 0.75 (br s, 2H) ppm.

[0200] Step 7. To a solution of compound 5-8 (800 mg, 2.23 mmol) in CH,Cl, (30 mL) was
added BBr3 (4 N in DCM, 8.91 mmol) at 0 °C. After stirring at 0 °C for 20 min, the reaction
ixture was poured into ice-water (150 mL). The resulding mixture was extracted with DCM
(50 mL x 2) and the combined organic extracts were washed with water and brine and dried
with anhydrous Na;SQ4. The solvent was removed and the residue was dried in vacuo to
give crude compound 5-9 (670 mg, 87% yield) as a white solid. LC-MS (ESI): m/z 346
[M+H]".

[0201] Step 8. To a solution of compound 5-9 (670 mg, 1.94 mmol) in THF (30 mL) were
added DMAP (20 mg) and TEA (588 mg, 5.82 mmol). The resulting mixture was cooled to 0
°C and SEMCI (643 mg, 3.87 mmol) was added. After stirring at rt for 1.5 hrs, the reaction
mixture was poured into water (50 mL). The mixture was extracted with EtOAc (60 mL x 3)
and the combined organic extracts were washed with brine (30 mL) and dried anhydrous
Na;SOj4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 10/1 (v/v)) to give compound 5-10 (460 mg, 50%
yield) as a white solid. LC-MS (ESI): m/z 498 [M+Na]".

[0202] Step 9. To a solution of compound 5-10 (460 mg, 0.970 mmol) in DMF (6 mL)
were added compound 1-11 (139 mg, 1.16 mmol), Cul (9.3 mg, 0.050 mmol), Pd(PPh3),Cl,
(68 mg, 0.097 mmol), P(+-Bu); (39 mg, 0.19 mmol) and piperidine (330 mg, 3.88 mmol). The
resulting mixture was flushed with Ar and stirred at 80 °C overnight. Subsequently, the
reaction mixture was added into water (60 mL) and extracted with EtOAc (50 mL x 2). The
combined organic extracts were washed with water (50 mL x 5) and dried with anhydrous
Na;SOq4. The solvent was removed and the residue purified by column chromatography
(Petroleum ether/EtOAc = 10/1 to 6/1 (v/v)) to give compound 5-11 (300 mg, 60% yield) as a
yellow oil. LC-MS (ESI): m/z 538 [M+Na]".

[0203] Step 10. To a solution of compound 5-11 (280 mg, 0.54 mmol) in THF (15 mL) was
added TBAF (851 mg, 3.26 mmol) under an atmosphere of Ar. After refluxing overnight, the
reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 8/1 (v/v)) to give compound 5-12 (100 mg, 48%
yield) as a yellow solid. LC-MS (ESI): m/z 86 [M+H]*; 'TH NMR (500 MHz, CDCl5): § 7.78
—7.83 (m, 2H), 7.51 (s, 1H), 7.48 (s, 1H), 7.11 = 7.16 (m, 2H), 6.89 (s, 1H), 3.64 — 3.69 (m,
2H), 3.16 (s, 3H), 1.96 (br s, 2H), 1.59 (br s, 2H), 1.01 (br s, 2H), 0.81 (br s, 2H) ppm.
[0204] Step 11. To a solution of compound 5-12 (80 mg, 0.21 mmol) in TFA (0.5 mL) and
CHCI; (0.5 mL) was added NIS (70 mg, 0.31 mmol) at rt. After stirring at for 3 hrs, the

reaction mixture was concentrated and the residue was purified by silica gel column
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chromatography (Petroleum ether/EtOAc = 6/1 (v/)) to give compound 5-13 (80 mg, 75%
yield) as a yellow solid. LC-MS (ESI): m/z 512 [M+H]".

[0205] Step 12. To a solution of compound 5-13 (80 mg, 0.16 mmol) in DMF (3 mL) and
MeOH (3 mL) were added Pd(PPhs)4 (91 mg, 0.080 mmol) and Et;N (64 mg, 0.64 mmol).
The resulting mixture was flushed with CO and stirred at 60 °C for 4 hrs under an atmosphere
of CO. Subsequently, the mixture was water (20 mL) and extracted with EtOAc (60 mL x 2).
The combined organic extracts were washed with water (60 mL x 5) and dried with
anhydrous Na;SOy4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 8/1 (v/v)) to give compound 5-14 (70 mg,
quantitative yield) as a yellow solid. LC-MS (ESI): m/z 444 [M+H]".

[0206] Step 13. To a solution of compound 5-14 (70 mg, 0.16 mmol) in MeOH/THF (1
mL/2 mL) was added LiOH (0.63 mmol). After stirring at 70 °C overnight, the reaction
mixture was cooled to 0 °C and acidified with 1 N aq. HCI (7 mL). The suspention was
filtered and the solid was washed with water and dried in vacuo to give crude compound 5-15
(60 mg, quantitative yield) as a white solid, which was used for the next step without further
purification. LC-MS (ESI): m/z 430 [M+H]".

[0207] Step 14. To a solution of compound 5-15 (60 mg, 0.14 mmol) in DMF (1.5 mL) was
added HATU (66 mg, 0.17 mmol). The resulting mixture was stirred at rt for 30 min and then
DIPEA (181 mg, 1.40 mmol) and MeNH,; HCI (47 mg, 0.70 mmol) were added. The resulting
mixture was stirred at rt for 20 min and poured into water (50 mL). The suspension was
filtered and the solid was purified by silica gel column chromatography (Petroleum
ether/Acetone = 9/1 (v/v)) to give compound 5-16 (10.5 mg, 18% yield) as a white solid. LC-
MS (ESI): m/z 443 [M+H]"; "H NMR (500 MHz, CDCls): & 7.87 (m, 2H), 7.75 (s, 1H), 7.53
(s, 1H), 7.18 (m, 2H), 5.79 (s, 1H), 3.64 (br s, 2H), 3.15 (s, 3H), 3.01 (d, J = 5 Hz, 3H), 1.95
(br s, 2H), 1.61 (br s, 2H), 1.02 (br s, 2H), 0.82 (s, 2H) ppm.
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[0208] Step 1. Refer to Scheme 6. To a solution of compound 3-3 (4.35 g, 10.0 mmol) in
DMF (40 mL) was added K,COs (5.52 g, 40.0 mmol) and compound 6-1(1.79 g, 12.0 mmol).
After stirring at 80 °C overnight, the reaction mixture was cooled to rt and poured into water
(60 mL). The mixture was extracted with EtOAc (100 mL x 2) and the combined organic
extracts were washed with water and dried with anhydrous Na;SQO4. The solvent was removed
and the residue was purified by silica gel column chromatography (Petroleum ether/acetone =
10/1 (v/v)) to give compound 6-2 (4.53 g, 90% yield) as a yellow oil. LC-MS (ESI): m/z 526
[M+Na]".

[0209] Step 2. To a solution of compound 6-2 (2.0 g, 4.0 mmotl) in CH,Cl; (80 mL) was
added BCl; (1 N in DCM, 8.0 mmol) at -30 °C. After stirring at -30 to -20 °C for 30 min, the
reaction mixture was poured into ice-water (100 mL). The mixture was extracted with DCM
(80 mL x 2) and combined organic extracts were washed with water and brine and dried with
anhydrous Na,SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 7/1(v/v)) to give compound 6-3 (1.4 g,
76% yield) as a yellow solid. LC-MS (ESI): m/z 462 [M+H]".

[0210] Step 3. To a solution of compound 6-3 (1.40 g, 3.04 mmol) in CH,Cl, (40 mL) were
added DMAP (19 mg, 0.15 mmol) and DIEA (0.590 g, 4.56 mmol), followed by Tf,O (1.03
g, 3.64 mmol) at 0 °C. After stirring at 0 °C for 20 min, the reaction mixture was added into
ice water (50 mL). The organic layer was washed with water and brine and dried with

anhydrous Na;SO4. The solvent was removed and the residue was purified by silica gel
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column chromatography (Petroleum ether/EtOAc = 20/1 (v/)) to give compound 6-4 (1.6 g,
89% yield) as a colorless oil. LC-MS (ESI): m/z 594 [M+H]".

[0211] Step 5. To a solution of compound 6-4 (1.00 g, 1.69 mmol) in 20 mL DMF was
added Pd(OAc), (38 mg, 0.17 mmol), PPh; (177 mg, 0.680 mmol), LiCl (79.0 mg, 1.86
mmol) and EN (1.00 mL, 6.75 mmol). The resulting mixture was flushed with Ar and
stirred at 120 °C overnight. Subsequently, the mixture was cooled to rt and poured into 60 mL
water. The resulting mixture was extracted with EtOAc (80 mL x 2) and the combined
organic extracts was washed with water and dried with anhydrous Na;SQ,. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 15/1 (v/v)) to give compound 6-5 (610 mg, 81% yield) as a yellow solid. LC-
MS (ESI): m/z 444 [M+H]*; 'H NMR (500 MHz, CDCls): 5 8.04 — 8.07 (n, 2H), 7.96 (s,
1H), 7.69 (s, 1H), 7.17 —7.20 (m, 2H), 5.30 (s, 1H), 5.21 (d, J=2.0 Hz, 1H), 4.42 (dd, J; =
14.5 Hz, J, =7.0 Hz, 2H), 3.85 (br s, 2H), 2.87 (s, 3H), 2.53 (t, J = 5.0 Hz, 2H), 1.96 (dd, J;
=12 Hz, J, = 6.0 Hz, 2H), 1.41 (t, J = 6.5 Hz, 3H) ppm.

[0212] Step 6. To a solution of compound 6-5 (300 mg, 0.680 mmol) in MeOH/THF (4
mL/8 mL) was added 2.0 N aq. LiOH (2.72 mL, 1.36 mmol). After stirring at 75 °C for 2 hrs,
the reaction mixture was colled to rt and acidified with 2 N aq. HCl to pH 5 - 6. The
suspension was filtered and the solid was washed with water and dried in vacuo to give
compound 6-6 (260 mg, 92% yield) as a white solid, which was used directly for the next
step without further purification. LC-MS (ESI): m/z 416 [M+H]".

[0213] Step 7. To a solution of Et;Zn (1.1 M in toluene, 10 mL, 11 mmol) in 1, 2-
dichloroethane (10 mL) was added a solution of CHyl; (5.87 g, 22 mmol) in 1, 2-
dichloroethane (10 mL) at -78 °C under an atmosphere of Nj. After stirring at -15 °C for 30
min, the mixture was cooled to -78 °C. Subsequently, a solution of compound 6-6 (200 mg,
0.481 mmol) in 1, 2-dichloroethane (15 mlL.) was added. The reaction mixture was then
stirred at room temperature for 40 hrs and added 1 M ag. HCI at 0 °C. The mixture was
extracted with DCM (50 mL x 2) and the combined organic extracts were concentrated in
vacuo. The residue was added THF (20 mL), MeOH (2.5 mL), water (2.5 mL) and LiOH (76
mg). After stirring at 70 °C for 2 hrs, the mixture was treated with 1 M aq. HCI (1.5 mL) at 0
°C. The mixture was concentrated and the residue was extracted with DCM (50 mL x 4) and
the combined organic extracts were dried with anhydrous Na;SO4. The solvent was removed
and the residue was purified by silica gel chromatography to give compound 5-15 (113 mg,
55% yield). LC-MS (ESI): m/z 430 [M+H]"; "H NMR (500 MHz, CDCl3): & 8.04 (m, 3H),
7.57 (s, 1H), 7.20 (m, 2H), 3.68 (br s, 2H), 3.17 (s, 3H), 1.97 (br s, 2H), 1.64 (br s, 2H), 1.06
(br s, 2H). 0.86 (s, 2H) ppm.
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[0214] Step 8. To a solution of the compound 5-15 (60 mg, 0.14 mmol) in DMF (3.00 mL)
was added HATU (64.0 mg, 0.168 mmol). The resulting mixture was stirred at rt for 30 min
and 2 M CH3NH; in THF (1.4 mmol) was added. After stirring at rt for 30 min, the reaction
mixture was concentrated and the residue was purified by preparative HPLC to give
compound 5-16 (20 mg, 32% yield) as a white powder. LC-MS (ESI): m/z 443 [M+H]"; H
NMR (500 MHz, CDCl3): 6 7.87 (m, 2H), 7.75 (s, 1H), 7.53 (s, 1H), 7.18 (m, 2H), 5.79 (s,
1H), 3.64 (br s, 2H), 3.15 (s, 3H), 3.01 (d, J = 5 Hz, 3H), 1.95 (br s, 2H), 1.61 (br s, 2H), 1.02
(br s, 2H), 0.82 (s, 2H) ppm.

[0215] Synthesis of compound 6-7. A solution of Et;Zn (1.1 M in toluene, 0.22 mmol) in
DCM (2 mL) was drop-wisely added CH,I, (117 mg, 0.440 mmol) at -78 °C under an
atmosphere of Ny. After stirring at -78 °C for 30 min, to the reaction mixture was drop-wisely
added a mixture of compound 6-5 (4.43 mg, 0.01 mmol) and TFA (0.01 mL) in DCM (1 mL).
Subsequently, the reaction mixture was stirred at 60 °C for 30 min and then cooled to rt and
diluted with water (25 mL) and DCM (50 mL). The organic layer was separated, washed with
brine (25 mL), and dried with anhydrous Na;SO4. The solvent was removed and the residue

was dried in vacuo to give compound 6-7. LC-MS (ESI): m/z 458.1 [M+H]".
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[0216] Synthesis of compound 7-1. Refer to Scheme 7. To a solution of compound 6-6
(250 mg, 0.60 mmol) in DMF (5 mL) was added HATU (275 mg, 0.72 mmol). The resulting
mixture was stirred at rt for 30 min before DIEA (154 mg, 1.2 mmol) and MeNH, HCI (122
mg, 1.8 mmol) were added in. After stirring at rt for 20 min, the reaction mixture was poured
into water (50 mL). The suspension was filtered and the solid was washed with water and

dried in vacuo. The solid was dissolved in DCM (2 mL) and the resulting solution was added

into hexane (80 mL). The suspension was filtered and the solid was dried in vacuo to give
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compound 7-1 (230 mg, 90% yield) as a white solid. LC-MS (ESI): m/z 429 [M+H]"; 'H
NMR (500 MHz, CDCl;): 6 7.88 — 7.91 (m, 2H), 7.74 (s, 1H), 7.67 (s, 1H), 7.19 (t, J = 9.0
Hz, 2H), 5.82 (br s, 1H), 5.28 (s, 1H), 5.19 (d, / = 1.0 Hz, 1H), 3.83 (br s, 2H), 3.01 (d, / =
5.5 Hz, 3H), 2.86 (s, 3H), 2.51 (t, J = 5.0 Hz, 2H), 1.92 — 1.96 (m, 2H) ppm.

[0217] Synthesis of compound 7-2. To a solution of compound 7-1 (40 mg, 0.094 mmol)
in DCM (4 mL) was flushed with O3 at -78 °C until compound 7-1 disappeared (about 1
min). Subsequently, the reaction mixture was saturated with N3 and PPhs (591 mg, 0.26
mmol) was added. After stirring at rt for 3 hrs, the reaction mixture was filtered and the
filtrate was concentrated. The residue was purified by silica gel column chromatography to
give compound 7-2 (20 mg, 50% yield). LC-MS (ESI): m/z 431 [M+H]"; "H NMR (500
MHz, CDCl3): 6 7.88 (dd, J; = 8.5 Hz, Jo = 6.0 Hz, 2H), 7.71 (s, 1H), 7.54 (s, 1H), 7.19 (t, J
= 8.5 Hz, 2H), 5.80 (br s, 1H), 4.08 — 4.13 (m, 1H), 3.25 — 3.28 (m, 2H), 3.08 (s, 3H), 3.01 (d,
J=4.5 Hz, 3H), 1.89 - 2.04 (m, 2H), 1.67 (br s, 2H), 1.47 (d, J = 7.0 Hz, 3H) ppm.

[0218] Synthesis of compound 7-3. To a solution of compound 7-1 (70 mg, 0.16 mmol) in
EtOAc (30 mL) was added 10% Pd/C (20 mg). The resulting mixture was flushed with H,
and stirred at rt for 3 hr. The reaction mixture was filtered, the filtrate was concentrated and
the residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 5/1
(v/v)) to give compound 7-3 (40 mg, 58% yield) as a white solid. LC-MS (ESI): m/z 431
[M+H]"."H NMR (500 MHz, CDCl3): 5 8.17 (s, 1H), 7.99 (dd, J; = 8.5 Hz, J; = 6.0 Hz, 2H),
7.68 (s, 1H), 7.21 (t, J = 8.5 Hz, 2H), 5.89 (br s, 1H), 3.90 (t, / = 6.0 Hz, 2H), 3.03 — 3.05 (m,
6H), 2.85 (t, / = 6.0 Hz, 2H), 2.04 — 2.08 (m, 2H) ppm. Compound 7-3 was separated into a
pair of enantiomers: enantiomer 7-3_A (tg = 9.420 min) and enantiomer 7-3_B (tg = 12.173
min) detected by UV absorption at 214 nm on a ChiralPak® IA 4.0 mm x 150 mm x 5 pm
column (eluent: hexane/EtOH = 70/30 (v/v) with 0.1% diethylamine (v/v) and flow rate: 1
mL/min).

[0219] Synthesis of compound 7-4. To a solution of compound 7-1 (50 mg, 0.12 mmol) in
DCM (4 mL) was added CF;COOH (0.02 mL). After stirring at rt overnight, the reaction
mixture was concentrated. The residue was dissolved in DCM (0.5 mL) and the resulting
solution was added into hexane (20 mL). The suspension was filtered and the solid was dried
in vacuo to give compound 7-4 (30 mg, 58% yield). LC-MS (ESI): m/z 429 [M+H]"; 'H
NMR (500 MHz, CDCls): & 7.89 (dd, J; = 8 Hz, J» = 5.5 Hz, 2H), 7.82 (s, 1H), 7.67 (s, 1H),
7.22 (t,J = 8.5 Hz, 2H), 6.06 (t, / = 6.5 Hz, 1H), 5.80 (br s, 1H), 3.75 - 4.50 (m, 2H), 3.01 (d,
J=4.5Hz, 3H), 2.78 (s, 3H), 2.22 (s, 3H), 2.18 (t, J = 6 Hz, 2H) ppm.

[0220] Synthesis of compound 7-5. To a solution of compound 7-2 (40 mg, 0.093 mmol)
in MeOH (1 mL) and THF (1 mL) was added NaBH4 (10 mg, 0.28 mmol). After stirring at 0

°C for 10 min, the reaction was quenched by adding several drops of acetone. The solvent
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was removed and the residue was dissolved in EtOAc (25 mL). The mixture was washed with
water and dried with anhydrous Nay;SO,. The solvent was removed; the residue was dissolved
in DCM (0.5 mL) and the resulting solution was added into hexane (20 mL). The suspension
was filtered and the solid was dried in vacuo to give compound 7-5 (10 mg, 25% yield) as a
white solid. LC-MS (ESI): m/z 433 [M+H]"; 'TH NMR (500 MHz, CDCl5): § 7.92-7.94 (m,
3H), 7.56 (s, 1H), 7.18 (t, J = 8.5 Hz, 2H), 5.87 (br s, 1H), 5.15 (br s, 1H), 3.83 (br s, 1H),
3.12 (s, 3H), 3.01 — 3.02 (m, 4H), 2.32 (br s, 1H), 2.03 (br s, 3H) ppm.
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[0221] Step 1. Refer to Scheme 8. To a stirred solution of compound 4-2 (9.00 g, 18.9
mmol) in DMF (100 mL) were added Et;N (7.84 mL, 56.6 mmol), Pd(OAc), (212 mg, 0.94

mmol), dppp (469 mg, 1.13 mmol) and butyl vinyl ether (12.1 mL, 94.4 mmol) under an
atmosphere of Ar. After stirring at 100 °C for 2 hrs, the reaction mixture was concentrated.
The residue was diluted with EtOAc (250 mL) and the resulting mixture was washed with
water (100 mL x 3) and dried with anhydrous Na,SO,. The solvent was removed and the
residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 16/1
(v/v)) to give compound 8-1 (3.9 g, 48% yield) as a yellow solid. LC-MS (ESI): m/z 427
[M+H]".

[0222] Step 2. A solution of compound 8-1 (3.90 g, 9.13 mmol) in THF (60 mL) was added
1 N ag. HCI (10 mL) at rt. After stirring at rt for 15 min, the reaction mixture was
concentrated and the residue was diluted with DCM (100 mL). The resulting mixture was

washed with brine and dried with anhydrous Na,;SO,. The solvent was removed and the
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residue was dried in vacuo to give crude compound 8-2 (3.27 g, 96% yield) as a yellow solid,
which was used for the next step without further purification. LC-MS (ESI): m/z 372 [M+H]".
[0223] Step 3. To a stirred solution of compound 8-2 (2.00 g, 5.38 mmol) in EtOAc (50
mL) was added SnCl,2H,0 (3.47 g, 16.2 mmol). After stirring at 80 °C for 1 hr, the reaction
mixture was added sat. aq. NaHCO; (50 mL) and the resulting mixture was stirred at rt for 30
min. Subsequently, the mixture was filtered through Celite®545 and the the filtered cake was
washed with EtOAc (50 mL x 3). The organic layer of the filtrate was washed with brine and
dried with anhydrous Na;SO,. The solvent was removed and the residue was dried in vacuo
to give crude compound 8-3 (1.8 g, 98% vyield) as a brown solid, which was used for the next
step without further purification. LC-MS (ESI): m/z 342 [M+H]".

[0224] Step 4. To a stirred solution of compound 8-3 (900 mg, 2.64 mmol) in anhydrous
pyridine (15 mL) was added MsCl (0.25 mL, 3.17 mmol) at 0 °C. After stirring at rt for 1 hr,
the reaction mixture was diluted with EtOAc (100 mL) and the resulting mixture was washed
with 2 N ag. HCI (20 mL x 2) and H,O (50 mL x 3) and dried with anhydrous Na,SOy4. The
solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum ether/DCM/EtOAc = 8/4/1 (v/v)) to compound 8-4 (520 mg, 47% yield) as a
yellow solid. LC-MS (ESI): m/z 442 [M+Na]".

[0225] Step S. To a solution of compound 8-4 (380 mg, 0.91 mmol) in MeOH (10 mL) and
THF (10 mL) was added NaBH, (172 mg, 4.54 mmol) in several portions at 0 °C. After
stirring at O °C for 15 min, the reaction was quenched by adding acetone (1 mL). The mixture
was concentrated and the residue was diluted with EtOAc (100 mL). The resulting mixture
was washed with 2 N aq. HC1 (20 mL) and H,O (50 mL. x 3) and dried with anhydrous
NaySO,. The solvent was removed and the residue was dried in vacuo to give crude
compound 8-5 (240 mg, 63% yield), which was used for the next step without further
purification. LC-MS (ESI): m/z 444 [M+Na]".

[0226] Step 6. To a stirring solution of compound 8-5 (50 mg, 0.12 mmol) in THF (15 mL)
was added NaH (24 mg, 0.6 mmol) at 0 °C under an atmosphere of Ar. After stirring at rt for
15 min, the mixture was added compound 8-6 (106 mg, 0.24 mmol) (prepared following the
procedure described in Angew. Chem. Intl. Ed. 2008, 47, 3784) at 0 °C and the resulting
mixture was stirred at 0 °C for 3 hrs and rt overnight. Subsequently, saturated aq. NH,Cl (10
mL) was added to quench the reaction and the mixture was concentrated. The residue was
diluted with EtOAc (50 mL) and the mixture was washed with brine (10 mL) and dried with
anhydrous Na;SO,. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 4/1 (v/v)) to give compound 8-7 (30 mg,

56% yield) as a white solid. LC-MS (ESI): m/z 448 [M+H]".
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[0227] Step 7. To a solution of compound 8-7 (40 mg, 0.09 mmol) in MeOH/THF (2 mL/4
mL) was added 2.0 N ag. LiOH (0.18 mmol, 0.36 mmol). After stirring at 75 °C for 3 hrs, the
reaction mixture was cooled to 0 °C and acidified with 2N aq. HCI adjust pH value to 5~6.
Subsequently, the suspension was filtered and the solid was washed with water and dried in
vacuo to give compound 8-8 (38 mg, 97% yield) as a white solid, which was used for the next
step without further purification. LC-MS (ESI): m/z 442 [M+Na]".

[0228] Step 8. To a solution of compound 8-8 (40 mg, 0.10 mmol) in DMF (3 mL) was
added HATU (43 mg, 0.12 mmol). The resulting mixture was stirred at rt for 60 min and
DIEA (0.16 mL, 0.95 mmol) and MeNHyHCl (20 mg, 0.29 mmol) were added. After stirring
at rt for 15 min, the reaction mixture was added into water (30 mL). The suspension was
filtered and the solid was washed with water and dried in vacuo. The residue was dissolved in
DCM (1.5 mL) and the solution was added into hexane (40 mL). The resulting suspension
was filtered and the solid was dried in vacuo to give compound 8-9 (23 mg, 56% yield). LC-
MS (ESI): m/z 433 [M+H]"; '"H NMR (500 MHz, CDCl3): 5 7.88 — 7.91 (m, 3H), 7.62 (s,
1H), 7.20 (t, J = 8.5 Hz, 2H), 5.80 (br s, 1H), 4.96 (q, / = 6.5 Hz, 1H), 4.15 - 4.18 (m, 1H),
4.02 - 4.09 (m, 2H), 3.29 - 3.34 (m, 1H), 3.15 (s, 3H), 3.01 (d, / = 5.0 Hz, 3H), 1.74 (d, J =
6.5 Hz, 3H) ppm. Compound 8-9 was separated into a pair of enantiomers: enantiomer 8-9_A
(tr = 3.34 min) and enantiomer 8-9_B (tg = 3.89 min) detected by UV absorption at 214 nm
on a Daicel CHIRALPAK AS-H column (eluent: MeOH/liquid CO, = 10/90 (v/v), flow rate:
60 g/min and back pressure : 100 bar).
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[0229] Step 1. Refer to Scheme 9. To a solution of compound 4-2 (2.37 g, 5.00 mmol) in
anhydrous THF (70 mL)) were added commercially available 2-ally-4.,4,5,5-tetramethyl-1,3,2-
dioxaborolane (1.09 g, 6.50 mmol), Pd(PPh3)4 (0.58 g, 0.50 mmol) and CsF (3.0 g, 19.87
mmol) under an atmosphere of Ar. The resulting mixture stirred at 80 °C 3 hrs and
concentrated. The residue was diluted with water (100 mL) and extracted with EtOAc (50 mL
x 3). The combined organic extracts were washed with brine and dried with anhydrous
Na,SO4. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 200/1 (v/v)) to give compound 9-1 (670 mg, 36%
yield) as a yellow solid. LC-MS (ESI): m/z 370 [M+H]".
[0230] Step 2. A solution of compound 9-1 (670 mg, 1.82 mmol) in DCM (110 mL) was
purged with O3 until reaction solution turned to be light blue at -78 °C. Subsequently, PPhs
(1.19 g, 4.5 mmol) was added and the mixture was stirred at rt overnight. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 20/1 to 10/1 (v/v)) to give compound 9-2 (570 mg, 82% yield) as a yellow
solid. LC-MS (ESI): m/z 372 [M+H]".
[0231] Step 3. To a solution of compound 9-2 (420 mg, 1.13 mmol) in MeOH (11 mL) and
THF (11 mL) was added NaBH; (172 mg, 4.53 mmol) at 0 °C. After stirring at 0 °C for 30
min, several drops of acetone was added to quench the reaction. The mixture was
concentrated and the residue was diluted with water (50 mL) and EtOAc (50 ml.). The aq.
phase was extracted with EtOAc (50 mL x 2) and the combined organic extracts were washed

with brine and dried with anhydrous Na,SO4. The solvent was removed and the residue was
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dried in vacuo to give crude compound 9-3 (422 mg, quantitative yield), which was used for
the next step without further purification. LC-MS (ESI): m/z 374 [M+H]".

[0232] Step 4. To a solution of compound 9-3 (410 mg, 1.10 mmol) in EtOAc (150 mL)
was added 10% Pd/C (400 mg). The resulting mixture was flushed with H, and stirred at rt
overnight under an atmosphere of H,. Subsequently, the reaction mixture was filtered through
Celite®545 and the filtered cake was washed with EtOAc (50 mL x 2). The filtrate was
concentrated and the residue was dried in vacuo to give crude compound 9-4 (372 mg, 99%
yield). LC-MS (ESI): m/z 344 [M+H]".

[0233] Step 5. To a solution of compound 9-4 (372 mg, 1.08 mmol) in CH,Cl, (10 mL)
were added DMAP (20 mg), EtsN (654 mg, 6.48 mmol) and MsCl (500 mg, 4.33 mmol) at 0
°C. After stirring at 0 °C for 30 min and rt for 1.5 hrs, the reaction mixture was added
saturated aq. NaHCOs (5 mL). The mixture was diluted with DCM (50 mL) and the organic
layer was washed with brine and dried with anhydrous Na,SO;. The solvent was removed
and the residue was purified by silica gel column chromatography (Petroleum ether/Acetone
=4/1 (v/v)) to give compound 9-5 (200 mg, 46% yield) as a yellow solid. LC-MS (ESI): m/z
404 [M+H]".

[0234] Step 6. To a solution of compound 9-5 (200 mg, 0.500 mmol) in MeOH/THF (6
mL/12 mL) was added LiOH (2.0 N aq. solution, 2.0 mmol). The resulting mixture was
stirred at 70 °C for overnight and then acidified with 1N aq. HCI (aq, 4 mL) at 0 °C. The
suspension was filtered and the solid was washed with water and dried in vacuo to give crude
compound 9-6 (170 mg, 90% yield) as a white solid, which was used for the next step
without further purification. LC-MS (ESI): m/z 376 [M+H]".

[0235] Step 7. To a solution of compound 9-6 (70 mg, 0.18 mmol) in DMF (4 mL) was
added HATU (85 mg, 0.22 mmol). The resulting mixture was stirred at rt for 30 min,
followed by adding DIEA (0.33 mL, 1.8 mmol) and MeNH, HCl (76.0 mg, 1.12 mmol). After
stirring at rt for 20 min, the reaction mixture was added into water (50 mL). The resulting
suspension was filtered and the solid was washed with water and dried in vacuo.
Subsequently, the residue was dissolved in DCM and the solution was added into hexane to
precipitate the product. The resulting suspension was filtered and the solid was dried in vacuo
to give compound 9-7 (40 mg, 55% yield) as a white solid. LC-MS (ESI): m/z 389 [M+H]";
'H NMR (500 MHz, CDCl;): 8 7.85 — 7.88 (m, 2H), 7.64 (s, 1H), 7.57 (s, 1H), 7.18 (t, J = 8.5
Hz, 2H), 5.82 (br s, 1H), 4.06 (t, J = 8.0 Hz, 2H), 3.23 (t, / = 8.0 Hz, 2H), 2.99 (d, / = 4.5 Hz,
3H), 2.90 (s, 3H) ppm.
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[0236] Step 1. Refer to Scheme 10. To a mixture of iPr,NH (27 mL., 190.7 mmol) in THF
(140 mL) was dropwisely added nBuLi (2.5M in Hexanes, 73 mL, 181.6 mmol) at -78 °C.
The mixture was stirred at -78 °C for 30 min, then warmed up to rt with stirring for another
20 min. Subsequently, to a mixture of compound 10-1 (10 g, 45.4 mmol) (prepared by
following the procedure described in W02009051306) and I, (28.5g, 114 mmol) in THF (70
mL) was dropwisely added LDA solution freshly prepared at -78 °C. Compound 10-1 was
consumed when 3.5 equiv of LDA was added and the reaction was quenched by adding sat.
aq. NH4Cl. The mixture was warmed up to rt and concentrated. The residue was diluted with
water and extracted by EtOAc (100 mL x 3). The organic extracts were combined, washed by
brine, and dried with anhydrous Na;SOy4. The solvent was removed and the residue was
purified by silica gel column chromatography (Hexanes/EtOAc = 5/1 (v/v)) to give compound
10-2 (13 g, 83% yield) as a yellow solid. '"H NMR (300 MHz, CDCl3): 6 7.48 (d, 1H), 7.39
(dd, 1H), 6.84 (dd, 1H), 4.42 (q, 2H), 3.83 (s, 3H), 1.45 (t, 3H) ppm.

[0237] Step 2. A mixture of compound 10-1 (3.34 g, 10 mmol), 10-2 (1.40 g, 10 mmol) and
Pd(PPh3)4 (0.58 g, 0.5 mmol) in 2 M ag. Na,COs (15 mL) and dioxane (75 mL) was degassed
and refilled with nitrogen. The process was repeated 3 times. The mixture was then stirred at
90 °C in a sealed flask for 24 hrs. After being cooled down, the reaction mixture was
concentrated. The residue was partitioned between DCM and water. The aqueous layer was
extracted with DCM several times. The combined organic extracts were dried with anhydrous
Na,S0Os. The solvent was removed and the residue was purified by silica gel column
chromatography (EtOAc/hexanes = 1/20 to 1/15 (v/v)) to give compound 10-3 (2.54 g, 88%
yield). LC-MS (ESI): m/z 315 [M+H]"; 'H NMR (300 MHz, CDClz): & 7.68 (m, 1H), 7.57
(d,J=1.3Hz, 1H), 7.46 (m, 1H), 7.44 (d, J = 8.9 Hz, 1H), 7.16 — 7.30 (m, 2H), 6.98 (dd, J =
1.3 and 8.9 Hz, 1H), 4.32 (q, J = 7.3 Hz, 2H), 3.92 (s, 3H), 1.27 (t, J = 7.3 Hz) ppm.

[0238] Step 3. To a solution of compound 10-3 (2.54 g, 8.7 mmol) in chloroform at was
slowly added 70% HNO; (w/w, 4.7 mL, 105 mmol). After completing the addition, the
solution was stirred at -20 °C for 30 min and rt overnight. The reaction mixture was diluted

with dichloromethane (150 mL), washed with water (50 mL x 5), and dried with anhydrous
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Na,S0;. The solvent was removed and the residue was purified by silica gel column
chromatography (EtOAc/hexanes = 1/9 to 1/6 (v/v)) to give compound 10-4 (1.98 g, 68%
yield). 'H NMR (300 MHz, CDCls): & 8.10 (s, 1H), 7.79 (s, 1H), 7.69 (m, 1H), 7.56 (m, 1H),
7.20-7.36 (m, 2H), 4.35 (q, J =7.3 Hz, 2H), 4.05 (s, 3H), 1.25 (t, J = 7.3 Hz) ppm.

[0239] Step 4. To a solution of compound 10-4 (1.98 g, 5.91 mmol) in dichloromethane at -
45 °C was slowly added a solution of BBr; (0.68 mL, 7.1 mmol) in dichloromethane (6 mL).
The resulting mixture was stirred at the temperature for 30 min, and then in an ice-water bath
for 30 min. Subsequently, the cold reaction mixture was diluted with dichloromethane (100
mL), and ice water (10 mL) was slowly added into the solution to destroy the excess amount
of BBr3. The organic layer was washed with water and dried over anhydrous Na,SOy4. The
solvent was removed and the residue was dried in vacuo to give a crude de-methylated
intermediate of compound 10-4, which was used for the next step without further
purification. LCMS (ESI): m/z 344 [M-1]*. Subsequently, Cs,COs (3.85 g, 12 mmol) was
added into a solution of the above crude product in NMP (20 mL). After stirring at rt for 10
min, the reaction mixture was added 2-bromopropane (0.67 mL, 7.1 mmol) and the resulting
mixture was stirred at rt for 2 hrs and at 50 °C for 18 hrs. The reaction mixture was added
into ice water (150 mL) and the mixture was extracted with EtOAc (50 mL x 3). The
combined extracts were washed with brine and dried with anhydrous Na;SOy. The solvent
was removed and the residue was dried in vacuo to give crude compound 10-5 (2.15 g, 94%
yield). '"H NMR (300 MHz, CDCly): & 8.04 (s, 1H), 7.78 (s, 1H), 7.68 (m, 1H), 7.57 (m, 1H),
7.18 =7.36 (m, 2H), 7.73 (m, 1H), 4.34 (q, /= 7.3 Hz, 2H), 1.44 (d, J = 7.4 Hz, 6H), 1.27 (t,
J=7.3 Hz, 3H) ppm.

Scheme 11
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[0240] Synthesis of compound 11-2. Refer to Scheme 11. To a solution of compound 11-1
(100 mg, 0.22 mmol) in THF (6.0 mL) and water (1.5 mL), OsQ4 (1.5 mL, 4 % in water, 0.23
mmol) was added at rt. The reaction was stirred for 5 min and then NMO (0.028 mL, 0.027
mmol) was added. After stirring for 4 hrs, the reaction was quenched by adding Na,SO; (454
mg, 3.6 mmol). The reaction was extracted with dichloromethane (25 mL x 2) and the
extracts were combined, washed with brine, and dried anhydrous Na;SO4. The solvent was

removed and the residue was re-dissolved in dichloromethane (5 mL). Subsequently, NalQ,

(103 mg, 0.48 mmol), silica gel (650 mg) and water (0.2 mL.) were added to the mixture at rt.
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After stirring for 4 hrs, the reaction was diluted with dichloromethane (50 mL), washed with
brine, and dried with anhydrous Na;SOy4. The solvent was removed and the residue was
purified by silica gel column chromatography (EtOAc/hexanes = 1/10 (vv)) to give
compound 11-2 (70 mg, 70% yield). LC-MS (ESI): m/z 449 [M+H]"; "H NMR (300 MHz,
CDCl3): 6 8.23 (s, 1H), 7.68 — 7.80 (m, 1H), 7.67 (s, 1H), 6.95 — 7.10 (m, 2H), 5.80 — 5.81
(m, 1H), 3.89 (t, / = 6.3 Hz, 2H), 3.03 (s, 3H), 2.99 (d, J = 4.9 Hz, 3H), 2.83 — 2.97 (m, 2H),
2.02 - 2.08 (m, 2H) ppm.

[0241] Synthesis of compound 11-3. To a solution of compound 11-1 (65 mg, 0.14 mmol)
in THF (6.0 mL), BH;-SMe; (2M in THF, 0.22 mL, 0.44 mmol) was added at rt. After
stirring at rt overnight, 3 N aq. NaOH (0.42 mL, 1.26 mmol) was slowly added. After stirring
at rt for 30 min, H,O, (30% (w/w) in water, 0.42 ml.) was added and the resulting mixture
was stirred at rt for another 30 min. Subsequently, the reaction mixture was diluted with
EtOAc (50 mL) and the organic layer was washed with brine and water and dried with
anhydrous Na,SO4. The solvent was removed and the residue was purified by silica gel
column chromatography (EtOAc/hexanes = 1/10 (v/)) to give compound 11-3 (50 mg, 77%
yield). LC-MS (ESI): m/z 465 [M+H]"; "H NMR (300 MHz, CDCls): & 7.64 — 7.69 (mn, 1H),
7.26 (s, 1H), 7.45 (br. s, 1H), 6.85 — 6.98 (m, 2H), 4.04 — 4.15 (m, 1H), 3.55 — 3.80 (m, 3H),
3.83 —3.89 (m, 1H), 3.08 (s, 3H), 2.89 (s, 3H), 1.75 - 1.95 (m, 4H) ppm.

Scheme 12
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[0242] Step 1. Refer to Scheme 12. A solution of Br; (1 M in AcOH, 10 mL, 10 mmol) was
slowly added into a solution commercially available compound 12-1 (1.24 g, 10 mmol) in

AcOH (35 mL) at rt. After stirring at rt for 1 hr, the reaction mixture was filtered and the
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solid was dried in vacuo to give compound 12-2 (1.41 g, 69% yield). '"H NMR (300 MHz,
CD3s0D): 6 7.84 (s, 1H), 6.29 (s, 1H), 3.87 (s, 3H) ppm.

[0243] Step 2. A mixture of compound 12-2 (1.41 g, 6.9 mmol) and 2-bromo-3-(4-fluoro-
phenyl)-3-oxo-propionic acid ethyl ester (12-3) (1.01 g, 3.5 mmol) in ethanol (100 mL) was
stirred at 70 °C for 22 hrs. The solvent was removed and the residue was partitioned between
DCM (50 mL) and water (25 mL). The organic layer was washed with sat. aq. NayCO;
solution and water and dried with anhydrous Na,SO4. The solvent was removed and the
residue was purified by silica gel column chromatography (EtOAc/DCM = 1/10 (v/v)) to give
compound 12-4 (0.90 g, 65% yield). "H NMR (300 MHz, CDCls): § 9.57 (s, 1H), 7.74 — 7.78
(m, 2H), 7.09 - 7.15 (m, 2H), 7.04 (s, 1H), 4.31 (q, / = 7.2 Hz, 2H), 4.00 (s, 3H), 1.25 (t, J =
7.2 Hz, 3H) ppm.

[0244] Step 3. A solution of LiOH (0.25 g, 6.0 mmol) in water (4.5 mL) was added into a
solution of compound 12-4 (0.90 g, 2.3 mmol) in THF (9 mL). After stirring at 50 °C for 24
hrs, the reaction mixture was acidified to pH ~ 3.0 by adding 1 N aq. HCI. The solvent was
removed and the residue was dried in vacuo to give crude compound 12-5, which was used
for the next step without further purification. LC-MS: m/z 365 [M+H]".

[0245] Step 4. A mixture of compound 12-5 (0.83 g, 2.28 mmol), CHsNH,-HCI (0.31 g,
4.56 mmol), EDC-HCI] (0.66 g, 3.42 mmol), HOBt-H,O (0.52 g, 3.4 mmol) and DIPEA (1.88
mL, 11.4 mmol) in DMF (22 mL) was stirred at 50 °C for 18 hrs. The reaction mixture was
added into ice water (250 L) and filtered. The solid was washed with water and dried in
vacuo to give crude compound 12-6. 'H NMR (300 MHz, CDCl3): 8 9.70 (s, 1H), 7.66 - 7.72
(m, 2H), 7.18 =7.24 (m, 2H), 6.97 (s, 1H), 5.65 (broad s, 1H, NH), 4.00 (s, 3H), 2.88 (d, J =
5.1 Hz, 3H) ppm.

[0246] Step 5. BBr; (1.73 mL, 19 mmol) was slowly added into a solution of compound
12-6 (0.68 g, 1.8 mmol) in DCM (4 mL) at O °C. The resulting reaction mixture was stirred at
rt for 16 hrs under an atmosphere of N, and treated with ice water (25 mL). After adjusting
the pH of the mixture to basic using 5 N aq. NaOH, the mixture was extracted with DCM (25
mL x 3). The combined organic extracts dried with anhydrous Na;SQs. The solvent was
removed and the residue was purified by silica gel column chromatography to give
compound 12-7 (0.36 g, 55% yield). LC-MS: m/z 366 [M+H]".

