WO 2009/099596PCT/US2009/000688 MACROCYCLIC SERINE PROTEASE INHIBITORS CROSS
REFERENCE TO RELATED APPLICATIONS [0001]This application claims the benefit of the priority
of U.S. Provisional Application Nos. 61/026,086, filed February 4, 2008, and 61/083,867, filed July 25,
2008, the disclosure of each of which is incorporated herein by reference in its entirety. FIELD
[0001]ProvidSPHEPEHEPE macrocyclic serine protease inhibitor compound p¥iatt4tistical
compositions comprising the compounds, and processes of preparation thereof Also provided are
methods of their use for the treatment of an HCV infection in a host in need thereof BACKGROUND

[0002]Hepatitis C virus (W@%EMC%&%@I@&Q%@%S& an hepatitis and a

substantial proportion of sporadic acute hepatitis (Houghton et at, Science 1989, 244, 362-364;
Thomas, Curr. Top. MicregiglsimiuRoh #RPY 2oy 41 RFEID R MaadepR§@dso implicates HCV in
many cases of "idiopathic” chronic hepatitis, "cryptogenic” cirrhosis, and probably hepatocellular
carcinom related to.qQther hepatitis viruses, such as hepatitis B virus (Dj Besceglie et al., Scientific
American, , Octobﬁ‘,‘%ﬁq%@?aé‘&}eﬁ\i%%, ¥ ‘?—?8?1‘?&8?%666?’3‘2 @%ﬁéﬁrfﬁ'&f) Blcv is an
envelopediyyiplisationthioingl HpeSEchiseh Bebsingyet sG] eddRNAGS MBI af Adprokinleakiyhe.4.kb
(Kato et al;; Proc. Natl, Acad. Sci, USA 1990, 87, 9524- 9528: Kato, Ada Medica Okayama, 2001, 55,
133-159).clli céo\siﬁiéel (g(t-:'er?g}rln%eggc?ﬁ%?slt%% A Qrgtn%%ahr%?étba Eg%%)errml C(U‘F F?)S, %ﬁgﬁ%bpen reading frame
encoding a polyprotein precursor of approximately 3011 amino acids, and a short 3' UTR. The 5' UTR
is the most highly conserved part of the HCV ge Fieland is important for the initiation and control of
polyprotein translation. Translation of the HCV genome is initiated by a cap-independent mechanism
known as [@¢bihternal rilfosokhe énteyn T snavechahis serinegluesatizd hiitdiogoofirjoosdmes to an RNA
sequence the | entry,site (IR n RNA pseticiglcnot structure has
‘recently been é’%gﬁh%?eé t Esgj%or? ggg@rﬁ%&%ﬁ%&ﬁ?&pég%%r#%%ng%%%f&/oﬁglgeél.a iral structural

* proteins irbiie . afselpweiissidisorsesteid (B)asd fvshetivelogat gl e ptotéinde®iarid £2. HCV also
encodes tWRArolelaseso@ zinc-dependent metalloproteinase encoded by the NS2-NS3 region and a
serine proteinase encoded in the NS3 region. These proteinases are required for cleavage of specific
regions of the precursor polyprotein into magl%@)éigiﬁﬁéhe carboxyl half of nonstructural protein 5,
NS5B, contains the RNA-dependent RNA p s function of the remaining nonstructural

proteins, NS4A and NS4B, and that of NS 5A (the amino-terminal half of nonstructural protein 5)
remain unl®&h. [0004]PpesERfly virne ABsY bifdativatiavatise sipsesiiploy aastrbifation of alpha-

interferon jandrikaviin, Jaading, CF%&;&&@@%@;BSMJ ec@%ﬁ%%{% plipatRRisLhReyRaMd.&t at, Lancet

1998, 352, 1426-1432). Recent clinical results demonstrate that pe a/lated alpha-interferon is superior
to unmodifidaffifa’ é%ﬁ&ﬁ“%@?ﬁoﬁﬁfﬁ&%ﬂﬁé%&/e?%ﬂ%ﬁ Oxperfrhentsrimirapeutic
regimens gwahitrgcoMblatiessiolpagaietalphst intesferan anghsihavisia subsianiighitaction of
patients do.npt have a sustajned reduction in viral load (Manns et al, Lancet 2001, 358, 958-965; Fried
Cral. N. BT E PO S He s PR L SR A e e 604 45 340,355
Thus, theleemigtic|Bartandintestamectald St ifeffbotivedh el 2 Whosdor, Ré el Mmdhtyef EI@Y, infection.
SUMMAR JH%%@@%Q}%H% ‘[0005]Provided herein are macrocyclic serine protease inhibitor

compounds, pﬁarmaceufical compasitions comprising the compounds, and processes of preparation