[0247] Step 6. A mixture of compound 12-7 (0.36 g, 1. 0 mmol), 5-bromo-1-pentene (163
mg, 1.1 mmol) and K,COj3 (113 mg, 2.0 mmol) in DMF (12 mL) was stirred at 50 °C for 8
hrs. The reaction mixture was poured into water and the precipitate was collected by
filtration. The crude product was purified by silica gel column chromatography (EtOAc/DCM
= 1/7 (vv)) to give compound 12-8 (0.21 g, 49% yield). LC-MS: m/z 432 [M+H]"; "H NMR
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(300 MHz, CDCls): 6 9.67 (s, 1H), 7.66 ~ 7.72 (m, 2H), 7.17 — 7.24 (m, 2H), 6.93 (s, 1H),
5.69 -5.97 (m, 1H), 5.68 (br s, 1H), 5.02 - 5.16 (m, 2H), 4.08 (t, J = 6.8 Hz, 2H), 2.88 (d, J
= 5.2 Hz, 3H), 2.28 - 2.37 (m, 2H), 1.96 - 2.06(m, 2H) ppm.

[0248] Step 7. A mixture of compound 12-8 (200 mg, 0.46 mmol), Pd(OAc), (10.3 mg,
0.046 mmol), PPh; (48.5 mg, 0.19 mmol), LiCl (21.5 mg, 0.51 mmol) and Et;N (0.26 mL, 1.8
mmol) in DMF (6.0 mL) was degassed and refilled with N;. The process was repeated for 3
times. After stirring at 120 °C for 18 hrs, the mixture was added into ice water (100 mL). The
suspension was filtered and the solid was purified by silica gel column chromatography
(EtOAc/DCM =1/7 (v/v)) to give a mixture of compounds 12-9 and 12-10 (100 mg, 62%
yield) at a ratio of 3/1 determined by proton NMR. LC-MS: m/z 352 [M+H]". Compound 12-
9: "H NMR (300 MHz, CDCls): § 9.48 (s, 1H), 6.68 — 7.72 (m, 2H), 7.18 = 7.24 (m, 2H),
7.13 (s, 1H), 5.65 (br s, 1H), 5.37 (s, 1H), 5.16 (s, 1H), 4.28 —4.34 (m, 2H), 2.87 (d,J=5.2
Hz, 3H), 2.58 - 2.66 (m, 2H), 2.05-2.12 (m, 2H) ppm.

[0249] Synthesis of compound 12-11. A mixture of compounds 12-9 and 12-10 (10 mg,
0.028 mmol) and 10% Pd/C (5 mg) in ethanol (4 mL) was stirred at rt for 6 hrs under an
atmosphere of Hy. The mixture was filtered through Celite®545 and the filtered cake was
washed with DCM (20 mL x 2). The filtrate was concentrated and the residue was purified by
column chromatography (EtOAc/DCM = 1/7 (v/v)) to give compound 13-11 (8 mg, 80%
yield). LC-MS: m/z 354 [M+H]"; "H NMR (300 MHz, CDCL3): § 9.28 (s, 1H), 7.72 - 7.78
(m, 2H), 7.63 (s, 1H), 7.16 = 7.28 (m, 2H), 6.06 —6.14 (m, 1H), 4.16 -4.20 (m, 2H), 3.18
—3.28 (m, 1H), 291 (d, /= 5.2 Hz, 3H), 2.08 - 2.20 (m, 1H), 1.90 -2.05 (m, 2H), 1.68 —
1.78 (m, 1H), 1.42 (d, J = 7.2 Hz, 3H) ppm.

[0250] Synthesis of compound 12-10. A solution of compounds 12-9 and 12-10 (28 mg) in
CF;CO,H (3 mL) was stirred at 70 °C for 48 hrs. The solvent was removed and the residue
was diluted with DCM (25 ml.). The mixture was with sat. ag. NaHCO; and dried with
anhydrous NaySO4. The solvent was removed and the residue was purified by silica gel
column chromatography (EtOAc/DCM = 1/7 (v/v)) to give compound 12-10 (22 mg, 79%
yield). LC-MS (ESI): m/z 352 [M+H]"; "TH NMR (300 MHz, CDCl3): 8 9.63 (s, 1H), 7.65 —
7.70 (m, 2H), 7.18 =7.26 (m, 3H), 6.04-6.08 (m, 1H), 5.66 -5.74 (m, 1H), 4.29 (t,J =
5.4 Hz, 2H), 2.60 (d, J = 4.8 Hz, 3H), 2.64 - 2.70 (m, 2H), 2.26 (s, 3H) ppm.

141



- 0-41, , s-czO\ 0 0-4 OH ...,----y /S\C 1.00j''AQ ------ A\ 0
1, 0-4 ( N-..-1D0-4 1 Se:-. ..... "', 00-4N11- , k'.-0\ 0 O0-4
----Ss, ONO2012458250 0 4 Nk 0 OGS 04 0. --(D 0-4 - BCW/UB20110579%\)
-.--0 Cis- 7R\Nc 0-41 -"--C) S\00-4 NN)C----0\0,..0 Rk 0_4 N

Scheme 13 N 0

: F
NMs
(‘j,Noz Hy, PAIC @,NHZ MsCl (ﬁ/NMsz MSH (‘j/ 2 cho3 DMF
131 13 -2 13-3 NH2 13-4
o ﬁ WBr 0 // N ~_-SH
o K,CO3, DMF o ) “HCl
o) — . o
~ v ' =
N/, F « - N// F NaOfBu, DMF
MsHN™ NN Y N
13-5 Ms 43
0 o// 0 oﬁ Pd(0AC),,
Tf20, NEt5, dppf, NaOAc
HO A~ . _DMAP, DCW T~ ] ACN, 80°C
V. e [,
WN ™ N‘N \/\/\ e N\N
Ms
A Hy, PAIC_ N LiOH C%%_@
x N~N N N
S 1310 13-11
NH
N F
o N~
Ms 9342

[0251] Step 1. Refer to Scheme 13, to a solution of compound 13-1 (10.0 g, 64.9 mmol) in
EtOH (400 mL) was added 10% Pd/C (w/w) (4.60 g). The reaction mixture was allowed to
stir at rt under an atmosphere of H; for 24 hrs. Subsequently, the reaction mixture was filtered
through Celite®545 and the filtered cake was washed with EtOAc (100 mL x 3). The filtrate
was concentrated and the residue was dried in vacuo to give crude compound 13-2 (8.0 g,
99% yield) as a dark red oil, which was used for the next step without further purification.
LC-MS (ESI): m/z 125 [M+H]".

[0252] Step 2. To a stirring solution of compound 13-2 (7.99 g, 64.4 mmol) and Et;N (59.4
mL, 386 mmol) in DCM (100 mL) was dropwisely added MsCl (6.50 mL, 193 mmol) at 0 °C
over 30 min. After stirring at rt for 2 hrs, the reaction mixture was filtered and the filtrate was
concentrated. The residue was purified by silica gel column chromatography (Petroleum
ether/acetone = 6/1 to 3/2 (v/v)) to give compound 13-3 (6.9 g, 38% yield) as a yellow solid.
LC-MS (ESI): m/z 281 [M+H]*; '"H NMR (500 MHz, CDCls): § 8.56 — 8.57 (d,J=5 Hz,
1H), 8.42 (s, 1H), 6.97 - 6.98 (d, J =5 Hz, 1H), 4.00 (s, 3H), 3.45 (s, 6H) ppm.

[0253] Step 3. To a solution of O-(mesitylsulfonyl)hydroxyamine (MSH) (17.8 mmol) in
DCM (100 mL) was added compound 13-3 (5.00 g, 17.8 mmol). After stirring at rt overnight,
the reaction mixture was concentrated and the residue was dried in vacuo to give crude
compound 13-4, which was used for the next step without further purification. LC-MS (ESI):
m/z 297 [M+H]".
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[0254] Step 4. To a solution of compound 13-4 (crude, 17.8 mmol) and ethyl 3-(4-
fluorophenyl)propiolate (3.43 g, 17.8 mmol) in DMF (80 mL.) was added K,CO;(9.82 g, 71.2
mmol) in one portion. After stirring at rt for 2hrs, the reaction mixture was concentrated and
the residue was purified by silica gel column chromatography (Petroleum ether/acetone = 5/1
to 3/1 (v/v)) to give compound 13-5. LC-MS (ESI): m/z 408 [M+H]".

[0255] Step 5. To a solution of compound 13-5 (1.00 g, 2.45 mmol) in DMF (25 mL) were
added Ko2CO3 (1.02 g, 7.36 mmol) and 5-bromopent-1-ene (732 mg, 4.91 mmol) at rt. After
stirring at 80 °C for 2 hrs, the reaction mixture was poured into ice water (100 mL). The
resulting solution was extracted with EtOAc (100 mL x 3) and the organic extracts were
combined, washed with water (50 mL x 3) and dried with anhydrous Na;SO4. The solvent
was removed and the residue was purified by silica gel column chromatography (Petroleum
ether/acetone = 3/1 (v/v)) to give compound 13-6 (1.0 g, 86% yield) as a yellow oil. LC-MS
(ESI): m/z 476 [M+H]".

[0256] Step 6. A mixture of 2-(diethylamino)ethanethiol-HCI (535 mg, 3.15 mmol) and #-
BuONa (637 g, 6.62 mmol) in anhydrous DMF (25 ml.) was stirred at rt for 15 min under an
atmosphere of N,. Subsequently, a solution of compound 13-6 (1.0 g, 2.1 mmol) in
anhydrous DMF (5 mL) was added and the resulting mixture was refluxed for 30 min, poured
into ice water (50 mL) and kept at 0 °C. The pH value of the reaction mixture was adjusted
to 3 to 4 by adding 1 N aq. HCI and the resulting mixture was extracted with EtOAc (50 mL
x 3). The organic extracts were combined, washed with brine and dried with anhydrous
NaySOs. The solvent was removed and the residue was purified by silica gel column
chromatography (Hexanes/EtOAc = 2/1 (v/v)) to give compound 13-7 (370 mg, 38% yield) as
a yellow oil. LC-MS (ESI): m/z 462 [M+H]".

[0257] Step 7. To a solution of compound 13-7 (164 mg, 0.35 mmol) and DMAP (2.0 mg,
0.016 mmol) in CH,Cl, (6 mL) was added EtzN (100 uL, 0.72 mmol), followed by Tf,0 (70
uL, 0.42 mmol) at 0 °C. After stirring at O °C for 30 min, the reaction mixture was
concentrated and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 7/1 (v/v)) to give compound 13-8 (102 mg, 48% yield) as a yellow oil. LC-MS
(ESI): m/z 594 [M+H]".

[0258] Step 8. A solution of compound 13-8 (215 mg, 0.36 mmol), Pd(OAc); (8 mg, 0.036
mmol), dppf (66 mg, 0.12 mmol) and sodium acetate (36 mg, 0.43 mmol) in DMF (20 mL)
was heated at 80 °C for 3 hrs under an atmosphere of N,. The reaction mixturewas
concentrated and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 5/1 (v/v)) to give compound 13-9 (115 mg, 61% yield) as a white solid. LC-
MS (ESI): m/z 444 [M+H]"; '"H NMR (500 MHz, CDCls): & 8.70 (s, 1H), 8.12 (s, 1H), 7.78
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(m, 2H), 7.15 (m, 2H), 5.38 (s, 1H), 5.37 (s, 1H), 4.32 (q, /= 7.0 Hz, 2H) 3.87 (m, 2H), 291
(s, 3H), 2.58 (m, 2H), 1.99 (m, 2H), 1.31 (t, J = 7.0 Hz, 3H) ppm.

[0259] Step 9. To a solution of compound 13-9 (95 mg, 0.21 mmol) in EtOH (40 mL) and
THF (10 mL) was added 10% Pd/C (40 mg). The resulting mixture was stirred at rt for 16 hrs
under an atmosphere of H,. The resulting mixture was filtered and the filtrate was
concentrated and dried in vacuo to give crude compound 13-10, which was used for the next
step without further purification. LC-MS (ESI): m/z 446 [M+H]".

[0260] Step 10. A mixture of compound 13-10 (95 mg, 0.213 mmol) and LiOH (2.0 M,
0.852 mmol) in MeOH (4 mL) and THF (8 mL) was stirred at 75 °C for 48 hrs. The mixture
was cooled to rt and concentrated. The residue was diluted with water (30 mL) and adjusted
its pH value to 5~6 by adding 2 N aq. HCI. The resulting mixture was extracted EtOAc (50
mL x 3) and the organic extracts were combined, washed with brine and dried with
anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 13-11(85 mg, 95% yield) as a white solid, which was used directly for the
next step without further purification. LC-MS (ESI): m/z 418 [M+H]".

[0261] Step 11. To a solution of compound 13-11 (85.0 mg, 0.20 mmol) in DMF (2 mL)
was added HATU (93.0 mg, 0.24 mmol). After stirring at rt for 30 min, the reaction mixture
was added DIPEA (53 mg, 0.41 mmol) and MeNH, HCI (17 mg, 0.24 mmol) and the
resulting mixture was stirred at rt for 30 min. Subsequently, the reaction mixture was poured
into ice water and the suspension was filtered. The solid was collected and dried in vacuo to
give crude compound 13-12. LC-MS (ESI): m/z 431 [M+H]"; "H NMR (500 Hz, CDCL): &
8.51 (s, 1H), 8.21 (s, 1H), 7.66 (dd, J, = 5.5 Hz, J, = 8.5 Hz, 2H), 7.23 (t, /= 8.5 Hz, 2H), 5.5
(m, 1H), 4.19 (m, 1H), 3.21 (m, 2H), 3.16 (s, 3H), 2.86 (d, J = 4.5 Hz, 3H), 1.97 — 2.06 (m,
2H), 1.63 — 1.78 (m, 2H), 1.49 (d, J = 6.5 Hz, 3H) ppm. Compound 13-12 was separated into
a pair of enantiomers: enantiomer 13-12_A (tg = 11.306 min) and enantiomer 13-12_B (tg =
14.966 min) detected by UV absorption at 214 nm on a Daicel CHIRALPAK IA 4.0 mm x
150 mm x 5 pum column (eluent: hexane/EtOH = 70/30 (v/v) with 0.1% (v/v) diethylamine

and flow rate: 1 mL/min).
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[0262] Step 1. Refer to Scheme 14. A mixture of compound 14-1 (10.0 g, 43.28 mmol) and
LiOH (5.46 g, 129.8 mmol) in THF (400 mL), MeOH (200 mL) and water (100 mL) was
stirred at 70 °C for 2 hrs under an atmosphere of N;. Subsequently, the reaction mixture was
cooled to 0 °C and adjusted its pH value to 6 by adding concd. aq. HCI. The resulting
suspension was filtered and the solid was dried in vacuo to give compound 14-2 (7.8 g, 83%
yield). LC-MS (ESI): m/z 217 [M+H]".
[0263] Step 2. A mixture of compound 14-2 (7.81 g, 35.6 mmol), DPPA (9.40 mL, 43.5
mmol) and Et;N (5.90 mL, 42.5 mmol) in ~-BuOH (300 mL) was stirred at 90 °C for 6 hrs
under an atmosphere of N,. The solvent was removed and the residue was purified by silica
gel column chromatography (Petroleum ether/EtOAc = 5/1 to 4/1 (v/v)) to give compound
14-3 (4.9 g, 47% yield) as a white solid. LC-MS (ESI): m/z 234 [M-56+H]".
[0264] Step 3. A mixture of compound 14-3 (5.10 g, 17.7 mmol) and methyl 2-bromo-3-(4-
fluorophenyl)-3-oxopropanoate (5.84 g, 21.2 mmol) in DMF (80 mL) was stirred at 80 °C for
42 hrs under an atmosphere of Nj. Subsequently, the reaction mixture was cooled to 0 °C,
followed by adding a solution of NaHCO; (1.9 g) in water (20 mL). After stirring at 0 °C for
15 min, the mixture was diluted with water (100 mL) and the resulting suspension was
extracted with EtOAc (100 mL x 3). The organic extracts were combined, washed with water
(10 mL x 3) and dried with anhydrous Na,SO4. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum ether/EtOAc = 40/1 to 20/1 (v/))
to give compound 14-4 (1.9 g, 23% yield). LC-MS (ESI): m/z 464 [M+H]".
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[0265] Step 4. To a solution of compound 14-4 (1.8 g, 3.9 mmol) in dioxane (10 mL) was
added 4N HCl in dioxane (10 mL). After stirring at rt for 3 hrs, the reaction mixture was
concentrated and the residue was dried in vacuo to give crude compound 14-5, which was
used for the next step without further purification. LC-MS (ESI): m/z 364 [M+H]".

[0266] Step S. To a stirred solution of compound 14-5 (1.4 g, 3.86 mmol) in pyridine (30
ml) was added MsCl (1.33 g, 11.6 mmol) at 0 °C. After stirring at rt for 1.5 hrs, the reaction
mixture was concentrated and the residue was diluted with water (50 mL). Subsequently, the
mixture was adjusted its pH value to 5-6 by adding 2N aq. HCL. The resulting suspension was
filtered and the solid was dried in vacuo to give compound 14-6, which was used for the next
step without further purification. LC-MS (ESI): m/z 520 [M+H]",

[0267] Step 6. A solution of compound 14-6 (2.00 g, 3.86 mmol) and K,CO; (532 mg, 3.86
mmol) in MeOH (100 mL) was stirred at rt for 30 min. The suspension was filtered and the
filtrate was concentrated. The residue was purified by silica gel column chromatography
(Petroleum ether/acetone = 2/1 to 1/2 (v/v)) to give compound 14-7 (970 mg, 56% yield) as a
yellow solid. LC-MS (ESI): m/z 442 [M+H]".

[0268] Step 7. To a solution of compound 14-7 (970 mg, 2.19 mmol) in DMF (30 mL) was
added KoCO; (1.21 g, 8.76 mmol) and 5-bromopent-1-ene (784 mg, 5.26 mmol) at rt. After
stirring at 80 °C for 16 hrs and at 90 °C for 24 hrs, the reaction mixture was concentrated and
the residue was diluted with water (50 mL). The mixture was extracted with EtOAc (50 mL x
2). The organic extracts were combined, washed with water (50 mL x 2) and dried with
anhydrous Na,SO4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/acetone = 5/1 (v/)) to give compound 14-8 (380
mg, 34% yield) as a yellow solid. LC-MS (ESI): m/z 510 [M+H]".

[0269] Step 8. Following the procedure described for the synthesis of compound 13-11 and
replacing compound 13-8 with 14-8, compound 14-12 was obtained. LC-MS (ESI): m/z 431
[M+H]*; 'H NMR (500 Hz, CDCL): §9.37 (s, 1H), 7.67 (m, 2H), 7.60 (s, 1H), 7.21 (t, J =
8.5 Hz, 2H), 5.72 (m, 1H), 3.24 (m, 2H), 3.16 (s, 3H), 2.87 (d, J/ = 5.0 Hz, 3H), 1.74-2.02 (m,
4H), 1.48 (d, J = 7.0 Hz, 3H) ppm.
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[0270] Step 1. Refer to Scheme 15. To a solution of NaH (80 g, 60% mineral oil dispersion,
2 mol) in toluene (1.2 L) was added diethyl carbonate (295 g, 2.50 mol) at 0 °C. After stirring
at rt for 2 hrs, the mixture was added drop wise to a solution of compound 15-1 (99 g, 0.50
mol) in toluene (400 mL) at reflux. After refluxing overnight, the reaction mixture was
cooled to rt and sequentially treated with HOAc (140 mL) and aq. HCI (2 M, 864 mL). The
resulting mixture was extracted with EtOAc (400 mL x 3) and the combined organic extracts
were washed with water (500 mL x 4) and brine (200 mL x 2) and dried with anhydrous
Na;SOs. The solvent was removed and the residue was dried in vacuo to give compound 15-2
(122 g, 90% yield) as an oil. LC-MS (ESI): m/z 271.0 [M+H]".

[0271] Step 2. To a solution of compound 15-2 (100 g, 369 mmol) in DMF (70 mL) was
added p-benzoquinone (40 g, 369 mmol), followed by ZnCl; (50 g, 369 mmol) in portions at
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rt. After stirring at 105 °C for 3.5 hrs, the reaction mixture was partitioned between water
(800 mL) and EtOAc (800 mL) and filtered. The aqueous phase was extracted with EtOAc
(500 mL x 2). The combined organic extracts were washed with water (1000 mL x 2) and
dried with anhydrous Na>SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/Acetone = 10/1(v/)) to give compound
15-3 (26 g, 20% yield) as a yellow solid. LC-MS (ESI): m/z 361.0 [M+H]".

[0272] Step 3. To a solution of compound 15-3 (26 g, 72 mmol) in NMP (200 mL) was
added Cs,CO3 (47.0 g, 144 mmol). After stirring at rt for 20 min, 2-bromopropane (20.0 ml,
216 mmol) was added. The resulting mixture was stirred at 80 °C for 4 hrs, then diluted with
ammonia and agitated for 30 min. The mixture was diluted with water (200 mL.) and the
aqueous phase was extracted with EtOAc (150 mL x 3). The combined organic extracts were
washed with water (200 mL x 3) and dried with anhydrous Na;SQO,. The solvent was removed
and the residue was dried in vacuo to give compound 15-4 (27.5 g, 95% yield) as a colorless
oil. LC-MS (ESI): m/z 403.0 [M+H]".

[0273] Step 4. To a solution of HNO;5 (conc. 66 mL, 0.89 mol) and CH,Cl; (300 mL) a
solution of compound 15-4 was added drop wise (27.5 g, 68.2 mmol) in CH,Cl, (120 mL) at
0 °C over 1 hr. After stirring at rt for 30 min, the reaction mixture was diluted with water
(200 mL) and extracted with DCM (150 mL x 3). The combined organic extracts were
washed with water (200 mL x 3) and dried with anhydrous Na;SO,. The solvent was removed
and the residue was re-crystallized in methyl 7-butyl ether (MTBE) to give compound 15-5
(24.6 g, 80% yield) as a pale yellow solid. LC-MS (ESI): m/z 448.0 [M+H]"; '"H NMR (500
MHz, CDCls): 6 7.92 (d, J = 8.5 Hz, 2H), 7.87 (m, 2H), 7.76 (s, 1H), 7.65 (d, J = 8.5 Hz, 2H),
4.69 —4.74 (m, 1H), 4.40 — 4.44 (m, 2H), 1.54 (s, 6H), 1.41 — 1.45 (t, 3H) ppm.

[0274] Step 5. A mixture of compound 15-5 (5.0 g, 11.2 mmol), 4-fluorophenol (1.7 g, 14.5
mmol), Pd(OAc), (250 mg, 1.12 mmol), -BuXphose (380 mg, 0.9 mmol) and KsPO4 (4.8 g,
22.4 mmol) in toluene (50 mL) was stirred at 100°C under an atmosphere of Ar and
monitored by LC-MS. After 2 hrs, the reaction mixture was concentrated and the residue was
diluted with water (100 mL). The mixture was extracted with EtOAc (100 mL x 3) and the
combined organic extracts were washed with water (100 mL x 2) and dried with anhydrous
Na,SO;. The solvent was removed and the residue was dried in vacuo to give crude
compound 15-6 (4.8 g, 90% yield) as a yellow powder. LC-MS (ESI): m/z 480.1 [M+H]".
[0275] Step 6. To a solution of compound 15-6 (2.0 g, 4.2 mmol) in DCM (30 mL) drop
wise was added BCl; (8.4 mL, 8.4 mmol) at -78 °C. After stirring at -40 °C for 1 hr, the
reaction was quenched by adding sat. aq. NH4CI (20 mL). The resulting mixture was
extracted with DCM (50 mL x 2) and the combined organic extracts were washed with water

(50 mL x 3) and brine (50 mL) and dried with anhydrous Na,SQ;. The solvent was removed
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and the residue was dried in vacuo to give crude compound 15-7 (1.6 g, 90% yield) as a
yellow solid. LC-MS (ESI): m/z 438.1 [M+H]".

[0276] Step 7. To a solution of compound 15-7 (1.6 g, 3.9 mmol) and DMAP (24 mg, 0.2
mmol) in DCM (30 mL) at 0 °C was added E;N (790 mg, 7.8 mmol), followed by Tf,0 (1.6
g, 5.82 mmol). After stirring at rt for 1 hr, LC-MS analysis indicated that the reaction went
completion. The mixture was diluted with DCM (100 mL.), washed water (50 mL x 3) and
brine (50 mL.) and dried with anhydrous Na,SO,. The solvent was removed and the residue
was dried in vacuo to give crude compound 15-8 (1.8 g, 94% yield) as a yellow solid. LC-MS
(ESI): m/z 570.0 [M+H]".

[0277] Step 8. To a solution of compound 15-8 (1.8 g, 3.2 mmol) in CH3CN (50 mL) was
added NaOAc (1.6 g, 16 mmol.), dppf (180 mg, 0.32 mmol), and Pd(OAc),; (150 mg, 0.64
mmol), and the resulting mixture was saturated with Ar. After 1-(vinyloxy)butane (1.6 g, 16
mmol) was added, the mixture was stirred at 100 °C for 2 hrs under an atmosphere of Ar.
Subsequently, the reaction mixture was cooled to rt, concentrated, and diluted with EtOAc
(100 mL). The resulting mixture was washed with water (50 mL x 2) and brine (100 mL) and
dried with anhydrous Na,SOy4. The solvent was removed and the residue was dissolved in
THF (50 mL) and aq. HCI (2N, 12 mL). After refluxing for 1 hr, the mixture was cooled to rt
and concentrated to remove most of the organic solvent. The resulting mixture was extracted
with EtOAc (50 mL x 2). The combined organic extracts were washed with water (50 mL x
3) and brine (50 mL) and dried with anhydrous Na>;SOy. The solvent was removed and the
residue was dried in vacuo to give crude compound 15-9 (1.4 g, 98% yield). LC-MS (ESI):
miz 464.1 [M+H]".

[0278] Step 9. To a solution of compound 15-9 (1.4 g, 3.4 mmol) in EtOAc (50 mL) was
added SnCl;2H,0 (2.8 g, 13.6 mmol) at rt and the resulting mixture was stirred at 80 °C for 1
hr. The mixture was cooled to rt and d its pH value was adjusted to 8 ~ 9 by adding sat. aq.
NaHCOj;. The mixture was filtered and the filtrate was extracted with EtOAc (50 mL x 2).
The combined organic extracts were washed with water (50 mL x 3) and brine (50 mL) and
dried with anhydrous Na,SO,. The solvent was removed and the residue was dried in vacuo
to give crude compound 15-10 (1.1 g, 85% yield) as a yellow solid. LC-MS (ESI): m/z 434.1
[M+H]".

[0279] Step 10. To a solution of compound 15-10 (1.1 g, 2.5 mmol) in anhydrous pyridine
(20 mL) was added MsCl (1.8 mL) at O °C. After the mixture was stirred at 30 °C for 2 hrs,
LC-MS analysis indicated that the reaction went to completion. The mixture was diluted with
water (100 mL) and EtOAc (50 mL). The aqueous phase was extracted with EtOAc (50 mL x
3). The combined organic extracts were washed with sat. ag. NH4Cl (50 mL x 3) and brine

(50 mL) and dried with anhydrous Na;SO,. The solvent was removed and the residue was
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dried in vacuo to give crude compound 15-11 (1.1 g, 90% yield) as a yellow solid. LC-MS
(ESI): m/z 512.1 [M+H]".

[0280] Step 11. To a solution of compound 15-11 (1.1 g, 2.1 mmol) in THF (30 mL) was
added NaBH, (560 mg, 14.7 mmol) in portions at 0 °C. After stirring at 0 °C for 30 min, LC-
MS analysis indicated that the reaction went to completion and acetone (2 mL) was added to
quench excess amount of NaBHy. The mixture was concentrated and the residue was diluted
with EtOAc (100 mL.). The resulting mixture was washed with water (50 mL x 3) and brine
(50 mL) and dried with anhydrous Na;SOy4. The solvent was removed and the residue was
dried in vacuo to give compound 15-12 (0.9 g, 90% yield) as a yellow solid. LC-MS (ESI):
miz 514.1 [M+H]".

[0281] Step 12. To a solution of compound 15-12 (0.9g, 1.7 mmol) in anhydrous DCM (30
mL) was added NaH (60% in paraoil, 200 mg, 5 mmol) at 0 °C, followed by compound 8-6
(1.1 g, 2.55 mmol). After stirring at O °C for 3 hrs and at rt for 12 hrs, the reaction was
guenched by adding sat. aq. NH4Cl (10 mL). The resulting mixture was extracted with DCM
(30 mL x 3) and the combined organic extracts were washed with brine (50 mL) and dried
with anhydrous Na,SO4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 6/1(v/A)) to give compound 15-13 (520
mg, 55% yield) as a white solid. LC-MS (ESI): m/z 540.1 [M+H]".

[0282] Step 13. To a solution of compound 15-13 (520 mg, 0.96 mmol) in MeOH/THF (4
mL/8 mL) was added aq. LiOH (2.0 M, 2 mL) at rt. After stirring at 80 °C for 12 hrs, the
reaction mixture was cooled to rt and adjusted its pH value to 2 ~ 3 by adding aq. HCI (2.0
M). The organic solvent was removed and the residue was diluted with EtOAc (50 mL). The
organic layer was isolated, washed with brine (25 mL) and dried with anhydrous Na,;SO,.
The solvent was removed and the residue was dried in vacuoe to give crude compound 15-14
(442 mg, 90% yield) as a white solid. LC-MS: (ESI): m/z 512.1 [M+H]".

[0283] Step 14. Compound 15-14 (442 mg, 0.86 mmol) was dissolved in DMF (5 mL),
followed by addition of HATU (450 mg, 1.17 mmol). After stirring at rt for 1 hr, the reaction
mixture was added DIPEA (503 mg, 3.9 mmol) and MeNH; HCI (157 mg, 2.34 mmol). The
resulting mixture was stirred at rt for another 1 hr before being concentrated. The residue was
diluted with water (25 mL) and EtOAc (50 mL). The organic layer was isolated, washed with
brine (25 mL), and dried with anhydrous Na;SOj,. The solvent was removed and the residue
was purified by silica gel column chromatography (Petroleum ether/EtOAc = 5/1(v/v)) to give
compound 15-15 (360 mg, 80% yield) as a white solid. LC-MS (ESI): m/z 525.1 [M+H]"; 'H
NMR (500 MHz, CDCl3): 6 7.89 (s, 1H), 7.82 — 7.84 (m, 2H), 7.26 (s, 1H), 7.04 — 7.12 (m,
6H), 5.85 (m, 1H), 4.94 —4.98 (m, 1H), 4.14 — 4.18 (m, 1H), 4.02 - 4.06 (m, 2H), 3.31 (m,

1H), 3.15 (d, /= 8.5 Hz, 3H), 3.00 (d, J = 5.0 Hz, 3H), 2.07 - 1.73 (d, J = 6.5 Hz, 3H) ppm.
150



0-1-A. NI. i _g=00 04,... HON k 12 -4=0 0 o4f. N-3 g=0ii 0 o0.--,,I. NKk
1.:3=0ii o N)C -3 g=0ii o 0o---/-.A :\S 0 Nk 1g=0 8 04, -, ..

HO .., , Thw0.2012/058128INk 12 4=0 8 0"----(A ,1 3 g=0 o o OPCHUSRK1/057398 - Nk Cr.
bl1=.0 ii o N..,,NNNK i=0 0o - NK itl=0 o N..-_-,\ .,"..N\k 1.-3-4=0 0

H2N 0-3 Oz.-/' g. o \ HNO-3

Compound 15-15 was separated into a pair of enantiomers: enantiomer 15-15a (tg = 3.66
min) and enantiomer 15-15b (tg = 4.25 min) detected by UV absorption at 214 nm on a 4.6
mm X 250 mm x 5 pm Daicel CHIRALPAK AS-H column (column temperature: 39.7 °C;
eluent: MeOH/liquid CO, = 20/80 (v/v); CO; flow rate: 2.4 g/min and co-solvent flow rate:
0.6 g/min; front pressure: 198 bar and back pressure: 150 bar).
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[0284] Step 1. Refer to Scheme 16. To a solution of compound 16-1 (1.00 g, 7.14 mmol)
and SEMCI (0.670 mL, 7.14 mmol) in CH3CN (10 mL) was slowly added Cs,CO5 (1.57 g,
7.86 mmol). After stirring at rt for 3 hrs, the reaction mixture was concentrated and the
residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 3/1 to
1/1 (v/v)) to give compound 16-2 (1.35 g, 70% yield) as a yellow solid. LC-MS (ESI): m/z
271.1 [M+H]".

[0285] Step 2. To a solution of compound 16-2 (1.25 g, 4.61 mmol) in EtOH (20 mL) was
added 10% Pd/C (311 mg), the reaction mixture was stirred at rt overnight under an
atmosphere of hydrogen. The mixture was filtered through Celite® 545 and the filtered cake
was washed with EtOH (20 mL x 2). The filtrate was concentrated and the residue was dried
in vacuo to give compound 16-3 (1.10 g, 99% yield) as a yellow oil. LC-MS (ESI): m/z 241.1
[M+HT".

[0286] Step 3. To a solution of compound 16-3 (1.10 g, 4.58 mmol) and Et;N (3.72 mL,
26.7 mmol) in DCM (15 mL) was added drop-wise a solution of MsCl (0.63 mL, 8.0 mmol)
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in DCM (30 mL) over 30 min at 0 °C. After stirring at rt overnight, the reaction mixture was
filtered through Celite® 545 and the filtered cake was washed with DCM (30 mL x 2). The
filtrate was concentrated and the residue was dried in vacuo to give a mixture of compounds
16-4 and 16-4° (2.30 g) as a yellow oil, which was used directly for next step without further
purification. LC-MS (ESI): m/z 319.1 [M+H]" and 397.1 [M+H]" for compounds 16-4 and
16-4’, respectively.

[0287] Step 4. To a solution of compounds 16-4 and 16-4’ (2.30 g, 5.81 mmol) in DMF (20
mL) and H,O (4 mL) were added K,CO3 (2.94 g, 21.3 mmol) and 5-bromopent-1-ene (1.31 g,
8.83 mmol) at rt. After stirring at 80 °C for 3 hrs, the reaction mixture was concentrated and
the residue was purified by silica gel column chromatography (Petroleum ether/Acetone = 4/1
to 1/1(v/v)) to give compound 16-5 (1.60 g, 90% yield, two steps from compound 16-3) as a
white solid. LC-MS (ESI): m/z 387.2 [M+H]".

[0288] Step 5. To a solution of compound 16-5 (1.15 g, 2.98 mmol) in THF (25 mL) was
added tetrabutylammonium floride (TBAF) (2.33 g, 8.93 mmol) at rt. After stirring at 45 °C
overnight, the reaction mixture was concentrated and the residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 3/1 tol/1 (v/)) to give compound 16-6
(564 mg, 74% yield) as a white solid. LC-MS (ESI): m/z 257.1 [M+H]".

[0289] Step 6. To a solution of compound 16-6 (564 mg, 2.20 mmol) in DMF (30 mL.) was
added PBr; (1.77 g, 6.61 mmol) and the resulting mixture was stirred at rt for 30 min under
an atmosphere of Ar. Subsequently, the reaction was quenched by adding sat. ag. NaHCO;
(100 mL). The mixture was extracted with EtOAc (100 mL x 3) and the combined organic
extracts were washed with water (100 mL x 5) and brine (50 mL) and dried with anhydrous
Na;SOq4. The solvent was removed and the residue was dried in vacuo to give crude
compound 16-7 (350 mg, 50% yield) as a yellow powder. LC-MS (ESI): m/z 319.0 [M+H]".
[0290] Step 7. A mixture of compound 16-7 (400 mg, 1.26 mmol), Pd(OAc), (30 mg, 0.13
mmol), PPh; (66 mg, 0.25 mmol), n-BusCl (350 mg, 1.26 mmol) and KyCO; (442 mg, 3.20
mmol) in MeCN /H,0O (10 mL/1 mL) was stirred at 80 °C overnight under an atmosphere of
N, The mixture was cooled to rt and concentrated. The residue was purified by silica gel
column chromatography (Petroleum ether/Acetone = 5/1 to 2/1(v/)) to give compound 16-8
(135 mg, 45% yield) as a yellow solid. LC-MS (ESI): m/z 239.1 [M+H]"; 'H NMR (500 MHz,
CDCl3): 6 8.68 (s, 1H), 8.50-8.51 (d,J=5Hz1H),7.23-7.24 (d,J=5Hz,1H), 5.35 (s,
1H), 5.27 (s, 1H), 3.79 ( br, 2H), 2.91 (s, 3H), 2.49 - 2.51 (m, 2H), 1.96 — 1.99 (m, 2H) ppm.
[0291] Step 8. A mixture of compound 16-8 (130 mg, 0.544 mmol) and 10% Pd/C (50 mg)
in MeOH (30 mL) was stirred at rt for 24 hrs under an atmosphere of H;. The reaction

mixture was filtered through Celite® 545 and the filtered cake was washed with MeOH (30
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mL x 2). The filtrate was concentrated and the residue was dried in vacuo to give compound
16-9 (120 mg, 92% yield) as an off-white solid. LC-MS (ESI): m/z 241.1 [M+H]".

[0292] Step 9. To a solution of O-(mesitylsulfonyl)hydroxylamine (MSH) (0.498 mmol) in
DCM (10 mL) was added compound 16-9 (120 mg, 0.498 mmol). After stirring at rt
overnight, the reaction mixture was concentrated and the residue was dried in vacuo to give
crude compound 16-10 as a pale-yellow solid, which was used directly for the next reaction
without further purification. LC-MS (ESI): m/z 257.1 [M+H]".

[0293] Step 10. To a solution of compounds 16-10 (0.50 mmol) and 16-11 (128 mg, 0.50
mmol) in DMF (6 mL) was added K,COj3 (275 mg, 2.0 mmol) in one portion. After stirring at
rt for 24 hrs, the reaction mixture was concentrated and the residue was partitioned between
EtOAc (100 mL) and water (100 mL). The organic layer was washed with water (50 mL x 3)
and brine (50 mL) and dried with anhydrous Na,SQy4. The solvent was removed and the
residue was purified by silica gel column chromatography (Petroleum ether/Acetone = 10/1
to 6/1 (v/v)) to give compound 16-12 (90 mg, 35% yield) as a yellow solid. LC-MS (ESI):
m/z 506.1 [M+H]".

[0294] Step 11. To a mixture of compound 16-12 (80 mg, 0.16 mmol) in MeOH (1 mL)
and THF (2 mL) was added aq. LiOH (2.0 M, 1.3 mmol). After stirring at 70 °C for 24 hrs,
the mixture was cooled to rt and adjusted its pH value to 5~6 by adding 2 M aq. HCL.
Subsequently, H;O (30 mL) was added and the resulting mixture was extracted with DCM
(50 mL x 3). The combined organic extracts were washed with water (50 mL x 2) and dried
with anhydrous Na,SO4. The solvent was removed and the residue was dried in vacuo to give
crude compound 16-13 (80 mg) as a yellow solid, which was used directly for the next step
without further purification. LC-MS (ESI): m/z 478.0 [M+H]".

[0295] Step 12. To a solution of compound 16-13 (80 mg, 0.16 mmol) in DMF (2 mL) was
added HATU (71 mg, 0.19 mmol). After stirring at rt for 10 min, to the reaction mixture was
added Et3N (81 mg, 0.80 mmol), followed by MeNH, HCI (13 mg, 0.19 mmol). The resulting

mixture was stirred at rt for 30 min and then partitioned between EtOAc (25 mL) and water

| (25 mL). The organic layer was isolated, washed with water (25 mL x 3) and brine (25 mL)

and dried with anhydrous Na;SO,. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/Acetone = 10/1 to 6/1(v/v)) to give
compound 16-14 (65 mg, 83% yield) as a yellow solid. LC-MS (ESI): m/z 491.1 [M+H]"; 'H
NMR (500 MHz, CDClz): 6 8.53 (s, 1H), 8.21 (s, 1H), 7.68 (dd, J; =2.0 Hz, J, =6.8 Hz, 2H),
7.57 (dd, J; =1.5 Hz, J, =6.5 Hz, 2H), 5.51 (m, 1H), 4.18 (m, 1H), 3.23 (m, 2H), 3.11 (s, 3H),
2.89 (d, J=5.0 Hz, 3H), 1.99 - 2.09 (m, 2H), 1.81 (m, 2H), 1.50 (d, / = 7.0 Hz, 3H) ppm.
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[0296] Step 13. A mixture of compound 16-14 (60.0 mg, 0.122 mmol), 4-fluorophenol

(16.4 mg, 0.146 mmol), Pd(OAc), (2.7 mg, 0.012 mmol), t-BuXphos (2.6 mg, 0.0061 mmol)
and K3POy4 (51.7 mg, 0.244 mmol) in toluene (4 mL) was stirred at 80 °C for 4 hrs under an
atmosphere of N,. The mixture was concentrated and the residue was diluted with EtOAc (25
mL) and filtered through Celite® 545. The filtrate was concentrated and the residue was
purified by preparative HPLC to give compound 16-15 (13 mg, 20% yield) as a white solid.
LC-MS (ESI): m/z 523.2 [M+H]"; '"H NMR (500 MHz, CDCls): § 8.46 (s, 1H), 8.19 (s, 1H),
7.61 —7.63 (m, 2H), 7.58 - 7.60 (m, 6H), 7.19-7.49 (m, 3H), 5.50-5.51 (d,J=5.0 Hz,
1H), 4.11 (br, 1H), 3.14-3.17 (m, 2H), 3.03 (s, 3H), 2.76 - 2.77 (d,J=5.0 Hz, 3H), 1.99
(m,2H), 1.72-1.91 (m, 2H), 1.42-1.44 (d,J=7.0 Hz, 3H) ppm.
[0297] Syntheses of analogs of compound 16-15. Following the same procedure as
described in Step 12 and replacing 4-fluorophenol with the respective substituted phenols
(ArOH), the following analogs of compound 16-15 were obtained.