. thereof. Also(;arovided are methods of their use for the treatment of an HCV infection in a host in need
thereof L000U3] HCV is an enveloped virus containing a positive-sense single-stranded

genomé of approximately 9.4 kb (Kato et al., Proc. Natl. Acad Sci. USA 199¢, 87, 9524-
9528&; Kato, Acta Medica Okayama, 2001, 55, 133-159). The viral genome consisis of a 5°
untranslated region (UTR), a long open reading frame encoding a polyprotein precursor of
approximately 3011 amino acids, and a short 3° UTR. The 5’ UTR is the most highly
conserved part of the HCV genome and is important for the initiation and control of
polyprotein translation. Translation of the HCV genome is initiated by a cap-independent
mechanism known as an internal ribosome entry. This mechanism involves the binding of
ribosomes to an RNA sequence i{no“m as the internal ribosome eniry site (IRES). An RNA
pseudoknot structure has recentiy been determined to be an essential structural element of the

HCV IRES. Viral structural proteins include a nucleocapsid core protein (C) and two



[0005a]In a first aspect, the present invention is directed to a compound o Foonula I: tr R6 or a single
enantiomer, a racemic mixture, or a mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or prodrug thereof; wherein: R5 is -OH, --NR8R9, -NHS(0)2RS8,
-NHS(0)2NR8R9, -NHC(0)R8, -NHC(0)NR8R9, -C(0)R9, or -C(0)NR8R9; wherein: each R8
is independently hydrogen, Ci.6 alkyl, C24 alkenyl, C2.6 alkYTIYI, C3.7 cycloalkyl, C644 aryl,
heteroary| sheteincyiohdpsidna) Ky1- 4Ry caklien endo it MRS Behe R 82)MNeRBbndent
-CHR8tHR_8dNR8aR8b, or -C eR8 aRgb, whereipn: . each R8, R8’, and Rad is
independe‘ﬁrﬁtf&‘%roosglgﬁs,ééﬁ?gé;ﬁ%% %ﬁ%l\gk%e\zr%glg NG ﬁﬂé{;ﬁﬁiﬂ@% .?%V&%ﬁﬁ&ﬁ?@%—cﬁ? g??l heteroaryl,
heterocycl{Sbregival Abryd-Sdicdtiegtanes aphired for cleavagashsRRINisridenesitihety=hytpgen, CL-6
alkyl, C2.6 allcenyl, G2.6 alléyg I 7.cycloalkyl, C64 [, heterparyl, heterqc %-S(O)kRil,
oo 1P R P S AR D, Bl RS T et Bach R 1212,
and 12.13 dentuespba8énthyiepadee RN podipbraed atkefupictedvodiioy myt Gx8ng epelaatkylaC6.14 aryl,
heteroaryl, or.bet ke rand fig i g}%gg j AN ' ey are attached form
heterocyclgl; or Fg and Rat’ together with tﬁe a%gt%%cﬁ%%%\gg g&ggﬁgﬁﬁg Zileterocyclyl;
and - proteimEhrreapis IdEpERdently hydrogen, C14 alkyl, C24 alkenyl, C24 alkynyl, C2.2

cycloalkyl, C6-14 aryl, heteroaryl, or heterocyclyl; or R8 and R9 together with the N atom to which
they are atfogtd form heieratyhd; i isiyEreIBT Chéaline b fsallkenmiitada afiapys. C34

eycloallgI R S S RN DR EET A0S CR AR BB LR S TR of 1, 2, o
3; R6 and ROl arecsod iddepesideMR). Recent clinical results demonstrate that pegylated alpha-
interferon s superior to unmodified alpha-interferon as monotherapy. However, even with
| experimental therapzutic regimens involving combinations of pegylateci éipha-mtérferon and
ribavirin, a substantial fraction of patients do not have a sustained reduction in viral load
(Manns et al, Lancer 2001, 358, 958-965; Fried et al; N. Engl. J. Med. 2002, 347, 975-982;
Hadziyannis et al., 4nn. Intern. Med. 2804, 140, 346-355). Thi}.s, thers is a clear and unmet
need to develop effective therapeutics for treatment of HCV infection.

SUMMARY OF THE DISCLOSURE

[0005] Provided hereiil are macrocyclic serine protease inhibitor compounds,
pharmaceutical compesitions comprising the compounds, and processes of preparation
thereof. Also provided are meﬂx_ods of their use for the treatment of an HCV infectionin a

host in need thereof.

[0005a] In a first aspect, the present invention is directed to a compound of

Formula I

D

or a single enantiomer, a racemic mixture, or a mixture of diastereomers thereof; ora

pharmacewutically acceptable salt, solvate, or prodrug thereof;

S

wherein:



hydrogen, halo, cyano, hydroxyl, or alkoxy; and X is -0-, -C(0)-, -C(0)0-, -0C(0)0-, -C(0)NR14-, -NRI4-,
-NRI4C(0)NR15-, -0(=NRI4)NRI5-, -NRI4C(=NR15)NR16-, -S(0)k-, -S(0)kNRI4-, -NIZI14S(0)kNR15-,
-P(0)(OR14)-, or -OP(0)(0R14)-, where each R14, 1215, and Ri6 is independently hydrogen, C14 alkyl,
C2.6 alkenyl, 02.6 alkynyl, C3 .7 CyCioalkyl, C6.14 aryl heteroaryl, or heterocyclyl; and each k is

independently an integer ?ﬂs—bﬁ gﬁaﬁa Oryz é@a g@}g(NRlSRlS wherein:
each R17 and R18 is mdsegenden hydr@en 6 aIkyI C2. é alkenyl, C2.6alkynyl, C3.7 cycloalkyl,

C6-14 aryl, heTM}N&me@@é%lyiﬂ R wheigiien R19 is independently t's. -C(0)R2111,
-C(0)0R20, -C(0)NR21R22, -C(=MNRRjMRRERD2:nt - HEYR22C whidkel dacIR20), R21, and R22 is

independently, 108:8.Alkwny! I YlikeBnld aryl,
heteroaryl, or ﬁ%groqykjy ﬂ”ﬁjﬁlk?!“af% ﬁg@%ﬁ’&%&%ﬁ% ﬁgﬁnﬁg&%ﬁ% re attached form
heterocyclyl; 6 R tb'g%{'tgﬁe dﬁ% W?ﬁ%o%v éff 78 Attached form -
- C3.7 cycloalkyl or heterocycly1; caQPRY, ®§4@ﬂo&?%ﬁ@®m@mwémem@8ﬂmkynylene each
optionally con@in@&gn@;q mg%lr@;g@@mlumg,hgm@g‘é@m%@%&w@@@w fram O, N, and S;
and each ki |s dentl an integer of | or 2; wherein each alkyl, allcylene, alkenyl,
alkenylene, ali %g ne aryl, cycloailcyl cycloalkylene, heterocyclyl, and heteroaryl is

optionally substituted W|th one or moreaghoRipds warehdertycrderey. Solealiod Fontssirho, halo, or nitro;
Cl.6 allﬁyl CSézguseyayn , €2 6yalkaipyl, €:3; £ayedanikyl, Gheldtatyl, tszt.en@&ryls((?rkmfcﬁcy?lyl) eatgh
optionally su Q tzltue 04 Ra,:C(0)01 MR C(Nr)NRDbRc,
01, OC(O)RaE O)Gg@%t SRR Bechs &ﬂ%@ﬁo%(mﬁ% e ?‘ﬁeol)‘o‘s #ONRble,
-0S(0)214Rbl& Nira @wyﬂ@@ﬂms@-)@ge%% Wﬁ@(@)@éﬁ@ﬁecm?@(nﬂdﬁ@)WF&MI\@%‘S(O)Rb