ArOH Target Compound M+H]" "H NMR (500 MHz, CDCl5)

(8, ppm)
8.45 (s, 1H), 8.16 (s, 1H), 7.55 (d,
J=8.5Hz, 2H), 7.33 (t, J = 8.0

ENIVA Hz, 2H), 7.02 - 7.13 (m, 5H),
" @ N : NTN/ o so5 |38 (mo 1H), 412 (m. 1HD, 3.13_
Lo @ (m, 2H), 3.03 (s, 3H), 2.80 (d, J =
70 ez 5.0 Hz, 3H), 1.89 —2.02 (m, 2H),
1.71 (m, 2H), 1.42 (d, J = 7.0 Hz,
3H)

8.45 (s, 1H), 8.16 (s, 1H), 7.55 (d,
J=85Hz 2H),744 (d,J=1.5

N M’Z} Hz, 1H), 7.01 — 7.23 (m, 5H),
o @ SN O | 5391 |5.56(m, 1H), 4.10 (m, 1H), 3.14
- @ (m, 2H), 3.03 (s, 3H), 2.79 (d, J =
4.5 Hz, 3H), 1.96 (m, 2H), 1.72
(m, 2H), 1.44 (d, J = 6.5 Hz, 3H)
8.51 (s, IH), 8.23 (s, 1H), 7.61 (d,
. A J =85 Hz, 2H), 7.17 - 7.23 (m,
HO_@ SNy O F | 5232 |4H), 7.11(d, J=8.5 Hz, 2H),
© @ 5.63 (m, 1H), 4.21 (m, 1H), 3.21
(m, 2H), 3.10 (s, 3H), 2.86 (d, J =
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5.0 Hz, 3H), 1.96 (m, 2H), 1.79
(m, 2H), 1.49 (d, J = 6.5 Hz, 3H)
8.45 (s, 1H), 8.15 (s, 1H), 7.59 (d,
J =8.5 Hz, 2H), 7.26 (m, 1H),
7.10 (d, J = 8.5 Hz, 2H), 6.79 (m,
N 2H), 6.73 (dd, J;= 2.0 Hz, J, =
F = 10.3 Hz, 1H), 5.54 (m, 1H), 4.12
"o O mf//:@o 523.2
" 5 - (m, 1H), 3.14 (m, 2H), 3.30 (s,
0 16-20 3H), 2.81 (d, J = 4.5 Hz, 3H),
1.91-1.99 (m, 2H), 1.71 (m, 1H),
1.51 (m 1H), 1.42 (d, J = 7.0 Hz,
3H)
8.52 (s, 1H), 8.22 (s, 1H), 7.66 (d,
J=9.0 Hz, 2H), 7.18 (dd, J,;= 9.0
Hz, J;=18.5Hz, 1H),7.13 (d, J =
9.0 Hz, 2H), 6.89 (m, 1H), 6.82

o -N-N 541.2 | (m, 1H), 5.61 (m, 1H), 4.17 (m,
HOGF N\S//O QF
16-21

1H), 3.21 (m, 2H), 3.10 (s, 3H),
2.88 (d, J = 4.5 Hz, 3H), 2.03 —
2.08 (m, 2H), 1.98 (m, 1H), 1.59
(m, 1H), 1.49 (d, J = 7.0 Hz, 3H)
8.45 (s, 1H), 8.16 (s, IH), 7.59 (d,
J=85Hz 2H),7.24 (t, =75
Hz, 1H), 7.07 — 7.10 (m, 3H),

N 7.00 (t, J = 2.5 Hz, 1H), 6.91 (dd,
c AN J;=2.0Hz, J,=8.0Hz 1H), 5.55
< M Q 539.1
HO NN OC' (m, 1H), 4.13 (m, 1H), 3.14 (m,
/"o 16-22 2H), 3.30 (s, 3H), 2.81 (d, J =5.0

Hz, 3H), 1.91 - 1.98 (m, 2H),
1.71 (m, 1H), 1.51 (m, 1H), 1.42
(d, J=7.0 Hz, 3H)

O/ 8.44 (s, 1H), 8.15 (s, 1H), 7.57 (d,

A A . 7=9.0 Hz, 2H), 7.29 (m, 2H),

H | N~ .

© O ¢ N TN Q 339115 06 (d, J = 8.5 Hz, 2H), 6.96 (d, J
16-23

=9.0 Hz, 2H), 5.55 (m, 1H), 4.11
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6 ONHO N Qz-,,,,,... 6 0\ N/.7., HOONzZ 0 (:),..-,0., 0 __ _)\-o0
HNO / HC Nk 6 ' O H2N: HCOI-Nk 6 0 H2N-:': HCl 7----Nk 0,-.g". 6 HCI O
H2N- - -/ \ \WOQp12/058Ke5a. -, . _ 6 ' 0 H2N,- HCINk O.,.... 6 ' POTNS2MTI819S . g
"..... 0 OOHMN, O....7c 60,- 0 )---00--ty. H2N---::: --Nk i k. NHO',,
111-111 2HCI 0 H2N oz-.g FILN, \ .'N2HCI 6' HONK 00, -g, O

(m, 1H), 3.14 (m, 2H), 3.30 (s,
3H), 2.80 (d, J = 5.0 Hz, 3H),

1.93 - 2.00 (m, 2H), 1.72 (m, 1H),
1.51 (m, 1H), 1.42 (d, J= 7.0 Hz,
3H)

[0298] Synthesis of compound 16-16. Compound 16-16 was obtained as a white solid
from the hydrogenation of compound 16-14 in the presence of 5% Pd/C in EtOH. LC-MS
(ESI): m/z 413.2 [M+H]"; "H NMR (500 MHz, CDCl3): § 8.45 (s, 1H), 8.19 (s, 1H), 7.58 —
7.59 (m, 2H), 7.45 — 7.49 (m, 3H), 5.51 (m 1H), 4.11 (m, 1H), 3.16 (m, 2H), 3.14 (s, 3H),
2.76 (d, J=4.5 Hz, 3H), 1.90 - 1.99 (m, 2H), 1.73 (m, 1H), 1.48 (m, 1H), 1.43 (d, / = 6.5 Hz,

3H) ppm.
Scheme 17
(CH,0)n, morpholine,
Onzon[yss AcOH 120°C
0
17- 1
o] 0 o
L0 M
N O
Me 172 e 17-3 17-4
/
O ON—NH
HATU, MeNH, O A O g MNeBH. NaBH, O O PhMe reﬂux
N O
Ms 17-5 5 17-6

2

H
- O _PtOy Hy_
S 17.7 5 17-8

[0299] Step 1. Refer to Scheme 17. A mixture of compound 17-1 (100 mg, 0.225 mmol)
(readily prepared by onzonlysis of compound 6-5), paraformaldehyde (20 mg, 0.67 mmol)
and morpholine (2 pL, 0.02 mmol) in acetic acid (2 mL) was heated at 120 °C for 2 hrs under
an atmosphere of N». The reaction mixture was concentrated and the residue was dissolved in
THF/EtOH (10 mL/10 mL) and PtO; (22 mg) was added. After stirring at rt overnight under
an atmosphere of H, the reaction mixture was filtered through Celite® 545 and the filtered
cake was washed with EtOH (20 mL x 2). The filtrate was concentrated and the residue was
purified by silica gel column chromatography (Petroleum ether/EtOAc = 4/1 (vw/v)) to give
compound 17-3 (45 mg, 33% yield, two steps from 17-1) as a white solid. LC-MS (ESI): m/z
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460.1 [M+H]*; "H NMR (500 MHz, CDCls): § 8.40 (s, 1H), 8.12 (m, 2H), 7.71 (s, 1H), 7.20
(m, 2H), 4.45 (q, J = 7.0 Hz, 2H), 4.15 (m, 1H), 3.62 (m, 1H), 3.07 (s+m, 3+1H), 2.33 (m,
1H), 1.79 (m, 1H), 1.45 (t, /= 7.0 Hz, 3H), 1.32 (d, / = 7.0 Hz, 3H) ppm.

[0300] Step 2. A mixture of compound 17-3 (182 mg, 0.396 mmol) and LiOH (50 mg, 1.19
mmol) in THF (20 mL), MeOH (5 mL), and water (5 mL) was refluxed and monitored by
LC-MS. After the reaction went completion, the reaction mixture was cooled to 0 °C and
adjusted its pH value to 7 by adding 1 M aq. HCI. The organic solvent was removed and the
residue was triturated with water (15 mL) and then filtered. The solid was washed with water
(10 mL x 3) and dried in vacuo to give compound 17-4, which was used in the next step
without further purification. LC-MS (ESI): m/z 432.1 [M+H]".

[0301] Step 3. To a solution of compound 17-4 (about 0.396 mmol, crude) and HATU (181
mg, 0.475 mmol) in DMF (4 mL) was added DIPEA (131 pL, 0.792 mmol). After stirring at
rt for 15 min, the mixture was added to DIPEA (196 pL, 1.19 mmol), followed by
methylamine hydrochloride (80 mg, 1.19 mmol) and the resulting mixture was stirred at rt for
2 hrs. Subsequently, the mixture was concentrated and the residue was diluted with water and
filtered. The solid was collected and purified by preparative HPLC to give compound 17-§ as
a white solid. LC-MS (ESI): m/z 445.1 [M+H]"; '"H NMR (500 MHz, CDCls): & 8.13 (s, 1H),
8.00 (m, 2H), 7.21 (m, 2H), 7.71 (s, 1H), 5.90 (brs, 1H), 4.15 (m, 1H), 3.64 (m, 1H), 3.08 (s,
3H), 3.05 (d, J = 5.0 Hz, 3H), 3.03 (m, 1H), 2.32 (m, 1H), 1.80 (m, 1H), 1.32 (d, /= 6.5 Hz,
3H) ppm.

[0302] Step 4. To a solution of compound 17-5 (40 mg, 0.090 mmol) in MeOH (4 mL) was
added NaBH, (10 mg, 0.27 mmol) at 0 °C. After stirring at 0 °C for 30 min, the reaction was
quenched by adding several drops of acetone. The solvent was removed and the residue was
diluted with water (25 mL) and extracted with DCM (25 mL x 2). The combined organic
extracts were washed with brine (25 mL) and dried with anhydrous Na,SQ4. The solvent was
removed and the residue was purified by preparative HPLC to give compound 17-6 as a
white solid and as a mixture of cis- and trans-isomers. LC-MS (ESI): m/z 447.1 [M+H]; 'H
NMR (500 MHz, CDCls;, major isomer): 8 7.93 (s, 2H), 7.87 (s, 1H), 7.58 (s, 1H), 7.20 (m,
2H), 5.93 (brs, 1H), 4.78 (d, / = 7.0 Hz, 1H), 3.70 (m, 1H), 3.11 (s, 3H), 3.02 (d, J = 5.0 Hz,
3H), 2.08 (brs, 1H), 1.61 (brs, 1H), 1.03 (brs, 3H) ppm.

[0303] Step 5. A mixture of compound 17-6 (88 mg, 0.20 mmol) and TsOH (8 mg, 0.04
mmol) in toluene (6 mL) was refluxed for 2 hrs under an atmosphere of N,. The solvent was
removed and the residue was purified by preparative HPLC to give compound 17-7 as a

white solid. LC-MS (ESI): m/z 429.1 [M+H]"; '"H NMR (500 MHz, CDCl5): & 7.90 (m, 2H),
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,..,N, INAN'k14NNN- 14t.0\" /Q--1\4 NNX NOMVM NN, ., 1-4,

.0 -7Sc\oa (N,.

7.71 (m, 1H), 7.67 (s, 1H), 7.19 (m, 2H), 6.44 (s, 1H), 5.81 (brs, 1H), 3.87 (brs, 2H), 3.01 (d,
J =5.0 Hz, 3H), 2.74 (s, 3H), 2.68 (m, 2H), 2.00 (s, 3H) ppm.

[0304] Step 6. A mixture of compound 17-7 (56 mg, 0.13 mmol) and PtO; (23 mg) in THF
(4 mL) and MeOH (4 mL) was stirred at rt overnight under an atmosphere of H,. The mixture
was filtered through Celite® 545 and the filtered cake was washed with MeOH (25 mL x 2).
The filtrate was concentrated and the residue was purified by preparative HPLC to give
compound 17-8 as a white solid. LC-MS (ESI): m/z 431.1 [M+H]"; 'H NMR (500 MHz,
CDCl3): 8 7.90 (s, 2H), 7.67 (s, 1H), 7.58 (s, 1H), 7.19 (m, 2H), 5.79 (brs, 1H), 4.10 (brs, 1H),
3.31 (brs, 1H), 3.06 (s, 3H), 3.01 (d, J = 5.0 Hz, 3H), 2.87 (m, 2H), 1.68 — 1.90 (m, 3H), 1.04
(d, J = 6.0 Hz, 3H) ppm.

Scheme18
0 Oﬁ // /\/369
/\/NHz Br g Ph
OTf 86
MSHN o THOCaHo) THF o NaH, DCM
NaBH, 1841
\/\ 0 \\\_,\ NH
N O N O ¢ 1:LiOH.H,0, MeOH/THF N O N O -
N o 2. HATU, MeNH,.HCI N g
Ms l 18-2 Ms \ 18-3
Oy-0
HN
<O %
N o
Ms 18-4 18-5

[0305] Step 1. Refer to Scheme 18. A solution of compound 8-4 (656 mg, 1.57 mmol) and
aminopropene (3.70 mL, 50.0 mmol) in THF (dry) was slowly added Ti(OiPr)4 (16.5 mL,
20.0 mmol) and the resulting mixture was stirred at rt for 4 hrs. Subsequently, EtOH (30 mL)
and NaBHy (760 mg, 20.0 mmol) were added and the mixture was stirred at rt overnight.
Subsequently, the mixture was poured into ice-water (100 mL) and the suspension was
filtered. The filtrate was concentrated and the residue was diluted with EtOAc (200 mL) and
dried with anhydrous Na,SO,. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/EtOAc = 6/1 (v/)) to give compound 18-
1 (7.0 g, 87% yield) as a yellow solid. LC-MS (ESI): m/z 459.2 [M+H]".

[0306] Step 2. To a solution of compound 18-1 in anhydrous DCM (30 mL) was added
NaH (172 mg, 43.0 mmol) at O °C. After stirring at 0 °C for 30 min, compound 8-6 (640 mg,
1.44mmol) was added and the resulting mixture was stirred at O °C for 3 hrs and at rt
overnight. Subsequently, sat. ag. NH4Cl (10mL.)) was added and the aqueous phase was
extracted with DCM (25 mL x 3). The combined organic extracts were washed with brine (25

mL) and dried with anhydrous Na;SO,. The solvent was removed and the residue was
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1-4--k-) Sz: / NO\ N 14 's/* /| '0 04\ fh 1-4 W

2012/ 058125PCT/ US2011/ 057398 HN HN HN HN 1-4 * * * N O 1-4
1-4 W0-2412/058125 ' 0 [0149] The foll owi ng exanpl e®Ciriuseeii0at3es t he
preparation and antiviral evalution of conpounds within the scope of the

I nvention. These exanpl es and preparations which follow are provided to
enable those skilled in the art to nore clearly understand and to practice

the presegbifie@yeatieOmn chﬁycl&b@utbglraﬂqx (P@@ol&glmgﬂhemt@@kcass/i L} dongvet he scope
of the invention, but being illustrative and presengatlve

nmer
compound 18-2 (200 mg, 71 ’y yleld) as a white solid. LC-MS (ESI): m/z 487 [M+H]
[0307] Step 3. To a solution of compound 18-2 (100 mg, 0.100 mmol) in MeOH/THF (1

mL/2 mL) was added aq. LiOH (2.0 M, 0.5 mL). After stirring at 80 °C for 12 hrs, the

t her eof .

reaction mixture was acidified to pH 2~3 by adding aq. HCI (2.0 M), and then concentrated.
The residue was dissolved in EtOAc (25 mL) and dried with anhydrous Na,SOj4. The solvent
was removed and the residue was dried in vacuo to give crude acid, which was used in the
next step without further purification. LC-MS (ESI): m/z 459.1 [M+H]". Subsequently, the
crude acid was dissolved in DMF (3 mL) and HATU (74 mg, 0.25 mmol) was added. The
mixture was stirred at rt for 1 hr and then DIPEA (0.40 mL, 2.02 mmol) and MeNH,HCl (82
mg, 1.2 mmol) were added. After stirring at rt for 1 hr, the reaction mixture was concentrated
and the residue was diluted with EtOAc (50 mL). The solution was washed with brine (25
mL) and dried with anhydrous Na;SO,. The solvent was removed and the residue was
purified by silica gel column chromatography (Petroleum ether/EtOAc = 5/1(v/A)) to give
compound 18-3 (70 mg, 55% yield) as a white solid. LC-MS (ESI): m/z 472.1 [M+H]".
[0308] Step 4. To a solution of compound 18-3 (42 mg) in THF (1 mL) were added
polymethylhydrosiloxane (PMHS) (0.18 mmol), ZnCl; (3.0 mg, 0.02 mmol) and Pd[PPh;],
(1.04 mg, 0.009 mmol), the mixture was stirred at 25 °C for 12 hrs under an atmosphere of N,.
The solvent was removed and the residue was purified by preparative HPLC to give
compound 18-5 (9 mg, 23% yield) as a white solid. LC-MS (ESI): m/z 432.1 [M+H]"; 'H
NMR (500 MHz, &>-DMSO): & 8.49 (m, 1H), 7.94 (dd, J;= 5.0 Hz, J.= 8.3 Hz, 2H), 7.74 (s,
1H), 7.50 (s, 1H), 7.39 (t, J = 9.0 Hz, 2H), 4.13 (m, 1H), 3.25 (m, SH), 3.04 (m, 2H), 2.84 (d,
J=4.5Hz, 3H), 1.49 (d, J = 6.5 Hz, 3H) ppm.

[0309] Synthesis of compound 18-4. Following the same procedure as described in Step 4
and replacing compound 18-3 with 18-2, compound 18-4 was obtained. LC-MS (ESI): m/z
447.1 [M+H]*.

/
ONH
FaC N

N
L0

Ms  18.6
[0310] Synthesis of compound 18-6. Method A. To a solution of compound 18-4 (120 mg,
0.248 mmol) and NaHCO; (42 mg, 0.50 mmol) in DMF (3 mL) was added CF;CH,OTf (69
mg, 0.30 mmol). The resulting mixture was stirred at rt overnight. The solvent was removed
and the residue was diluted with EtOAc (50 mL). The mixture was washed with brine (25

mL) and dried with anhydrous Na,;SO4. The solvent was removed and the residue was dried
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[0150] Step 1. Refer to Schenme 1. To a solution of conmpound 1-1 (40.0 g,
325 mol )wWpreoasers(40 nl) were sequentially added conp®amais2012/0§7398 g, 162
mmol ), Cu(OCAc)2 (0.6 g, 3.25 mmol) and Cul (0.6 g, 3.25 mml). After
stirring at 100 C for 48 hrs, the reaction m xture was cooled to rt and
added 30% (W w) aq. NaOH (20 nlL). The resulting m xture was extracted with
Et OAc (60, Wcu% t§)gwaaﬁ1e§a LONES &R 5 2chioushednt, QvHEE WastsBbBqyypddi ng coned.
ag. HCl. The resulting m xture was concentrated to remove water in vacuo
and the r@ét%ﬁ?@d%p%%rwct ragthy\amidlq fopmatign) foleyingrhe chnditiens defcapishin ( DCM MeOH
= 60/1t ( +5 br own
solid. Lcét%‘/gé 1 g%\éé%é;%gi;%%\ﬂ@;‘%ﬁ@ﬂ? ‘5§]4 1]$[§/[4£H] .ﬁzﬁ%kgtgﬂﬁrl\e@%fﬁconpound
1-3 (40. CDMSOZO‘5 %> htwp 111D, O Tpol, HhdsPHerlitb, ‘428 @ Y(PDPA)GrO (.08 nt-34 wad H),
mechani c tiRr a "l Xtur e 0 C and
i ce wat e?jl %5\’%,?[%@ 39% %éggﬁ’%ﬁ)%9§ |r2ﬁ)ng§kf(gn} lél% ubse!&uﬂn%?}g t he

m xture v@étﬁpext.racted with Et OAc (120 nL x 3). The organlc extracts were
conbi ned, washed with water (40 nlL) and brine (40 nlL), and dried over
anhydrous Na2SO4. The sol vent was renoved and the residue was purified by

silica ge\l g t ography (DCM MeOH = 100/ 1(v/v)) to give conpound
1-4 (18 g,05Q% as a yellowsolid. LCM (ES'): mz 178 [ MtHr. [0152]
Step 3. A sofh @ und 1-4 (4.00 g, 22.6 mol) and Et3N (9.40 ni,
67.8 mmol ) i X ) was added MsCl (6.46 g, 56.4 mmol ) at 0 C. After

stirring at rtY™foris3 hrs, the reaction was quenched by adding ice water

55,7 0 Sl R B AT b S i o o

anhydr ous. 2425081 aimrﬁimewmﬁmgya%mmmdbcm nihevdsegdedugetvas purified by
silica gel colum chromatogr ap y (,DCM MeOH = 400/1(v/v)) to give corrpound
1-5 (4.5 Yloroigypajs &Y dye. 847 ) ptdnC sy iy rese@wentteewass A BEFT 1t ;

NMR (500 IMHZTheQ@Qkﬁﬂ wa@qt&n@%dﬂa@ 1add]irrg Qv dréﬁ)of sdt: %GI\{aﬁCO} anPth® nfil&ure! H) )
6.79 (dd. Ji = H) , 2H), 3.89 (s,
3H), 3. oew(S§onc:g:peratedz Thorepidic Db i DO (6 piky apeits sy teapsomasieg
suspensi qtmatﬁé’h@f&ﬂ?ﬁtd o(rﬂeé &hdnhy?e@o% Ntc@.ﬁ)) Th@solx%gt Whs ©holdhngas added
n-BuLi (2.5 Min hexane, at C After stirring at 0 C
for 2 hr resad@dmﬁtdrléwrwcwwtmr@a eatelsL(JM@t)E )m[sS% hidtHil"i whighwgdr ous THF
(30 n) wg &e@%ﬁg hy(ﬁtﬂry%d il 'IpEfodrHQd %etﬂéﬁ arflie 'f&htgm»n, fdlf&gllrfgetﬂézédnﬂﬂlom xture was

guenched by addi hg m xt ure Wwas extract ed with
Et OAC (G%Sme&lnﬁtemhdo Elhecmnﬁé&-%k@é’iﬁ ESEX Y2408 (MerHE MHSWEB (G0Q h wat er
(100 m) g@n h 0 Thesol vent
was rem)vl\gg eé %ggl( ue) ﬁzp uﬁ‘??eé\kﬂ}‘z'}%&“ g@? %I%QHH) 355

chr omat ogiriiqo(hy IHID@M4 (o 2), \3§9Cﬂ¢t©<b@de1,-iﬁ24(—13 23 gn, B4098.91 el 45 4.3UC,M5 (ESI) :
mz 254 | M—Iz CDC13) : 6775(d, J=9 Hz, 1H), 7.12 (d, J =
2.5 He, %W%S{?’N%{g&’% =9 Hz, J2 = 3 Hz, 1H), 5.59 (s, 1H), 4.91 (s,
1H), 3.76 (s, 3H, 3.73 (t, J = 6 Hz, 2H) 3.08 (s, 3H, 2.70 (t, J = 6 Hz,
2H) ppm [0154] Step 5. To a solution of compound 1-6 (2.70 g, 10.7 nmol)
in dry tod uene (280HM.) was added ZnEt2 (1 Min hexane, 85.4 niL, 85.4
mmol ), foMN i Hy CHRl 2 (46 g, 171nmmol) at O C. After stirring at rt

over ni ght & gaciN_o i xture was partitioned between Et0Ac (100 ni) and
5% HC1 (100%71_) 1,;,[he organic layer was dried wth anhydrous Na2SO4 and

concentrated and the residue was purified by silica gel columm
chr omat od#3ghy Symhegis efcogippund d$SoMthod C7T¢ 2 salugpn of 20mpuald$-4 LTS (ESI ) :

Ly 302 A 0 P o S gy >

3.78 (s, @BRQ mL 031 (mnol BHhe redct®h mixtred@as(stiyre@#K0 °C fFG 1 Krelahd thé@conleﬁ o Hz, J2

ot on oyt e T Gas ol R B e b T e o °

(194 ny, attrt(it& 3@mmln) Tlat solvefd. wa%frtrameﬂtand thie mg;uﬂxe wat dﬂmed ﬁlltﬂi]EtOAd’(@S mﬂact ion

X B ORESIL LB A0 6] SRR RIS Blosl gy oo um

conpou n d vdas 8erhl A28 anithe bR %y wad dijedais vaciyed g@Wa Giuﬂe edide-(MPmE S a) el 6% Z 346

0 L08R g Ay Dol g tas@ttseqtmtww i

S5 Hz, 2|'|)met1@1 88 detformhtion, Folk®vin fﬁkc%o&@%@%ﬁheﬁh@&p@ tol@veie biid 192 Of
corrpound 1-8 (200 ng, 0.58 nmml) in CHACL2 (6 nm.) was added BBr3 (4 Nin

DCM 0.6 nL, 2.4 mmol) at -20 C. After stirring at 0 Cfor 1 hr, the
reacti on was quenched by adding ice-water (50 nmL). The m xture was
extracted W|th DCM(50 m_ X 2) and the conbl ned extracts wer e washed W|th

. - 1 N PSNP~NA —— N o




[0185] Step 3. To a solution of 4-2 (2.0 g, 4.2 mmol) in 20 nL DVF was
added 4-3 (0.44 g, 6.3 mmol), Cul (0.16 g, 0.84 nmml), Pd(PPh3)2C12 (0.29
g, 0.42 nwol2p12anssi2kt 3N (20 nL). The resulting m xture WRETUSCGNAFT39Et h Ar,
stirred at rt for 1 hr and poured into ice water (100 nlL). The m xture was
extracted with Et0Ac (50 nL x 5) and the conbi ned organic extracts were
washed with water and dried with anhydrous Na2SO4. The sol vent was renoved
and the rgsicdus (wsg mzmhéhgehhy* mNMH(mIMH@IﬁIDMg@r @WBJQler @th 6(6|:C§3t rol eum
et her/acet gne = (/ % g 3% 69%
yi el d) as!th: 6?‘%95 é% 3 (@éfﬂ)s‘*@%év)m) éosé 3 [ ﬁéi@ein)s e}-43F0 a

sol uti on @f 2pema d1444}(z23ﬁng0(@r ), M0, /v ELOAM (30 M) wes added
10% Pd/ C (2.0°g). The resulting m xture was flushed W|t H2 and stirred at
rt for 1.5 hrs. Subsequently, the reaction mxture was filtered through
Celite545 and thefilitrate was concentrated and dried in vacuo to give
conmpound AS 1.8 -N97% yield). LGM (ESI): mz 372 [MtHr; 1H NVR (500
MHz, CDC13)N ﬁ 01 (m 2H), 7.70 (s, 1H), 7.12 - 7.16 (m 2H), 6.82
(s, 1H), 4.89 Add-sJi 14.5 Hz, J2 = 7 Hz, 2H), 3.73 (t, J = 6 Hz, 3H),
2.66 (t, J =M&.5 He, 2H), 1.69- 1.80 (m 4H), 1.40 (t, J = 7 Hz, 3H ppm
[0187] Step 5. To'a sol ution of conpound 4-5 (1.80 g, 4.85 mml) in CH2C12
(50 nl) Vﬂﬂﬂﬁd&dtl@hﬂﬁ‘f ¢ompoghd 38:9. Bollopdngtts sapyerpiratieere @8dBdritgd il88. 8 ol ),

fol |l oned 1 ter sti ri.n rt for 2
s, t he VEBET ot rolrnda” deta HERERY R et eloeBoafy e RiBhean ¢ | ayer
was separaimpdundissheds ottdiiedNaCeviS digl): v/t 472, la+iari ed W th anhydr ous Na2SO4.
The sol vent was renoved and the residue was purified by silica gel colum

chr omat ogr aphy (Petrol eum et her/acetone = 5/1 (v/v)) to give conpound 4-6
(1.4 q, 55%y|eld) as a yellow solid. LGM (ESI): mz 449 [MMs+H; 1H NWMR

(500 MHz, 2- 8.05(m 2H), 7.90 (s, 1H, 7.71 (s, 1H), 7.16 -
7.19 (m «3 c4.42 (dd, 14 Hz, J2 = 7.0 Hz, 2H), 4.34 (t, J =
5.5 Hz, 2H), 6H), 2.83 (t, J = 8.0 Hz, 2H), 1.81 - 1.92 (m

4H) , 1 41 (t, !Y'S: 780 Hz, 3H) ppm [0188] Step 6. To a suspension of NaH
(0.21 %1 R M anh dr ou THF n) was added
a sol uti Jggl % "”Egﬂﬁgi%ng’owélgjmrg@ %glg f’%pﬁoce %Fr%e Cr%f?—(ifl (40 L) at

0 C. Aft evethdd Cranah@patmgm%caq HCHDsthcbelop@@mtebﬂbalmbytiurcemmﬁldadded sat .
aq. NH4CL (10 ni i i re was concentrated and the residue
was di | utv(‘é% gﬂnlffzil’:[t%&gg éE%S) ?ff{%.%'zmhﬂi'xture was washed with water and
brine and dried with anhydrous Na2SO4. The sol vent was renoved and the
residue was purified by silica gel sdakmsmachronatography (Petrol eum

et her/acetone = 5/1 v/v)) to give conpound 4-7 (1.1 g 96%yvyield) as a
yell ow solid. LG M5 (% : ; > gH,ElX13): 8 8. 02-
8.06 (m 2H), @9 3 mo°@Kp, 4.42 (dd,
J1= 14 Hz, J2 = F3‘36£§—%9[“,"J= ,'£307(s 3H), 3.02
(t, J = 6.0 HMHSRY, 1 94 (dd, Jj = 11 MﬁHN1ga2,aﬁ__g 5 Hz,| 2H), 1.77 (hr s,
2H), 1. 40 1.43 (m 3 PPm [0189] Step 71saT1oRaDlB)I ut| on of corrpound 4-7
(50 ng, 0.12 mol) in MeOH THF (2 ni/4 nE')ﬂBWa‘si'"a*dqu@d‘Zﬂ_lC]—l (2.0 N, 0.46
mrol ). The resulti ng R deur e was ostirreg 2 hrsggc’geol ed to rt
and acidified W s 64 ; nsi on was
filtered and the s @ @ro@ v o to give
crude conpoundmsghng ~( ny, y%l Hel o1~ s+ thite soli d whi ch was used
directly for the nxfaRsflep without further plagdfilarion. LG MS (ESI): mz
404 [MrH|t [0190] Step,8. To a solution of conpoun O4 8 (46 ng, 0.12 mmol)
in DVF (2 nL) was adde 9ATU (54 ng, 0.14 nmpol ). The Nlesultlng m xture was
stirred at rt f ol ad PEAHM 54 NITD 0 pel ) and MeNH211Cl
(41 my, 0.60 Ml f yﬁq\éﬁ%—a KszFQO he/r€action nmixture
was poured into i ee \A.ﬁgfarR_(NﬁO ntj.—JFher—SU’spensmson%engtmter ed and the
solid was purif Ag%ﬁ(y“sﬁﬁ@ﬁgel col um chr omat ogriggshg=0HPet r ol eum

et her/ acetone = Mhae)R)=H 0 gi ve conmpound 4-9 (30 ng, 61%yield) as a
white solid. LCMs (ESI): mz 417 [MtH; 1H NMR (500 MHz, CDCl13): 6 7.89 -
7.92 (m [&!13] S?epﬁBR(:&r tOISdhema 1&0 1(osa sold‘d))n o?coh&bo(lhd 8- (21%; Onirio)) idk)y, 5. 80
(d, J = é% I? ﬁ 2.98-3.03 (m
5H), ﬁ%@o mlj?i“ﬂﬁf dW@% <21\é"sTHE 20211& Ofm?@}) (fal OdeZTs(Q%M ©®H) ppm
I c )4 9'mil %%dmlwmeh@ﬂtﬁmga‘he&mumerf;n&mg J@bb@%ﬂgm@@&@ﬁ&] fhixBife

repl aci ng corrpound 4-3 (but-3-yn-1-0l) wth pen-4-yn-1-o0l, conpound 4-9'
was obtained as a pale yellowsolid. LM (ESI): mz 431 [ MtHr; 1H NVMR (500
MHz, CDC13): 6 7.92 (m 2H), 7.71 (s, 1H), 7.43 (s, 111), 7.19 (t, J = 8.5
Hz, 211), 5.86 (s, 1H), 3.08 (m 511), 3.01 (d, J = 4.5 Hz, 311), 1.59 (m
6H) ppm NH 0 . 04- 9 [0192] Synt hesi s of conmpound 4-9". FoI I OWI ng Scherre 4

o g, - o T o - o




[ 0216] Synthesis of conpound 7-1. Refer to Schenme 7. To a solution of
conpound 6-6 (250 ng, 0.60 mml) in DM (5 nL) was added HATU (275 ng, 0.72
nmol ). Thworewsulssizag m xture was stirred at rt for 30 mPATHSR@NASDPEA (154
ng, 1.2 mmol) and MeNH211Cl (122 ng, 1.8 mol) were added in. After
stirring at rt for 20 mn, the reaction m xture was poured into water (50
m). The suspension was filtered and the solid was washed with water and

dried in ¥aGHHled E°SHd s@qd@ﬁ%l@'aﬁ%l Etetit czr@ PP Ralfity) (08 e ot .t!%ﬁlegul ting

sol uti on was added i nto hexane he suspensi on was |tered and the
sol i d wasITrpasHon PixXpe ges sEregiay C&d&dﬁ%"mﬁ siawly (@39%(2@@% ;T|he| d) as a
white SOlslu en&&w&ﬁ%’%&mdffﬁéﬁté&% “Iat/td#} cte&%m% di‘%x@do‘é%@/'ﬁ% Th%ﬂ%med 6 7.88-
7.91 (m 1H), 1), t, 0 =676 Hz, 2H- 5. 82
(br s, 1H)r anE %a(tswellfl-\&ash@i v_@g] l(rdle (SG:HJL) @dt@ed DRy anlgydgds NapS(; TiRH) , 3. 01

S oo Doy dmoreadf b el watuddifhucad Gaive Buli¥eorfidloa fadde - 096 (M

(40 ng, 02094) arwyellowrsoDEMbich was sedasretllyudhehd nekttstep@3thatt furfigr C unt i |

conpound 7- ( ). Subsequently, the reaction m xture
was sat ur3l 1%8%011?12(9@ ?gd) fg%h%ts %B}in , 0.26 mmol) was added. After
stirring [aslﬁ]t Skeyr 2. 3 oharselutibinef d’oﬁ@OtdeISaFﬂa)(E.l]V e, Wamnidl) ih@@d (4ndL} h e

fiItrate ncen ted. .The si d wa rified,.by sili colurm

Chr omat oo Ea s S0 BhY oS vmdiin g 25 Yo aRD. RUBYE NG BloSehian i T

431 D/7| ;TD 775 Tl 10MR I R O@teMitizrinCIPOT8)for Bhr, tBBreétcdﬂm mlkture Waswarlaed 2t = B 6. 0 Hz,
r s,

54
11y 4 ognd Feaat vl 1 figd gy thy iy evisticd & A0 xeg, 3 -
4.5 Hz, 3 ihekoBBimed o%mé Rktredtd)werd whshed With${2025® mLﬂ-atﬂﬁbr(n@ (50)mE) and0 HZ 3H)
ppm [0218] Synthesis of conmpound 7-3. To a solution of conpound 7-1 (70
my, 0. 16 HBPYCTiALYFPANEY- k9 soheat wtrdero o beiecedis vg purifindyr esul ting
m xture Waga fgtttb%haqt Mﬁ&hﬁ@%@@p@@ﬂ%@%/@tv/ns tof Ve SniPound1¥a-3202 8L

m Xt ure was |tered; the rate was concentrated and the resi ue was

purifi ed Bye ¥} e ligtt yellowusehid A MISeESHr iy | ( PMHDT eum et her / Et 0Ac = 5/ 1
/ t ; un I uSel C M5
E\és}/g ) quﬂlﬁe S?%_@%'&%ﬁﬁxtl\l §th é%rdgg 051?80420%'((,9 55‘% ﬁén&dgﬂht&,ﬁ e (5@9%9 (dd,
J1= 8.5 Hyas ag®d£§% (H28 gqu)mmcrb G tef stirringpt 807°Czsmrr(:ct forér:hrsaths FWUOIQH) 5.89
(br S 1R)ix v%Qsc(o d ortg ili%ed. Mflltéite% ﬁtre(tga an@i'_&xe regldlgswgstd'neg = 6.0
o R ) 4 ¢ &

Hz, ppm Conpoun was separated into a pair of
enantl onensacueMaglwgrrlréﬁrw?H@uwd [8aRta~(29) QZ@amltD)v aiid. enanwicorred for¢® B (tR =

= ﬁsé"“@“ SRR ARG RS B AL ™ L P o) T
74 Yo QI | Kieka EPRoh Mg Corplo B T oAy BRB A 15 e

added CFICQOHed . BRemd )8 ariétfrb[damm ¢anypongyd -2 mith d8adaicghipourtdi@arSedti igon

esul U g Cort O dge AT 3G L MR Tl Sy e PR s e

filteredMHd AOTHOS dewasztttx 7 .68l (s, DHy, 3c39as, 1161) gi. e, doap oLnzH)7 449 (B0 =g, 58%

Yol Dy BbTa 3 MLasde i e AR W T b R 1D Sy

2 gGHgt 3(71{)%1@215676{;(21,.73:@1;12 5H89prﬁ@orﬁpouﬂ;h‘ﬂ8a 3&1\7/55 ?eﬁar&@d (rfﬂ% agzhl)of 3.01 (d[ 022;]
, S pm

Synt hesi senatﬂoewpettﬁbor?efé*‘a%aé 32 i B %%mﬁﬁ aSarSQJt e r}&S

nol ) i n dvRek 6§I-U'V|—i)bs Bonldt2h fnfnlonmily 6 Wasx asidas Mﬁ%aﬁc%pcmA@w mml ) -

After stirring at or 10 mn, the reaction was guenched ’Qé)iaddl ng

sever al @%&coamla@@tuaﬁ@emmeueot%r@ ehigak Meglblend &RA=ORE0(HY) Be was

di ssol vediduyafet PAG/HhidAndtd- sotmeﬂmvxttynes YR \fnﬁh@sisswet Mmavat sl red dried

wi th anhydrous NaZSO4. The sol vent was renoved he residue was di ssol ved
in DCM ( @r&sye) 153 ket he resul ting sol uti on was added into hexane (20 ni).

compound LT ( She it YuEhTIOuRT a6, R Ohh s 4 b e P e, s

[ MEH] +;  IskNMRis(Boombind 1852k 3 scrlaedﬁngzhemegkﬁa(ami reBldping TneB& lapsne with) 2,.47. 18 (t,

J= 8 5 (b 3.12

(s “%yn%tt?yge B hogrondTsa-2o sk WP prod i Rl 23l o 6
I\/|58 9 [022111] IST-df5 ESDRef/=¥71120MBdHiéme 8. To a stirred sol ution of conpound
4-2 (9.00 g, 18.9 mol) in DVF (100 nmL) were added Et3N (7.84 nlL, 56.6
nmml ), Pd(OAc)2 (212 ng, 0.94 nmmol ), dgpp (469 ng, 1.13 mmol) and butyl
vinyl ether (12.1 nL, 94.4 mmol) under an at nosphere of Ar. After stirring
at 100 C for 2 hrs, the reaction m xture was concentrated. The residue was
d|Iuted wth EtOAc (250 m_) and the resultlng mxture was washed wth water

A NN 1 N PSNPI~NA



(300 MHz, CDC13): 5 9.67 (s, 1H), 7.66 - 7.72 (m 2H), 7.17 - 7.24 (m 2H),
6.93 (s, 1H), 5.69 - 5.97 (m 1H), 5.68 (br s, 1H), 5.02 - 5.16 (m 2H),
4.08 (t, We206128s8825 2H), 2.88 (d, J = 5.2 Hz, 3H), 2.28PCRUBZ01(1/5732¢) ,
1.96- 2.06(m 2H) ppm [0248] Step 7. A m xture of conpound 12-8 (200 nyg,
0.46 mml ), Pd(CAc)2 (10.3 ng, 0.046 mml), PPh3 (48.5 ng, 0.19 mmol ), LiCl
(21.5 ng, 0.51 mol) and Et3N (0.26 nL, 1.8 mol) in DMF (6.0 nmL) was
degassed [wzb]r@yhmegglomantpomd 18h8b F DGR % tﬁt@-ﬁnk%ﬂ%@@@gagtﬁﬁt for thé mes. After
stirring at 120 C for 18 hrs, the m xture was added into ice water (100
m). The So¥pEnicomparns 18a3adesabetia Schansbiipd fiakciperpmpaada§a-3a | i ca gel
col um  chi@"Psa0; 8phy. ouﬁm&ﬁ%@l’) ﬂ%@iylélﬁi Ml&ob&a@neﬁ'ayghg hiPebHE&igof cconpounds

12-9 and 12-10 (100 62 at"a ratio of et'erm ned by proton
NVR. LC- NdS (B§lx @52@%@}& Corrpound 12- 9: 11-1 NMR (300 MHz, CDC13): 69.48

g,s 1|]_'|)H? éﬁ%ﬁ;@ ( -SS?,Kt{lEf%, ()fg&.o@nd ZSJ‘gb ,Fofloglhg(tﬁg sagxt%)roczdul:l'_é)’as(tgat g%lj_%n 5.65 (hr

4.28"- J=5.2
Hz, 3H), nBesisdf codppynd I3ppda d@SCOBedIE Stienfari 8a24d jeplapimg coropail 1&*&@ hesi s of
conmpound 1.2- 28 mmmol )
and 10% Iﬁé&bﬂs}‘g %ééﬁl%e?ﬁ%%\%&{gg}rég?slt/(\)é‘gcog\tv%wrge&%djﬁgaségjw?}%gdhrg under an
at nospherMS ¢ESIL 2z 611'hE[M1tH1 ure was filtered through Celite(r)545 and the
filtered sh filtr
concentra[gﬁi(?iananthﬁsls gcsol i ndv\gga'pér%?’f FEHG%S()[%IOOPU O%‘?tor%%%%ié\@gjpd@
( Et OAc/ DM r-nrrﬁnd)?in DﬂMIl)O hD) ‘gas\md@bl’ﬁmwﬁ)dnﬂ)BAit&: tiBrinEoat rt808mighe kitct) . LC— NB
rzﬂ H)Z 3§46%M%|§_1q)n F]Di-f)lre WS %%ncentx?ateéigangﬁlce rﬁg_ﬂue V‘éls 6r1fled§3yf&% ciic';ﬁato&fapfé to 4 20
(m 2H), g@veldmpodnd?Bat4tias iphle yelldBdsdlid, LA-M$SESIHE/z 1) (M08 - 2.20 (m
1H, 1.90 - 2.05 (m 2H), 1.68 - 1.78 (m 1H), 1.42 (d, J= 7.2 Hz, 3H) ppm
E0250] ) S)0323¢ S iSynhkesic oNgmiviind 284.6b. %IISQInlg&lid)ja?n@ﬁardé&mﬁ@aHtﬁﬁ ferh&l and 12-10
28 ny) in CF3CO2 3 nL rred at 70 Cfor 48 hrs. T sol vent was
removed P PE%‘%Q‘H%S’BHW gt’% e@d“%f‘tel‘tled%l@t‘% %’Eaﬁﬁ?.‘?o’?ﬁ‘é‘“ﬂiqgtztﬂ‘@ was Wwith
sat. adg. 1@@&@%@6%&83651) (vu')@ ﬂ,gamwgltemwat\aﬂﬁ% as-ﬁhﬂn&(@bl‘{cﬁﬂlt MBSESI@nMoved
and the residue was pu umm _chr omat ogr aph,yég( Et 0Ac/ DCM

= 1/ 7 (vi574ebIiE: %NHH&?&’%@*&@Q@Q %91 689%1&7&40‘)7 87 @ k8 G /1A
352 [MFHFLH)liiz gﬂ\ﬁ—(@?&ozm 95@@143)57 91@13 5(@4 éié%m 1?{)64592(d7ﬂ@8(m 2H),

7.18 -7.26 t, J=
5.4 Hz %3@@ (gd/=15H24 1), |3|220((3l31}1) 0, L= 2%3'(1}n(1 72@'?2723 @( 311)
ppm ?péﬂd C§E195’unjd 1s§<efa%staaa§%q% aldir of Qnaﬂuéﬁtrytehammgtermm% 13-1
(10.0 g, In EtOH ( m.) was added 10% Pd/ C (ww) (4. g). The

reaction ?ﬁﬂ wig awéenaawr@«vtééaﬁb Bt(tizr 413 pin) defeeed tyrl Mebwegiivepe2ldinnH2 for 24
hrs. Sub r Q) ite(r)545
and the fSQ Flﬁlt&gér% id;rﬁ{/\nﬁygﬁ% ﬂga% ﬁb?%@ﬁmk{%%ﬁﬁnf@nﬁg{aﬂtﬁgﬁg%h trate was
concent r auedt: M‘ﬁ@H/h@Ul'ﬂ (337 éd@/me/vpﬂﬂedlowrratvathe/numalgl acesobvendiéovempound 13- 2
(8.0 g, I d o] S, used for the next step

Wi t hout Rﬁ%/ﬁ’é‘ff%}dtr ?Sgraet?@r?”arﬁ%‘t?éi(f’ﬁg?])‘e 108 02 [MrHr [0252] Step 2. To
a stiffing solution of conpound 13-2 (7.99 g, 64.4 mmol) and Et 3N (59.4 ni,
386 mml ) in DCM (100 ni) was dropw sgly ded MsCl (6.50 i, 193 nmol) at
0C over 30 mMm Afterr_stlrrlng at rt for rﬁ rs, the reaction mxture was

filtered and Htrate was concentrdhed. The residye was purified by
aat 6f Pepihy : theH‘OIH 6 to 3/2
nng—13-3 (6.8 3 oA d) as salyd. LG M5

silica gel

(v/v)) to givé

(ESI): mz 281 TMiH; 1H NVR (500 Wz, CDC13) 8 8.56ms 8.57 (d, J = 5 Hz,
1H), 8.42 (s, 1H), 6.97 - 6.98.(d, J= 5'Hz, 1H), 4._00 (s”%H) 3.45 (s, 6H)
ppm [ 0253] Step 3. , To & SW

ution of O- (ne3|tylsuﬁtpnyphydroxyanine ( MBH)
A=s asiledlecomppound 13- 5.00 g, 17.8 mmol).