. -NWS(0)2Rb, amia&é%ﬂb&m&ﬁﬁ(@l&mMiswg&;@mﬁ(wamhenemmmab Rb, and Rd is
independently QX:%r 6 aI I C7 6 alkenyl, C2.6 alkyayl, C3.7 cycloalkyl, C6.44 aryl, heteroaryl,
or heterocycly?l eac optlon stltu ed with one or more substiments Q; or Rb and Re together
with the N atom to which they are atta&we@%m%%ﬁe%ﬂ@w&ﬁ%‘ﬁﬂtﬁ Haehe or more
substituents Giprm heterovirgyBighéach Q is independently selected from the gimp consisting of cyano,
halo, or nitro; C1.6 alkyl, C24 aI o) IkyI eroaryl, or
heterocyclyl; or -C(0)1(’, -C(0)ORe, C 0 NRﬁEMng(ﬁFR 8%1&1 é a % 0 faﬁé%h%éie OC(O)NRERg
-0C(=NRY)Nagfkxe: ez Oﬁg‘@)ﬁR’é I é‘(ﬁ)‘ﬂ gr -%mﬁ PRV -NReC(0)Rf, -NRe0 (0 )ORi, -
C(0)Nag -NleC(= NR5NR1R8 ANRed (R) RigshiRe R @)2 RfatdNits (a4 4ReBi)0¥ag, -S(0)1e, or
-S(0)2R’; wheggl n,lC K1, Rg, and Rh is independently hydrogen; C14 alkyl, C2.6 alkenyl, C24
alkynyl, C3-7 cycloalkyl, C6;14 aryl, heteroaryl or heterocyclyk or le and Rg t%ﬂg{ther with the N atom

to which they are attacheddfh H’é’t%%(%/élﬁ GoetieBre @A athRE: GesEHed st is a compound

of Formula I:

aryl, heteroaryl, or heterocyclyl;

L is a bond, Ci4 alkylene, Cs.s cycloalkylene, Cs.s alkenylene, Co alkynylene,
X or -(CRﬁaRﬁh)pX wherein p is an integer of 1, 2, or 3; R* and R® are each independently
hydroger, halo, cyano, hydroxyl, or alkexy; and X is ~0-, -C(O}~, ~C(0)0-, -OC(0)0—,
~C{OINR~, “NR ", -NRMC{ONR *~, ~C{=NRINR -, ~NRMUC(=NR *INR b=, ~S(O)y-,
~S(OXRNR -, ~NR'S(0)NR *—, -P(O}OR"}—, ot ~OP(O)OR "“}-, where each R' R*,
and R*® is independently hydrogen, Ci.s alkyl, Cy.s alkenyl, Ca.¢ alkynyl, Csy cycloalkyl, Ce.ie
aryl, heteroaryl, or heterocyclyl; and each kis independently an integer of 1 or 2;

2a



or a single enantiomer, a racemic mixture, or a mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or prodrug thereof; wherein: WO 2009/099596PCT/U52009/000688

R5 is -OH, -NR8R9, -NHS(0)2R8, -NHS(0)2NR8R9, -NHC(0)R8, -NHC(0)NR8R9, -C(0)R9, or
-C(0)NR8RY9; wherein: each R8 is independently hydrogen, C1.6 alkyl, C2.6 alkenyl, C2-6
alkynyl, C3.2 cycloalkyl, C& a8yl N oarPRIGEecychIRE R Bk§-Ca4eryeloalkylene,

-CH2NR88RS, -CH(R8e)NR8aRghy RHR8REHRAANRA w84k r[CHEGRELRBNRB2RED,
wherein: each R 8h, and independentlg/ h§%§?’%eﬁf§1&é aiﬁyl&%ﬁ% alkenyl, C2.6

, 8
alkynyl, C3_7 e%}(‘ilg%fﬁlyfj é-(ﬁl%aar@he‘fé‘r%% SRR IO E R BY E 4%y1-C 1.6 allcylene; and
each R8b is independently hydrégdnR Cit Bdstienidea@se-BiRerOm2 6-alior*C L 0syRORIKYl, C6-14
aryl, heteroaryl-(eter8yRR AR R SEENRL TRL 22 GRS 1, 5GLOIOR I, h%%yR 1R'2, or

-C(=NR13)NR112, 12-wherei ch.R" , and R13 is independently hydrogen, 16 alkyl, C2-6
alkenyl, C2-6 a @?éﬁyl&%ﬁ c;?gfr’(])"a Ry, @gﬁ’{éﬁ?ﬁcﬂoe%?’&a%i‘f Me‘i%%%iyf‘ BFRCEFEETR 12
together with tfe RPARN e RmiviheNaemitmphicd thmatesttrdeidykndeReqadiRB1 together with

the N atom to which they are attadhed fofmhaterasycid: @BEN atom 1o whiﬁﬂﬁ@%r%% isJadapendently

hydrogen, Cl_g})ﬂl@l}; g@roglﬁwgpa@w%%-g Ikynyl, C3_7 cycloallcyl, C6-14 aryl, heteroaryl, or
heterocyclyl; or R8 an R9 together with the N atom to which they are attached form heterocycly1;

R6 is hydrogen, C1.6 alkylRCS G-amleigne Ersakneyisie 03 G eplivatiyie. @8Habtoyilineteroaryl, or
heterocyclyl;  containingsme oahee Bi=fatadente ci3ih, Ghaipalkvenaclc.8 Akeoyieng: §2-6 alkynylene,
X, or -{CR6aR@)pX_; wherein p is an integer of 1, 2, or 3; R68 and Rob are each independently
hydrogen, halo, cyano, hydroxyl, or alkoxy; and X is -0-, -C(0)-, -C(0)0-, -0C(0)0-, -C(0)NR14-,
" -C(=NR14)NR1 3-,-NRI4ACHB5NRE foenqniealty aniregmef -or- R 14S(0)kNR13-, -S(0)k-,
-S(0)kNR14-,-P(0)(ORm)- vder&R (@} aR ¥4 piyiterelkach, Rkd:Rb3, ARG R Lijsyrdergndently
‘hydrogen, C1 8alkike 2aalkonb, EEAAMMGELSYERIN, CRAb AN heteroar, o
heterocyclyl; Ql% is -0-, ﬁ%g&é@g 1%3, or -CR17 I%%%‘%Sﬁyw se{%ééffﬁg Wih e or each R17
-andR'8 is inde PERUERIR MG SRR SRHE Bomatransy bate & BIkgHGseByh Cyctlayll, C6.14 aryl,
heteroaryl, or Heterbiylydsapidoalkyl, Ce.q aryl, heteroaryl, or heterocyelyl, each optionally
substituted with one or more substituents Q; or ~C(O)R®, ~C(O)OR?, ~C(O)NRPR’,
-C(NR“_)NRbRi -OR’, ~OC(O)R®, -OC(0)OR2, ~OC(OINRPR®, ~OC(=NR*NR’R®,
—OS(0)R?, ~OS(0)R", ~OS(O)NRR?, ~CS(ORNRPRY, -NRPR, ~NR*C(O)R®,
~NR*C(O)OR®, -NR*C(O)NR'R’, ~NR*C(=NRANRPR’, ~NR*S(O)R?, ~NR*S(O}R",
~NR'S(O)NRR’, -NR*S(0),NR'R’, ~SR", ~S(O)RE, of ~8(0)}RY wherein each R®, RE, R®,
and R%1s independently hydrogen; Cy. alkyl, Cp.q alkenyl, Ca alkynyl, Cs. cycloalkyl,
- Ceua aryl, heteroaryl, or heterocyclyl, sach optionally substituted with one or more
substituents Q; or R® and R° together with the N atom to which they are attached form

heterocycelyl, optionally substituted with one or more substituents Q;

wherein each Q is independently selected from the group consisting of cyana,
halo, or nitro; Cy. alkyl, Co alkenyl, Co alkynyl, Car cycloalkyl, Cg.p_; aryl, beteroaryl, or
heteracyclyl; or ~C(O)R®, ~C(OYOR®, ~C(OINRRE, ~CINRONRRE, ~OR°,
~OC(O)R?, ~OC(O)OR’, ~-OC(OINR'RE, ~OC(=NR)NRRE, ~OS(O)R?, ~OS(O):R",
—OS(OINRRE, —OS(ORNRRE, -NRRE, ~-NR*C(OYRY, -NR*C(O)OR, -NR*C(O)NR'RE,
~NRC(=NRMNR'RE, -NRS(O)R, ~NR'S(O)::R’, ~NR*S(O)NR'RE, -NR°S(O)NR'RE, ~SR®,
_S(O)R’, or —S(O);R"; whersin each R°, R', RE, and R" is independently hydrogen; Crq alkyl,
Cy.¢ alkenyl, Ca alkynyl, Csy cycloalkyl, Co.y4 aryl, heteroaryl, or heterocyclyl; or R!and RS
together with the N atom to which ﬂ;cy are attached form heterocyelyl,