F the TeactTqn rconcentrated and
t he residue was drijkgd i n’ vacuo to gi ve crud gun 3-4, which was used
for the next step w thodt® further purlflcatlgﬁ (- M5 (ESI): nmiz 297
[M1-H. [0254] 8 gp 4. To a solution of conpound 13-4 (crude, 17.8 mmol)
and et hyl 3- or gphenyl )propiolate (3.43 g, 17.8 mmol) in DVF (80 nl)
was added —F71.2 mol ) in one portion. After stirring at rt
for 2hrs, t m xture was concentrated and the residue was
purified by S|I|dﬁ5gel col um chr omat ogr aphy (Petrol eum et her/acetone = 5/1
to 3/1 (v/v)) to give conpound 13-5. LC-MS (ES!'): nmlz 408 [ MH +. [0255]
Step 5. To a solution of conmpound 13-541.00 g, 2.45 mmol) in DMF (25 nl)
wer e added K2CO3 (1.02 g, 7.36 mml) and 5-bronopent-1-ene (732 ng, 4.91
mmol) at rt. After stirring at 80 C for 2 hrs, the reaction m xture was
poured into |ce mater (100 nL) The resultlng solutlon was extracted mnth
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SEMCI Cs2C03. MeCN Scheme 16 OSEMOSEM NH2 IPd / C |1 1\1 16-216-3 OSEM
MsCl OSEM Et 3N', --1,,,,, __NHVE 7L, "NMs2 DCM+ NN 16-416-4' [0284] Step 1.
Ref er to woher#ss®s To a sol ution of conpound 16-1 (1. 0@Cg/USZ01145138®| ) and
SEMC1 (0.670 mL, 7.14 mmol) in CH3CN (10 nL) was slowy added Cs2CO3 (1.57
g, 7.86 mmol). After stirring at rt for 3 hrs, the reaction m xture was
concentrated and the residue was purified by silica gel colum
chr orrat oguapy st&ei mk@lm&m@ nH B @daure oBtdmpdand 65 (( 80 ¥)2.23 Andl)\ugd conpound
16-2 135% é as_a yell ow solid. LC—I\/S(ESIf: mz 271.1 [ MeH +.
[0285] St¥h Q/Cﬁ‘& I%SH S Ie’dﬁ%aﬁﬁdfamﬂ@d(a&rtgser@g tnder ol ) in Et OH
(20 ) V@ﬁo%ﬂi&%%f ﬂiQ%h@%xQuﬁe?vla% ff'{QI)ed tRrbEeh’ @HEL" 25 afld b ﬁ[t@re&"@&e%tahr red at rt
e

over ni ght under an at nosphere of hydrogen. The mixture was filtered through
Cel i t e(r)vEhg! wifyMeRE ¢p FTtIe’F ed Thalk aﬂﬁ@z@s\ﬁmw% a0H tEretifye2psdriedkin2) . The
filtrate d © give
conpound 1)%%% {6%%%%1 rgig%“ﬁy?g th)% ow ol :SB myémﬁq(cfESI S mz 241.1

[ MeHr . [ d988Y Step2. §Oa1ﬁolua08©ﬂqmpomdot9 b@ﬁﬁmalaml)(ImM@)IyTHﬁ(HB mol )

and Et 3N sol ution
of NeCt (BA P ey Hitel a0k ot W L SRS SRR ™ ey o
stirring has, tlnetrewen mixghte, was heolccéiactandmdmtxd torpdd S’Nefsbyfadhmgraqd{(tllm@d@h
Celite(r)n545 t he f| ake was (3 The
filtrate %smléélﬁec\@%stcro a en ate ﬁeerermguei us\éﬁg% der étQAC \pac](t%)omtaéi< Fi ve

m xture aB5 ﬁﬂ_rjpﬂmm)d@nibﬂaﬁr a/laddrlﬁ with dnByB6usgya,804. Thy edivaouwas lemovdd 4k vvas
used directly. for xt step without furfhe rificati LG M (ESI): mlz
500 1 i b e i 1 S Dot BEE (Y e R histlfes 5 Slpat v

[ 0287] StiapMms (EED) Ba/z541|8ut[MM{]Of conpounds 16-4 and 16-4' (2.30 g, 5 81

ana 5. br RneRe Ste oreser f g LT 38 2 o 12t Gt B0 ror

3 hrs, thRECATAINMATY ik, W EmWRS 1EABLEME fathdds andulkRes k@sdddida washpuri fied
by si | | ca el colum chronmat og ra({)hy Petrol eum et her/ Acetone = 4/1 to

1/ 1(v/ v))S ?ﬁq@?w @6%&%&%6@6 2 066 a5d edobmediamige wansided 638 % 6f conmpound

16-3) as @AmbhitR r&aldn mﬂ(—t@rel\@ds(s%& at rtnflo?3(3§7n %dﬁ%%nceh@a%&ﬁ&) oRle@Pufe. TO a
sol ution of conpound -5 (1.15 2.98 mmol ) in THF (25 nl) was added

t et r abut yloawawHi Iind: MheﬁWPé ugerEarhe pext 38p yithgutdathenpirficaton. LC-MB(BD:st i rri ng
at 45 C gyeuph §fNr+pihe reaction mxture was concentrated and the residue
was purified by silica gel colum chronmatography (Petrol eum ether/Acetone =

3/1 tol/ 10327} V)S}ept‘b Agiolusiop ofrpapreynd §2-8 (90964s. 6 nrmoh wdel?(a@h €20, \mm e

compound "ThC8 (B G0 I3 e %%%ﬁﬁé@h%* Qur SR 5177

6. 61 mmlr)tacaanmMGemesudntcsmtgﬂewhmﬂlttreeem vwladcﬁeddataaq NaHCO: t8aljwst o pkhder an
at nospher t reacti uenche | ng sat.

aq. NaH Safillféesr%‘%‘%% gﬂsﬁn&x %Srﬁe1 e\g\eglsangx ersgc‘?w (\?ﬁet(a N EOAC %l}i/eoﬁurﬁ_ x 3) and
t he conblqoelqiomrdgaFﬂasaexmlreaohd;MIaMS (Babhed 44l 2 iMwal er (100 m. x 5) and brine

Fosi aub st P 1 AR08 VRS BP0 g A D45 T 856 vi o1

as a yel loose rpmmjand KL@®MB6 (@S{) )52 m’md) 13];9\/[90 [(:MhHD waf 9220kt Bt€xfor/24 Mks.m Xt ur e

f 16-7 400 | PPh3 (66
ﬂg 08”22%1 ture) ag&&?f?ﬂt@%fb wd Slé%e W‘?ﬁﬁ“f %5%35 mfa%weiﬂ’i%m?@) 20 mm|§

in MeCN /ddaq@o&nmsarsmm nﬁg_)lz%laﬁel@tals b fdele aéhdSQc@mvmmIngmwm@mpmlmt nosphere
of 1\12 The m xture to rt_and concentrate The resi due was

| ed
puri fi ed WYRPYY Mélzgga DMéPQ”ﬁquc rBiratlddgrRph{ 2% @ét%’l 7e‘i:ﬁﬁseltfﬁe7 PAERt one = 5/1
to 2/ 1(Vv/3n))75@ies 00 Om)d3l>@ $3111 344, 1 5P/9:>Vb€|4 1a§6 ygl towpsol i i d.
LC- M5 (ESI ))) rﬂ(zgzme '@B} H ; (NIVR ;SOOm £ 4 @) g (s, 1H), 8.50
-851(§Z)Epm5Hle) 723-724(dJ 5H21H) 535(s 1H), 5.27
(s, 1H), 3.79 ( br, 2H), 2.91 (s, 3H), 2.49 - 2.51 (m 2H), 1.96 - 1.99 (m
2H) ppm [0291] Step 8. A m xture of conpound 16-8 (130 ng, 0.544 mmvol) and
10% Pd/ C (50 rrg)N/\l\h MeOH (30 nL) was stirred at rt for 24 hrs under an
at nosphere_of H2.,/ The reaction m xture was filtered through Celite(r) 545
and t he w% vas washed with MeOH (30 nl x 2). The filtrate was
concent r atg@ & e—f esi due was dried in vacuo to give conpound 16-9 (120
ng, 92%vyiéfsd) @s an off-white solid. LCGMS (EST): mz 241.1 [MH]. [0292]
Step 9. To a solution of O-(nesitylsulfonyl)hydroxylam ne (MSH) (0.498
mmol) in DCM (10 nmL) was added conpound 16-9 (120 ng, 0.498 mml). After
stirring at rt overnight, the reactiomsm xture was concentrated and the
residue was dried in vacua to give crude conmpound 16-10 as a pal e-yel | ow
solid, which was used directly for the next reaction w thout further
purlflcatlon LC—NB (EST) |n& 257 1 [I\/H—l] [0293] Step 10 To a sol utlon

o o AN AN AN oA A NS ~ N o e ~




41 505.2 8.45 (s, 1H), 8.16 (s, 111), 7.55 (d, J = 8.5 Hz, 2H), 7.33 (t, J
= 8.0 Hz, 2H), 7.02 - 7.13 (m 5H), 5.58 (m 1H), 4.12 (m 1H), 3.13 (m
2H), 3. 03W0O20123181252. 80 (d, J = 5.0 Hz, 3H), 1.89 - 2. 0PCErGS2@H)N57398 71 (m
2H), 1.42 (d, J= 7.0 Hz, 3H C HO4. %...0s; / 'ci O NH - N.' 16-18
Cl . 539.18.45 (s, | H), 8.16 (s, 1H), 7.55 (d, J = 8.5 Hz, 2H), 7.44 (d,
J—15Hz 1H), 7.01 -7.23 (m 5H), 5.56 (m 1H), 4.10 (m 1H), 3.14 (m
65 2E1),
1 44 (d 3[0§§9] %}ntheﬁs zpc&lgmm]ﬁ 19-6: F(%'ﬂ?own?é")le s%@&&ﬁﬁlﬁﬁ%&i@l@fgﬁbfggﬁ gl_l%] £53
8.51 (s, sypahesweofzﬁsm@gun 1S ar, raiacertg compeurgl B)-2yith hepcorrgsperpdingzde3 (m 4H)
7.11 (d, 1 ) 2H), 3.10
(s, 311),“1?’%6 ?18% lcﬁgzwr%’%ﬁg% (@@%%%5%# %s%ﬁ?%% 42@1%+ﬁ?’0 Hz. 3H),
1.96 (m 2H), 1.79 (m 2H), 1.49 (d, J= 6.5 Hz, 3H HO N. sO; / 'O/ NH
NN 16-20 * 523.2.8.45 (s, 1H, 8.15 (s, 1H, 7.59 (d, J = 8.5 Hz, 2H),
7.26 (m 1H), 7. de J=8.5H, 2H), 6.79 (m 2H), 6.73 (dd, Ji = 2.0
Hz, .12= 16 L 5.54 (m 1H), 4.12 (m 1H). 3.14 (m 2H), 3.30
(s.3H), 2 81 ) @ 3H), 1.91-1.99 (m 2H), 1.71 (m 1H), 1.51 (m
1H), 1.42 (g, O H, 3H FHO-- *s: O NHN 16-21 * N-,.. 541.2
8.52 (s, 1H), 8.22 (s, 1H), 7.66 (d, J = 9.0 Hz, 2H), 7.18 (dd, J 1 = 9.0
Hz, J2 = [083( |'S§fnth1:!:i); of &)nip'rbu(ld 19-7. Fol&v&@ng'ihe satikd) proed &9 af dascrltidd in he82 (M

1H), 5.61 88 (d, J
45 1o, s elsompaigd o arospociie g otd 15 it esbiimpontje & a0 (4, a2
7.0 Hz, 3hbthylated cightlmédbet ring analog, compound 19-7 was obtained. LC-MS (ESI): m/z

440.1 [M+H]".

Scheme 19a
NH,

NH N/w
o NH
&N O ; O _POCl; Q\ O O ;

M 10a 19a-2

[0331] Synthesis of compound 19a-2. Refer to Scheme 19a. A solution of compound 19a-
1 (250 mg, 0.54 mmol) (prepared from compound 8-8 by following the procedure for the
conversion of compound 19-2 to 19-3 described in Scheme 19) in POClL; (5 mL) was stirred
at 75 °C for 3 hrs under an atmosphere of N; and then was concentrated to remove POCI;
under a reduced pressure. Subsequently, the residue was added sat. ag. NaHCO; (25 mL) and
the resulting suspension was extracted with EtOAc (40 mL x 3). The combined organic
extracts were washed with brine (50 mL) dried over anhydrous Na,SO4. The solvent was
removed and the residue was dried in vacuo to give crude compound 19a-2 (100 mg) as a
white solid, which was used for the next aromatiza;ion step without further purification. LC-

MS (ESI): m/z 444.1 [M+H]".

N
b NH

0
N F
C IO
Ms 198
[0332] Synthesis of compound 19-8. Following the same procedure as described in the

preparation of compound 19-5 described in Scheme 19 and replacing compound 19-4 with

19a-2, compound 19-8 was obtained. LC-MS (ESI): m/z 442.1 [M+H]; '"H NMR (500 MHz,

166



=

s; / 'O QO NHNN 16-22 539.1 8.45 (s, 1H), 8.16 (s, 1H), 7.59 (d, J
.5 Hz, 2H), 7.24 (t, J =7.5 Hz, 1H), 7.07 - 7.10 (m 3H), 7.00 (t, J=
Hz, DWp,208/@8126dd, Ji = 2.0 Hz, J2= 8.0 Hz, 1H), 5. BET(Uspo1LieF7398l. 13 (m
3.14 (m 2H), 3.30 (s, 3H), 2.81 (d, J =5.0 Hz, 3H), 1.91 - 1.98 (m
, 1.71 (m 1H,1.51 (m 1H), 1.42 (d, J =7.0 Hz, 3HH HOO CO --- s-,-
'O/ NH * 16-23 Cl 539.1 8.44 (s, 1H), 8.15 (s, 1H), 7.57 (d, J =9.0
., 2H), 710 ; , ( 2H),
5.55 (m fl—[l%&Sémé} lé%dZJOlg}g%éliIZSPCT/U%il%?%gé%{) tor & {095%#2 (m

2H), 3. 301H)s7.33 - 73im, 331 862Q @, 11)=4.87 o 4143 (m3 HyD), 3.87 ﬂ%ﬁmﬂé) GF8(m3H2H), 1.72
(m 1H), 1 42 (d, J= 7.0 Hz, 3H) [0298] Synthesis of
conmpound 11%9@1(11"3 g:o(dn%zoéﬁ%jpr% 16 was obtained as a white solid fromthe

hydr ogenati on of corrpound 16-14 in the presence of 5% Pd/C in EtOH LC M
(ESI): nmz 413.2/[45(H—|] | FINMR (500 MHz, CDC13): 6 8.45 (s, 1H), 8.19 (s,
1H), 7.58 -- 7.5Y9 m 7.45 - 7.49 (m 3H), 551 (m1H), 4.11 (m 1H),

~NFDNI
& I C

3.16 (m 2H /1 3H) 2.76 (d, J= 4.5 Hz, 3H), 1.90 - 1.99 (m 2H),
1.73 (m %Ie—l) ; 1.43 (d, J= 6.5 Hz, 3H) ppm [0299] Step 1.
Refer to

Y ‘ me of conpound 17-1 (100 ng, 0.225 nmol)
(readily pr'\‘-‘,'sparedeby onzo sis of compound 6-5), paraformal dehyde (20 nyg,

0.67 nmmol) and norpholine (2FtL, 0.02 mml) in acetic acid (2 nL) was
heat ed at[033) Gyhthiesi? ohdosnponga 19-ANFEANDSNREsneirodSdury as dderiedactheon m xt ure

was concentrated and the i.due i ssol ved in THF/ Et 0 n)

and Pt 02 REBAHigy o l%ﬂa%ﬁfgﬂ&$av¥@P§f Mig® FP?PH%&@?mwaﬁibéﬁa@r A

at nosphermdefkiddahe ﬁqbﬂiflé@&ﬁlﬁitﬁﬁ deFI cm{ydfcemwa@lé folrﬁl@tidhd;h&\hﬁ pUgheheldt e(r) 545
and the filtered cake was was with EtOH ( The filtrate was

concentra‘ioglﬂ’o'é‘ﬁjdl%%éfasr‘?éﬁl%ﬁﬁlelﬁé\és Eip'asrI W@@‘*b‘y“‘%ﬂﬂ 051 R () Wiiz. 4™

chr omat ogsRb) a(ﬁeisr@ll m.ed eyLléts%pzﬁ A s (6 VVH9) ).66 vesgempaynd 17-3
(45 mg, 33%y y d, t(vvogs;te s(tal 7%)) ( }?%e Sgl(j myESI): m z
460. 1 [ M6~ Yﬁ@mvﬂfpsb@ M—’i’zl9 @3@@3)70 8d8/ aé5(P§Z 2Ht. 878m112H>( fh002|4)0? 7.71
(s, 1H), 2 8 (5738, 119z, : Sy 38) fizn. (M
1H), 3. 07&(@%@9&;@3 (n{zl.zgg’%%(Siﬁﬂjzifé)?gzl(gn%@%’? 5%53%?%% iﬁ .0 Hz,
3H), 1.32 (d, J = 7.0 Hz, 3H ppm [0300] Step 2. A m xture of conpound
17-3 (182 ny, O. S&E} mml) and LiOH (50 ng, 1.19 mmol) in THF (20 nL), MeOH
(5 n), and,wat \(\15 m.) was refluxed and monitored by LC-Ms. After the
reacti on w the reaction m xture was cooled to 0 C and

adj ust ed @ Va 7 by adding 1 Mag. HCl. The organic sol vent was
renpved amdithe Pesi due triturated with water (15 nL) and then
filtered. e soltbab was d wwth water (10 nL x 3) and dried in vacuo to
gi ve conpound 17-4, which was used in the next step w thout further
purificatlP3H] ISEathesi§ efSiompomnd 19-30. Follpwvieig]the {208 Pidce@ireps &Escrifed in hel ut i on of

conmpound r. 1) in
DMF (4 ni gpv%aggggg&eb&m%}l%g% %ﬁﬂlie% ﬁ@@%n%ig IHA{E%IQ %%gﬂ%oqud %?lzﬁ?’ngygt rt for
15 mm t Hell mrk@mmlog/apéc@dpmm 1.5 1Dl PEpArddfB6n tortpouid 286 9hmin) ip Schdrhaa®@ed by
R L e e R G A
resi due waldnglibk utoedledncbx’mlmtfer dxayttﬂmhndetzeleé@}maﬁhesmwhmdSMﬂBxedehI ected and

purified b rative HPL b as a white solid. LG M
(ESI): o dpl%[%ﬁ”bﬁ“egmé% w@%%%}i%l 5 8.13 (s, 1H), 8.00 (m
2H), 7.21 (m 2H), 7.71 (s, 1H), 5.90 (brs, 1H, 4.15 (m 1H), 3.64 (m
1H), 3.08 (s, 3H, 3.05 (d, J=5.0 Hz, 3H, 3.03 (m 1H), 2.32 (m 1H),
1.80 (m 1H), 1.32 (d, J= 6.5 Hz, 3H ppm [0302] Step 4. To a solution of
conmpound 17-5 (40 nmg, 0.090 mmol) in MeOH (4 nL) was added NaBH4 (10 ng,
0.27 mmol) at 0 C. After stirring at 0 Cfor 30 mn, the reaction was
guenched by addi ng several drops of acetone. The solvent was renoved and
the residue was diluted with water (25 nlL) and extracted with DCM (25 nL X
2). The conbi ned organic extracts were washed with brine (25 nL) and dried
wi t h anhydrous Na2504. The sol vent was renpoved and the residue was purified
by preparative HPLC to give conpound 17-6 as a white solid and as a m xture
of cis- and trans-isoners. LC-Ms (ESI): mz 447.1 [ MtH]; 1H NMR (500 MHz,
CDCI 3, nmjor isoner): 6 7.93 (s, 2H), 7.87 (s, 1H), 7.58 (s, 1H), 7.20 (m
2H), 5.93 (brs, 1H, 4.78 (d, J= 7.0 Hz, 1H), 3.70 (m | H), 3.11 (s, 3H),
3.02 (d, J= 5.0 Hz, 3H), 2.08 (brs, 1H), 1.61 (brs, 1H), 1.03 (brs, 3H)
ppm [0303] Step 5. A mxture of compggynd 17-6 (88 ng, 0.20 mmol) and TsOH
(8 ng, 0.04 mml) in toluene (6 m.) was refluxed for 2 hrs under an

at nosphere of N2. The solvent was renoved and the residue was purified by
preparatlve HPLCto gl ve corrpound 17-7 as a V\/mte solid. LC—NB (ESI) m z

I A FRAR. A A A  NrNOOR AN NA N\ N — o~ o~ ~1 N — — — ey —




[ 0310] Synthesis of conpound 18-6. Method A. To a solution of conpound 18-4
(120 ng, 0.248 mol) and NaHCO3 (42 ng, 0.50 mmol) in DVF (3 nL) was added
CF3CH20TIWOe912138128. 30 nmol ). The resul ting m xture wasPSTIUSE@Ed/081398 t
overni ght. The solvent was renoved and the residue was diluted with EtOAc
(50 m.). The m xture was washed with brine (25 nL) and dried w th anhydrous
Na2SO4. The sol vent was renoved and the residue was dried in vacuo to give
an ester, LC-Ms (ESI): mz 529.1 [ Mstfleme\tti ch was subsequently hydrol yzed
and perforned nethyl ap de fornmation, oI | owi ng tdie conditions described in
Step 3, to Hd8-6. LC NS 1491 [ M+1- 1]+ 1H NMR (500
MHz, d6- DWMSO): ] 1 , ) y9C. 7 58 (s, 1H),
7.40 (m 2H), 44O 3785 (m 1H), SN — (m 6H) 2.99 (m
oH), 2.86 (d, J=7%. 041;12 3H), 1.51 (d, J= 5.5 H22p13H) ppm  [0311]

Synt hesi s of conpound -7/——Met hod B. To acgolstion of conpound 18-4 (100
mg, 0.224 gyol) and Yne (106 ng, 1.34 ymdl) in IX@W(S m.) was added
met hyl chl or of'orfre ' @ Q. BT @ @ AP TEsulting mixture was
stirred at rt f ofi,n© i He reacti &S aquerehed by adding several drops
of sat. ag. NaHCGO3 ame the m xture wa§ comtentrated. The residue was
diluted with DCM (g0 ) and the m xtuse was washed with bpine (25 nL) and

dried with anhydrou 9SO™4. The sol ve OWaS renoved and t H/esi due was
dried in vaguo n_ester/ N\ Mz 505. r i-ch was
subsequent | an_o@ger am_de 1y n, I owi ng the

condi tions @%SCI’I bed in Step 3,%fo give corrpound 189% LC-I\/B (ESI): nmz
490. 1 [ MtHr ;& 4k NMR4(500 MHz, CIESSI@N): 6 7.96 (m 2Hd N7, 71 (s, 111), 7.55
(s, 1H), 7. ae{(m 2H), 6.78 (broﬁﬁH) 28 45 - 5.54 (mFALH),204. 14 (m 2H),
3.99 -4.04 (m 3.24- 3.28 ( 4H), 2.91 (d, J =_4.5 Hz, 3H), 1.68 (br,
3H ppm %2] Synt hesi s of conpound 18-8. Mt hod To a solution of
conmpound 18 4 (70 ny, 6 ,mol) in MeOH (5 nL) were added 37% ag. HCHO
(0.050 nm., 0.63 2 1 HQAc (0.020 nmL, 0.31 mmol). The reaction m xture
was stirred-at—4Q «@ and then cooled to rt. Subsequently, NaBH4
(50 ng, 0.79 nmol y added and the m xture was stirred at rt for
30 nm The sol vent, E\zsé&s renoved and the residue was diluted with Et0Ac (25
nL). The nixture tas wadlied with brine (10 nL) and dried with anhydrous
Na2SO4. Thz3s53olSvept. m&std&rmemedomwheoﬁesctdiquseuwamajrogdz5mmba)t;uo to give

a crude ell ow s z 4 M+Hr |

whi ch mﬁg’g@éé@%ﬂg ?afﬁvgﬁoﬁ @Hwa‘ﬁaéﬁ H]é’a ﬁgrgﬁjh%r’F %ﬂ?@%ﬁé tion,

fol | ow ngldaélﬁirspw@bm g, 7Ct€§1ﬁfol)l%ed°(lj Bk SRridg attrofogtz\hes eeimwms ddted 8.
LC-Ms (ESI): mz 446 1% I;IA; H NVR (300 MHz, d6-D\VB 92 (m 2H),
7.66 (s, tq_p])e reaftlgrxgm(ygure ]lqp ). ‘Bhe ((rﬁ?mcz]layer WS zx@sl(eﬂ]wnilplyateréZ%@L) angl 53 (m
2H), 3. 423r1(19(20 ﬁtD and%ﬂg@wlth %ﬂ]%@r&lgNaMM Tie Bfehtvasderfodd andthe rdldhe 2. 10
(br, 3H), 9 (d, 0313] nt hesi s of conpound 18-9.
Fol | owi ng’vatSWén%%w %‘f%@bﬁﬂl@l%ﬂ@é@twﬁmc{ @twlqwtﬁ /Acenel= ﬂélpﬂvér&).tﬁg 37% aq.

HCHO wi t 101gr I et md 18-
obt ai ned% L%—Oﬁ/{ga ESI) : éjp%éllé‘l&) H@N@yt@ﬂ %%af? G(élgﬂrjf?ﬁz]m s of corrpound

18- 10. FdP3IW ﬁgept%é\ rgesﬁee eﬁ@e@efmc{e%‘s(ldlee@ri paghiapd M K€ €. lagidn r epl aci ng

LB R o B e By B " Sherme
18a. To dilswidubriongh @eﬂltfc oY eod thegiligred 2ake wps vBishadptijh Et@Adr(’yS MHK 3)20henl) vvas
added I\/Egﬂ_?atg g\/}foncen-[lai!:ed ax%? %hel{f‘zsufl %angrlg mfvgcl‘uloq\,\gl?/e ?%m 419 %&bgf'o(g?he '

mol ) under an frer stirrin vernlg
reaction Wo(yldd}aL% (E8Iol red 46@1 Q(MEHINd sequenti al | y added EtOH (20 nL) and

NaBH4 (9 A ). The eactio t S st Cfor 2 hrs
and sl ovmﬁg’jggdggeplﬁgg(afﬁmﬂﬁo PHEC rﬂinzp?r%é dg) “?”i“?l lgr@g:@%?qt)ﬁ’é‘sfi ltrate
was ext r addetDIREh7 XIYahd €3 redulting Jixtukheascemdxed ecbraipigamhcCsobxht st S wer e
washed with brin 50 pl) and dried over anhydrous The sol vent was
eroved SHECTHENS B iyt daed Baci LG ohCb g vant Aad Sobadi 8. 2a
(2.17 9) yagd)asyekiewssial LOﬁMS\/(ESIh,M@%mquij*r ectly for the next step

wi thout further purification. LCGNMS (ESI): mz 435.1 [ MtHr. r&}8316] Step 2.

{

To a sol d035h Sterchapsindan 9@@1%85%f2nﬁ7sﬁya@t%0m)34|'Hm difey at 0 C
was added)@mwhm%s Qdﬁetldi BritOroGeMbutadd) (TBRIL) 54fr%d>19mﬁ>c%d%1echl or oacet yl
chlorlde(07 nm., 10 . After stirring at 0 Cfor 2 hrs, the reaction
m xture Wesy twemréfareﬂbasetm # 1t 108 A hesd Suliseqyentyvtheqnix el sookd Yo O fhendri xt ur e
was extracted with EtOAc (100 nL x 3)i1gnd the conbined organic extracts

were washed with H20 (50 nL) and brine (50 nL) and dried over anhydrous

Na2SO4. The sol vent was renoved and the residue was purified by silica gel
col um chromat ography (PE/ Et OAc —1/1 (v/ v)) to gl ve corrpound 18a 3a (1.8 g,

Y .V A Y ~a A ~NrNaA =1




or RS2C1 Target [MrHl1+ 1H NMR (500 MHz, CDC13) (& PPm) MeOCOCL | 110 i NH
\ Il 20-8 397.1 7.91 (d, J =5.5 Hz, 2H), 7.63 (s, 1H), 7.31 (s, 1H), 7.18
(t, J= 5. 8oMm12/@B25 5.81 (br s, 1H), 4.46 (t, J= 2.5 HzPCTHS2013/0839¢ s, 1H),
3.67 (s, 2H), 3.01 (d, J-_ 4.5 Hz, 3H), 2.79 (t, J = 1.5 Hz, 2H), 2.02-
1.74 (m 3H), 1.37 (br s, 1H WO 2012/ 058125PCT/ US2011/ 057398 CH3COCL of
NH 00111 /020-9 381.2 7.93-7.90 (m 2H), 7.72 (s, 1H), 7.30 (s, 111), 7.22
- 7.17 (stoﬂan OEC&[%)O(IKH 20-3’) (dd)mg‘}}l?ﬁnr(lgl) anh‘Té&(d'gmL%hDanh%irQl?s hEM @= 5 Hz,
3H), 2.88 - 2.8 2H) | 5 (m 111 2H), 1.90
(s, 3H), mlLpgas aiidemdr wlsirﬁfterftlm!agatrifoz? h(fﬁqﬂﬁermt%@mms utN—WlQ? \111. F
, 20-10 54 (s,
v, 7. Zgig’aﬁer%lggi? ?T[]((ﬂg(';& (2%!596%._ ih:g%g%an{cr%?y%ﬁ |(_VDQ3, W%JT%% thh @gne(%‘)d dlEd w1tK (s, 3H).
2.90 (s, a@hkjydrods MGSQhThe solgad) wasirempvedmand ghe raii{)uecx@rdsedzmjyaqlo tnglvmlll .

213). 5 a0 e Phovdy e e ¥ RS VRl

3H), 2.54HsPHH9 (m 2H), 1.94 (d, J= 5.5 Hz, 1.74 (br s, 2H), 112

(chi Tg) a gg?”ﬁ‘zon pl_g Acrgﬁ(guéﬁﬂ%c%glg pgmﬁ%bgﬁ)go mgi%%:ﬂ‘mé o Lloﬁfe%—(l?{zft 3 i?emrr:r e

added (S)Ocﬁ(emmbL)timEgOH/I‘HFmgm/(Il Pymile/B Imldi. ﬁmﬂmsmﬁad)alt a0 eC (ot 20k. g, 5.27 mmol)

and gl aci (106 ter .stirr 5 for 2 hrs, the
m xt ur e vﬁ‘ ST E"ggfévﬁ‘ﬁag‘ﬁg%r{% *@[éé‘b dﬁﬂ&“’%%g‘%m’?ﬁ?? 9\5 ®added.

Su bsgquel’}HuYtangtSBQ)leﬂ@l@ﬂ WisE 1] o] T?ﬂc Jotd &ds i;}\/@slhe% wﬁtl;x]Sva&Iﬁ ldncC@beQﬁszd’cab &ﬁgﬁveg he ]
resi due was di ssQ n _Et OA 100 L nd the sqlution was washed w t
H20 (50 rfE“BPO‘?)“é’ ﬁﬁ?é’eag%wﬁd%ﬁyalﬂ%ngmﬁa%&s s Mo Hroved
and the resd4usipe TOW sbiuti&do¥nps mmes ({EUQ@EOQQWWHDMFHPhQ tvas gi ve
conpound 21-1 (630 ng, 68%yi el%%ﬁ ow fluffy solid. LCMS (ESI): mz
525. 2 [ megidad HATPEA e, GgpmeD)- féSl%t&gu?lﬁWW s %ﬁ%éﬂh@fiff Refpi500 ng, 1. 15
nol ) in EhPQAa(nﬁa #0201, 19-hm¥B an@ VAR, AN ddG e, i060dh QYB3 Aere(a@@e Yk ter Aty

stifling at 35 C for 2 hrs, the reaction mxture was concentrated and the
resi due A& far | krelthe reagiien mixtuse yivadded nice Biaish(AdnDang thegerlting,

quantit atshé{a%néﬁbr?lvgs)fll?éedaTH@MhQWeé Qhakifdd Witk @dr:tﬁlirled z%&ué%@glge &rMTfKr [ 0345]
Step 3. To a stirred solution conmpound 21-2 : in EtOH

(30 nL) waspaeed0-¢ 90 mﬁﬁhmdhb%%s(@smw/z 4@1@\4%91*&1] ng at 35 C for 2
hrs, the ti 4 nmol )
was addecﬁ)ﬁﬁge %&xﬂ{n&)rétg%\[;\gg%?fl C(rz)r gém 56)6 %ﬁg\@’ %’%’éﬁ%ﬁt r The
resi due wddedd.§¥bHCbd dioxaf @Acnl()lﬂﬂerrmyrmgradrttoh@nsbﬂ theinppiuwagaswas hed with
brine (25 n e ved and
t he resi &8reqé_ﬁ\l/}/fsltgt &jﬁnrdl tkl %é‘wk‘f’ i ng Bgﬁ gﬁ%%r@g%p&;ﬁ;fé@ ﬁ%%f%’riﬁgf%? € conpound
21-3 ( 420ngrg,2%8ﬂ%yL€LM$ (ES;I) an/yela bWIi—HHrﬁH NIRIRVB00 EB{z), MeGilp):340%. 2 [ MHH] t

Long col 3 r e

di ast er eg@r&f’gp%ﬁ%&rﬁ ’g%%(é%dt%% "Ev} P}%\Aﬁg@ (Ef \é%ﬁ %@%\éﬁ/g{?} t he

chiral ity aofsthe, hehayl 6. Az oD, lm@bamm)pp;d 21-3 was not determ ned.

(0.3 i) IPR2Boay 48550} ST 48 BulOREa L0 S S TeesT i Mgt BRI at 0 C

(Afz B e;ﬂ_ st lﬂgﬁn@céﬁt oﬁﬂsddims wﬁﬂ vﬁﬂ;]dilg a&ﬂemﬁggaét& qnw%mt{rﬂemgem&hed W fj h Hgo
X an rred wt an rous e solvent was renoved an

the resi cfhf@r%k,fowuﬁmxaéae 69“9»@@&}@@@%@@%%5&%! fRpide fpretian, i ve conpound

21-4 (18€fou1mm§2@ags%#wmﬁan@zweweMMédd LC-M5 (ESI): miz 487.2 [ MrH +.
[ 0347] Step xture of compound 21-4 (180 ngy, 0.371 mmol) and i OHH20

(47 ny, |1. B%%u) in MeOHIaERY H20 (2| AR L/ 1 P NMBESWYHEESPE) 75 ¢ for
30 mn. TQ@RFSQS@lItlng m xture was ac|dified to pH 5-6 @ypﬂgdl ng 2 N aqg.
HCl. The suspension was filtered and|the sqalid was drle iNn_vacuo to give

conpound 21-5 (150 i a whi t|&/.%loldi b= S15EABH{,ESB)(s, 1)/ z [459. 1
[ MtH] . [|0348] Step bf cony d 21-5 0 , nol )
in DVE (5 nl) was 0. 491%%&{%'&%& Js???rﬁ%ngﬁgt dt for
30 mn, {the m xtur 127 ng,5.90 ®8% 1mm4)6(arfd=:l&/élklﬂ2ﬂﬂ)(:1 (66

my, 0.98 AMRIGOCISubs t the m xti¥d v r and
poured iinto ice-vvater\ (50 nf\i The SJSpenSI%IS‘IS%’S{P?)f ??Z? e%ﬁ)aég t(‘ﬁ sol id
was purilfied by prieparative HPLC t o i ve cqQMpOHRBI12 .69 (132= Mg, Hz2100,yi €l d)
as a whijte solid. LCGMs (ESI): mz 472.2 [ M:H ¢t 34 Synt hesj s of
compound 21-7. Fol|l owi ng the sane scheme ar@ﬂ%@?&%%ﬂ& )53'g?é’|ﬁ's=blﬁf)yl
2-fornyl pyrrolidine-1-carboxylate wth 1ts (R -enantionmer, conpound 21-7
was obtained. LC-M (ESI): mz 472.2 |jdtH . Long colum (30 mn) HPLC and
Chiral HPLC showed there was only one diastereoner formed during the

reductive-elimnation step; however, the chirality of the benzylic carbon
|n conmpound 21- 7 was not det erm ned Scherre 22 [0350] St ep 1 Ref er to

o ~ A o B - o ~ - "~ NS ~ NN




Schene 23 [0355] Step 1. Refer to Schenme 23. A m xture of conpound 15-6
(8.0 g, 16.7 nmmol) and 10% Pd/C (4.0 g) in EtOAc (200 nL) was stirred at rt
for 3 hrswonderosarzsat nosphere of H2. The reacti on m xt uPE€TRES201f1i051368 ed
through a Celite(r) 545 pad and the filtered cake was washed with Et 0OAc (50
mL x 2). The filtrate was concentrated and the residue was dried in vacuo
to give conmpound 23-1 (7.5 g, quantitative yield as a yellow solid. LC M
(ESI): niz 450. 2 [[MFHIT [0856], Step 2. thpt)ogﬁ A, ToRoumd7 281l (7. 5
g, 16.7 jmmol) in anh drous Dy di ne 100 ) was added dropw se a sol'dtion
of MsCl1 |(1.4 ni, 17.54 @ ydr ous (282 mi)L 7 &, TS 8AfhrelH),
stirring at 0 C for ot heereact i on mxtwﬁ(dV\@slglldzuﬁ_g%\%tthjEtSOAc (500
m.). The resulting m (pre was washed with M aq. HCl 0 ni 3) and
brine (100CHCQACR)| ard dri 8% with anhyificus HdaZH(DZB 88th8%@¢\2élm2mazs r dmoved

and the [residue s recrystallized in Et0Ag I )0 1 9 0,
90% vyielld) as a pale brown solid. LG M (ESI%’@B %}\z{%%%@i %Wﬁ?%}ﬁ’o@@] St ep
3. To a |solution of compound 23-2 (7|9 g, 15sBHmnb)-iA7 DMAH)1565 wl)27vas
added K2C338 (8.3 g, 60.0 nmol), followed by én@ﬁgrm 1-pentene (2.68 g,/ 18.0
mmol ). After 175 |stirring at 80 Cfor 2 hrjs, "t reacti on m xture was
concentrjated. The |resi due )Syfﬂdi luted with |E$3AGr {400, 796) - A (niyeRHBS (400
m.). The aqueous c.- acted|wi th Et 0 h myi ned
@ F(250 nL) @(Brlljfﬁ %@0“%%7 zg r| ad

organi c |extracts

Wi th anhysreouso /a2 R0 nt V\ﬁ3-544’6€1rm\(ﬁtd2ﬁ)1@ &he3 583($d due 3WBS(SdrI ed in
vacuo tqg give corrpoun@’ 23-3 (7.9 g, 3%yie|ci% as ao%{ ow sol id. NS
(ES!): niz 618.2 [|MN\&r. 6858] Step| 4. To |@BotbR{s b?%bﬁwﬁ%hﬁc?%et (7.6

g, 12.8 jmml) in DOCM (100 ni) was added dr gpweige 1BEL} ¢ APCM (31.9 g, |31.9
mml_) t -30C under__an atrm:nhprp of N2__After Qfll’l’lnﬂ at_ -30 C for |2

hrs, the reaction into i|delwat-& (g 26076605, bf#n)eﬂﬁﬁ@

resulting m xture DCM (lﬁ@l)nﬁ_ﬂx_ﬁ)G(meﬁ) g(ggt()drn or{gani c
extracts were wash m x 3) brine (100 nL “drli ed
with anhydrlg}gé Na? as44r3ezrm\7’eﬁ (Brn&Ht) ﬁ’eozr(%s’rd M&E) driled in
vacuo tad ¢rude W«;@sgpound 23-4 (7)2 g, 98%0ys,8HY )2 Aas 2uonel browi 961td, d.

LC M5 (ESI). rﬂz 55 [0359] Step 5.. To_a solution of co d 23-4

oun
(7.5 g, [13.6 mol)| in DCI\/I (100 m) were adde’fﬁHE&H()*Sl.'%bbs;zlﬂb.lgBl(ﬁrdl) and
DVAP (165 ng, 1.4 nmol), followed by|a sol ytd aoHef2Hf@® (&odng2HL7. 6 mol )
in DCM (25—+)—at—0-C—AHer—stirringat—rtovernight,—the reactionmixture
was diluted with DCM (300 nL) and water (300 nmL). The aqueous phase was
extracted with DCM (300 nL x 2). Theseﬁu?daizmed organi c extracts were washed
with water (250 nL x 3) Wlne (250 and dried wth anhydrous Na2SO4.
h

The sol vent jwas cre ved e Pesi dugwas purified by silica gel colum
%ﬁﬁ@mlﬂ&mﬂito gi ve conpound 23-5
FWN%WSM LACWME (ES!): mz 686.1 [ M FH] +.
[0360] Ste']taNG A°nmi xture of cailpdund 23-5 (8.0 g, 11.7 mml), LiCl (539 ny,

12.8 mol ), Et3r§‘(3 24rrL 23\3 f Pd(OAc)2 (392 ng, 1.8 mml), and
PPh3(1.22 g, 4.7 [)) in DMF (80 m_) was stlrrfed at 120 C for 2 hrs under

an at nospher el of bseqguent t he react} m xture was concentr at ed
and the residud was>p@ tpeneef-’%e" Jet ni‘i‘jc_'Bet'i'd Et OAc (200 nl).
The aqueous M‘nase \(R/as ext r J¥TeE SRt h I’—i 50 % 3) and the conbi ned

organi c extrécts wese washed with waterH(25Q,m. x 3) and brine (250 nL) and
dried w th-anhydrous Na2SO4. The sol vent was renpved and the residue was

purified by silicacg col um chropat o§caphy (Petrol eu rfiAcet one =
10/1 (v/v)y ¢ e/ compoun®i?28-6-{4 ), B4% yi el 1S @ y sol i d.
LC-MB (ESI j~4omlz _53b—4 PvFH] +; S0\, MAF, 5y - JOA B4 (m
2H), 7.95 (s, MH), (s, H) 0T - 10(m 4H), 7NO3 - 705(m 2H) ,

5.30 (m 1H), 5.20%¢d, 1H), 4.40 4442‘(-‘t 2H), 3.85 (m 2B)° 2.87 (s, 3H),
2.52 (m [03B] Btol. Rater ai-sched;e 4276t solforbefzompoundtd-3 @O0mg] 036 HmoByiAt hesi s
of conpound 23-7. Follo sanme_procedures of hydrolyzation and

met hy| aml\éeot‘é‘rﬁ%{*‘r)o%efagddagé&fff%@aw A IRy RE Has T 8P gRploin® s 8- 6 and
7-1, resp@abl m&igtauam@mpuosin%% %mlpkatt@t Jiiih ale@sh@f&lé 9, theMhigud2 1. 1
[M+H]+ 1H NWMR (300 1g , J2 = 6.2 Hz, 2H),
7.75 (s, vpoolsd o) FsandMNBﬂsd%Zme i%mmebt)was adct?é %Lttfeqmﬂy %229 (s. 1H).
5.17 (d, mxwde @as‘i‘éﬂux%h&or ﬁr@%d(d%hce%mted ZrpQesdle whs déso?ve'ﬁ'%m E®iAlo (180 85 (3,
3H), 2.47 (m 2H), 1. 2H) ppm [0362] Synthesis of conpound 23-8.

Fol | ow ng the sane procedure of isonerjxation as described in the synthesis
of conpound 7-4, conpound 23-8 was obtained. LCGM (ESI): nlz 521.1 [ MtHr;
1H NWVR (300 MHz, CDC13): 6 7.81 (dd, Ji = 1.8 Hz, J2 = 5.9 Hz, 2H), 7.63
(s, 1H, 7.26 (s, 1H), 70.3-7.10 (m 6H), 6.04 (m 111), 5.85 (m 111),

"~ NS ~A A P R p—



[0394] Step 2. To a solution of conmpound 26¢c-1 (1.0 g, 2.7 mol) in DWF (20
m) at 0 C was added dropwi se a solution of PBr3 (0.78 nm., 8.1 nml) in DW
(3 nL). AVOep12gsBf25ing at O C for 10 min, the reaction RCIXiUse@1nas98dded
water (20 mL). The m xture was extracted with EtOAc (20 nL x 3). The
combi ned organi c extracts were washed with brine (50 nL), dried over
anhydrous Na2504, and concentrated. The residue was purified by silica gel
col um chioNBlaqey ﬁmmbn(“l?l%ﬁgr{ad\%ﬁ }E@/@O (I]Y/x\@))an@ @mgi Wh mgm@m 86¢- 2 (500
ny, 3%y|eld£,asa yel | ow solid. M5 (ESI): mlz 356 1[MBr+Hr [ 0395]
Step 3. THegoysrtyyassrmerd é@ﬁ’r‘b@iﬁ‘itﬂmQB’é& purffied Y geverse phaspricparating HPLC to
1H i m daz OV added
Na2CC3 %b@co&poﬁ?&?ﬁmﬁpwﬁﬁﬁ%@ﬁsry%’lllon%gﬁﬁ{ﬁ S)E(S)(l)lhgffor (QZE%R”’")Z Z reaction
m xture v@’éﬁﬂlluted with water (20 nL). The resulting nixture was extracted

vt or (2004 P &I 15 GOGRABER B PR KA R BB e

concent r avedddéetheN i dlexm$2Q)mLD fAfedsthyingat|358@ foed hre shaumaction mixtateogr aphy

Vel T ow sov oyl i e EyE BTN g Rt s P Y600 B 57, 2,

of conpoundn@&iive3r il B0 arygl,lov@scﬁm h@MS (HS1): Rt/ D495, Q([WHJ]F_) was added 10%

an ot mosgleid afen 194 SHL ot vih Sl 2R AE Shrobi Pludfel on "

m Xt ur e wab) Wisl dde¢eINtHTI00 gidx£zel (2 ti () rAfMSn@ﬁig at 3 fot 2 Bikelle aknwas washed

wth EtOAc. (20 nL X ncent r at ed t he residue was
puri fi ed BYUET PRL O&éltogo¢l m@ﬂ%@@ﬁﬁ@% %ﬂtwwriﬁm‘éwﬂixtwwy) to

gi ve con@usdaidbr4 hislha cmeméeﬁ% Srh@fe@hu@&asadlsseivww Bolacd100LEE MBI @RS ) : T z
406.1 [MrHr. [0397] Step 5. Tg _a sol ution of npound 26¢-4 (150 ng, 0.37
mol ) i n okee ?aW?Shﬁ%é"l%Hﬂ%@ét@N apg) dredyyith @’hﬁfoﬁﬁ%%)sm IGe ﬁ@m w8y MsCl
(43 [tL, Bmsfdmmpkne reg?sﬁaeezva@mlﬁéd mea&serﬁhag‘e%eparam@mmeo gxe@sém@nndm xture

was diluted with DCM (35 nL) and washed with water (15 2) and brine

(15 ni), drd @aomgeﬁwarxwyar%agelwfsm LGS &Pdh oY at@c [Wﬁa r1é>§Eél‘ElémWas
purified hy m%&)'HIfL% Qﬁi‘ Clﬁl%l H?DC gmv@era%&gw&ﬂy 6%&@%& f&%&d&r}{{ \he tO

gi ve corrpound 26¢c-5 (60 ng, 34%yield) as a g | ow sol1d. LC M (gESI ): mz
484. 1 [ Mipfuctivg-0lZ0BhtBtségs; hpqueu Hewhingity wethe beneylisr cwdin eorappunddt-3used f or
t he prepafati,enQfikql6 described in Schene 1 and replacing conpound 1-14
wth 26c¢- conpound 26¢-6 was obtained as a white solid. LCGM (ESI): mz
469 1 [M+[9q‘46] IStép NNVIR a(ssRI0oVpEcon@o@BT-3 B0Y ng20.78 mmidH) and Et:B3(0-3 mMLB6 (m

(0, a2 4 RORoO Ry WAl bt i il o7y B g . Aderdyitheatily ©)70q

(d, J= 5.9 rhip, theké)apncﬁu@ﬁtu@ﬂwa&]wasﬁe@wiﬂz}lz@@o phm3) Sahdive vath anh B8] Step 1.

] o SRR Ty 0l BB R 8 R R By 2.,
3- br ono- Z{Pmtorgﬂzqocro@gﬁmei 11324186 g, 22% ymmgla);ayé!lfdvefohﬂtl(tmmgzsa)t m&0 C for 2
hrs, the %gzi&%%ﬂ+mxture was cooled to rt and partitioned between water
(60 nmL) a ‘(50 nmL). The aqueous | ayer was extracted with Et0Ac (40
m x 3). [0%4F]cCcondy mesdmﬁgmgaaf@nqmﬁmm(mr@ 033 hathol 4nd e eRLO (HO0mpL X 3)
and brine éGO X .2 gd over anhgdrous Na2SQ4. The sol vent was
renoved angmpRy ip P B bpls ey isred &y 7SC(9fﬁ’h:?p B SBat ogr aphy

( PE/ Et OAGesultt@/mixfuyd Mas)actd@ﬁealtygnosom?uﬂui '\%Na@l HEPanBBusp&éibniael d) as a
yellow solid. LCMs (ESI): mz 588.1 [ M+ 0400] Step 2. To a stirred
sol ut i on TBEredanpHgralidray diedy gy to @st@mﬁ%vfg 2}- (B0ng @ séldane of THFE (6
) and NRQHE 684 @@M\gqgsgd,%%@l@%}l@?S S ng, 2.0 nmol) in portions at 0 C

After stirring at hrs, the reaction was quenched by addi ng several

drops of [8348] oﬁée%d" Otah"élufﬂ@lsaﬂ QOFIWQUIFﬁ -31£180 wgs 0. 8 hmarlria DY (SThl) wassi due

was partigj t ) us layer
was extr ag? e pﬂﬁﬁg ng (ﬁlgéﬁilmfg?%gg%gé?%%?% t?%ggg%p ?%%fgg(gr gani ¢
extract s WEEA (&\%klhlgd) 2t rhmola et MEB L BIC1 06302, &8 thmolneSupseQuemtly, thend dri ed
over anhy s v si due was purified
by sili ca&églfe W%asﬁlﬁn%%ﬁ#-%ﬁ% é}m% gﬁ%%ﬁﬁfcﬁ ‘%Eer%géj Ti? \elyh\?;%)lbp to gi VY/aeS conpound
27- 2a ( 38@redgnd 88%vld thd[)urﬁﬁlsd by yephotved@Ii@to dit ddBippmsl J1-6 (mzmggo%z

[ MEFNa] 1. [ 0401 tep 3 n of conpound 27-2a (320 ny,
0.56 nmol Qf%r?s 159" q‘rf%()%gr@éfédf%%ggﬁyb el enopht al i mi de (255 ng, 0.85
mol ) and ()-canphorsulfonic acid (26 ng, 0.11 mml) at 0 C. After stirring
at rt overnight, the reaction m xtureywas concentrated and the residue was
purified by silica gel colum chromatography (PE/EtOAc 3/1 (v/v)) to give
conmpound 27-3a (290 rrg, 71%yield) as a white solid. LGM (ESI): nlz 746.1
[ MkNar . [ 0402] Step 4. To a stl rred sol ut| on of corrpound 27 3a (320 ng,
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(S)-15-12 R = 4-F-Ph0O- [0428] Chiral separation of conpound 8-5. Conpound
8-5 (3.8 g) was separated into a pair of enantioners: (R-8-5 (tR = 2.61
mn, 1.6 Wp28m9659i28l d) and (S)-8-5 (tR = 3.14 min, 1.6 §CTRAAWNI0E13HY
detected by UV absorption at 214 nmon a 4.6 nmx 250 nmx 5 um

Chi ral Pak(r) ADH colum (columm tenperature: 40.2 C, eluent: MeOH (0.1%
DEA)/liquid CO2 = 30/70 (v/v); C2 flowrate: 2.1 g/mn and co-sol vent
flowrate: 0.9 g/m ny front pressure: 206 bar and back pressure: 149 bar).

[ 0429] Chixal/ sepa ’t‘l on of conpound 15-12. Using the sane prep-chiral HPLC
condi tion %t of separating conpound 8-5, Conpound 15-12 (5.6 Q)
was separ at a r of enantioners: (R) 15-12 (tR=5.71 mn, 1.1 g,
39% yield) amd (S)y; 15-12 (tR =6.58 min, 1.0 g, 36%yield). [0430]

Synt hesi s of conpound 30-1a. To a solution of t he enantiomer cane out first
from t he (834N alSynthesis af ¢ompoynd bripBellesyig Be ganR sehemegmd mephacingd)-iryy; 0. 07

(72,1 o, Ny Ao Tt e R (RRer e SRS B T CET S ng

at rt forobnedrsC-Mh&ESTpart 4782 M-yHllrTeongaslumoidenin #PeE sad ChirldIRESi due was
di luted S (20 n) and
brine (2\6\5“%’1@3“%%}\% é%%yﬁ?g dla_l; ro%rggﬁt%gg \A@gthm@ dg%ﬁvg‘g‘rl]%n a?t{v%}lgtepl’he resi due
was pur i fiosdvdrythp clapilRTha l@ngylmeambonpmmdaoiﬁﬂizm wibnargytemsnal. whi t e powder .
LC-Ms: (ESI) mz = 656.2 [M-Na]; 1H NMR (500 MHz, CDC13): 6 8.11 -8.13 (m
2H), 7.74 - 7.77 (m 2H), 7.60 (d, J= 7.0 Hz, 2H), 7.47 (t, J= 8.0 Hz, 1H),
7.45 (s, 1H), 7.22 (t, J. 9.0 Hz, 2H), 7.08 (s, 1H), 7.00 (t, J= 7.0 Hz,
1H), 6.76 (1, J= 8.0 Hz, 1H), 6.07 (g, J. 7.0 Hz, 1H), 4.23 -4.36 (m 2H),
3.05 (s, 3H), 2.98 (s, 3H), 2.03 (s, 3H), 1.49 (d, J= 7.0 Hz, 3H), 1.27 (t,
J= 7.0 Hz, 3H ppm [0431] Synthesis of conpound 30-2a. Follow ng the sane
procedure as that used for preparing conpound 30-la and replacing (R)-MNP
with (S)-MaNP, conpound 30-2a was obtained. LCMs: (ESI) mlz = 656.2

[ MFNa] "; 1H NVR (500 MHz, CDC13): 6 8.06 - 8.09 (m 2H), 7.95 (d, J. 8.5 Hz,
1H), 7.87 (s, 1H, 7.82 (d, J=8.0 Hz, 1H), 7.78 (d, J= 8.0 Hz, 1H), 7.73
(s, 1H), 7.67 (s, 1H, 7.64 (d, J= 7.0 Hz, 1H), 7.47 (t, J= 8.0 Hz, 1H),
7.28 (t, J. 7.5 Hz, 1H), 7.20 (t, J= 7.5 Hz, 2H), 7.06 (t, J= 7.5 Hz, 1H),
6.12 (g, J= 6.5 Hz, 1H), 4.35 - 4.41 (m 2H), 3.12 (s, 3H), 3.00 (s, 3H),
2.00 (s, 3H, 1.48 (d, J = 6.5 Hz, 3H), 1.27 (t, J = 7.0 Hz, 3H ppm

[ 0432] Synthesis of conpound 30-1b. Foll ow ng the sane procedure as that
used for preparing conmpound 30-la and using the enantioner came out first
fromthe chiral separation of conpound 15-12 (tR = 5.71 mn), conpound
30-1b was obtained. LC-Ms: (ESI) mz = 748.2 [ MtNa] +; 1H NMR (500 MHz,
CDh3Cl): 6 8.08 - 8.10 (m 2H), 7.06 - 7.11 (m 7H), 6.99 (t, J = 7.0 Hz,
1H), 6.75 (dt, Ji =1.0 Hz, .12 = 8.0 Hz, 1H), 6.06 (g, J = 7.0 Hz, 1H),
4.24 - 4.35 (m 2H), 3.05 (s, 3H), 2.98 (s, 3H), 2.03 (s, 3H), 1.49 (d, J =
7.0 Hz, 3H), 1.27 (t, J = 7.0 Hz, 3H ppm 7.6930-2b [0433] Synthesis of
conpound 30-2b. Foll owi ng the sane procedure as that used for preparing
conmpound 30-1b and replacing (R -MaNP with (S)-MaNP, conpound 30-2b was
obtained. LC-Ms: (ESI) in/z = 748.2 [ MtNanlH NWVR (500 MHz, CD3Cl): 6 8.06
(d, J= 7.0 Hz, 2H), 7.93 (d, J = 8.5 Hz, 1H), 7.85 (s, 1H), 7.83 (d, J =
8.0 Hz, 1H), 7.78 (d, J =8.0 Hz, 1H), 7.69 (s, | H, 7.63 -7.66 (m 2H),
7.46 (t, J=8.0 Hz, 1H), 7.29 (t, J= 8.0 Hz, 1H), 7.04 - 7.10 (m 7H), 6.10
(g, J =7.0 Hz, 1H, 4.36 - 4.39 (m 2H), 3.13 (s, 3H, 2.99 (s, 3H, 1.91
(s, 3H, 1.48 (d, J = 7.0 Hz, 3H), 1.36 (t, J = 7.0 Hz, 3H ppm [0434]
Determ nation of chirality. Refer to Schene 31. Based on the general rule
of chem cal shfits of a pair of diastereoneric esters derived from an

al cohol with (R -MaNP and (S)-MaNP, the chirality of the benzylic carbon in
t he enantiomer cane out first (tR=2.61 mn) fromthe chiral separation of
conpound 8-5 was determned as R Accordingly, the chirality of the
benzylic carbon in the enantionmer cane out first (tR=5.71 mm fromthe
chiral separation of conpound 15-12 was determined as R [0435] Synthesis
of conmpound (R)-8-5. Refer to schene 32. A 25 nL flask was charged with
triethylamne (76 ng, 0.75 mmol, 7 eq.) in an ice bath, foll owed by addi ng
formc acid (35 ng, 0.75 mmol, 7 eq.) dropwi se. After stirring at rt for 20
mm a solution of conpound 8- 4 (45 ny, 0.107 mol, 1 equiv.) in DMF (6 i)
and Rud [ (R R)-Tsdpen] (p-cynene) (1.6 ng, 0.0029 mmol 0.024 equiv.) were
added. The resulting dark red reactiomin xture was stirred at 40 C

overni ght and then concentrated. The residue was purified by silica colum
chromat ography (EtOAc/PE = 1:1 (v/v)) to give conmpound (R)-8-5 (30 ng, 66%
yield, 95 5%e) as a white solid. The absol ute confl guration of the sanpl e
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DCMrt, overnight 1.0/1.0 34-la TsOH (2.0 eq.) DCE 60 C, 4 hr 4.0/1.0 34-1b
TsOH (0.3 eq.) DCM O C, overnight 1.0/3.0 34-1b TsOH (2.0 eq.) DCM rt,
over ni ghtw.201210581234- | b TsOH (2.0 eq.) DCE 60 C, 4 hr 6PBETAISQ0134513p8 TsOH
(2.0 eqg.) Toluene 100 C, 4 hr 7.5/1.0 34-1b TsOH (2.0 eq.) DWF 150 C, 2 hr

3.0/2.0 NHBoc (S, S)-35-4a R=F, R = M (S, S)-35-4b R=F, R=i-Pr
(S, S)-35-4c R= 4-F-PhD-; R = Me (S, S)-35-4d R= 4-F-Ph0-; R = i-Pr NH
HO (S, S)-35-5a R=F, R = M (S, S)-35-5b R=F;, F=i-Pr (S, S)-35-5¢c R
= 4-F-PhO-; F = M (S, S)-35-5d R= 4-F-Ph0-; R = i-Pr [0450] Synthesis

of (S, S)-35-1b. Refer to Schene 35. To a solution of (S, S)-34-2b (120 ny,
0.22 mmol ) and DVAP (159 ng, 1.3 mhdmése DCM (2 nlL) was added di phenyl
phosphorochl oridate (291 ,r@ 1.08 rnnol) at Q Csinder an at nosphere of Ar.
After stirring rt jovernyght, th% ycec@,ctlorPme Pe was arggﬁg ice water (10

g 8 ted ag. NaHCO3
><F 35‘3,BH‘dri d, rc'):us "NEEsSo4, filtered
and concentrat ed. MThe %§3| due was dried Msn va(é%q to give crude (S, S)-35-1b
(120 ng, 71%yield) as a yvhlte solid. LGM (ESI)smz 787.2 [ MtH]. [0451]
Synthesis of (S, 9)- 35O o To a sol ution, of (S 535 b (120 ng, 0.15
mmol ) in THF (5 # i)V ¢ resyltingidi xture was

i gquetitly, the m xture was

diluted with THF 2 and filtered thmpugh “Celite(r)545. The filtrate
was concentrated and tH& residue was diluted wi ??%vat er (25 nmL). The
suspensi on was fjlteredy-athe solid was washég h water (10 nL) and CH3CN
(10 nmL) and dri ge™N 2 oglve( ‘, 0 ng, 52%vyield) as a
white solid. LC\NSI(ESI )ty 635-2" (M 500 M, d6-DVBO): 6
8.50 (d, J = 4.5}z, 11, 7.91 (d, J : ,7.81 (s, 1H), 7.56 (s,
1H), 7.29 (d, J= 8.5 HZ* 2H), 7157(m2’-§H) 7.10 (d, J= 8.5 Hz, 2H),
4.89 (d, (33305 @téﬂzl R:Efé}to Sﬂch319622443&ut(dmof Mpouﬂd@% (@ lorg, 2@kﬂnmcﬁ) 137 (br 1H),
3.58 - 3,60 (m IH. S a7 (br 3.36 (s, 3H), 2.89 (b 3'(d, J
= 4.5 H D@M)@ m, WE%COOfd 78 ﬂz’md @F-I)"’abﬂ‘l*ﬁhe‘[ thasigh uwrﬂ@qfé%rrl@g ’@Fte’(l%
) - 35- 3b. dlsl{%e%rea% HohRbte®b ﬁchtgbmftyl“&k y&m@d é&éplérgn bY- ﬂﬁé’hl%{a
(149 ng, 0. 72 nmol) and (S, &) -34-2 & in 12( 2 m_) was
added DNAFﬂC(lB@mmjmeGVlfhé\%rrﬁwsgquamlw fNaB ﬁf%ﬁﬂﬂ?%mwl)aﬁtﬂdﬁ\ﬂe@%ﬂ%n@ht t he
react i on iXhdth @S nfkibic CARY @R L NG EIT AL et RRSR RERHNAL Gl e
residue was purified by preparative HPLC and product was convert Iﬁ to its
HC1 salt to ¢ agil watef €00 8)L)I6s 3¢dedbTherngued®s phase efaglyxtrastedwriith @@ (FmL KC- MBS

(5515 B iy NS G0 ATh, 10, 0

7 30 (t, ndl)=n8 dBedHwith 2ydrons Na:SOZ. D@ sphvent24dp rerifove@ afdithe gesrdu@® was dtred 2H)

2 53 (5, B rorina Bt boyt S PR My FriSlest R ™ 1

S) - 35- 4¢.4300 [M-8leDJit i on of N-Boc-L-Al anine (68 ng, O. 36 mol ), DOC (149 nyg,

0. 72 mol d(S,, S -35-1b. (100 1) i _ was added
e ( 39 TTT0 Sbep 3 Ripifig St domogpiibaz- By P T dpb Do EHE T iE 2ot on
(T xt gr e wem rhinbh @ ®tliend (30 n’(ijII,)|v1(Zd’§ @éffsilxﬁgsve(ﬁlﬁg’lﬁefliersalveﬁ%vgdg(ﬂelh(ﬁlﬁg ;a@csuhduemwas

ried in vacuo to ve crude 5-4 Yo yi e a ite
solid. L& e("@SP)“%??/EY Wog 2! C[Om"gﬁfél %Fﬁtogféé‘déﬁfj g el Acetspe £ 40y 35 5.
A mi Xt ur 8o @fve t&mpcehd 32- 2360d1¥g(539¥9y1eﬁ)§s4ams))h@-ﬂ¢ -MSLE4Y): fi-axene (4.0 M 3
m.) was stirred at rt for 2 hr. The solvent was renoved and the residue was
purified NFHrep-HPLC to give (S, S)-35-5¢c (50 ny, 58%vyield) as a white
§0|511d( mL God) ( E@X)s A%&u%@@fétziﬂ\/wﬂ Min h&iﬂnyw s(réﬁ%)w%mo @va@%@ﬁh int® 573- gg -
(s 1H), Dﬁl‘éﬁq ) 9r0£W965t11|§°C2H56r ary atlrevsplwrez@ Nonfollpwyd bwadﬁzloel@fc 29.0 H,

H) 4 9 §4 QL%L %5 O@nrﬁolréﬁt& 'ﬂi)e rea%tlgrgmlxlha‘g @vag gﬁrre%l'd} 1784’Cq9r i(ﬁmln !:% At,lt%n95 (br,

J =7 .0
Hz, 3H) pﬁmmmmsg]! 289t Ihg,sll 2‘5 pfol) Snd “S)?A3@5 5@) HFBCM)(/WWQL)M?@ aé@ldeler ocedure

oot VS IR D 1R A SR RO R Er f e

LC- M5 ( ESh) DO B068K). ZTh§ Mukfiits phibeNVR e GO0 dMrzh, DAL (5@»«@0@ 3). BhBeohDined8. 51( m

% Hé ’0 ? t O%j an1c§x%%wer§ %askgeg “fﬂ%‘ wa?ergb&)? I’R]LZ lz_%)ancy l?mf:ég(? E\L 311'_(9 dr&:ZldVS%_}Z( s, 19,

4.93 (d, adhyr@isNabQ,. THE soldent vas enRQed and edesidBe Bds fisified b silida &b (S, 3H)
2.95 (br, 1H, 2.84 (d, J = 4.0 Hz, B8H), 2.13 - 2.16 (m 1H, 2.16 (d, J =
6.5 Hz, 3H), 1.00 (d, J = 6.5 Hz, 3H), 0.95 (d, J = 6.5 Hz, 3H ppm

Bi ol ogi cal Activity [0447] Biological activity of the conpounds of the

i nvention was determ ned using an HCV replicon assay. The | b_Huh-Luc/ Neo- ET



[ 0452] Exenpl ary conpounds of the disclosed invention are illustrated in
the Tabl es attached as Appendi x A and Appendi x B. Apendi x A shows

i nhi bi t oryoaet2058t2§ of the conpound with respect to HCVPCIH/USk@,1/081392a and
HCV NS5B C316Y or S365A nutant as indicated. The bi ol ogi cal activity
against HCV | b, la, or 2a is indicated as being *, **, 6 *** or ****_  which
corresponds to EC50 ranges of EC50 >1000 nM 100 nM < EC50 1000 nM 10 nM <

EC50 5_ lcgﬂlmmﬁﬁatg%:%ﬁxyj(ﬁetm}éun{ ashasdAvelivn (}Wﬁ tcbgl% &Qﬁ&ﬁhd 9@3 Mot y
agai nst HCV NS5B C31 S365A mutant is indicated as being t, tt, or ttt,

whi ch cormasifndddr s apchow selitgbSMst (EBDs0/244.0 OMrAl JBOMRI(008¢HB 5 1000
nM 200 - (Y S es of 242
conpoundg@ﬂ())%ﬁ)t Egﬁﬁnveﬁlﬁrggbl 4y bﬁé@gﬂ% (ﬁgﬁ)ﬁﬂ) %f%gggvﬁg %&EC%%ﬁval ues
det er m neh, £8), 424 mofH) ha0 On,rﬂpﬂiuh@l%(s l’Bﬂ) R8¢, IHHh213 61 ZBbnpéuad8w th t he

hi ghest gie??@{ %)%Cé?"@gf}?‘é?aﬁég’o‘ﬁw qued into two groups. Group 1 conpound

are thos ng’a mne as determ ned by the concentration
of the cdipEdndiaf4. dota samtlbmoﬁrronqbum&l 2- halod memi. ﬂmnmot)hn MeOHFRHB{5 HCV | b

re Ilcatl 0 el | n accordance with the
e hog s g gtk i BB e TR Flof oot DS edihe TRE R iRae

i dentifi e;‘lirrbdhatﬂ?ﬁﬁém)dbmlgﬁt Ihen lcBLINOS: 1t B&dlde@,lthBNaq BE3 10 {356,848, B67, B85,
B92, B94, B107 B B 7, B128, B130, 8131 132, 138, B139,
B145, B143&t fa“éids‘gﬁilég%%c &é %@%%egconéwf OrggRisFX LIS E¥f§1f§ “B’ig‘%% B196,

B197, B1985 nB2@dd brikQ75 mﬁgﬁ)ﬂﬂi drBd 3dth aﬁgﬂdfx‘ousm BRZdblveBLW S, reiBévid, an$233,
B236, B237, B238, B239, and B240. G ou i ncl udes those conpounds t hat

hove o mdh G HEBear BB LD mRRIAZ0A HE M P Kl deS Yl s

i denti fi aghithwARRENG EtNiDYe hdt witBsut fBher BiificBRn. ﬂMﬁgESIﬁlfg’z 3818, Bl9,
B22, B29, B31, B32, B34, B36, B4 B48, B54, B55, B57, B63, B71, B84,

B93, BlOd—MEIfbl B106, B108, 8109 B111, B112, B113, B115, B116, 8119

B123, Blgéssﬁl% p B8 soRid of & gundf’ﬁz%m@%%ﬁo 3?%701) BN (BhblwaBlo3,
B154, B155, B156, B157, B159, Bl B162, B164, B165, B166, B167,
B170, B1 m,deqilﬁ@U (152 mg, 0.40 mmol) at rt. The resultmg mixture was stirred for 30 min and

then added DIPEA (86 mg, 0.67 mmol) and CH;NH, HCI (45 mg, 0.67 mmol). After stirring
at rt for 20 min, the reaction mixture was poured into water and the suspension was filtered.
The solid was washed with water, dried in vacuo, and re-crystallized in EtOAc and hexane to
give compound 22-5 as white solid (120 mg, 84% yield). LC-MS (ESI): m/z 429.1 [M+H];
"H NMR (500 MHz, DMSO): & 8.49 (s, 1H), 7.94-7.97 (m, 2H), 7.63 (s, 1H), 7.57 (s, 1H),
7.39 (t, J = 9.0 Hz, 2H), 3.95-4.00 (m, 1H), 3.26-3.29 (m, 1H), 3.14 (s, 3H), 2.84 (d, J =4.5
Hz, 3H), 2.14-2.23 (m, 2H), 1.11-1.22 (m, 2H), 0.44-0.52 ( m, 1H), 0.30-0.33 (m, 1H) ppm.
Compound 22-5 was separated to give a pair of enantiomers: enantiomer 22-5_A (tg = 2.48
min) and enantiomer 22-5_B (tg = 4.90 min) detected by UV absorption at 214 nm on a 4.6
mm x 250 mm x 5 pm Lux Amylose-2 column (column temperature: 40.2 °C; eluent:
MeOH/liquid CO; = 40/60 (v/v); CO; flow rate: 1.8 g/min and co-solvent flow rate: 1.2 g/min;
front pressure; 207 bar and back pressure: 151 bar).
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B174, Bl175, B176, B178, B179, B180, B181, B183, B184, B186, B188, B189,
B193, B195, B199, B200, B202, B203, B204, B205, B210, B215, B216, B217,
B219, B2 2BR2B$128223, B224, B225, B227, B228, B229, BP8U/USBR3D573BR34,
B235, and B241. Phar maceuti cal Conpositions [0454] An el eventh aspect of
the invention provides a pharnmaceutical conposition conprising conpounds of
the invention. The conpounds descri bed herein can be used as pharnaceuti cal
conpositions conprising the conpoursdeemesti onal ly together with one or nore

phar maceut i.cal | y,accept abl e exci pi en or yehrbles and optionally other

t her apeutic la nd/Ov‘brophyIactlc |ngré§/ents. Such excipients are known to
t hose of ski arg . PhaLﬂhEEut|Tai 5 Fable ¥4 8% _can be used in
t he conpos t : ent |nven§"x for exanple, m neral
acid salts such as5hydro rides, hy robroagﬂes phates, sul fates and
the like; and the salts of ofganic acids such as acet&tes, propionates,

mal onat es, zoaieg/énd the Iike. A thorough dogcdissi on of

phar maceutic o> s i sval | able in

Rem ngton's PN A 5 Peithsyl vani a:
Mack Publ i ﬁJ‘mN A KCQ g™ A~ A N @ut?%ﬂal

Exci pients, 6th Eﬁlj.ztl on, R C. Rowe, P."J. ggskey M E. Quinn

(Ameri can Pharn30|st A$500|di|on 2009) . [0455] pemdlng 6n the intended

node of adnlnlstratlo othe phar maceuti cal 05|t s may be in the form

of solid, seni-% Uld dosgggpéprns : exanple t abl et s,
Sp

supposi t or igs._Pi Oca creans,
oi ntnents, |otioms orzghe I|k pre éra Iy in fnit doggge f SU|tabIe for
single adnlnlstratlon of a precise dosage. The conpositions W i ncl ude an

effective anount of the g

| gcted drugﬁ§ﬂ199ﬁg nation with a
pharnaceutlggllg accept ablle carrier andyu bba addi tjf on, ,=y i ncl ude ot her
phar maceut —ageft s] , @ di |-LMeNiDMF [y f \ O Q456] The

i nvent i on FACHREES a, pHATHRCE iéE;E;onpOS|t|on 7 TSI Ng-a q€ﬁﬁsund of

racem c M5r nonstacem

the present inventidfi i ncladi ng i xt ures of
i soners, or pharnma eutlcall acceptaBIe salts sol vat gs t hereof Ft oget her
with one or nDreOPzéfﬁﬁ feally accepf%ﬁ?& éarriers apgaoptionally other
t her apeuti c and/ RHOY mem&mﬁmwngredlents 0457] Forysolid conpositions,

conventi onal nonbo x{c solid carriers ijicl ude, for exanp| g}, pharmaceuti cal
gr ades of Adni Iactose stiar ¢ch, / magnesi um st gar at e/ sodi um saccharin,
talc, cell 5 } &) like. [0458]
For oral ad }zﬁi PEsiai on~wi | ehe Y take thgormof a
tabl et, cap§ﬁ|e aaﬁoftge ap§ﬁ|e nogaqueou oIﬁFlonzssuspens or
syrup. Tablets and capsules are preferred oral @dministration fornk.

Tabl et s g0855¢ aSsepl  Refedto Suhaie 03.eA wiidthre QEﬂﬁmﬁJuhyls-ﬁczt o del 6on@mol) andr e

Cuon s gt T e S el PRy TR el Pl aweob ke~ o

suspensi ong rédcBoisBeure WasfiRGatd ﬁhﬁ)ugﬁlemelnﬁﬁﬁﬂJQaMHWeffﬂQré&cbtb waushddyi ng and
suspendinggﬂgents If desired, flavorin col oring and/ or sweetening agents
may be add8iERaa(e mL xapnEhe Hhee sparons et hergiidue s ARt Aerer Pnt o an

oral for maoh®Buliersel (7.9 HGubtiRativB YelPds yRAGw kb1, L.edvis gsxprn% gso/at i ves,
suspendlng@ﬁﬂ ents, thickening agents and the like. [0459] A twelfth aspect
of the id I-on prOV|des use of the compounds of the invention in the

manuf act L[b’.956?f S@e;f‘?%%@gﬁ%n of[cgﬂ@Qdelﬂ P-(7f5 '3 51% 74RO ?lnrg-?q%/drgﬁs ﬁd/hﬁmt:we' fth

aspect, the nedicanment is for the treatnent hepatitis” C.
thirt eent(l‘ho%@bbms agifled drepvise e mligm g Ml éﬂeémé %ﬁﬁm@@fln @mfefétquﬁ@ patitis

C compri shag 3G @ Skef gtﬂgn%tfg PP BClind RaOREhik RN R Rq LR RBRY! | cal Iy
ef fective anount of a co of e invention, optlonaP y In a
pharnacedﬁ@me)dbﬂp@@ﬁngUmdmA“phamﬂudemmﬂdéhhyHGkQO%eiayﬁunﬂbamd@0@ffective
anount of 0 [y el v bj,ect recise
effective %Egbqu%%ﬁ :\JH{I}%HISIMMS I\Paé&g Iﬂx? gol\?egt \tkfgs rtegﬁved%gh% rFsu-lr R upon t he
speci es, cagm,lh:deham Eticac givs cemp@maaa-znéal gt Q% tyhaed) nat pale bamd sekcﬂ ém‘.t of the
conditio commendati ons of the treating physician, and the
therapeugﬁggég? ﬁ%gﬁ@gT%ﬁ of therapeutics selected for adm nistration
Thus, t hq037 e Stdpv3 TarButiod 6f compginded3-S{7tugtis Omman anM@E{ﬂmﬂﬁLneﬁb by

o1 equi PR UREB AR & B ara TG FA L b GEhedy R Eolfe) BeBALds of 1 he

di sorder in question, or bring about @grsy other desired alteration of a

bi ol ogi cal system One of ordinary skill in the art of treating such

di seases will be able, w thout undue experinentation and in reliance upon
personal knomﬂedge and the dlsclosure of thls appllcatlon to ascertaln a

B I T " Y o

L o



[ 0468] Conbi nation therapy can be sequential, that is treatment with one
agent first and then a second agent (for exanple, where each treatnent
conpri sesw@ 2di2fdser2ént conpound of the invention or wher @CoS201A&T3AENT
conprises a conpound of the invention and the other conprises one or nore
biologically active agents) or it can be treatment with both agents at the
same time (concurrently). Sequential therapy can include a reasonable timne

af ter they ol 8 PO thr§ he rf:alcf1§x§ mbgE %Bé/ cQRbRfRdbBg r@ﬁ&d&@vés haugsgcond
t herapy. Treatnent with both gents at the same tinme can be in the sane

dai | y doswithEtQAr Gehmbaensd weeds00 mhe Toawges mhate wistchirasedctitrERncand
sequenti aljsg, ?3! At bl %&ﬁnwek&%ﬁ%%l%&@d QRR gz;ﬂ@':rt@rhgg g{)ﬁé fsgut i on,

met abol i sm and excretion rates of e conponents ombi nat i on therapy
as wel | asLpaldakicd sath enly dkave Wa-3h. HmeaOb'F:nts\keisI1¢m<i>\f¢dtahriatharEtSIduwgaQreedval ues

w il al so.vany, tX"'ﬁ&Q wgodﬁ?é%(? Y o083t 9%1#??%&%%%0 1[\4'%' da@ié';%} ed. It is

to be furTh ers any pa Su jec ecific dosage
reglnens(ﬂﬁd[gbﬁédhles nay be adjusted over time according to the

individ a at DS, cited in
It hi !svlspgi[lb%scséat i Eajg) ¢ R ]é’P%’? ﬂf(’}on erporga%)glz6 0% 83?'35‘2%{1 Igﬂs(lléi@mg

i ndi vi duadddpditrbpweiat Boh ioDCpaBentg, App inadl moBO\?@nﬁdes meaxmbs;ma}elcy Nand

i ndivid d d orated b refe ence. Al .t hough t he
o etor moe i O o T R dRC BT PRE Bt St BSHEL BRY Sy A Oh i) W 19

i |1 ustratthersansk axarphas éaraclt vt DEM 0f50Ghiak i3}, )Th@f:orﬂlﬁld&fc&gzﬁﬁ@éxlﬁ@etsl t wll
be readily appﬁ{gnE to one of ordinary skill in the art in light of the

t eachi ngs"9Ff "¢t WW@%?KHWrWhaé)@@ﬁ?@?ﬁ”@ﬁ%ﬁ@@gdﬁﬁhwﬁ%ﬂﬁW@PH§N6ﬁ94nay be

nmade therﬁieqomﬁtmutrerﬁiﬂ@@aﬁd RO refs TdQEWh @ icdRk Vdduo & 2iSCOR& @mpbhiRi 232yention as
defi ned |n t he appended ims. WO 2012/058125Pd%/U§2011 57398 Appendi x A

conpound @gsf)?‘f‘]é/ﬁﬁ)ésﬁbiﬁi%‘i g oM HEG Dy arrot it pdM#ilr-epl i con 1 nhi biton of

HCV NS5B Y Bk Bl O NH
N 40 O - DS S ST 4 DI b ks e et Vi) Mol B

5. 200 nl\@dd%b@?E@z(Sé’ﬁ evii7 R )1apd DM AP (KoSgmgy' 14 mmol) fe&@mh\htm Lion 8f 100 nM
429.1 83 ﬂJO N_b Q 1\7 g m%l) 1* i ’éM (2% :WL)]at @AC Wtel}gtlrwng/ﬁt rt ovemlght the reaction

mixture was diluted with DCM (300 mL) and water (300 mL). The aqueous phase was
extracted with DCM (300 mL x 2). The combined organic extracts were washed with water
(250 mL x 3) and brine (250 mL.) and dried with anhydrous Na,SO,. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/Acetone = 20/1 (v/v)) to give compound 23-5 (8.0 g, 90% yield) as a yellow solid. LC-
MS (ESI): m/z 686.1 [M+H]".

[0360] Step 6. A mixture of compound 23-5 (8.0 g, 11.7 mmol), LiCl (539 mg, 12.8 mmol),
Et3N (3.24 mL, 23.3 mmol), Pd(OAc), (392 mg, 1.8 mmol), and PPh3 (1.22 g, 4.7 mmol) in
DMEF (80 mL) was stirred at 120 °C for 2 hrs under an atmosphere of Ar. Subsequently, the
reaction mixture was concentrated and the residue was partitioned between water (200 mL)
and EtOAc (200 mL). The aqueous phase was extracted with EtOAc (150 mL x 3) and the
combined organic extracts were washed with water (250 mL x 3) and brine (250 mL) and
dried with anhydrous Na;SO4. The solvent was removed and the residue was purified by
silica gel column chromatography (Petroleum ether/Acetone = 10/1 (v/)) to give compound
23-6 (4.0 g, 64% yield) as a yellow solid. LC-MS (ESI): m/z 536.1 [M+H]*; 'H NMR (500
MHz, CDCls): 8 8.02 — 8.04 (m, 2H), 7.95 (s, 1H), 7.68 (s, 1H), 7.07 — 7.10 (m, 4H), 7.03 —
7.05 (m, 2H), 5.30 (m, 1H), 5.20 (d, 1H), 4.40 — 4.44 (t, 2H), 3.85 (m, 2H), 2.87 (s, 3H), 2.52
(m, 2H), 1.95 (m, 2H), 1.42 (t, /= 5.5 Hz, 3H) ppm.

[0361] Synthesis of compound 23-7. Following the same procedures of hydrolyzation and

methylamide formation as described in the synthesis of compounds 6-6 and 7-1, respectively,
176



429.1 85 NHO\ M* (EC50 5. 10 nM 431.1 B6 NHO \ * N Ms *** 429.1
B7 O NH 04P, F Ms *5* 431.1 B8 OH NH 40F N Ms EC50= 106.5 nM 433.1 B9
Q' NH 40 WOR2P12)¢s8125* * 443.1 B10 NH ,,, 11.1. 7 o:-.3. PETAS201105T3BICV
genotype 2a replicon assay) 417.1

compound 23-7 was obtained. LC-MS (ESI): m/z 521.1 [M+H]"; 'H NMR (300 MHz,
CDCl3): 6 7.83 (dd, J, = 1.6 Hz, J, = 6.2 Hz, 2H), 7.75 (s, 1H), 7.65 (s, 1H), 7.02-7.10 (m,
6H), 5.86 (m, 1H), 5.29 (s, 1H), 5.17 (d, J/ = 1.8 Hz, 1H), 3.82 (m, 2H), 2.99 (d, /= 5.7 Hz,
3H), 2.85 (3, 3H), 2.47 (m, 2H), 1.93 (m, 2H) ppm.

[0362] Synthesis of compound 23-8. Following the same procedure of isomerization as
described in the synthesis of compound 7-4, compound 23-8 was obtained. LC-MS (ESI): m/z
521.1 [M+H]*; "H NMR (300 MHz, CDCls): & 7.81 (dd, J, = 1.8 Hz, J, = 5.9 Hz, 2H), 7.63 (s,
1H), 7.26 (s, 1H), 70.3-7.10 (m, 6H), 6.04 (m, 1H), 5.85 (m, 1H), 4.15 (m 2H), 2.98 (d, J =
5.1 Hz, 3H), 2.76 (s, 3H), 2.20 (s, 3H), 2.17 (m, 2H) ppm.