2b



each R19 is independently -R20, -C(0)R20, -C(0)0R26, -C(0)NR21R22, -C(=NR25NR21R22, or
-S(0)kR26; where each R20, R21, and R22 is independently hydrogen, C1.6 alkyl, C2-6 alkenyl, 02-6
allcynyl, C3.7 IkyI C r I together with the N
atom to Whlchf?ﬁgy are atta%%ﬁ%%%ﬁ]ﬁgge&%?ﬁg ?/& %@ﬁg&p@/&%ﬁ,fﬁ%ﬁgﬁﬁ Bizcl)gqether with the C or N
atom to which they are attached form C3_7 cycloalkyl or heterocyclyk Q2 is C3_9 alkylene,
C3.9 alkenylene, or C3_9 allcynylene, each optlonally containing one to three heteroatoms in the
chain, independently selected from O, N, and SL,aﬁd each k is independently an integer of 1 or 2;
wherein each alkyl, alkylene, alkenyl, alkenylerte allcynyl, alkynylene, aryl, cycloalkyl, cycloalkylene,
heterocyclyl, and heteroaryl is optionally sub d with one or more groups, each independently
selected from cyano, halo, or nitro; 01-6 alkyl, C2.6 allﬂenyl 2.6 alkynyl, 03-7 cycloallryl, C6-14 aryl,
heteroaryl, or heterocyclyl, each optlonaﬂly:éubstlt the gﬁ)r more, in one embodiment, one, two,
three, or four, substituents Q; or C(0)Ra, -C(0)0128, -C C(NinNlleRd,-0C(0)1e, -0C(0)ORd,
-0C(0)N1RbR", -0C(=NR8)NRhRc, -OS(O)lé%\-OS(O)ZRS OS(O)NRde -0S(0)2NeRe, -NRbRe,
-NRaC(0)Rh, -NrC(0)ORb, -NR8C(0)NRDblth, -N NRhRe, -NrS(0)Re, 4:1113S(0)2r,
-4rS(0)Nrr, -4ReS(0)24RbRe,-S(0)Re, or S(O)ZRag\S;herein each Ra, Rb, Re, and Rd is independently

nydrogen: ), o a6, 8kl 03:.allyl, G 7 cyclosliyl, 0034 arv heteroany, or

heterocyclyl, each optionally substituted with orie or more in one empo iMent. o 0, three, or four,
substltuen@@“&eﬁfﬁé}ﬂﬂ@wﬁaﬂﬂ@lm‘tﬁé K Rrovirtg Wisiciothey are attached form heterocyclyl,
optionally gaRsdiftited with one or more, in one embodiment, one, two, three, or four, substituents Q;
wherein each Q is independently selected from the group consisting of cyano, halo, Or nitro; CI-6 alkyl,
. 02.6 aliCerlyl, 02-6 alkynyl, 03.7 cycloalkyl, 06-14 aryl, heteroaryl, or heterocyclyl; or -C(0)Rt, -C(0)Or,
-C(0O)NR/Rg, -C(NRe)Nag,-0C(0)r, -0C(0)0r, -OC(0)Nrr, -OC(=Nr)INTRERg, -0S(0)r, -0S(0)21r,
-0S(0)NRfRg, -0S(0)2Nrr, NR1R, -NrC(0)r, -NrC(0)ORF, -NReC(0)NRIRg, -NrC(=NRh)Nag, -NrS(0)r,
-NrS(0)2W, -NReS(0)NrRg, -NRCS(0)2NR8Rg, or -S(0)212."; wherein eabh Re, R and Rh is
independently hydrogen; C3.6 alkyl, 02-6 alkenyl, 02-6 alkynyl, 03.7 cycloalkyl, C6-14 aryl, heteroaryl,
or heterocyclyl; or rand Rg together with the N atom to which they are attached form heterocyclyl.
[0006a]in a second aspect, the present invention is directed to a pharmaceutical composition
comprising the compound of the present invention, and one or more pharmaceutically acceptable
carriers. [0007]Also described herein are pharmaceutical composition comprising a compound
disclosed herein, e.g., a compound of Formula I, including a single enantiomer, a racemic mixture, or
a mixture of diastertomers thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;
in combination with one or more pharmaceutically acceptable excipients or carriers.