[0363] Synthesis of compound 23-9. Following the same procedure of hydrogenation as
described in the synthesis of compound 7-3, compound 23-9 was obtained. LC-MS (ESI): m/z
523.2 [M+H]*; "H NMR (300 MHz, CDCl;): & 7.82 (d, J = 8.7 Hz, 2H), 7.72 (s, 1H), 7.54 (s,
1H), 7.03-7.10 (m, 6H), 5.84 (m, 1H), 4.10 (m, 1H), 3.24 (m, 2H), 3.08 (s, 3H), 3.00 (d, J =
5.2 Hz, 3H), 1.92-2.02 (m, 4H), 1.46 (d, J = 6.7 Hz, 3H) ppm. Compound 23-9 was separated
into a pair of enantiomers: enantiomer 23-9_A (tg = 3.82 min) and enantiomer 23-9_B (tr =
4.99 min) detected by UV absorption at 214 nm on a ChiralPak® IB column (column
temperature: 40.3 °C; eluent: MeOH/liquid CO; = 30/70 (v/v); CO, flow rate: 2.1 g/min and
co-solvent flow rate: 0.9 g/min; front back pressure: 152 bar).

[0364] Synthesis of compound 23-10. Follwoing the same procedure of cyclopropanation
as described in the synthesis of compound 6-7, followed by hydrolyzation and methyl amide
formation, compound 23-10 was obtained. LC-MS (ESD): m/z 535.2 [M+H]™"; 'H NMR (500
MHz, CDCl3): 6 7.82 (dd, J, = 2.0 Hz, J, = 5.0 Hz, 2H), 7.79 (d, J = 3.0 Hz, 1H), 7.52 (s, 1H),
6.97 - 7.10 (m 6H), 5.84 (m, 1H), 3.58 - 3.71 (m, 2H), 3.15 (s, 3H), 3.00 (d, J = 4.5 Hz, 3H),
1,94 (m, 2H), 1.61 (m, 2H), 1.04 (m, 2H), 0.92 (m, 2H) ppm.
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[0365] Step 1. Refer to Scheme 24. Following the same procedure as described in the

synthesis of compound 22-1, compound 24-1 was obtained as a yellow solid in 80% yield.

LC-MS (ESI): m/z = 540.1 [M+H]".

[0366] Step 2. Following the same procedure as described in the synthesis of compound
22-2, compound 24-2 was obtained as a yellow solid in 57% yield. LC-MS (ESI): m/z =

522.1 [M+H]%;

"H NMR (500 MHz, CDCl3): & 8.03 — 8.06 (m, 2H), 7.77 (s, 1H), 7.07 —7.09

(m, 4H), 7.03 —7.05 (m, 2H), 6.63 (d, 1H), 6.01(d, 1H), 4.41 — 4.45 (m, 2H), 3.85 — 3.91 (brs,
2H), 2.80 (brs, 2H), 2.76 (s, 3H), 1.43 (t, /= 7.0 Hz, 3H) ppm.

[0367] Synthesis of compound 24-3. Following the same procedure as described in the

synthesis of compound 23-7, compound 24-3 was obtained as a white solid in 88% yield. LC-
MS (ESI): m/z 507.1 [M+H]"; "H NMR (500 MHz, CDCl3): 6 7.84 (d, J = 9.0 Hz, 2H), 7.77
(d, J=12.0 Hz, 2H), 7.04 - 7.10 (m, 6H), 6.60 (d, J = 12.5 Hz, 1H), 5.97 - 5.99 (m, 1H),
5.81 (br,1H), 3.26 — 3.29 (m, 1H), 3.89 (br, 2H), 2.99 (d, J = 5.0 Hz, 3H), 2.78 (br, 2H), 2.75

(s, 3H) ppm.

[0368] Synthesis of compound 24-4. Following the same procedure as described in the

synthesis of compound 23-9, compound 24-4 was obtained as a white solid in 50% yield. LC-
MS (ESI): m/z 509.1 [M+H]"; '"H NMR (500 MHz, CDCl;): § 7.84 (d, J = 9.0 Hz, 2H), 7.69

(s, 1H), 7.57 (s, 1H), 7.03 = 7.11 (m, 6H), 5.83 (br,1H), 3.69 (br, 2H), 3.06 (s,

3H), 2.97 -

3.00 (m, 5H), 1.92 - 1.94 (m, 2H), 1.74 (br, 2H) ppm.

[0369] Synthesis of compound 24-5. Following the same procedure as described for the
synthesis of compound 23-10, compound 24-5 was obtained. LC-MS (ESI): m/z 521.1
[M+H]"; "H NMR (500 MHz, CDCls): & 7.91 (s, 1H), 7.84 (d, J = 8.0 Hz, 2H), 7.50 (s, 1H),
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7.05 -7.11 (m, 6H), 5.84 (m, 1H), 4.10 (dt, J; = 5.0 Hz, /> = 15.0 Hz, 1H), 3.39 (dd, /; = 5.0
Hz, J, =13.0 Hz, 1H), 3.00 (s and d, J = 3.5 Hz, 6H), 2.25 (m, 1H), 2.14 (m, 1H), 1.15 (m,
2H), 0.63 (m, 1H), 0.39 (m, 1H) ppm. Compound 24-5 was separated into a pair of
enantiomers; enantiomer 24-5_A (tg = 7.237 min) and enantiomer 24-5_B (tg = 10.044 min)
detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um ChiralPak® AS-H
column (column temperature: 40 °C; eluent: n-Hexane/EtOH/DEA = 70/30/0.1 (v/w/v); flow

rate: 1.0 mL/min).
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[0370] Step 1. Refer to Scheme 25. A mixture of compound 25-1 (600 mg, 3.8 mmol), 4~
pentyn-1-ol (620 mg, 7.4 mmol), Cul (141 mg, 0.74 mmol), EN (1.57 g, 11.4 mmol), and
Pd(dppf)Cl, (266 mg, 0.38 mmol) in DMF (30 mL) was stirred at rt overnight under an
atmosphere of N;. The solvent was removed and the residue was purified by silica gel column
chromatography (Petroleum ether/Acetone = 4/1 to 2/1 (v/v)) to give compound 25-2 (250 mg,
32% yield) as a yellow oil. LC-MS: (ESI) m/z 207.1 [M+H]".

[0371] Step 2. A mixture of compound 25-2 (250 mg, 1.2 mmol) and 10% Pd/C (150 mg)
in MeOH (20 mL) was stirred at rt overnight under an atmosphere of H,. The mixture was
filtered through a Celite® 545 pad and the filtered cake was washed with MeOH (25 mL x 2).
The filtrate was concentrated and the residue was dried in vacuo to give compound 25-3 (200
mg, 91% yield) as a yellow oil. LC-MS: (ESI) m/z 181.1 [M+H]".

[0372] Step 3. To a solution of compound 25-3 (200 mg, 1.1 mmol) and EtzN (0.90 mL, 6.6

mmol) in DCM (10 mL) was added dropwise a solution of MsCl (376 mg , 3.3 mmol) in
179
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DCM (5 mL) over 10 min at 0 °C. After stirring at rt for 1 hr, the reaction mixture was
filtered through a Celite® 545 pad and the filtered cake was washed with DCM (25 mL x 2).
The filtrate was concentrated and the residue was dried in vacuo to give crude compound 25-
4 (495 mg) as yellow solid, which was used for the next step without further purification. LC-
MS: (ESI) m/z 415.1 [M+H]".

[0373] Step 4. A mixture of compound 25-4 (495 mg, 1.1 mmol) and K;CO; (607 mg, 4.4
mmol) in DMF (10 mL) and H,0O (2 mL) was stirred at 80 °C overnight. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/Acetone = 3/1 to 1/1 (v/v)) to give compound 25-5 (100 mg, 37% yield, two steps from
compound 25-3) as a white oil. LC-MS (ESI): m/z 241.1 [M+H]"; '"H NMR (500 MHz,
CDCl): & 8.40 (s, 1H), 8.34-8.35 (d,J=5.0Hz,1H), 7.29 - 7.30 (d,J =5.0 Hz,1H),
3.52 (br, 2H), 3.06 (s, 3H), 2.81 (br, 2H), 1.63 (br, 2H), 1.50 (br, 2H), 1.40 (br, 2H) ppm.
[0374] Synthesis of compound 25-7. Following the same procedure as described in the
synthesis of compound 13-5 from 13-3, compound 25-7 was obtained as a yellow solid in
33% yield (two steps from 25-5). LC-MS: (ESI) m/z 446.1 [M+H]".

[0375] Synthesis of compound 25-9. Following the same procedure as described in the
synthesis of compound 13-12 from 13-10, compound 25-9 was obtained as a yellow solid in
62% yield (two steps from 25-7). LC-MS: (ESI) m/z 431.1 [M+H]"; "H NMR (500 MHz,
CDClz): 6 8.44 (s, 1H), 8.23 (s,1H), 7.65 - 7.68 (m, 2H), 7.21 - 7.25 (m, 2H), 5.48 (br,
1H), 3.65 (br, 2H), 3.09 ( s, 3H), 2.95 (br, 2H), 2.85 - 2.86 (d, J=5.0 Hz, 3H), 1.54 - 1.65
(m, 6H) ppm.

[0376] Synthesis of compound 25-10. Following the same procedure as described in the
synthesis of compound 19-5 from 19-2, compound 25-10 was obtained as a white solid. LC-
MS: (ESI) m/z 440.1 [M+H]"; '"H NMR (500 MHz, &>-DMSO): & 9.04 (s, 1H,), 7.70 (s, 2H),
7.69 (s, 3H), 7.59 — 7.62 (m, 2H), 7.25 (t, J = 8.5 Hz, 2H), 3.71 (br, 2H), 3.24 (s, 3H), 3.01(br,
2H), 1.70 (br, 6H) ppm.
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[0377] Step 1. Refer to Scheme 26. To a solution of prop-2-yn-1-ol (2.24 g, 40 mmol) in
DME (80 mL) was added KOH (2.7 g, 48 mmol) at 0 °C. After stirring at O °C for 30 min, the
mixture was drop-wisely added a solution of TsCl (8.36 g, 44 mmol) in DME (40 mL) and

the resulting mixture was stirred at 0 °C for 4 hrs. Subsequently, the reaction mixture was

concentrated and the residue was added DCM (50 mL) and water (50 mL,). The aqueous

phase was extracted with DCM (100 mL x 3) and the combined organic extracts were washed

with water (100 mL) and brine (100 mL) and dried with anhydrous Na,;SOy. The solvent was

removed and the residue was purified by silica gel column chromatography to give
compound 26-1 (4.3 g, 51% yield) as a colorless oil. LC-MS (ESD): m/z 211.0 [M+H]".
[0378] Step 2. To a solution of compound 8-4 (712 mg, 1.7 mmol) in DMF (30 mL) was

added K,CO3 (414 mg, 3 mmol) under an atmosphere of argon. After stirring at rt for 1 hr,

the reaction mixture was added 26-1 (714 mg, 3.4 mmol) and the resulting mixture was

stirred at 60 °C for 2 hrs. The mixture was concentrated and the residue was partitioned

between EtOAc (100 mL) and water (100 mL). The aqueous phase was extracted with EtOAc

(50 mL x 3) and the combined organic extracts were washed with water (50 mL x 2) and

dried with anhydrous Na;SO4. The solvent was removed and the residue was dried in vacuo

to give compound 26-2 (700 mg, 90% yield) as a yellow solid. LC-MS (ESI): m/z 458.1

[M+H]".

[0379] Step 3. To a solution of compound 26-2 (685 mg, 1.5 mmol) in EtOH (20 mL) was
added NaBH, (114 mg, 3 mmol) in portions at 0 °C. After stirring at O °C for 2 hrs, the

reaction was quenched by adding several drops of acetone. The mixture was concentrated and

the residue was partitioned between EtOAc (25 mL) and water (25 mL). The aqueous phase

was extracted with EtOAc (25 mL x 3) and the combined organic extracts were washed with
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brined (25 mL.) and dried with anhydrous Na;SOy4. The solvent was removed and the residue
was dried in vacuo to give compound 26-3 (640 mg, 93% yield) as a colorless oil. LC-MS
(ESI): m/z 460.1 [M+H]".

[[0380] Step 4. To a solution of compound 26-3 (640 mg, 1.4 mmol) and DMAP (10 mg,
0.075 mmol) in DCM (50 mL) was added Et;N (0.83 mL, 6 mmol) at 0 °C, followed by MsCl
(0.5 mL, 3 mmol). After stirring at 0 °C for 2 hrs, the reaction mixture was diluted with DCM
(50 mL). The mixture was washed with sat. aq. NH4Cl (25 mL) and brine (25 mL) and dried
with anhydrous Na,SOj4. The solvent was removed and the residue was purified by silica gel
column chromatography (Petroleum ether/EtOAc = 2/1 (v/v)) to give compound 26-4 (450
mg, 95% yield) as a yellow solid. LC-MS (ESI): m/z 538.1 [M+H]".

[0381] Step 5. To a solution of NaN3 (390 mg, 6 mmol) in DMF (5 mL) at 65 °C was added
compound 26-4 (322 mg, 0.6 mmol). After stirring at 65 °C for 24 hrs, the reaction mixture
was concentrated. The residue was partitioned between EtOAc (25 mLO and water (25 mL).
The aqueous phase was extracted with EtOAc (25 mL x 3) and the combined organic extracts
were washed with brine (50 mL) and dried with anhydrous Na;SOy4. The solvent was
removed and the residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 2/1 (W) to give compound 26-5 (121 mg, 41% yield) as a yellow solid. L.C-
MS (ESI): m/z 485.1 [M+H]".

[0382] Synthesis of compound 26-7. Following the same procedure as described in the
synthesis of compound 25-9 from 25-7, compound 26-7 was obtained as a white solid in 43%
yield (two steps from compound 26-5). LC-MS: (ESI) m/z 470.1 [M+H]"; "H NMR(500 MHz,
CDCls): 6 7.99 (s, 1H), 7.87 = 7.90 (m, 2H), 7.70 (s, 1H),7.51 (s, 1H), 7.22 (t, J = 7.5 Hz, 2H),
6.21 (m, 1H), 5.85 (br, 1H), 4.97 and 5.17 (AB, J4z= 16.0 Hz, 2H), 3.20 (s, 3H), 3.01 (d, / =
4.5 Hz, 3H), 2.14 (d, J = 6.5 Hz, 3H) ppm.

Scheme 26a
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[0383] Step 1. Refer to Scheme 26a. To a solution of compound 8-4 (4.6 g, 11 mmol) in a
mixed solvent of DCM (20 mL) and EtOH (60 mL) at 0 °C was added NaBH, (756 mg, 20
mmol) in small portions. After stirring at 0 °C for 2 hrs, the reaction mixture was slowly
added H,O (20 mL) and then concentrated. The residue was extracted with DCM (100 mL x
3) and the combined organic extracts were washed with water (50 mL x 3) and brine (50 mL)
and dried over anhydrous Na;SOy. The solvent was removed and the residue was purified by
silica gel column chromatography (PE/EtOAc = 2/1 (v/v)) to give compound 26a-1 (4.3 g,
92% yield) as a yellow solid. LC-MS (ESI): m/z 404.1 [M-H,O+H]".
[0384] Step 2. To a solution of compound 26a-1 (4.3 g, 10 mmol) in toluene (120 mL)
were added DPPA (4.3 mL, 20 mmol) and DBU (3 mL, 20 mmol). The reaction mixture was
stirred at 50 °C for 4 hrs. Subsequently, the mixture was concentrated and the residue was
purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/)) to give compound 26a-
2 (4.0 g, 85% yield) as a yellow solid. LC-MS (ESI): m/z 447.1 [M+H]".
[0385] Step 3. To a solution of compound 26a-2 (3.95 g, 8.8 mmol) in DMF (50 mL) was
added K>COs5 (1.38 g, 10 mmol) and the mixture was stirred at rt for 30 min. Next, a solution
of compound 26-1 (2.52 g, 12 mmol) in 20 mL. DMF was added. After stirring at rt overnight,
the reaction mixture was poured into H>O (150 mL). The mixture was extracted with EtOAc
(100 mL x 3) and the combined organic extracts were washed with water (100 mL x 3) and
brine (50 mL) and dried over anhydrous Na,SO,. The solvent was removed and the residue
was purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/v)) to give compound
26a-3 (3.3 g, 78% yield) as a yellow solid. LC-MS (ESI): m/z 485.1 [M+H]".
[0386] Step 4. To a solution of compound 26a-3 (3 g, 6.2 mmol) in DMSO/H,0 (60 mL/20
mL) were added Sodium Ascorbate (2.32 g, 9.3 mmol) and CuSO4+5H;0 (1.55 g, 6.2 mmol).
After stirring at rt overnight, the reaction mixture was poured into HO (100 mL). The
resulting mixture was extracted with EtOAc (100 mL x 3) and the combined organic extracts
were washed with water (50 mL x 3) and brine (50 mL) and dried over anhydrous Na;SOj.
The solvent was removed and the residue was purified by silica gel column chromatography
(DCM/MeOH = 40/1 (v/)) to give compound 26-5 (2.1 g, 66% yield) as a yellow solid. LC-
MS (ESI): m/z 485.1 [M+H]".
[0387] Step S. Following the same procedure as that for the preparation of 1-16 described
in Scheme 1 and replacing compound 1-14 with 26-5, compound 26-7 (1.3 g, 67% yield) was
obtained as a white solid. LC-MS (ESI): m/z 470.1 [M+H]"; '"H NMR (500 MHz, d°-DMSO):
8 8.53 (g, J =4.8 Hz, 1H), 8.04 (s, 1H), 7.97 = 7.99 (m, 2H), 7.96 (s, 1H), 7.60 (s, 1H), 7.42
(t, J=8.5 Hz, 2H), 6.34 (q, J = 7.0 Hz, 1H), 5.39 and 4.72 (AB, J4p = 17.5 Hz, 2H), 3.56 (s,
1H), 2.86 (d, /= 4.5 Hz, 3H), 1.89 (d, J = 7.5 Hz, 3H) ppm. Compound 26-7 was separated

into a pair of enantiomers: enantiomer 26-7_A (tg = 8.596 min) and enantiomer 26-7_B (tz =
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11.887 min) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um ChiralPak®
AS column (column temperature: 40 °C; eluent: n-Hexane/EtOH/DEA = 70/30/0.1 (vA/v);

flow rate: 1.0 mL/min).
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[0388] Step 1. Refer to Scheme 26b. Following the same procedure as that for the synthesis
of compound 26-7 described in Scheme 26 and replacing compound 26-5 with 8-4,
compound 26b-1 was obtained. LC-MS (ESI): m/z 405.1 [M+H]".

[0389] Step 2. Following the same procedure as that for the synthesis of compound 26a-1
described in Scheme 26a and replacing compound 8-4 with 26b-1, compound 26b-2 was
obtained. LC-MS (ESI): m/z 407.1 [M+H]".

[0390] Step 3. Following the same procedure as that for the synthesis of compound 26a-2
described in Scheme 26a and replacing compound 26a-1 with 26b-2, compound 26b-3 was
obtained as a yellow solid. LC-MS (ESI): m/z 390.1 [M-Ns+H]".

[0391] Step 4. To a solution of compound 26b-3 (43 mg, 0.1 mmol) in DMF (2 mL) was
added K,COs (28 mg, 0.2 mmol) and the resulting mixture was stirred at rt for 30 min. Next,
a solution of 2-bromoacetonitrile (24 mg, 0.2 mmol) in 1 mL DMF was added. After stirring
at rt for 4 hrs, the mixture was poured into H,O (20 mL). The mixture was extracted with
EtOAc (20 mL x 3) and the combined organic extracts were washed with water (15 mL x 3)
and brine (10 mL) and dried over anhydrous Na;SQj,. The solvent was removed and the
residue was purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/)) to give
compound 26b-4 (42 mg, 89% yield) as a yellow solid. LC-MS (ESD): m/z 429.1 [M-N3+H]".
[0392] Step 5. To a solution of compound 26b-4 (24 mg, 0.05 mmol) in DMF (2 mL) was
added NH4Cl (26, 0.5 mmol). After being heated at 150 °C in a microwave reactor for 8 hrs,
the reaction mixture was cooled to rt and poured into HO (30 mL). The suspension was
extracted with EtOAc (20 mL x 3) and the combined organic extracts were washed with

water (15 mL x 3) and brine (10 mL x 1) and dried over anhydrous Na;SO4. The solvent was
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removed and the residue was purified by preparative HPLC to give compound 26b-5 (15 mg,
63% yield) as a yellow solid. LC-MS (ESI): m/z 471.1 [M+H]"; 'H NMR (500 MHz,
CDs0D): 6 7.95 -7.97 (m, 2H), 7.93 (s, 1H), 7.90 (s, 1H), 7.27 (t, J = 9 Hz, 2H), 6.34 (q, J =
7 Hz, 1H), 5.48 (m, 1H), 5.07 (m, 1H), 3.50 (s, 3H), 2.97 (s, 3H), 2.08 (br s, 3H) ppm.
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[0393] Step 1. Refer to Scheme 26c. To a solution of compound 8-2 (5.0 g, 13.5 mmol) in
EtOH (150 mL) was added NaBH4 (921 mg, 24.3 mmol) at rt. After stirring at rt for 4 hrs, the
reaction mixture was added several drops of acetone and concentrated. The residue was
diluted with water (20 mL) and EtOAc (100 mL). The organic layer was washed with water
(25 mL x 2) and brine (25 mL), dried over anhydrous Na;SQOy, and concentrated. The residue
was purified by silica gel column chromatography (PE/EtOAc = 2/1 (v/v)) to give compound
26¢-1 (4.3 g, 85% yield) as a yellow solid. LC-MS (ESI): m/z 356.2 [M-H,O+H]".

[0394] Step 2. To a solution of compound 26¢-1 (1.0 g, 2.7 mmol) in DMF (20 mL) at 0 °C
was added dropwise a solution of PBr3 (0.78 mL, 8.1 mmol) in DMF (3 mL). After stirring at
0 °C for 10 min, the reaction mixture was added water (20 mL). The mixture was extracted
with EtOAc (20 mL x 3). The combined organic extracts were washed with brine (50 mL),
dried over anhydrous Na,SOy, and concentrated. The residue was purified by silica gel
column chromatography (PE/EtOAc = 10/1 (v/v)) to give compound 26¢-2 (500 mg, 43%
yield) as a yellow solid. LC-MS (ESI): m/z 356.1 [M-Br+H]".

[0395] Step 3. To a solution of compound 26¢-2 (1.0 g, 2.7 mmol) and 1H-imidazole-2-
carbaldehyde (220 mg, 2.3 mmol) in DMF (5 mL) was added Na,CO; (366 mg, 3.45 mmol).
After stirring at 80 °C for 2 hrs, the reaction mixture was diluted with water (20 mL). The
resulting mixture was extracted with EtOAc (20 mL x 3). The combined organic extracts

were washed with water (20 mL x 2) and brine (20 mL), dried over anhydrous Na>SOy, and
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concentrated. The residue was purified by silica gel column chromatography (PE/EtOAc =
10/1 (vA")) to give compound 26¢-3 (300 mg, 58% yield) as a yellow solid. LC-MS (ESI): m/z
452.1 [M+H]".

[0396] Step 4. To a solution of compound 26¢-3 (300 mg, 0.67 mmol) in EtOAc (10 mL)
was added 10% Pd/C(150 mg), and the resulting mixture was stirred at rt for 12 hrs under an
atmosphere of H,. at the completion of the reaction, the reaction mixture was filtered through
Celite®545 and the filtered cake was washed with EtOAc (20 mL x 2). The filtrate was
concentrated and the residue was purified by silica gel column chromatography
(DCM/MeOH = 50/1 (v/v)) to give compound 26¢-4 (150 mg, 56% yield) as a yellow solid.
LC-MS (ESI): m/z 406.1 [M+H]".

[0397] Step 5. To a solution of compound 26¢-4 (150 mg, 0.37 mmol) in DCM (3 mL) was
added EiN (0.1 mL, 0.74 mmol), followed by MsCl (43 pL, 0.56 mmol). After stirring at rt
for 2 hrs, the reaction mixture was diluted with DCM (35 mL) and washed with water (15 mL
x 2) and brine (15 mL), dried over anhydrous Na;SQO,, and evaporated. The residue was
purified by silica gel column chromatography (DCM/MeOH = 50/1 (v/v)) to give compound
26¢-5 (60 mg, 34% yield) as a yellow solid. LC-MS (ESI): m/z 484.1 [M+H]".

[0398] Step 6. Following the same procedure as that used for the preparation of 1-16
described in Scheme 1 and replacing compound 1-14 with 26¢-5, compound 26¢-6 was
obtained as a white solid. LC-MS (ESI): m/z 469.1 [M+H]"; 'H NMR (500 MHz, CDCl3): &
7.92 (s, 1H), 7.83 — 7.86 (m, 2H), 7.64 (s, 1H), 7.21 (t, / = 8 Hz, 2H), 6.96 (d, /= 11.5 Hz,
2H), 5.82 (d, J = 4.5 Hz, 1H), 5.67 — 5.68 (m, 1H), 5.05 (s, 2H), 3.21 (s, 3H), 2.98 (d,J = 5.5
Hz, 3H), 2.05 (d, J = 7.5 Hz, 3H) ppm.
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[0399] Step 1. Refer to Scheme 27. To a stirred solution of compound 15-11 (1.0 g, 2.0
mmol) in DMF (25 mL) was added K,;CO; (1.1 g, 8.0 mmol) at rt, followed by 3-bromo-2-
methylpropene (324 mg, 2.4 mmol). After stirring at 80 °C for 2 hrs, the reaction mixture was
cooled to rt and partitioned between water (60 mL) and EtOAc (50 mL). The aqueous layer
was extracted with EtOAc (40 mL x 3). The combined organic extracts were washed with
water (60 mL x 3) and brine (60 x 2 mL) and dried over anhydrous Na;SO4. The solvent was
removed and the residue was purified by silica gel column chromatography (PE/EtOAc =
10/1 (v/v)) to give compound 27-1a (760 mg, 67% yield) as a yellow solid. LC-MS (ESI): m/z
588.1 [M+Na]*.

[0400] Step 2. To a stirred solution of compound 27-1a (375 mg, 0.66 mmol) in a mixed
solvent of THF (6 mL) and MeOH (6 mL) was added NaBH,4 (75.5 mg, 2.0 mmol) in portions
at 0°C. After stirring at 0°C for 2 hrs, the reaction was quenched by adding several drops of
acetone and the resulting mixture was concentrated. The residue was partitioned with water
(20 mL) and EtOAc (20 mL) and the aqueous layer was extracted with EtOAc (30 mL x 3).
Subsequently, the combined organic extracts were washed with water (30 mL x 3) and brine
(10 ml.) and dried over anhydrous Na>SOj. The solvent was removed and the residue was
purified by silica gel column chromatography (PE/EtOAc = 3/1 (v/v)) to give compound 27-
2a (369 mg, 98% yield) as a yellow solid. LC-MS (ESI): m/z 590.2 [M+Na]".

[0401] Step 3. To a stirred solution of compound 27-2a (320 mg, 0.56 mmol) in DCM (20
mL) were added phenylselenophtalimide (255 mg, 0.85 mmol) and (x)-camphorsulfonic acid
(26 mg, 0.11 mmol) at 0 °C. After stirring at rt overnight, the reaction mixture was
concentrated and the residue was purified by silica gel column chromatography (PE/EtOAc =
3/1 (vv)) to give compound 27-3a (290 mg, 71% yield) as a white solid. LC-MS (ESI): m/z
746.1 [M+Nal",

[0402] Step 4. To a stirred solution of compound 27-3a (320 mg, 0.44 mmol) in a mixed
solvent of CH,Cl, (30 mL) and EtOH (50 mL) was added Raney nickel (160 mg). After
refluxing for 2 hrs, the reaction mixture was filtered through a pad of Celite® 545 and the
filtrate was concentrated. The residue was purified by silica gel column chromatography
(PE/EtOAc = 4/1 (v/v)) to give compound 27-4a (120 mg, 48% yield) as a yellow solid. LC-
MS (ESI): m/z 590.2 [M+Na]".

[0403] Step S. Following the same procedure as that for the preparation of compound 1-16
described in Scheme 1 and replacing compound 1-14 with 27-4a, compound 27-5a was
obtained as a white solid. LC-MS (ESI): m/z 553.2 [M+H]"; "H NMR (500 MHz, CDCls): 8
7.82 -7.87 (m, 4H), 7.04 - 7.11 (m, 6H), 5.80 — 5.85 (m, 1H), 5.15(q, /= 6.4 Hz, 1H), 4.14
(d, J=14.0 Hz, 1H), 3.11 (s, 3H), 2.99 (d, J = 5.0 Hz, 3H), 2.98 (d, / = 14.0 Hz, 1H), 1.67 (d,

J=7.0Hz, 3H), 1.53 (s, 3H), 1.14 (s, 3H) ppm. Compound 27-5a was separated into a pair
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of enantiomers: enantiomer 27-5a_A (tg = 3.93 min) and enantiomer 27-5a_B (tg = 4.66 min)
detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um ChiralPak® IA column
(column temperature: 40.2 °C; eluent: MeOH (0.1% DEA)/liquid CO, = 30/70 (v/); CO;
flow rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min; back pressure: 152 bar).

[0404] Synthesis of compound 27-5b. Follwoing the same procedure as that for the
synthesis of compound 27-5a described in Scheme 27 and replacing compound 15-11 with 8-
4, compound 27-5b was obatined as a white solid. LC-MS (ESI): m/z 461.1 [M+H]"; 'H
NMR (500 MHz, CDCls): & 7.91 (dd, J; = 3.5 Hz, J, = 6.2 Hz, 2H), 7.89 (s, 1H), 7.86 (s, 1H),
7.19 (t, J = 8.5 Hz, 2H), 5.80 (m, 1H), 5.15 (q, / = 6.5 Hz, 1H), 4.14 (d, J = 14.5 Hz, 1H),
3.12 (s, 3H), 3.00 (d, J = 5.5 Hz, 3H), 2.89 (d, J = 14.5 Hz, 1H), 1.66 (d, J = 6.5 Hz, 3H),
1.54 (s, 3H), 1.15 (s, 3H) ppm. Compound 27-5b was separated into a pair of enantiomers:
enantiomer 27-5b_A (tg = 2.31 min) and enantiomer 27-5b_B (tg = 3.38 min) detected by
UV absorption at 214 nm on a 4.6 mm x 250 mm, 5 pm ChiralPak® AD-H column (column
temperature: 39.6 °C; eluent: MeOH/liquid CO; = 30/70 (v/v); CO, flow rate: 2.1 g/min and

co-solvent flow rate: 0.9 g/min; back pressure: 151 bar).
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[0405] Synthesis of compound 28-3a. Refer to Scheme 28. Following the same procedure
as that for the praparation of compound 27-3a from 15-11 described in Scheme 27 and
replacing 3-bromo-2-methylpropene with allyl bromide, compound 28-3a was obtained as a
white solid. LC-MS (ESI): m/z 732.1 [M+Na]".

[0406] Synthesis of compound 28-5a. Following the same procedure as that for the
praparation of compound 27-5a from 27-3a described in Scheme 27 and replacing compound
27-3a with 28-3a, compound 28-5a was obtained as a white solid. LC-MS (ESI): m/z 539.2
[M+H]*; "TH NMR (500 MHz, CDCl3): 8 7.89 and 7.78 (s, s, 1H), 7.83 (dd, J; = 6.5 Hz, J, =
8.5 Hz, 2H), 7.61 and 7.58 (br s, s, 1H), 7.04 - 7.12 (m, 6H), 5.83 (d, J= 4.0 Hz, 1H), 5.18
and 4.98 (dd, dd, J; = 13.5 Hz, J, = 6.5 Hz, 1H), 4.13 - 4.16 and 3.78 — 3.81 (m, m, 2H), 3.15
and 3.12 (s, s, 3H), 3.12 and 2.85 (m, m, 1H), 3.00 (d, / =5.0 Hz, 3H), 1.73 (t, / = 6.5 Hz,
3H), 1.23 and 1.17 (d, d, J = 6.5 Hz, 3H) ppm. Alternatively, compound 28-5a can be

obtained using compound 28-7a as the starting material described in Scheme 28.
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[0407] Synthesis of compound 28-5b. Following the same procedure as that for the
praparation of compound 28-5a described in Scheme 27 and replacing compound 27-3a with
28-3b, compound 28-5b was obtained as a white solid. LC-MS (ESI): m/z 447.1 [M+H]*; 'H
NMR (500 MHz, CDClz): 6 7.89 — 7.92 (m, 2H), 7.87 (s, 1H), 7.59 (s, 1H), 7.20 (t, J = 8.5
Hz, 2H), 5.78 (m, 1H), 4.98 (m, 1H), 4.14 (m, 2H), 3.15 and 3.12 (s, s, 3H), 3.01 (d, /= 4.5
Hz, 3H), 2.83 (m, 1H), 1.73 and 1.71 (d, d, /= 7.0 Hz, 3H), 1.23 and 1.18 (d, d, /= 6.5 Hz,
3H) ppm. Alternatively, compound 28-5b can be obtained using compound 28-7b as the
starting material described in Scheme 28.

[0408] Synthesis of compound 28-6a. To a solution of compound 28-3a (2.1 g, 3.0 mmol)
in DCM (200 mL) was added m-CPBA (563 mg, 3.3 mmol) at 0 °C. After stirring at 0 °C for
30 min, the reaction mixture was washed with saturated aq. NaHCO; solution and water. The
organic layer was dried over anhydrous Na,;SO4 and concentrated to dryness to give crude
compound 28-6a as a red solid, which was used in the next step without further purification.
LC-MS (ESI): m/z 748.1 [M+Na]".

[0409] Synthesis of compound 28-7a. Compound 28-6a (375 mg, 0.52 mmol) was
dissolved in dry toluene (300 mL) and the resulting solution was added DBU (4.2 mL, 28.1
mmol) at 0 °C. After stirring at 100 °C for 45 min under an atmosphere of N, the reaction
mixture was concentrated and the residue was purified by silica gel column chromatography
(PE/EtOAc = 5/1 to 3/1 (v/v)) to give compound 28-7a (248 mg, 87% yield) as an off white
solid. LC-MS (ESID): m/z 552.1 [M+H]"; "TH NMR (500 MHz, &°-DMSO0): § 8.05 (d, J = 9.0
Hz, 2H), 8.00 (s, 1H), 7.79 (s, 1H), 7.31 (m, 2H), 7.21 - 7.23 (m, 2H), 7.12 (d, / = 9.0 Hz,
2H), 5.46 (q, J = 6.0 Hz, 1H), 4.67 (d, J = 14.0 Hz, 1H), 4.46 (s, 1H), 4.40 (s, 1H), 4.36 (q, J
=7.0 Hz, 2H), 4.20 (d, / = 14.0 Hz, 1H), 3.24 (s, 3H), 1.72 (d, /= 6.0 Hz, 3H), 1.36 (t, J =
7.0 Hz, 3H) ppm.

[0410] Synthesis of compound 28-8a. Under an atmosphere of N, ZnEt; (1M in hexane,
7.40 mL, 7.40 mmol) was added to dry DCM (20 mL) at —78 °C, followed by CHaI, (1.2 mL,
14.8 mmol) over 10 min. The resulting mixture was stirred at —78 °C for 30 min and then at
—10 °C for 30 min. The mixture was cooled to —78 °C and a solution of TFA (137 uL, 1.9
mmol) in DCM (1 mL) was added dropwise. After stirring at —78 °C for 30 min, the mixture
was added dropwise a solution of compound 28-7a (340 mg, 0.62 mmol) in DCM (2 mL) at
~78 °C. The resulting mixture was stirred at —78 °C for 10 min, 0 °C for 1 hr, and 25 °C for 4
hrs. Subsequently, saturated aq. NH4Cl solution (10 mL) was added and the mixture was
concentrated. The residue was extracted with DCM (20 mL x 3). The combined organic
extracts were washed with saturated aq. NaHCO; solution and water and dried over

anhydrous Na;SOj4. The solvent was removed and the residue was purified by silica gel
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column chromatography (PE/EtOAc = 10/1 to 4/1 (v/v)) to give compound 28-8a (230 mg,
66% yield) as a white solid. LC-MS (ESI): m/z 566.2 [M+H]*; "H NMR (500 MHz, d*-
DMSO): 6 8.06 — 8.08 (m, 2H), 8.01 (s, 1H), 7.88 (s, 1H), 7.30 — 7.34 (m, 2H), 7.21 - 7.24
(m, 2H), 7.12 - 7.14 (m, 2H), 5.09 (q, J = 6.0 Hz, 1H), 4.36 (q, / = 7.5 Hz, 2H), 3.69 (d, J =
15.0 Hz, 1H), 3.57 (d, /= 15.0 Hz, 1H), 3.32 (s, 3H), 1.57 (d, /= 6.0 Hz, 3H), 1.35 (t, /= 7.5
Hz, 3H), 0.71 — 0.96 (m, 4H) ppm.
[0411] Synthesis of compound 28-9a. Following the same procedure as that for the
praparation of 1-16 described in Scheme 1 and replacing compound 1-14 with 28-8a,
compound 28-9a was obtained as a white solid. LC-MS (ESI): m/z 551.2 [M+H]"; '"H NMR
(500 MHz, &*-DMSO): § 8.50 (d, J = 4.5 Hz, 1H), 7.92 (d, J = 9 Hz, 2H), 7.83 (s, 1H), 7.56
(s, 1H), 7.28 = 7.32 (m, 2H), 7.17 - 7.20 (m, 2H), 7.12 (d, / = 8.5 Hz, 2H), 5.06 (dd, J; = 12.5
Hz, J, =6.5 Hz, 1H), 3.67 (d, J = 15.5 Hz, 1H), 3.56 (d, J = 14.5 Hz, 1H), 3.31 (s, 3H), 2.84
(d, J=4.5 Hz, 3H), 1.54 (d, J = 6 Hz, 3H), 0.70 — 0.93 (m, 4H) ppm. Compound 28-9a was
separated into a pair of enantiomers: enantiomer 28-9a_A (tg = 4.13 min) and enantiomer 28-
9a_B (tg = 5.05 min) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 um
Regis (R,R)-Whelk-ol column (column temperature: 39.3 °C; eluent: MeOH/liquid CO; =
50/50 (v/v); CO; flow rate: 1.5 g/min and co-solvent flow rate: 1.5 g/min; front pressure: 218
bar and back pressure: 152 bar).
[0412] Synthesis of compound 28-9b. Following the same procedure as that for the
praparation of compound 28-9a described in Scheme 28 and replacing compound 15-11 with
8-4, compound 28-9b was obtained as a white solid. LC-MS (ESI): m/z 459.1 [M+H]*: 'H
NMR (500 MHz, d°-DMSO): & 8.53 (m, 1H), 7.97 (dd, J, = 5.5 Hz, J, = 8.7 Hz, 2H), 7.85 (s,
1H), 7.58 (s, 1H), 7.41 (t, J = 8.5 Hz, 2H), 5.06 (q, J = 6.5 Hz, 1H), 3.68 (d, J = 14.5 Hz, 1H),
3.57(d,J=14.5 Hz, 1H), 3.32 (s, 3H), 2.84 (d, / = 4.5 Hz, 3H), 1.54 (d, J = 6.5 Hz, 3H),
0.93 (m, 1H), 0.84 — 0.86 (m, 2H), 0.70 (m, 1H) ppm. Compound 28-9b was separated into a
pair of enantiomers: enantiomer 28-9b_A (tg = 4.36 min) and enantiomer 28-9b_B (tr = 6.09
min) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm 5 pm ChiralPak® AD-H
column (column temperature: 39.8 °C; eluent: MeOH/liquid CO; = 30/70 (v/v); CO, flow
rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min; back pressure: 150 bar).
[0413] Synthesis of compound 28-10a. To a solution of compound 28-7a (680 mg, 1.2
mmol) in THF (10 mL) was added BH3- THF (7.4 mL, 7.4 mmol) at 0 °C. After stirring at rt
for 3 hrs, the reaction mixture was added 3 N aq. NaOH (7 mL) at 0°C, followed by 30% aq.
H,O, (7 mL). The reaction mixture was stirred at rt overnight and the added iced water (30
mL). The mixture was extracted with EtOAc (25 mL x 2). The combined organic extracts

were washed with water (20 mL x 2), dried over anhydrous Na,SOy, and concentrated. The
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residue was purified by silica gel column chromatography (DCM/Acetone = 50/1 (v/v)) to
give compound 28-10a (560 mg, 80% yield) as a white solid. LC-MS (ESI): m/z 592.2
[M+Na]".
[0414] Synthesis of compound 28-10b. Following the same procedure as that for the
praparation of compound 28-10a and replacing compound 28-7a with 28-7b, compound 28-
10b was obtained as a white solid. LC-MS (ESI): m/z 500.1 [M+Na]".
[0415] Synthesis of compound 28-11a. Following the same procedure as that for the
praparation of compound 1-16 described in Scheme 1 and replacing compound 1-14 with 28-
10a, compound 28-11a was obtained as a white solid. LC-MS (ESI): m/z 555.2 [M+H]*; 'H
NMR (500 MHz, d°-DMSO): & 8.42 — 8.50 (m, 1H), 7.90 — 7.93 (m, 2H), 7.82 and 7.77 (s, s,
1H), 7.56 and 7.54 (s, s, 1H), 7.27 - 7.31 (m, 2H), 7.17 -7.19 (m, 2H), 7.11 (d, J = 8.5 Hz,
2H), 5.17 and 4.88 (m, m, 1H), 4.78 (m, 1H), 4.18 and 3.99 (m, m, 1H), 3.93 (m, 1H), 3.45
(m, 1H), 3.47 (m, 1H), 3.38 and 3.36 (s, s, 3H), 2.84 (d, J = 4.5 Hz, 3H), 2.83 (m, 1H), 1.62
and 1.60 (d, d, / = 6.5 Hz, 3H) ppm.
[0416] Synthesis of compound 28-11b. Following the same procedure as that for the
praparation of compound 28-11a described in Scheme 28 and replacing compound 28-10a
with 28-10b, compound 28-11b was obtained as a white solid. LC-MS (ESI): m/z 463.1
[M+H]*; '"H NMR (500 MHz, d°-DMSO): & 8.52 (m, 1H), 7.95 — 7.98 (m, 2H), 7.83 and 7.79
(s, s, 1H), 7.58 and 7.57 (s, s, 1H), 7.40 (t, J = 9.0 Hz, 2H), 4.88 (q, J = 6.5 Hz, 1H), 4.78 (t, J
=5.5Hz, 1H), 4.19 (d, J = 15 Hz, 1H), 3.92 (m, 1H), 3.43 — 3.48 (m, 1H), 3.39 (s, 3H), 3.26
—3.31 (m, 1H), 2.84 (d, J = 4.5 Hz, 3H), 2.83 (m, 1H), 1.62 and 1.60 (d, d, / = 6.0 Hz, 3H)
ppm.
[0417] Synthesis of compound 28-12a. To a solution of compound 28-10a (200 mg, 0.35
mmol), DMAP (21 mg, 0.18 mmol) and E&N (0.15 mL, 1.1 mmol) in CH,Cl; (5 mL) was
added TsCl (100 mg, 0.53 mmol) at 0 °C. After stirring at rt for 2 hrs, the reaction mixture
was added ice water (10 mL) and DCM (25 mL.). The organic layer was washed with
saturated aq. NaHCO; (10 mL x 2), water (10 mL x 2) and brine (10 mL), dried over
anhydrous NaySOq, and concentrated. The residue was purified by silica gel column
chromatography (PE/EtOAc = 6/1 to 2/1 (v/v)) to give the tosylate as a white solid (230 mg,
91% yield). LC-MS (ESI): m/z 746.2 [M+Na] *. Subsequently, a mixture of the tosylate (140
mg, 0.19 mmol), MeSO;Na (59 mg, 0.58 mmol) and KI (964 mg, 0.581 mmol) in DMF (2
mL) was stirred at 120 °C for 2 hrs. The mixture was then poured into water (15 mL). The
resulting precipitate was filtered and the white was washed with water (15 mL x 3) and dried
in vacuo to give compound 28-12a (100 mg, 82% yield). LC-MS (ESI): m/z 654.1 [M+Na]".
[0418] Synthesis of compound 28-12b. Following the same procedure as that for the

praparation of compound 28-12a described in Scheme 28 and replacing compound 28-10a
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with 28-10b, compound 28-12b was obtained as a white solid. LC-MS (ESI): m/z 562.1
[M+H]*.

[0419] Synthesis of compound 28-13a. Following the same procedure as that for the
praparation of compound 1-16 described in Scheme 1 and replacing compound 1-14 with 28-
12a, compound 28-13a was obtained as a white solid. LC-MS (ESD): m/z 617.1 [M+H]"; 'H
NMR (500 MHz, CDCls): 6 7.94 (s, 1H), 7.81 (dd, J; = 2.5 Hz, J, = 8.5 Hz, 2H), 7.61 (s, 1H),
7.05-7.13 (m, 6H), 5.82 (m, 1H), 5.09 (q, J = 8.5 Hz, 1H), 4.59 (1, J = 1 1.5 Hz, 1H), 4.24 (d,
J=18.5Hz, 1H), 3.16 (s, 3H), 3.05 — 3.13 (m, 3H), 3.07 (s, 3H), 2.98 (d, J = 6.0 Hz, 3H),
1.78 (d, J = 8.5 Hz, 3H) ppm. Alternatively, compound 28-13a can be obtained using
compound 28-11a as the starting material as described in Scheme 28.

[0420] Synthesis of compound 28-13b. Following the same procedure as that for the
praparation of compound 28-13a described in Scheme 28 and replacing compound 28-12a
with 28-12b, compound 28-13b was obtained as a white solid. LC-MS (ESI): m/z 525.1
[M+H]"; 'TH NMR (500 MHz, d°~-DMSO0): § 8.52 (m, 1H), 7.95 — 7.99 (m, 2H), 7.87 (s, 1H),
7.61 (s, 1H), 7.40 (t, J = 8.5 Hz, 2H), 4.98 (q, J = 6.0 Hz, 1H), 4.39 (t, / = 9.0 Hz, 1H), 4.20
(d, J=14.0 Hz, 1H), 3.37 (s, 3H), 3.29 — 3.32 (m, 2H), 3.04 (s, 3H), 2.89 (m, 1H), 2.85 (d, J
=4.5 Hz, 3H), 1.66 (d, J = 6.5 Hz, 3H) ppm. Alternatively, compound 28-13b can be obtained

using compound 28-11b as the starting material as described in Scheme 28.
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[0421] Step 1. Refer to Scheme 29. To a solution of compound 4-2 (9.0 g, 18.9 mmol) in
DME (200 mL) and H,O (400 mL) were added K,COj; (7.8 g, 56.6 mmol), Pd(dppf)Cl, (1.5 g,
1.9 mmol) and 4.4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane (4.4 g, 28.3 mmol). After
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stirring at 60 °C for 2 hrs under an atmosphere of Ar, the reaction mixture was concentrated
and the residue was partitioned between water (150 mL) and EtOAc (150 mL). The aqueous
phase was extracted with EtOAc (100 mL x 3) and the combined organic extracts were
washed with water (100 mL x 3) and brine (100 mL) and dried over anhydrous Na;SQOy4. The
solvent was removed and the residue was purified by silica gel column chromatography
(PE/EtOAc = 15/1 (v/v)) to give compound 29-1 (5.0 g, 75% yield) as a yellow solid. LCMS
(ESI): m/z 356.1 [M+H]".

[0422] Step 2. To a solution of compound 29-1 (1.2 g, 3.4 mmol) in THF (50 mL), EtOH
(20 mL) and HOAc (40 mL) was slowly added Zn (1.3 g, 20.1 mmol) at 0 °C. After stirring at
rt for 2 hrs, the reaction mixture was filtered and the filtrate was concentrated. The residue
was partitioned between water (80 mL) and EtOAc (80 mL) and the organic layer was
extracted with EtOAc (60 mL x 3). The organic extracts were combined and washed with
water (80 mL x 2), sat. aq. NaHCO; (80 mL.) and brine (80 mL) and dried over anhydrous
NaySOy, The solvent was concentrated and the residue was dried in vacuo to give crude
compound 29-2 (1.0 g, 91% yield) as a yellow solid. LC-MS (ESI): m/z 326.1 [M+H]".
[0423] Step 3. To a solution of compound 29-2 (1.0 g, 3.1 mmol) in anhydrous pyridine (5
mL) was treated with DMAP (20 mg), followed by a solution of MsCl (1.1 g, 9.2 mmol) in
DCM (3 mL) at 0 °C. After stirring at rt for 3 hrs, the reaction mixture was concentrated and
the residue was partitioned between water (20 mL) and EtOAc (20 mL). The aqueous layer
was extracted with DCM (30 mL x 3) and the combined organic extracts were washed with
water (60 mL x 2) and brine (60 mL) and dried over anhydrous Na;SO, The solvent was
removed and the residue was dried in vacuo to give crude compound 29-3 (1.1 g, 88% yield)
as a yellow solid. LC-MS (ESI): m/z 404.1 [M+H]".

[0424] Step 4. To a solution of compound 29-3 (700 mg, 1.7 mmol) in DMF (30 mL) were
added K,CO3 (719 mg, 5.2 mmol) and KI (144 mg, 0.87 mmol), followed by 2-bromobenzyl
chloride (534 mg, 2.6 mmol). After stirring at 70 °C for 3 hrs, the reaction mixture was
concentrated and the residue was partitioned between water (50 mL) and EtOAc (50 mL).
The aqueous layer was extracted with EtOAc (3 x 40 mL) and the combined organic extracts
were washed with water (80 mL x 3) and brine (50 mL) and dried over anhydrous Na,SOy,
The solvent was removed and the residue was purified by silica gel column chromatography
(Petroleum ether/EtOAc = 15/1 (v/v)) to give compound 29-4 (800 mg, 87% yield) as a
yellow solid. LC-MS (ESI): m/z 574.0 [M+H]".

[0425] Step 5. To a solution of compound 29-4 (770 mg, 1.34 mmol) in CH3CN (25 ml)
were added EtzN (4.6 mL), and Pd(PPhs)4 (1.55 g, 1.34 mmol). After stirring at 80 °C for
several hours under an atmosphere of Ar, the reaction mixture was concentrated and the

residue was purified by silica gel column chromatography (Petroleum ether/EtOAc = 10/1
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(wv)) to give compound 29-5 (260 mg, 40% yield) as a yellow solid. LC-MS (ESI): m/z 492.1

[M+H]".

[0426] Step 6. To a solution of compound 29-5 (150 mg, 0.31 mmol) in EtOH (30 mL.) was

added 5% Pd/C (w/w, 200 mg). After stirring at 50 °C for several hours under an atmosphere

of Hy, the reaction mixture was filtered through a pad of Celite®545. The filtered cake was

washed with EtOH (15 mL x 2). The filtrate was concentrated and the residue was dried in

vacuo to give crude compound 29-6 (149 mg, 99% yield) as a yellow solid. LC-MS (ESI):

miz 494.1 [M+H]*.

[0427] Step 7. Following the same procedure as that for for the praparation of compound 1-
16 described in Scheme 1 and replacing compound 1-14 with 29-6, compound 29-7 was
obtained (130 mg, 90% yield) as a pale brown solid. LC-MS (ESI): m/z 479.1 [M+H]"; 'H
NMR (500 MHz, CDCls): 6 7.85 — 7.88 (m, 2H), 7.78 (s, 1H), 7.71 (s, 1H), 7.30 (d, 2H), 7.15
—7.24 (m, 5H), 5.76 (brs, 2H), 5.12 (d, /= 16 Hz, 2H), 4.95 (d, /= 16 Hz, 5H), 4.57 - 4.62
(dd, J; =15 Hz, J, =7 Hz, 1H), 2.72 (d, J = 5 Hz, 3H), 2.73 (s, 3H), 1.80 (d, J = 8 Hz, 3H)
ppm. Compound 29-7 was separated into a pair of enantiomers: enantiomer 29-7_A (tg = 4.16
min) and enantiomer 29-7_B (tg = 6.05 min) detected by UV absorption at 214 nm on a 4.6
mm x 250 mm 5 um ChiralPak® OD-H column (column temperature: 40.4 °C; eluent:
MeOH/liquid CO; = 30/70 (v/v); CO; flow rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min;
front pressure: 205 bar and back pressure: 148 bar).

Scheme 30
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[0428] Chiral separation of compound 8-5. Compound 8-5 (3.8 g) was separated into a
pair of enantiomers: (R)-8-5 (tr = 2.61 min, 1.6 g, 84% yield) and (S5)-8-5 (tg = 3.14 min, 1.6
g, 84% yield) detected by UV absorption at 214 nm on a 4.6 mm x 250 mm x 5 pm
ChiralPak® AD-H column (column temperature: 40.2 °C; eluent: MeOH (0.1% DEA)/liquid
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CO; = 30/70 (wv); CO; flow rate: 2.1 g/min and co-solvent flow rate: 0.9 g/min; front
pressure: 206 bar and back pressure: 149 bar).

[0429] Chiral separation of compound 15-12. Using the same prep-chiral HPLC
condition as that used for separating compound 8-5, Compound 15-12 (5.6 g) was separated
into a pair of enantiomers: (R)-15-12 (tg = 5.71 min, 1.1 g, 39% yield) and (S5)- 15-12 (tg =
6.58 min, 1.0 g, 36% yield).

7.08 30-1a

[0430] Synthesis of compound 30-1a. To a solution of the enantiomer came out first from
the chiral separation of compound 8-5 (tg = 2.61 min) (30 mg, 0.07 mmol) and (R)-MaNP
(18.4 mg, 0.08 mmol) in CH,Cl, (2 mL) was added DCC (72.1 mg, 0.35 mmol), followed by
DMAP (17.1 mg, 0.14 mmol). After stirring at rt for 20 hrs, the reaction mixture was
concentrated and the residue was diluted with EtOAc (45 mL). The solution was washed
with water (20 mL) and brine (20 mL.), dried with anhydrous Na;SQOy, and concentrated. The
residue was purified by prep-HPLC to give compound 30-1a (15 mg) as a white powder. L.C-
MS: (ESI) m/z = 656.2 [M+Na]"; '"H NMR (500 MHz, CDCl3): 6 8.11 — 8.13 (m, 2H), 7.74 —
7.77 (m, 2H), 7.60 (d, J = 7.0 Hz, 2H), 7.47 (t, J= 8.0 Hz, 1H), 7.45 (s, 1H), 7.22 (t, /=9.0
Hz, 2H), 7.08 (s, 1H), 7.00 (t, J = 7.0 Hz, 1H), 6.76 (t, J = 8.0 Hz, 1H), 6.07 (q, / = 7.0 Hz,
1H), 4.23 —4.36 (m, 2H), 3.05 (s, 3H), 2.98 (s, 3H), 2.03 (s, 3H), 1.49 (d, J = 7.0 Hz, 3H),
1.27 (t, J = 7.0 Hz, 3H) ppm.

H
7.73 30-2a

[0431] Synthesis of compound 30-2a. Following the same procedure as that used for
preparing compound 30-1a and replacing (R)-MaNP with (S)-MoNP, compound 30-2a was
obtained. LC-MS: (ESI) m/z = 656.2 [M+Na]": '"H NMR (500 MHz, CDCl;): & 8.06 — 8.09 (m,
2H), 7.95 (d, /= 8.5 Hz, 1H), 7.87 (s, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.73 (s, 1H), 7.67 (s, 1H), 7.64 (d, /= 7.0 Hz, 1H), 7.47 (t, J= 8.0 Hz, 1H), 7.28 (t, /= 7.5
Hz, 1H), 7.20 (t, J = 7.5 Hz, 2H), 7.06 (t, / = 7.5 Hz, 1H), 6.12 (q, J = 6.5 Hz, 1H), 4.35 -
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4.41 (m, 2H), 3.12 (s, 3H), 3.00 (s, 3H), 2.00 (s, 3H), 1.48 (d, /= 6.5 Hz, 3H), 1.27 (t, J=7.0
Hz, 3H) ppm.

H
7.43 30-1b

[0432] Synthesis of compound 30-1b. Following the same procedure as that used for
preparing compound 30-1a and using the enantiomer came out first from the chiral separation
of compound 15-12 (tg = 5.71 min), compound 30-1b was obtained. LC-MS: (ESI) m/z =
748.2 [M+Na]"; '"H NMR (500 MHz, CD;CI): & 8.08 — 8.10 (m, 2H), 7.06 — 7.11 (m, 7H),
6.99 (t, J = 7.0 Hz, 1H), 6.75 (dt, J; = 1.0 Hz, J, = 8.0 Hz, 1H), 6.06 (q, / = 7.0 Hz, 1H), 4.24
—4.35 (m, 2H), 3.05 (s, 3H), 2.98 (s, 3H), 2.03 (s, 3H), 1.49 (d, / = 7.0 Hz, 3H), 1.27 (t, J =
7.0 Hz, 3H) ppm.

H
7.69 30-2b

[0433] Synthesis of compound 30-2b. Following the same procedure as that used for
preparing compound 30-1b and replacing (R)-MaNP with (S)-MaNP, compound 30-2b was
obtained. LC-MS: (ESI) m/z = 748.2 [M+Na]*; "H NMR (500 MHz, CDsCl): 5 8.06 (d, J =
7.0Hz, 2H), 7.93 (d, /= 8.5 Hz, 1H), 7.85 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0
Hz, 1H), 7.69 (s, 1H), 7.63 — 7.66 (m, 2H), 7.46 (t, J = 8.0 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H),
7.04 —7.10 (m, 7H), 6.10 (q, J = 7.0 Hz, 1H), 4.36 — 4.39 (m, 2H), 3.13 (s, 3H), 2.99 (s, 3H),
1.91 (s, 3H), 1.48 (d, / = 7.0 Hz, 3H), 1.36 (t, / = 7.0 Hz, 3H) ppm.

197



o\ ; /7 '0 * (HCV genotype | a replicon) 429.1 B11 O NH N /k (HCV
*** | a genotype replicon) 459.2 B116 o/ NH 1111 N / 'O *** (HCV

genot ype W 2024158126n) 525.1 B117 / NH 10 \ O N/ 'o PET(USM148130% ype | a
replicon) 525.1 absolute configuration 13118 O/ NH 1401 \ . N,
s-r,--0/ so 3.1 nMttt ttt

Scheme 31
6.07 7450

(R-MaNP—0, H H 0

1.497 R O N O F
MsHN 0 005 0420 [
A MeNP—0Q H H o
7.08 30-1a differences of é
chemical shifts 017 O F
612787q [ MsHN

(S-MaNP—Q 1 H 0 H o} I;\IHMS
-0.65 F N :

R N d
148 O ) O F AS=5(R)-5(S) ok, i
i | !

MsHN
773 30-2a !
A8<0 A8>0"

H"Yo-MaNP
'

Tetrahedron:Asymlmetry 2000, 17, 1249
Chirality 2002, 14, 81

[0434] Determination of chirality. Refer to Scheme 31. Based on the general rule of
chemical shfits of a pair of diastercomeric esters derived from an alcohol with (R)-MaNP and
($)-MaNP, the chirality of the benzylic carbon in the enantiomer came out first (tg = 2.61
min) from the chiral separation of compound 8-5 was determined as R. Accordingly, the
chirality of the benzylic carbon in the enantiomer came out first (tg = 5.71 min) from the

chiral separation of compound 15-12 was determined as R.

Scheme 32 o. [
OH ]
RuCI[(R, R)-Tsdpen](p-cymene) O A O
R
0,
o 0 O// HCOCH/TEA, DMF, 40°C MsHN o
(R)-8-6 R=F
O N (R)-15-12 R = 4-F-PhO-
Wl
MsHN o o. I
84 R=-F QH o
15-11 R = 4-F-PhO- : RuCI{(S,S)-Tsdpen](p-cymene) :
HCOOH/TEA, DMF, 40°C O ) O R
MsHN )
(585 R=F

(5)15-12 R = 4-F-PhO-
[0435] Synthesis of compound (R)-8-5. Refer to scheme 32. A 25 mL flask was charged
with triethylamine (76 mg, 0.75 mmol, 7 eq.) in an ice bath, followed by adding formic acid
(35 mg, 0.75 mmol, 7 eq.) dropwise. After stirring at rt for 20 min, a solution of compound 8-
4 (45 mg, 0.107 mmol, 1 equiv.) in DMF (6 mL) and RuClI[(R,R)-Tsdpen](p-cymene) (1.6 mg,
0.0029 mmol 0.024 equiv.) were added. The resulting dark red reaction mixture was stirred at
40 °C overnight and then concentrated. The residue was purified by silica column
chromatography (EtOAc/PE = 1:1 (v/)) to give compound (R)-8-5 (30 mg, 66% yield,
95.5%ee) as a white solid. The absolute configuration of the sample (tg = 2.59 min) was
determined as R by taking chiral HPL.C along with compound 8-5 following chiral HPLC the

condition in Scheme 30.
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[0436] Synthesis of compound (S)-8-5. Following the same procedure as described for the
preparation of compound (R)-8-5 and replacing RuCl[(R,R)-Tsdpen](p-cymene) with
RuCl[(S,S)-Tsdpen](p-cymene), compound (S5)-8-5 (28 mg, 66% yield, 94.0%ee, tg = 3.12
min, S configuration) was obtained from compound 8-4 (42 mg, 0.1 mmol).

[0437] Synthesis of compound (R)-15-12. Following the same procedure as described for
the preparation of compound (R)-8-5 and replacing compound 8-4 with compound 15-11 (50
mg, 0.1 mmol), compound (5)-8-12 (38 mg, 75% yield, 95.9%ee, tr = 5.76 min, R
configuration).

[0438] Synthesis of compound (8)-15-12. Following the same procedure as described for
the preparation of compound (R)-15-12 and replacing RuCl[(R,R)-Tsdpen](p-cymene) with
RuClI[(S,5)-Tsdpen](p-cymene), compound (S5)-15-12 (70 mg, 70% yield, 96.6% ee, tg = 6.70
min, S configuration) was obtained from compound 15-11 (100 mg, 0.2 mmol).

[0439] Synthesis of compound (R)-8-9. Using compound (R)-8-5 as the starting material
and following the same procedure for the preparation of compound 8-9 described in Scheme
8, compound (R)-8-9 was obtained. Chiral HPLC analysis determined that compound (R)-8-9
and enantiomer 8-9_A obtained from chiral separation of compound 8-9 are identical.

[0440] Synthesis of compound (R)-15-15. Using compound (R)-15-12 as the starting
material and following the same procedure for the preparation of compound 15-15 described
in Scheme 15, compound (R)-15-15 was obtained. Chiral HPLC analysis determined that
compound (R)-15-15 and enantiomer 15-15_A obtained from chiral separation of compound
15-15 are identical.

[0441] Syntheses of diastereomers of compounds 28-11a and -13a. Using either
compounds (R)-15-12 or (S)-15-12 as the starting material and following the procedure for
the preparation of compounds 28-11a and -13a described in Scheme 28, those diastereomers
of compounds 28-11a and -13a were obtained, respectively. The absolute configurations of
those diastereomers were determined by 2D-COSY and NOESY spectra.

[0442] Syntheses of diastereomers of compounds 28-11b and -13b. Using either
compounds (R)-8-5 or (S)-8-5 as the starting material and following the procedure for the
preparation of compounds 28-11b and -13b described in Scheme 28, those diastereomers of
compounds 28-11b and -13b were obtained, respectively. The absolute configurations of

those diastereomers were determined by 2D-COSY and NOESY spectra.
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[0443] Step 1. Refer to Scheme 33. A mixture of compound 8-5 (500 mg, 1.2 mmol), 2-
chloro-1-(4-fluorophenyl)ethanone (266 mg, 1.5 mmol) and K;CO3 (492 mg, 3.6 mmol) in
DMF (4 mL) was stirred at 50 °C for 2 hrs. Subsequently, the reaction mixture was poured
into water (100 mL) and the suspention was filtered. The solid obtained was purified by silica
gel column chromatography (PE/EtOAc = 4/1 (v/v)) to give compound 33-1 (500 mg, 76 %
yield) as a yellow solid. LC-MS (ESI): m/z 461.1 [M-H,O-Ms+H]".

[0444] Step 2. To a solution of compound 33-1 (300 mg, 0.54 mmol) in THF/EtOH (5
mL/5 mL) was added NaBH,4 (102 mg, 2.7 mmol) at 0 °C. After stirring at rt for 2 hrs, the
reaction mixture was added several drops of acetone and the concentrated. The residue was
diluted with water (25 mL) and extracted with DCM (25 mL x 3). The combined extracts
were washed with water (25 mL) and brine (25 mL), dried over anhydrous Na;SQ4, and
concentrated. The residue was dried in vacuo to give compound 33-2 (300 mg, 99% yield) as
a yellow solid. LC-MS (ESI): m/z 463.2 [M-H,O-Ms+H]".

[0445] Step 3. To a solution of compound 33-2 (180 mg, 0.322 mmol) in CH,Cl, (2 mL)
was added TMSOTT (143 mg, 0.64 mmol) at 0 °C. After stirring at 0 °C for 10 min, the
reaction mixture was added saturated aq. NaHCO; (25 mL) and the resulting mixture was
extracted with DCM (25 mL x 2). The combined organic extracts were washed with water
(25 mL) and brine (25 mL), dried over anhydrous Na;SQ;, and concentrated. The residue was
dried in vacuo to give compound 33-3 (160 mg, 92% yield) as a yellow solid. LC-MS (ESI):
mlz 564.0 [M+Na]".

[0446] Step 4. Following the same procedure as that for the praparation of compound 1-16
described in Scheme 1 and replacing compound 1-14 with 33-3, compound 33-4 was
obtained (100 mg, 65% yield) as a white solid. LC-MS (ESI): m/z 527.1 [M+H]*; '"H NMR
(500 MHz, d°-DMSO): & 8.50 — 8.56 (m, 1H), 7.95 —7.99 (m, 2H), 7.89 and 7.84 (s, s, 1H),
7.66 (m, 1H), 7.32 —7.42 (m, 4H), 7.16 — 7.21 (m, 2H), 5.35 and 5.08 (g, q, / = 6.5 Hz, 1H),
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5.01(d, J=10Hz, 0.5 H), 420 (d, J = 14 Hz, 0.5 Hz), 4.06 and 3,45 (m, m, 1H), 3.46 and
3.44 (s, s, 3H), 3.28 and 2.99 (m, m, 1H), 2.85 — 2.87 (m, 3H), 1.67 — 1.70 (m, 3H) ppm.

Scheme 34
O ' OH 0 an
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[0447] Step 1. Refer to Scheme 34. To a solution of (S)-15-12 (5.13 g, 10 mmol) in DMF (40
mL) was added K;COs5 (2.07 g, 15 mmol), the resulting mixture was stirred at rt for 30 min.
Subsequently, a solution of racemic 2-(bromomethyl)oxirane (1.23 mL, 15 mmol) in DMF
(10 mL) was dropwise added to the mixture. After stirring at 60 °C overnight, the reaction
mixture was concentrated. The residue was diluted with H,O (100 mL) and EtOAc (150 mL).
The aqueous layer was extracted with EtOAc (150 mL x 2). The combined organic extracts
were combined, washed with H,O (100 mL x 2) and brine (100 mL), dried over anhydrous
NaySOy, filtrated and concentrated. The residue was purified by silica gel column
chromatography (Petroleum ether/EtOAc = 1/1 (v/&)) to give 34-1b (4.8 g, 84% vyield) as a
white solid. LC-MS (ESI): m/z 570.1 [M+H]".

[0448] Step 2. To a solution of TsOH (38 mg, 0.2 mmol) in toluene (4 mL) at 100 °C was
added 34-1b (57 mg, 0.1 mmol). After stirring at 100 °C for 4 hr, the reaction micture was
concentrated and the residue was dissolved in DCM (25 mL). The mixture was washed with
sat. ag. NaHCO3 (25 mL x 2) abd Brine (25 mL), dried over anhydrous Na;SOy, filtered, and
concentrated. The residue was purified by silica gel column chromatography (Petroleum
ether/EtOAc = 1/1 (w/v)) to give a mixture of (8, 5)-34-2b and (S, R)-34-2b (40 mg, 70%
yield) as white solid with a ratio of 7.5/1 determined by the integration of the benzylic carbon
at 5.08 ppm for (S, $)-34-2b and 5.20 ppm for (S, R)-34-2b, respectively. LC-MS (ESI): m/z
570.1 [M+H]". (S, $)-34-2b '"H NMR (500 MHz, CDCl;): & 8.14 (s, 1H), 8.04 (m, 2H), 7.58
(s, 1H), 7.03-7.11 (m, 6H), 5.08 (q, / = 6.5 Hz, 1H), 4.42 (q, J = 7.0 Hz, 2H), 4.13 - 4.19 (m,
2H),3.73 (dd, J; =3.5 Hz, Jo=11.5 Hz, 1H), 3.53 (dd, J; =6.0 Hz, J, = 11.8 Hz, 1H), 3.18 (s,
1H), 3.12 (m, 1H), 1.92 (bs, 1H), 1.77 (d, J/ = 7.0 Hz, 3H), 1.44 (t, J = 6.5 Hz, 3H) ppm. (S,
R)-34-2b 'H NMR (500 MHz, CDCl3): § 7.94 — 7.97 (m, 3H), 7.52 (s, 1H), 6.96 — 7.03 (m,
6H), 5.20 (q, J = 6.5 Hz, 1H), 4.35 (q, / = 7.0 Hz, 2H), 3.94 (bm, 1H), 3.71 (dd, J; = 4.5 Hz,
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J>=11.8 Hz, 1H), 3.58 — 3.66 (m, 4H), 3.08 (s, 3H), 1.92 (bs, 1H), 1.67 (d, J = 7.0 Hz, 3H),
1.36 (1, /=7.0 Hz, 3H) ppm.
[0449] Comparison of the stereo-selectivity of the acid catalyzed epoxide-opening-ring-

formation step

Temperature and

Starting material Acid Solvent . (S, 8$)-34-2/(S, R)-34-2 ratio
reaction time
34-1a TsOH (0.3eq.) DCM 0 °C, overnight 1.0/3.0
34-1a TsOH (2.0eq.) DCM rt, overnight 1.0/1.0
34-1a TsOH (2.0eq.) DCE 60 °C, 4 hr 4.0/1.0
34-1b TsOH (0.3eq.) DCM 0 °C, overnight 1.0/3.0
34-1b TsOH (2.0eq.) DCM rt, overnight 1.0/1.0
34-1b TsOH (2.0 eq.) DCE 60 °C, 4 hr 6.5/1.0
34-1b TsOH (2.0 eq.) Toluene 100 °C, 4 hr 7.5/1.0
34-1b TsOH (2.0eq.) DMF 150°C, 2 hr 3.0/2.0
Scheme 35
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[0450] Synthesis of (S, 5)-35-1b. Refer to Scheme 35. To a solution of (S, §)-34-2b (120 mg,
0.22 mmol) and DMAP (159 mg, 1.3 mmol) in DCM (2 mL) was added diphenyl
phosphorochloridate (291 mg, 1.08 mmol) at 0 °C under an atmosphere of Ar. After stirring
rt overnight, the reaction mixture was added ice water (10 mL) and DCM (10 mL). The
organic layer was washed with saturated aq. NaHCO3 (10 mL x 3) and water (10 mL x 3),
dried over anhydrous Na;SOy, filtered and concentrated. The residue was dried in vacuo to
give crude (S, 5)-35-1b (120 mg, 71% yield) as a white solid. LC-MS (ESI): m/z 787.2
[M-+HT".

[0451] Synthesis of (S, 5)-35-2b. To a solution of (S, 5)-35-1b (120 mg, 0.15 mmol) in THF
(5 mL) was added PtO; (50 mg). The resulting mixture was flushed with H; and stirred at rt

overnight. Subsequently, the mixture was diluted with THF (25 mL) and filtered through
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Celite®545. The filtrate was concentrated and the residue was diluted with water (25 mL).
The suspension was filtered; the solid was washed with water (10 mL) and CH3CN (10 mL)
and dried in vacuo to give (S, 5)-35-2b (50 mg, 52% yield) as a white solid. LC-MS (ESI):
miz 635.2 [M+H]*. "H NMR (500 MHz, ¢°-DMSO): § 8.50 (d, J = 4.5 Hz, 1H), 7.91 (d, J =
8.5 Hz, 2H),7.81 (s, 1H), 7.56 (s, 1H), 7.29 (d, J = 8.5 Hz, 2H), 7.15 - 7.18 (m, 2H), 7.10 (d,
J=8.5Hz, 2H), 4.89 (d, J = 5.5 Hz, 1H), 4.10 - 4.16 (m, 1H), 4.03 (br, 1H), 3.77 (br, 1H),
3.58 - 3.60 (m, 1H), 3.47 (br, 2H), 3.36 (s, 3H), 2.89 (br, 1H), 2.83 (d, / = 4.5 Hz, 3H), 1.60
(d, J =5.5 Hz, 3H) ppm.

[0452] Synthesis of (S, 5)-35-3b. To a solution of N, N-dimethylglycine (45 mg, 0.43 mmol),
DCC (149 mg, 0.72 mmol) and (S, §)-34-2b (80 mg, 0.14 mmol) in CH,Cl; (2 mL) was
added DMAP (89 mg, 0.72 mmol) at rt. After stirring at rt overnight, the reaction mixture
was filtered and the filtrated was concentrated. The residue was purified by preparative
HPLC and product was converted to its HCI salt to give (5, 5)-35-3b (50 mg, 54% yield) as
white solid. LC-MS (ESI): m/z 640.2 [M+H]". 'H NMR (500 MHz, 4°-DMSO): 6 10.32 (br,
1H), 8.51 (d, J=5.0 Hz, 1H), 7.91 (d, / = 9.0 Hz, 2H),7.86 (s, 1H), 7.57 (s, 1H), 7.30 (t, J =
8.5 Hz, 2H), 7.17 - 7.20 (m, 2H), 7.12 (d, J = 9.0 Hz, 2H), 4.92 (q, / = 6.5 Hz, 1H), 4.19 -
4.26 (m, 6H), 3.04 (s, 1H), 3.00 (br, 1H), 2.83 (s, 9H), 1.64 (d, J = 6.0 Hz, 3H) ppm.

[0453] Synthesis of (S, 5)-35-4c. To a solution of N-Boc-L-Alanine (68 mg, 0.36 mmol),
DCC (149 mg, 0.72 mmol) and (S, $)-35-1b (100 mg, 0.18 mmol) in CH,Cl, (2 mL) was
added DMAP (89 mg, 0.72 mmol) at rt. After stirring at rt overnight, the reaction mixture
was filtered; the filtrate was concentrated and the residue was dried in vacuo to give crude (S,
5)-35-4¢ (105 mg, 80% yield) as a white solid. LC-MS (ESI): m/z 626.1 [M-Boc+2H]".
[0454] Synthesis of (S, $)-35-5¢. A mixture of (5, $)-35-3¢ (100 mg, 0.14 mmol) and HCI 4-
dioxane (4.0 M, 3 mL) was stirred at rt for 2 hr. The solvent was removed and the residue
was purified by prep-HPLC to give (S, 5)-35-5¢ (50 mg, 58% yield) as a white solid. LC-MS
(ESI): m/z 626.1 [M+H]*. "H NMR (500 MHz, &°-DMSOQ): § 8.48 — 8.51 (m, 1H), 8.40 (s,
2H), 7.90 (d, J = 8.5 Hz, 2H), 7.81 (s, 1H), 7.56 (s, 1H), 7.31 (t, J = 8.5 Hz, 2H), 7.16 - 7.20
(m, 2H), 7.12 (d, J/ = 9.0 Hz, 2H), 4.91 (q, J/ = 6.5 Hz, 1H), 4.09 — 4.26 (m, 5H), 4.00 (s, 3H),
2.95 (br, 1H), 2.83 (d, J = 6.5 Hz, 1H), 1.61 (d, / = 4.5 Hz, 3H), 1.40 (d, J =7.0 Hz, 3H) ppm.
[0455] Synthesis of (S, 5)-35-5d. Following the same procedure as that used for preparing (S,
$)-35-4¢ and replacing N-Boc-L-Alanine with N-Boc-L-Valine, (S, §)-35-5d was obtained as
a white solid in 69% yield. LC-MS (ESI): m/z 654.2 [M+H]". 'H NMR (500 MHz, d°-
DMSO): 6 8.49 — 8.51(m, 1H), 8.08 (br, 2H), 7.91 (d, J = 9.0 Hz, 2H), 7.86 (s, 1H), 7.57 (s,
1H), 7.30 (t,/ = 9.0 Hz, 2H), 7.17 = 7.20 (m, 2H), 7.12(d, J =9.0 Hz, 2H), 4.93 (d, J = 6.5
Hz, 1H), 4.15 — 4.20 (m, 4H), 3.87 (s, 1H), 3.36 (s, 3H), 2.95 (br, 1H), 2.84 (d, / = 4.0 Hz,
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3H), 2.13 -2.16 (m, 1H), 2.16 (d, /= 6.5 Hz, 3H), 1.00 (d, / = 6.5 Hz, 3H), 0.95 (d, /= 6.5
Hz, 3H) ppm.

Biological Activity

[0447] Biological activity of the compounds of the invention was determined using an HCV
replicon assay. The 1b_Huh-Luc/Neo-ET cell line persistently expressing a bicistronic
genotype 1b replicon in Huh 7 cells was obtained from ReBLikon GMBH. This cell line was
used to test compound inhibition using luciferase enzyme activity readout as a measurement
of compound inhibition of replicon levels.

{0448] On Day 1 (the day after plating), each compound is added in triplicate to the cells.
Plates incubated for 72 please use consistent terminology prior to running the luciferase
assay. Enzyme activity was measured using a Bright-Glo Kit (cat. number E2620)
manufactured by Promega Corporation. The following equation was used to generate a
percent control value for each compound.

% Control = (Average Compound Value/Average Control)*100

[0449] The ECs; value was determined using GraphPad Prism and the following equation:
Y = Bottom + (Top-Bottom)/ (1+10" ((L.ogIC50-X)*HillSlope))

[0450] ECso values of compounds are repeated several times in the replicon assay.

[0451] Compounds of the invention can inhibit multiple genotypes of HCV selected but not
limited to 1a, 1b, 2a, 3a, and 4a. The ECsps are measured in the corresponding replicon assays
that are similar to HCV 1b replicon assay as described above.

[0452] Exemplary compounds of the disclosed invention are illustrated in the Tables
attached as Appendix A and Appendix B. Apendix A shows inhibitory activity of the
compound with respect to HCV 1b, 1a, or 2a and HCV NS5B C316Y or S365A mutant as
indicated. The biological activity against HCV 1b, 1a, or 2a is indicated as being *, *%*, *#*
or **#** which corresponds to ECsy ranges of ECsq >1000 nM, 100 nM < ECso < 1000 nM,
10 nM < ECs0 < 100 nM, or ECs < 10 nM, respectively. The biological activity against HCV
NS5B C316Y or S365A mutant is indicated as being T, ¥+, or 1+, which corresponds to
ECsg ranges of ECsp >1000 nM, 200 nM < ECsp < 1000 nM, 200 nM < ECsy, respectively.
[0453] Appendix A shows structures of 242 compounds of the invention identified by ID
NOD B1-B242, and ECs; values determined for 242 of the compounds. Of these, the 151
compounds with the highest measured activity can be divided into two groups. Group 1
compound are those having a measured ECsj value, as determined by the concentration of the
compound effective to produce a half-maximal inhibition of HCV 1b replication (ECsp) in a

1b_Huh-Luc/Neo-ET cell line, in accordance with the method above, of 10 nM or less. This
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group includes the compounds identified in Appendix A by ID NOS: B5, B15, B20, B33,
B35, B45, B67, B85, B92, B94, B107, B11§, B120, B121, B127, B128, B130, B131, B132,
B138, B139, B145, B148, B158, B163, B168, B169, B171, B187, B190, B191, B192, B196,
B197, B198, B201, B207, B208, B212, B214, B218, B221, B226, B232, B233, B236, B237,
B238, B239, and B240. Group 2 includes those compounds that have a measured ECso of
between 10 and 100 nM, and includes compounds identified in Appendix A by ID NOS: B2,
B3, B4, B6, B7, B9, B16, B18, B19, B22, B29, B31, B32, B34, B36, B47, B4§, B54, B55,
B57,B60, B63, B71, B84, B93, B100, B101, B106, B108, B109, B111, B112, B113, B115,
B116,B119, B123, B124, B134, B136, B137, B142, B144, B146, B147, B150, B151, B153,
B154,B155, B156, B157, B159, B160, B161, B162, B164, B165, B166, B167, B170, B172,
B173,B174, B175, B176, B178, B179, B180, B181, B183, B184, B186, B188, B189, B193,
B195, B199, B200, B202, B203, B204, B205, B210, B215, B216, B217, B219, B220, B222,
B223, B224, B225, B227, B228, B229, B230, B231, B234, B235, and B241.

Pharmaceutical Compositions

[0454] An eleventh aspect of the invention provides a pharmaceutical composition
comprising compounds of the invention. The compounds described herein can be used as
pharmaceutical compositions comprising the compounds, optionally together with one or
more pharmaceutically acceptable excipients or vehicles, and optionally other therapeutic
and/or prophylactic ingredients. Such excipients are known to those of skill in the art.
Pharmaceutically acceptable salts can be used in the compositions of the present invention
and include, for example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates and the like; and the salts of organic acids such as acetates, propionates,
malonates, benzoates and the like. A thorough discussion of pharmaceutically acceptable
excipients and salts is available in Remington's Pharmaceutical Sciences, 18th Edition
(Easton, Pennsylvania: Mack Publishing Company, 1990), and in Handbook of
Pharmaceutical Excipients, 6 Edition, Ed. R. C. Rowe, P. J. Sheskey, and M. E. Quinn
(American Pharmacists Association, 2009).

[0455] Depending on the intended mode of administration, the pharmaceutical
compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, for
example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, creams,
ointments, lotions or the like, preferably in unit dosage form suitable for single administration
of a precise dosage. The compositions will include an effective amount of the selected drug
in combination with a pharmaceutically acceptable carrier and, in addition, may include other

pharmaceutical agents, adjuvants, diluents, buffers, etc.
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[0456] The invention includes a pharmaceutical composition comprising a compound of the

present invention including isomers, racemic or non-racemic mixtures of isomers, or

pharmaceutically acceptable salts or solvates thereof together with one or more

pharmaceutically acceptable carriers and optionally other therapeutic and/or prophylactic

ingredients.

[0457] For solid compositions, conventional nontoxic solid carriers include, for example,

pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharin,

talc, cellulose, glucose, sucrose, magnesium carbonate and the like.

[0458] For oral administration, the composition will generally take the form of a tablet,

capsule, a softgel capsule nonaqueous solution, suspension or syrup. Tablets and capsules are

preferred oral administration forms. Tablets and capsules for oral use will generally include

one or more commonly used carriers such as lactose and corn starch. Lubricating agents,

such as magnesium stearate, are also typically added. When liquid suspensions are used, the

active agent may be combined with emulsifying and suspending agents. If desired, flavoring,

coloring and/or sweetening agents may be added as well. Other optional components for

incorporation into an oral formulation herein include, but are not limited to, preservatives,

suspending agents, thickening agents and the like.

[0459] A twelfth aspect of the invention provides use of the compounds of the invention in

the manufacture of a medicament.

[0460] In a first embodiment of the twelfth aspect, the medicament is for the treatment of

hepatitis C.

[0461] A thirteenth aspect of the invention provides a method of treating hepatitis C

comprising administering to a subject in need thereof, a therapeutically effective amount of a

compound of the invention, optionally in a pharmaceutical composition. A pharmaceutically

or therapeutically effective amount of the composition will be delivered to the subject. The

precise effective amount will vary from subject to subject and will depend upon the species,

age, the subject’s size and health, the nature and extent of the condition being treated,

recommendations of the treating physician, and the therapeutics or combination of

therapeutics selected for administration. Thus, the effective amount for a given situation can

be determined by routine experimentation. The subject may be administered as many doses

as is required to reduce and/or alleviate the signs, symptoms or causes of the disorder in

question, or bring about any other desired alteration of a biological system. One of ordinary

skill in the art of treating such diseases will be able, without undue experimentation and in

reliance upon personal knowledge and the disclosure of this application, to ascertain a

therapeutically effective amount of the compounds of this invention for a given disease.

206



**E ottt ttt 538.1 B157 (a,00 --S;.NHcl1,1 N \ * e=0/ ,sO0 *** 510.1
B158 O/ NHN-N- * N-..,.0/ sso A **** 562.1 B159 0/ ONH FN ,, * ';
_0 /s\;c;W02012105812554. 2 WD 2012/ 058125PCT/ US2011/ 057398CA@{|Setdiox7398 6160 DD
NHO\ * N's....0/ "0 *** 541.2 B161 / NHNO\ IIlk "S",..~0/ 'O

CombinationTherapy

[0462] The compounds of the present invention and their isomeric forms and
pharmaceutically acceptable salts thereof are useful in treating and preventing HCV infection
alone or when used in combination with other compounds targeting viral or cellular elements
or functions involved in the HCV life cycle. Classes of compounds useful in the invention
may include, without limitation, all classes of HCV antivirals, both direct-acting and indirect-
acting ("cell-targeted’ inhibitors of HCV replication). For combination therapies, mechanistic
classes of agents that may be useful when combined with the compounds of the present
invention include, for example, nucleoside and non-nucleoside inhibitors of the HCV
protease inhibitors, helicase inhibitors, NS5A inhibitors, NS4B inhibitors and medicinal
agents that functionally inhibit the internal ribosomal entry site (IRES), other NS5B

inhibitors and other medicaments that inhibit HCV cell attachment or virus entry, HCV RNA
translation, HCV RNA transcription, replication or HCV maturation, assembly or virus
release.

[0463] Specific compounds in these classes and useful in the invention include, but are not
limited to, linear, macrocyclic, and heterocyclic HCV protease inhibitors such as telaprevir
(VX-950), boceprevir (SCH-503034), narlaprevir (SCH-900518), ITMN-191 (R-7227),
TMC-435350 (a.k.a. TMC-435), MK-7009, MK-5172, BI-201335, , BMS-650032, ACH-
1625, ACH-2784, ACH-1095 (HCV NS4A protease co-factor inhibitor), AVL-181, AVL-
192, VX-813, PHX-1766, PHX-2054, IDX-136, IDX-316, IDX-320, GS-9256, GS-9265, GS-
9451, ABT-450, EP-013420 (and congeners) and VBY-376; the nucleosidic HCV
polymerase (replicase) inhibitors useful in the invention include, but are not limited to,
R7128, PSI-7851, PSI-7977, PSI-938, PSI-879, PSI-6130, IDX-184, IDX-102, INX-189,
R1479, R1626, UNX-08189, and various other nucleoside and nucleotide analogs and HCV
inhibitors including, but not limited to, those derived from 2’-C-methyl modified
nucleos(t)ides, 4’-aza modified nucleos(t)ides, and 7’-deaza modified nucleos(t)ides. NS5A
inhibitors useful in the invention, include, but are not limited to, PPI-461, BMS-790052,
BMS-824393, GS-5885, EDP-239, ACH-2928, AZD-7295, IDX-719, IDX-380, ABT-267,
GSK-2336805, CF-102, A-831 and INTM-9916. Non-nucleosidic HCV polymerase
(replicase) inhibitors useful in the invention, include, but are not limited to, VCH-759, VCH-
916, VCH-222, ANA-598, MK-3281, ABT-333, ABT-072, PF-00868554 (filibuvir), BI-
207127, GS-9190, A-837093, GSK-625433, JKT-109, GL-59728 and GL-60667. HCV
NSS5A inhibitors useful in the present invention include, but are not limited to, PPI-461, EDP-
239, BMS 790052 and BMS 824393, AZD7295, ACH-2928 and GS5885. HCV P7

inhibitors useful in the present invention include BIT-225 and other P7 inhibitors, as well as
207
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HCV NS4B inhibitors including but not limited to histamine agents that antagonize HCV
NS4B function.

[0464] In addition, NS5B inhibitors of the present invention may be used in combination
with cyclophyllin and immunophyllin antagonists (eg, without limitation, DEBIO
compounds, NM-811, SCY-635, EP-CyP282, as well as cyclosporine and its derivatives),
kinase inhibitors, inhibitors of heat shock proteins (e.g., HSP90 and HSP70), other
immunomodulatory agents that may include, without limitation, interferons (-alpha, -beta, -
omega, -gamma, -lambda or synthetic) such as Intron A™, Roferon-A™, Canferon-A300™,
AdvaferonTM, InfergenTM, Humoferon™, Sumiferon MPTM, AlfaferoneTM, IFN -BTM, Feron™
and the like; polyethylene glycol derivatized (pegylated) interferon compounds, such as PEG
interferon-a-2a (Pegasys'™), PEG interferon-o-2b (PEGIntron™), pegylated IFN-a-conl and
the like; long acting formulations and derivatizations of interferon compounds such as the
albumin-fused interferon, Albuferon™ , Locteron ™ and the like; interferons with various
types of controlled delivery systems (e.g. ITCA-638, omega-interferon delivered by the
DUROS ™ subcutaneous delivery system); compounds that stimulate the synthesis of
interferon in cells, such as resiquimod and the like; interleukins; compounds that enhance the
development of type 1 helper T cell response, such as SCV-07 and the like; TOLL-like
receptor agonists such as CpG-10101 (actilon), isotorabine, ANA773, SD-101, IMO-2125,
and the like; thymosin a -1; ANA-245 and ANA-246; histamine dihydrochloride;
propagermanium; tetrachlorodecaoxide; ampligen; IMP-321; KRN-7000; antibodies, such as
civacir, XTL-6865 and the like and prophylactic and therapeutic vaccines such as GI-5005,
TG-4040, InnoVac C, HCV E1E2/MF59 and the like. In addition, any of the above-
described methods involving administering an NS5B inhibitor, a Type I interferon receptor
agonist (e.g., an IFN-0) and a Type I interferon receptor agonist (e.g., an IFN-y) can be
augmented by administration of an effective amount of a TNF-a antagonist. Exemplary, non-
limiting TNF-o antagonists that are suitable for use in such combination therapies include
ENBREL ™, REMICADE™ and HUMIRA ™.

[0465] NSS5B inhibitors of the present invention may also be used with alternative forms of
interferons and pegylated interferons, ribavirin or its analogs (e.g., tarabavarin, levoviron),
microRNA, small interfering RNA compounds (e.g., SIRPLEX-140-N and the like) and
microRNA agents (such as micro-RNA-122), nucleotide or nucleoside analogs,
multifunction inhibitors such as nitazoxanide, immunoglobulins, hepatoprotectants, anti-
inflammatory agents and other direct and indirect inhibitors of HCV replication. Inhibitors of
other targets in the HCV life cycle include NS3 helicase inhibitors; NS4A co-factor
inhibitors; antisense oligonucleotide inhibitors, such as ISIS-14803, ISIS-11, AVI-4065 and

the like; vector-encoded short hairpin RNA (shRNA); HCV specific ribozymes such as
208
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heptazyme, RPI, 13919 and the like; entry inhibitors such as HepeX-C, HuMax-HepC and the
like; alpha glucosidase inhibitors such as celgosivir, UT-231B and the like; KPE-02003002
and BIVN 401 and IMPDH inhibitors.

[0466] Other illustrative HCV inhibitor compounds include those disclosed in the following
publications: U.S. Pat. No. 5,807,876; U.S. Pat. No. 6,498,178; U.S. Pat. No. 6,344,465, U.S.
Pat. No. 6,054,472; U.S. Pat. No. 7,759,495; U.S. Pat. No. 7,704,992; U.S. Pat. No. 7,741,
347; WO 02/04425; WO 03/007945; WO 03/010141; WO 03/000254; WO 03/037895; WO
02/100851; WO 02/100846; EP 1256628; WO 02/18369; WO 05/073216; WO 05/073195;
WO 08/021927; US 20080050336; US 20080044379; US 2009004716; US 20090043107,
US 20090202478; US 20090068140; WO 10/096302; US 20100068176; WO 10/094977,
WO 07/138242; WO 10/096462; US 2010091413; WO 10/075380; WO 10/062821; WO
10/09677; WO 10/065681 and WO 10/065668.

[0467] Additionally, combinations of, for example, ribavirin a NS3 protease inhibitor, a
replicase inhibitor and interferon, may be administered as multiple combination therapy with
at least one of the compounds of the present invention. The present invention is not limited
to the aforementioned classes or compounds and contemplates known and new compounds
and combinations of biologically active agents (see, for example, Klebl et al. “Host cell
targets in HCV therapy: novel strategy or proven practice, etc etc, each of which is
incorporate by reference in their entirety herein). It is intended that combination therapies of
the present invention include any chemically compatible combination of a compound of this
inventive group with other compounds of the inventive group or other compounds outside of
the inventive group, as long as the combination does not eliminate the anti-viral activity of
the compound of this inventive group or the anti-viral activity of the pharmaceutical
composition itself.

[0468] Combination therapy can be sequential, that is treatment with one agent first and
then a second agent (for example, where each treatment comprises a different compound of
the invention or where one treatment comprises a compound of the invention and the other
comprises one or more biologically active agents) or it can be treatment with both agents at
the same time (concurrently). Sequential therapy can include a reasonable time after the
completion of the first therapy before beginning the second therapy. Treatment with both
agents at the same time can be in the same daily dose or in separate doses. The dosages for
both concurrent and sequential combination therapy will depend on absorption, distribution,
metabolism and excretion rates of the components of the combination therapy as well as other
factors known to one of skill in the art. Dosage values will also vary with the severity of the

condition to be alleviated. It is to be further understood that for any particular subject,
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specific dosage regimens and schedules may be adjusted over time according to the
individual's need.

[0469] All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference.

[0470] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
one of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

invention as defined in the appended claims.
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IT IS CLAIMED:

1. A compound having the structural formula I:
R‘I
bﬁ vy
!
wherein,
L', L? and L? together with the attached carbons of the aromatic ring to form a 5-12 member
ring, containing 0-4 heteroatoms of N, O, S, P and/or Si; and
L', L% or L% is independently selected from the group consisting of a bond, -O-, -C(RPR®).,
-NR%, -$(0)y-, -P(0)-, -Si(R'R?)-, -C(O)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;
nis 0, 1, or 2;
U or V is independently CH, N, CF, CCl, or CCN;
W, X, or Z is independently C or N;
Y is NRY, N, O, S, Se, or -CR'R";
RN is hydrogen, C,_4 alkyl, Cs cycloalkyl, C45 heterocycle, aryl, heteroaryl, amide,
sulfonamide, or carbamate;
R% R is independently hydrogen, methyl, or together to form a C; ¢ cycloalkyl bearing 0-1
heteroatom of O or NR3;
R' is selected from hydrogen, halide, -CF5, -CN, -C(O)H, —C(O)ORS—, —C(O)NHR7, -
C(O)N(OH)R’, -C(=NOMe)NHR’, C(=NOH)NHR', -C(CF;)NHR?, -C(CN)NHR’, -
N N N N~
_§_</N] _§_</N] .—é_-</N’\III\I _§_</N’lIrzll
S(0),NHR'", -C(=NCN)NHR", H H ,  H oo H ;
R? is a substituted or unsubstituted aryl or heteroaryl,
R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;
R* and R’ are independently methyl, ethyl, or cyclopropyl;
R®is hydrogen, allyl, C,.4 alkyl, cyclopropyl, or benzyl;
R’ is hydrogen, Cy.4 alkyl, cyclopropyl, C;4 alkoxy, cyclopropoxy, alkylsulfonyl, or
cycloalkylsulfonyl;
R®% R’ R, orR" is independently hydrogen, C 4 alkyls, cyclopropyl, Ci4 alkoxys, or
cyclopropoxy; and
RIS, R'®is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, C,.4 alkynyl, C;.4 alkyl,
cyclopropyl, Ci.4 alkoxy, or cyclopropoxy or R and R'® together are a carbonyl or C;.4
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alkenylidene or R" and R joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S.

2. The compound of claim 1, having an inhibitory activity with respect to HCV, as
measured by the concentration of the compound effective to produce a half-maximal
inhibition of HCV1b replication (ECsg) in a 1b_Huh-Luc/Neo-ET cell line in culture, of 1

mM or less.
(\1

3. The compound of claim 1, wherein u% , together with the attached carbons of

the aromatic ring is a seven- or eight-member ring.
(%

4. The compound of claim 1, wherein U% , together with the attached carbons of
the aromatic ring to form a 5-9 member ring, L' is -CRPR'®)-, and L*is -N(SO;Me)- or -O-,
where
R" , R is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, C,.4 alkynyl, C;4 alkyl,
cyclopropyl, Cy.4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or C; 4
alkenylidene or R and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NR™ and/or S.

5. The compound of claim 1, having the structure:

17
(\L1 R R1
= N
bN N
é:O
A\
/0

wherein,
Ll, L? and-N(SO;Me)- together with the attached carbons of the aromatic ring to form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;
L'or L? is independently selected from the group consisting of a bond, -O-, -C(R""R'®)-, -
R?-, -S(0),-, -P(O)-, -Si(R'R’)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy, cycloalkyl,
cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and sulfonamide;
nis0, 1, or2; and
R! is selected from hydrogen, halide, -CFj, -CN, -C(O)H, -C(O)OR®-, -C(O)NHR’, -
C(O)N(OH)R’, -C(=NOMe)NHR’, C(=NOH)NHR’, -C(CF3)NHR?, -C(CN)NHR?, -
HIHTHL A
S(0),NHRY, -C(=NCN)NHR!, N , N , N ,or N :
R%is an aryl or heteroaryl having one or more R'” substituents;
212
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R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R are independently methyl, ethyl, or cyclopropyl;

Rls, R'is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, C, 4 alkynyl, C;4 alkyl,
cyclopropyl, C,.4 alkoxy, or cyclopropoxy or R and R’ together are a carbonyl or Cy4
alkenylidene or R andR'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S; and

R"is H, F, Cl or CN.

(Cut
o

6. The compound of claim 5, wherein

éé@@ﬁ&*é

N \/O ‘/ \/O \//O
/‘\ /o /“o /o ‘o /\o 70

b 5 > ’ *

/é; iﬁ Oi«‘ olé O/Lﬁ

\\\,‘,\:\r

N~
\
S

/ \

0

O/

is selected from the group consisting

k —s ?é —s{, \y% HO A
S, / C)I O \S’/O \s//o
/ \\O Ve \\O J/ \\O J/ \\O VAR

HO % 0,,0 k O\Ic/) }
N" 8 s ,o HO Lo Ho 5

/\\O /\\O /\\O /\\ /\\O
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o e o e e e
/\\O, /\\O, /\\O’ /\\O /\\O, /\\07
N
N’*@ N
N %
N
520 0
4 \\O , and 7 \\O
O (0] D N
D //\§
L o J?fU\N/ }fU\NkD N
R’ is selected from the group consisting of H H , and H .

and R? is selected from the group consisting of

F

QY T

>

)

7. The compound of claim 6, selected from the group consisting of compounds

identified by ID NOS: B89, B96, B97, B125, B126, and B129,
(@]
}J\N/
H .

9. The compound of claim 5, wherein R is phenyl substituted with one or more R’

8. The compound of claim 5, wherein Rlis
substituents.

10. The compound of claim 5, where R? is 4-phenoxyphenyl and the phenoxy group

is substituted with one or more R!” substituents.

F
11. The compound of claim 5, wherein R? is selected from C and
-§—< >—O

F.

12. The compound of claim 1, having the structure IV
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0 o/ NH Dr7 101\ O N | T IS CLAI MVED:
1. A conmpound having the structural fornula |I: RL Z-R2 1 wherein, L1, L2
and L3 toyorheyossizsh the attached carbons of the aromat PCTAISRY10873P®Hr m a
5-12 menber ring, containing 0-4 heteroatons of N, 0, S. P and/or Si; and
L1, L2, or L3 is independently selected fromthe group consisting of a
bond, -0-, -C(R15R16)-, -NR3-, -S(0)"-, -P(0)-, -Si (R4R5)-, -C(0)-,

-C(0)0-, and substituted al kyl, al kenyl, cal kexy, cycloal kyl, cycl oal koxy,

het erocycl e, gr yl', heteroaryl, ﬁm\ , c%r:?zirm e, urea, and su! fonam de; n

is 0, 1, or 2, Uor Vis |ndepeLgen Af I\&2 CF, CC1, or CCN, W X, or Z

I s i ndependently C or N, bN AT
50 v

O

wherein,

L, L? and-N(SO;Me)- together with the attached carbons of the aromatic ring to form a 5-12

member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L%is independently selected from the group consisting of a bond, -O-, —C(RISRIG)-, -

NR*-, -S(0)-, -P(0)-, -Si(R'R’)-, -C(O)-, -C(O)O-, and substituted alkyl, alkenyl, alkoxy,

cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and

sulfonamide;

nis 0, I, or 2; and

R? is an aryl or heteroaryl having one or more R'" substituents;

R’ is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,

alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R", R'® is independently hydrogen, hydroxyl, azide, C,.4 alkenyl, C,.4 alkynyl, C;4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or C 4

alkenylidene or R" and R'® joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NRN and/or S; and

R"isF, Clor CN

13. The compound of claim 1, having the structure II

17 O /
(\L1 R NH
=
12 _ |\ R?
N
=0
PN I

wherein,

L', L? and -N(SO,Me)- together with the attached carbons of the aromatic ring to form a 5-
12 member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L7 is independently selected from the group consisting of a bond, -O-, —C(RISRM)—, -
NR*-, -$(0);-, -P(0)-, -Si(R‘R)-, -C(O)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;

nis 0, I, or 2; and

R? is an aryl or heteroaryl having one or more R'" substituents;
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Yis NRN, N, 0, S, Se, or -CRaRb; RN is hydrogen, Cl_4 alkyl, C3-6

cycl oal kyl, C4 5 heterocycle, aryl, heteroaryl, am de, sulfonam de, or
car banat ey0 20RSBRSI ndependent | y hydrogen, nethyl, or t®GEUuser110§73®r m a
C3_6 cycloal kyl bearing 0-1 heteroatomof O or NR3; Rl is selected from
hydrogen, halide, -CF3, -CN, -C(0)H, -C(0)OR6-, -C(0)NHR7, - C(0)N(OH) R7,
- C(=NOWe) NHR7, C(=NOH) NHR7, -C(CF3)NHR8, -C(CN)NHR9, - NN- HNDN3 H -N-N
S( 0) 2NHRI, is Séﬂctéﬁ%Nﬂ@Jgﬂoub‘@thdr@g’ehl alBﬁcdrlﬁm?l §yﬂlb%1lls!yﬁddﬂﬁﬂylor unsubsti t ut ed
aryl or heteroaryl; R3 is selected fromt roup of hydrogen,

al kyl car t?éW[char@’&}Il’cfé(F]I?i‘/lIk%’éYFB‘Bﬂ%Ml a“"sl/ll%gﬁwléﬁ‘? %H}? kylseewbal koxycar bonyl

al kyl sul fl@dnaylh RrADA ; g%?g&g},@/]lngﬁylf Ryl or 5@10?}%? VIRS are | ndependent ly met hyI
et hyl , cyglopro rogen, Cl 4 alk cycl opropyl, or

benzyl F871 iR hy@@ag@ﬁnﬂmdmgam kyiiroxﬂy@m@pﬁepgﬂkenybfm@lﬁmkﬁl4@9tzzl opr opoxy,
al kyl sulf Y rcCY.6k I(lﬁ_y Siybt, |l or 4 ner e A ardofivi endent |y
hydr ogen, &Clljr}fpgl%%/ &?yc Cgpr% g{% Cl 4 aI to ,e’rorea a{:O roggggy and R15,
R16 is |r|d@pelm¢e¢1mllil Iagfdeog@lned thgediren seyih, thia'aziad@d c@bamaral3léemymber®zg4 al kynyl ,
Cl_4 al ky I , l.opr opoxy or R15 and R16

t oget her C!aﬁ)}lg@g?’é:g’% %0’3%%38@%9?%%@@ eoﬁg or R15 and R16 j oi ned

t oget her Rv tsHLth €l atElcimdd carbon are 3-6 member ring optional |y containing
0- 3 heterpat d/or S 2. The conpound of claim1,

havi ng an\pl nﬁgg (HoFr’%Czlachtl \/C%{]y with respect to HCV, as neasured by the
concentrati on 1of Th&@nqmm@ufrmhlmﬂf Botingnie teucpr@duce a hal f - maxi mal
inhibition of HCVIb replication (EC50) i a | b_Huh-Luc/Neo-ET cell line in
culture, of 1 mMor less. L2 The conpound of claim 1, wherein,
together with the attached c rp_ on !t eérorratlc ring is a seven- or

ei ght-nmenber ring. nLi A L2 2, he conpound of claim1, wherein,

together with the attached ca soof the aromatic ring to forma 5-9
menber ring, L1 is -C(RL5R16)-, 11*51 L3 is -N SOZIVE) or -0-, where R15, RI16
i s i ndependently hydrogen, hydr oxyI azi de, V&% al kenyl, C2_4 al kynyl,

G _4 al kyl!, Lcanalo@oarif-, to@ﬂmﬂwﬁhlﬁﬁ)@ﬁaclﬁﬂ ca?rys@dswmmmﬁyat@rrmgl&foaﬁd SRD6
toget her are a .carbonyl or Cl-4 al kg%%l idene or R15 and R16 joined toget her

with the BITPREEHBY CRXPHEE 14t Reteyogomp il OrY Kgnd/Bt Ponal |y cont ai ni ng 0-

het er oat qIir 0fis &deﬂﬂﬁ&éxﬁl@dé@aecﬁﬁom the gro cond1Qing QR ab -Of -CRARM) L, haVI ng
the structure: 7R1 wher i and- N(SO2Me) - toget her ‘with the

attached N:%r bé@ ofP (Phe-S¥Rokat r(e(or)l n%(q)Q 9 patitgted alkpb renylyalryy.
cont ai ni Qﬂcl@alﬂylh@k%%ﬁpm@te%%% all, heter&r@NHhigL, c§t’bam&t‘aq{red-gnd S

|ndependently sel’ected fromthe group consi sting of a bond, -0-,

- O( R15R1Gplfonamiges. - S(0)n-, -P(0)-, -Si (R4R5)-, -C(0)0-, and substituted
al kyl', alkegy{, Urglalﬁgxy cycl oal kyl , cycl oal koxy het erocycl e, aryl,
heteroaryl, am de, carbamate, urea, and sulfonamide; nis 0, 1, or 2; and
RL is selRds @&Cfeﬂémmly)dqugge,dlallﬂmkﬁiﬂe ;CN,CEE)H, ENO)OEf O)CFQO)NI@b)ORG-

SRR DT R NIRRT o e i

an aryl or heteroaryl having R17syibst | Rnts; R3 is selected
fromthe group of hydrogen, ‘E‘g ZL S oal {é‘r bonyl ,

al koxy! caybpRHR."?, qy(czll\@i keycar blenyl al kyl s;ul f&nyl Hand
cycl oal kyI suI fonyl : R4 and RS are i ndeﬁﬁndent ly nmethyl, ethyl, or

cycl opr oy 1is ARIE, or eleropsy] havdeg e ROFyR hydssleris: hydr oxyl , azi de, C24
alkenyl, (26 AldN Ry o CLuB LK XCIORLORI), oSl AhitRiy, or eyel opr opoxy

or R5 and R16 together "are a ‘car 4 al kenyl i dene or R15 and R16
j oi ned t@@@%ﬂéﬂbvﬁﬁ reyelnekenyeabered B@Qﬂﬂyﬁﬁn)élaed QueBalklsbléonytii ng optional ly

conia 9 R ISR, Sy clLAS 5. 00 F7 2 8 O o O
ando. 00 IIng lehhdppantignt)y<D sk, .cyclRpiopylséetoeeNfiMem t he group consi sting of,
andH and lf& lélsls ?r?(ilegé:n%elgly hy%mgenh %y@roxﬁpaz(i\’c%?élg-f e'glf(engl, %2_4 alkynyl, Cj.4 alkyl,

cyclopropyl, Ci.4 alkoxy, or cyclopropoxy or R andR'S together are a carbonyl or C; .4

alkenylidene or R and R' joined together with the attached carbon are 3-6 member ring

optionally containing 0-3 heteroatoms of O, NR™ and/or S; and

R!7is F, Cl or CN.
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0, and 7. The conpound of claim6, selected fromthe group

consi sting of conpounds identified by ID NOS: B89, B96, B97, Bl125, B126,
and B129.wO 20j2/88125 8. The compound of claimb5, wher ®@Ch/UR2011957398 9.
The conpound of claimb5, wherein R2 is phenyl substituted with one or nore
R17 substituents. 10. The compound of claim5, where R2 is

4- phenoxyphenyl and the phenoxy group is substituted with one or nore R17
substituents. d e re 1V WO
2012/ 058125PCT uszollr?%%gga?mﬁfﬁrmﬂ %hq‘:’@%%‘” z\ﬁ@l:‘“et?gllth P& Edlrgg‘g %( S02Me) -
t oget her mpashred hretbatcmacehedlooaf@onsmmunﬂn’éfecarvormmxp@wprarhglfmmmlm a 5-12
menber = 4. i or L2 is
ndependengPyoag) A B fehedolphel R s o LR T el Bt 160

- C(R15R16M or lesNR3-, -5(0)11-, -P(0)- -Sr(R4R5) -C(0)-, -C(0)0-, and
substituted al kyl, aIkenyI, aIkoxy, cycl , cycloalkoxy, het er ocycl e,

aryl, heteroaryl, am de, carbamate, ure a sulfonam de; nis 0, 1, or 2
and R2 is an aryl or heteroaryl havi ng e o% nore Ri 7 substituents; R3 is
selected fromthe group of hydrogen, k (?onyl cycl oal kyl car bonyl ,

al koxyl car bonyI cycl oal kox car bonyI Ry/ {3 fon and cycl oal kyl sul fonyl ;
R4 and R5 are PndBpesronng 9 hiyh Wh 6é’f’lﬁyl 6&%@ pythe giowp R16 s

i ndependent |y hydrogen, hydroxyl azi de, 4 Ikenylo CZ _4oal kynyl, Cl1_4
al kyl, cycl opropyl, oxy or c pro r a t oget herare
acarbonyl or C14al eyIrden edto etiér with the
attached carbon ar ri lag o N%nal iAi N0.Q;%8 het er oat ons
of 0, NRN and/or oy nd R1 /(Ds FN ,GI or} GJDI 13 Ihe ccg:rpou o9 claiml,

having the. s %rfube\rr 0/ RL7INHRE whetyn, L1y, L2 aRg - NeSeeMe) - toget her
with the atta ed carbons of the ardmatic rrng to forma 5- _12 menber ring,

containing 1-4 heter oatoms of NN 0, S, Pand/or Si; Lim LHOs

i ndependent I y seI d frpmthe sgroup nsi sting of a ond +4/0-, _cC

(zi 5R16) 0) 0 al kyl,

al kenyl , Tl k I o | k @oa kox ter %cyc e get eroaryl,

am de, car u te Mr a is an aryI
or heteroar \( havi s one QT mor s7R17 sups\tr tuen js se Sgct ed fromthe

group of hydr gen kyI €aPbonyl ,%cycl oal ¥y car d?ryl apk,oxyl c@r bonyl ,
cycl oal koxycar bonyl , al kyl sul fonyI and cycl oal kyl sul fonyI R4 and R5 are

i ndependenfﬁ% negby\l thyMr/g%/cl ogr pyl ; 5, Rl i s i ndependently
kelyT+xC2

hydr ogen, O roxyI NiZ] e, Q2 (@] | kyl ,

cycl opro I a ahko o l-ppr o] %5 nd 16 t oget her are a
car bonyl -4 aI ke v dene OTNR15 a ith the
attached carag n are 3-8 nenber r Sgg opt jsgnal | scont s@ ng Os het er oat ons
of 0, NRN dndPor R(70 s H, F) ,or)CS:I@ and 9 |s) 7CP,, cCl, or CCN.

14. The conpound of claiml, havipg the structu wherer n L1, L2

and- N( S ; t her wi h t t ached/ car oﬂ,%h%arorratic ring to
forma 5-%2 n’tézw , nt ai fi 1- 4 het erfoatons 0, S, P and/or
Si; Llor ?i %Sn enti{Ly se ec}_ed romt Boup on“gr sting of a bond,
-0-, -O(RI 5RLE) g-o -P(B)e, - SNJARSYN e C(0)Y 0-C(0)0-, and
substr t ut ed/ﬁdok (Pkenyl/, ol koxyyy cycl o bkyl ,éy._pl oaI/I§§8<y, het er ocycl e,
aryl, heteroaryl, am de, carbamate, Urea and sulfo’nam de;’nis 0, 1, or 2;

and RL is sel ect ed from hydrogen aI i de - - C(O) H, -C(0)OR6-,
-C(0) NHR? C@,FH\ o ) NHRS,
C(CI\I)NHR%F, HN NN’S )2 , Jord R2 is an aryl

or heteroaryl hav}éng one@rggm uents R33,L| s selected fromthe

group of hydrogem al kyl caNbpn I kyl car bony 8! ko f%car bonyl ,

cycl oal koxycar bgﬁy? al kyl/s$gl fonyI a { cycl oal kyl sul/fSonyI I%E and R5 are

i ndependently net rryr et hyI Oor cycl op Copyl ; R12 is’i ependeF’?tIy C1 3
al kyl, cycl opro , or -NHI\/e R15 R16 i's mdera;andently hydr ogen,

hydroxyl zrodb aI ke ynyI Cl 4 alkyl cI opropyl, Cl-4

al koxy, o Iopr ncN 6t 9 herw‘/K onyl or Cl-4

al kenyl i depe % get her ,- a(\ﬂa%hed carbon are
N ar

3-6 nmenber a 8” ¢ o 0 eroatom; NRN and/ or S;
S /

<

and ¢ /
/S\‘ e / \‘

k4

\\ / \\
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R17 is F, C or CN. 15. The conpound of claim 14, having an
inhibitory activity with respect to HCV, as neasured by the concentration
of the cowpaoarxdsef2fecti ve to produce a hal f - maxi mal i nhiPbTttSee110873MCV | b

replication (EC50) in a | b_Huh-Luc/ Neo-ET cell line in culture, of 100 nM
or less. O XNXl 0 ’>K 0S \OONOOOONODOO HNNNX N/O/0/0 '"o,\\ O
OH A * NX---. NXNXSAs,,L)SlO' /00 ;ti" /OS(/ "ol \

0 /"ol /1 CNXNNX NX@O S' .0.0 \QQ JO) 1AM
HO- F1) -0 g-f/%om angtt "\ 1R1|s
sel ected fro nS|Fst| HFH d sel ected from

t he group con @ 72 The conpounRd ﬁf cI m}16 sel ect ed
fromthe group OOSI stl n /of coerOlN“wts i denti fied\ bp I D NC% .0B5, B15, B20,
B33, B35, B45, Mgy, B85, °R92, B94, BLO7, BLIS, Bl/29®® B121,°§127, B128,
B130, B131, B132, B138, B139,

%
/S“o, /S\‘o, /S“o, /S\‘o, /S“o,
F

\ /,O I\! //O //O N //O
/S\\O /S\\O /S\\O /S\\O

\N/(;{ \N/\;i NN‘N/(; NNN/\ei \@N* O/»éi
Lo L Lﬁ,ﬁ o . 7&@

\ //O ,/O \ \ /,O /,O
Ao Mo 4 “o , 4 \‘o o o

.0 o) .0 .0 -0 o)
/S\\O /S\\O /S\\O /S\\O /S\\O /S\\O

N\ /—& *
o)
:&NZ WNX WNk N HO Sy RN
120 \S/’O ‘S//O \S/’O +20 L0
o, o | 70, 770, 770, 70,
» (\N"é{
NQ&

x NI%” Nk Nk N}{

\S//O \S//O ‘S//O \,/O \ ,/O

/ \\O 7 \\O / \\O e \\O Ve \\O
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B145, B148, B158, B163, B168,
B197, B198, B201, B207, B208,

B169, B171, B187, B190, B191, B192, B196,
B212, B214, B218, B221, B226, B232, B233,

B236, B23¥V0 2B23B8128239, B240, B2, B3, B4, B6, B7, B9, BPET/UBI@1/0B19§ B22,
B29, B31, B32, B34, B36, B47, B48, B54, B55, B57, B60, B63, B71, B84, B93,
B100, B101, B106, B108, B109, B111, Bi112, B113, Bl115, B116, B119, B123,
B124, B134, B136, B137, Bl42, Bl144, Bl146, Bl147, B150, B151, B153, B154,
B155, B156, B157, 159, B160, 161, Bl 2, B164, B165,; B166, Bl167, B170,
B172, B173, Bl74 75, Bl7g 178, Hﬁ B18 Bl&j/,,é{ O/éi
F #
(\N/_& sr& 3{ :&N é ’LNX HO N
O \,/O \//O \//O
/ ‘\o 4 ‘\o o o o

?

——C')/S\/O—& * 2 Ns N}L HO}N}‘ SN Nk
S/

.0 e H 1,0
7o | 7 “o , " , o , o ,
5 0/,44 o%i o) o<é< 0/€<
\ - - \ s &
N N N _
—O>_H Nk | Nko | N}Lo £ 'S
= 2 2 0] 1.0
/S\\ / \\O /S\\O /SQO

\ /) X Nk // NX N NZE (\N&NE N Nk
O O L -
/\\O’ /\\O /\\, /\\O’ /\\O
O/[\ O/éi o O/*é{ o O/é\
. e ONI « O:1
HO N Ho—" NS NE S N
\S//O o) :S/’O \S/’O
e /S\‘O ’ S 27
o O’é{ . o’é'\ 0/4;\
Vie O
0.1 ! /‘—&
35— 5 o b o k4
/ N o HzN—} "o HzN)‘ N.o
o, /T 70 ’ o
0 0/{<
o {s ot
\ )0 5 HO-P-0 NE
/ : //O OH : ’/O
) and “o

R' is selected from the group consisting of ,

and R? is selected from the group consisting of
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B183, B184, B186, B188, B189, B193, B195, B199, B200, B202, B203, B204,
B205, B210, B215, B216, B217, B219, B220, B222, B223, B224, B225, B227,

B228, B2290 2BR2AG$12B231, B234, B235, and B241. L2 P8T/UBR@E1o8mpHUNd oOf
claim 14, whereinRl2 '0 is selected fromthe group '"'N(A F)\ F,,4% NXNX ?
-0 '01.0%.;0'0 0-"-008,..-/:%¢c)-7. ...._ TC7.CG-.NX HO r'I'-S. [/ it 'O
I\N110?20000%, 0O/ \ 0, NENA -S.NtNX O O/ it
'ONX,_,HC]\ISOk,O%/i'S,,.., O OHS— '/\O,O*A_:4N/t'I/N/gH2

KO e @o
O

F

F , and Foo.

17. The compound of claim 16, selected from the group consisting of compounds
identified by ID NOS: BS, B15, B20, B33, B35, B45, B67, B85, B92, B94, B107, B118,
B120,B121, B127, B128, B130, B131, B132, B138, B139, B145, B14§, B158, B163, B168,
B169, B171, B187, B190, B191, B192, B196, B197, B198, B201, B207, B208, B212, B214,
B218, B221, B226, B232, B233, B236, B237, B23§, B239, B240, B2, B3, B4, B6, B7, B9,
B16,B18, B19, B22, B29, B31, B32, B34, B36, B47, B48, B54, B55, B57, B60, B63, B71,
B84, B93, B100, B101, B106, B108, B109, B111, B112, B113, B115, B116, B119, B123,
B124,B134, B136, B137, B142, B144, B146, B147, B150, B151, B153, B154, B155, B156,
B157,B159, B160, B161, B162, B164, B165, B166, B167, B170, B172, B173, B174, B175,
B176,B178,B179, B180, B181, B183, B184, B186, B188, B189, B193, B195, B199, B200,
B202, B203, B204, B205, B210, B215, B216, B217, B219, B220, B222, B223, B224, B225,

B227, B228, B229, B230, B231, B234, B235, and B241.

\Y
18. The compound of claim 14, wherein R0 s selected from the group
\ /O \ S//O \ //O
consisting of 7 \\0 , 7 \O , 4 \\O , / \\O 770 ) d \\O ) d \\O )

N N N
oz W 1.0 -0 120 L0 L0
/S /S\\O /S\\O /S\\O /S\\O /S\O /S \\O
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04\ )-0\ .. _..) N23(HO-1,1)-0 IV3( N -.2.0 N--: / \O,'S , andOH /0
/ \OS, + -0 19 The conmpound of 18, selected fromthe group consisting of
conpoundswopaerisgizéd by | D NOS: B5, B15, B20, B33, B35, PB4A|S2B6/M573B85, B92,
B94, B107, B118, B138, B139, Bl145, B148, B158, B163, B168, B197, B198,
B201, B207, B208, B212, B214, B238, B239, and B240. 0 20. The conpound of

claim14, wherein , is NA 21. The conpound of claim 14, whereinR O ,
together with the attached carbons of the aromatlc rpng is a seven- or

ei ght - menber ring. 22 The conpaynd of F wherejn R2 is phenyl
substltut,ed*vm h ons\l or rmre}RN stityent s @23 Th corrpound of

claim 14, Rret R i sN4-Hherroxy | and t% hefiox gr oy substituted
with one S%qum@ R17 ‘substituents. 3& 25. The{co ognd ok kaim 1, having
the structure Wig!l wheNepn, L1, "Q nd- N( SO - tHggt her \Mtd1 t he
attached carbofs. of the,ﬁéonatlc A Eﬂ to foraﬁe)S 15 0 nber/$§ng,

containing 1-4 heteroato of N 0,78, P and/or §i; or L2 i

i ndependent |y psel ected fromthe grou con i/ng of a ond, -0-,

- C(R15R16) _O/IQEG- , -S(W*xs -P(0)-p—= ka ’%( C( 0)0-, and
substi t ut I kyl, yl., alk * c cI

yI oa oxy, heterocycle
aryl, hetér r(@I,"&Qﬂ'de ,\ggﬁbaﬁa?e,uea a %ulfedrg\a;p nis 0, 1, or 2;
and R2 is an /9I or het e?&%ryq) avi ng®one or ‘n@re R1 sfubstltuents R3 is
sel ect ed frorn tdne group of ohydr ogen/écbkyl car/btm I cycboal kyl car bonyI

al koxyl car bonyl , cycloalkoxycarbonyl afkylsulfonyl and cycloalkylsulfonyl
R4 and R5 are in pendent y net hyl, hyl, or _c clopropyl Rl R16 is

i ndependent |y ogenHN roxyI , , C2_ Oal enyl nyI ClL 4
al kyl, cycl py% al kox cl C t oget her
are a carb ntyl NGl 4 NKgnyl" den N 5 and“y;f:gfi—] ned toge er with

the attachéd car n are 356 menber r| opt| orc?,lS cont ai ni ng, &3
het eroat ons of 0, RRN and/o‘? S; R17 | » CN; and \% |s GH N, CF,

CCl, or CCN. 26. A ph ceuti cal o osition containijpg the
corrpound of clgil toget herom?zh one or rfng\‘phar maceut i cal accept abl e

exci pi ents I her apeut i c /or
pr ophy! acm,@dl eps @q?h/m—gq Si t| on

contai nify the cagpound of cl agm 7/or 17. \ 0 he co Sltl on of
cl aim 26, contaifitgig the conpaligd of clai m A% 0 /\29 Tne‘@orrp05| tion
of claim26, fornmulated for oral delivery. ’ 30. The conposition of

claim 26, which furth i ncl udes a se nd anti - HCV age/gisel ected fromthe
group consisting of 9 rfer an- %ﬂi i baviring ease inhibitors,
replicase in and/ rs. thod of treating
HC\/mfecW&r?as Jgfd isin b% 58nfn?ste ml oto the subject, a
phar maceuti catl y acce I/e dose of t conpoun Hof cl ?Sm 1, and conti nui ng
said admi nistering unti P .a sel ected reddctidn of in th sQij ect's HCV titer
I S aChI eved P'e CO%H&)OUI]J"O QO&CQETOI%!P?&L%%L%#OHSIS leﬂrgeolfl(’ll(\)j,ttgpl‘]()eu.?ﬁorrpound

adm ni stered |s El“ e net hod of
cl ai m 31,idashiéiedbynID N@ScBﬁrm)lﬁnEm,dﬁBnBEi &8 0B 47s BBhBRoRPHWId7,af118] ai m 19.

i oo TR nELPoM b A1 D 058 PRI, BACRAE,

agent selmebelfif BN37, Beo@mBaap, BEO0sSB 5i6, BO0B 198201 a320n: M(mhazw Bhayi ri n or

DO g BAFs AU Rl R o SEELT, B 507 0 sLer g 1 B

treatnment of HCV infection in an infected subject. 37. The conpound
of claims 7 or 17 for use in the treatnment of HCV infection in an infected
subj ect . 38. The conpound of claim ﬁ\ for use in the treatnent of
HCV infection in an infected subject. 89. The use of the conpound of
claim1 in the0pFhssamapingrof ekeim IfedicesimBnis fof the treatnment of HCV in an
HCV-i nf ect ed subj ect.
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40. The use of the conpound of clains 7 or 17 in the preparation of a

medi ment for the treatnent of HCV in an HCV-infected subject. 41. The
use of thwocorgpssrd of claim19 in the preparation of aPeEdiSe®niosf3es the
treatment of HCV in an HCV-infected subject.

21. The compound of claim 14, wherein R0 , together with the attached
carbons of the aromatic ring is a seven- or eight-member ring.

22. The compound of claim 14, wherein R is phenyl substituted with one or more
R substituents.

23. The compound of claim 14, where R? is 4-phenoxyphenyl and the phenoxy group

is substituted with one or more R!” substituents.

F
24. The compound of claim 14, wherein R? is selected from C and
: O

Q

F.

25. The compound of claim 1, having the structure VIII

17 Nﬁ

(\1 R NH

L

o~

L2 - ‘\ R2
N VO
=0

/S‘b Vil

wherein,

L', L? and-N(SO,Me)- together with the attached carbons of the aromatic ring to form a 5-12
member ring, containing 1-4 heteroatoms of N, O, S, P and/or Si;

L'or L7 is independently selected from the group consisting of a bond, -O-, —C(RlsRm)—, -
NR*, -S(0)y-, -P(0)-, -Si(R*R)-, -C(0)-, -C(0)O-, and substituted alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkoxy, heterocycle, aryl, heteroaryl, amide, carbamate, urea, and
sulfonamide;

nis0, 1, or2; and

R?is an aryl or heteroaryl having one or more R'7 substituents;

R? is selected from the group of hydrogen, alkylcarbonyl, cycloalkylcarbonyl,
alkoxylcarbonyl, cycloalkoxycarbonyl, alkylsulfonyl and cycloalkylsulfonyl;

R* and R’ are independently methyl, ethyl, or cyclopropyl;

R R is independently hydrogen, hydroxyl, azide, C,4 alkenyl, C,4 alkynyl, C_4 alkyl,

cyclopropyl, C;.4 alkoxy, or cyclopropoxy or R" and R'® together are a carbonyl or Cy 4
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alkenylidene or R"” and R'® joined together with the attached carbon are 3-6 member ring
optionally containing 0-3 heteroatoms of O, NRN and/or S

R"is H, F, Cl or CN; and

Vis CH, N, CF, CCl, or CCN.

26. A pharmaceutical composition containing the compound of claim 1 together with
one or more pharmaceutically acceptable excipients or vehicles, and optionally other
therapeutic and/or prophylactic ingredients.

27. The composition of claim 26, containing the compound of claims 7 or 17.

28. The composition of claim 26, containing the compound of claim 19.

29. The composition of claim 26, formulated for oral delivery.

30. The composition of claim 26, which further includes a second anti-HCV agent
selected from the group consisting of interferon-alpha, ribavirin, NS3 protease inhibitors,
replicase inhibitors and/or NS5A inhibors.

31. A method of treating HCV infection in a subject comprising

administering to the subject, a pharmaceutically acceptable dose of the compound of
claim 1, and

continuing said administering until a selected reduction of in the subject’s HCV titer
is achieved.

32. The method of claim 31, wherein the compound administered is the compound of
claims 7 or 17.

33. The method of claim 31, wherein the compound administered is the compound of
claim 19.

34. The method of claim 31, which further includes administering to the subject,
either in a single or separate administrations, a second anti-HCV agent selected from the
group consisting of interferon-alpha, ribavirin, or both.

35. The method of claim 31, wherein said administering is by oral administration.

36. The compound of claim 1, for use in the treatment of HCV infection in an
infected subject.

37. The compound of claims 7 or 17 for use in the treatment of HCV infection in an
infected subject.

38. The compound of claim 19, for use in the treatment of HCV infection in an
infected subject.

39. The use of the compound of claim 1 in the preparation of a medicament for the

treatment of HCV in an HCV-infected subject.
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40. The use of the compound of claims 7 or 17 in the preparation of a mediment for

the treatment of HCV in an HCV-infected subject.

41. The use of the compound of claim 19 in the preparation of a mediment for the

treatment of HCV in an HCV-infected subject.
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