e



[0007a]In a further aspect, the present invention is directed to the use of the compound of the present
invention or the pharmaceutical composition of'the present invention in the manufacture of a
medlcgmgnt fp()r %{‘89335199}%? preventing an HCV infection. [OOO?bJIn a fgrth%rciﬁ%ez 59}&% (}gges'ent
invention is direcCted to the use of the compound of the present invention or the pharmaceutical
composition of the present invention in the manufacture of a medicament for treating, preventing, or

ameliorating one or mdte ‘éw@ﬁoﬁ%RoBa hEE e Sedse RGP B S0 an HCV infection.

[0007c]InafachenasirEct.die rese nCIVRINSR" isxdieasted to the use of the compound of the present
i a&ture ofa
t,

invention or the pharmaceutical ositjon of the present inventigp in the manu

medicament for inhibiting repﬁ@%\%%@ s E{ﬁ?ﬁg Wﬁﬁ%&%ﬁ@%ﬁ%@?gﬁeﬁ%ﬁ@ Fié present
invention dikgirdcted, toythealkst, 0k thersbrhpearof teejpraatyll Dvediioh-05 theqibakylaceutical
compositiq e:present | vﬁﬂﬁ}%@' i th EM%@ re, of 3medi E{Qﬁ{g‘c inhihiting replication of a
virus [0007€ ?i\}g fﬁtﬁeﬁ%ﬁ%c , L eﬁ%rés—eerﬁilﬁven |om? d%riszt%ﬁ t% A& use o éﬂ cdr%\é‘g%eﬁ% of the
present invention or the pharmaceutiesh &5fnpSsituh B the pieasedeityentibngentiia salkuiaaure of a

medicameq, ipLabivpng. he acthlty A parinaproGape.JARORI e ARs A BPE g IS a method

- .14
fOr treating or prevénting an HCV infection, which comprises administeririg to .a su%Ject a
therapeutioall§liaffertividmount of a compound disclosed herein, e.g., a compound of Formula I,

including a single enantiomer, a racggg;gI@ﬂlis)gty{lgde%gdgﬂggwﬁ%ggg@ﬁs@lr_ggmﬁ[@gﬁagggggﬁ’r a
pharmaceutically acceptable salt, solvate, or'%rodnig thereof. [OOOQ]AdditiqrgaII escrined,herein is a

method fértEHaRY birevaRig el dretisraiRgteRaTsh RiFERSyRtorn o liveY BsdEseor disorder
associatedoydiiran HEM) mRettiangopmrptisihgadayisiskefinriord S wljesha diar ROE Wicallyeffective
amount o COPRUIAReoTRANEen, 8 g conpauios Ul . nelilg g sl enamiomer
solvate, airprdetagihdredheterocyclyl; or R'' and R'* together with the N atom to which they are
attached form heterocyelyl; or ‘ '
R and R® together with the N atom to which they are attached
form heterocyclyl; and _
each Rg_is independently hydrogen, Ci alkyl, Cy alkenyl, Co
alkynyl, Cs.; cycloalkyl, Cs.14 aryl, heteroaryl, or hetérocyclyi; or
_ R® and R’ together with the N atom to which they are attached form
heterocycivl; .
RS is hydrogen, C,.¢ alkyl, Cy.s alkenyl, Ca.g alkynyl, Ca.7 cycloalkyl, Ce.14
aryl, heteroaryl, or heterocyclyl;
L is a-bond, C,.¢ alkylene, C;.7 cycloalkylene, Co. alkenylene, Cy¢ alkynylene,
X, or -(CR53R6b),}X-; wherein p is an integer of I, 2, or 3; R® and R are each independently
hydrogen, halo, cyano, hydroxyl, or alkoxy; and X is —~O~, —C(O}—, —C(0)O—, —OC(O)O—,
~C(OINR Y=, ~C=NR"INR -, -NRM— -NR'"C(O)NR"’~, ~NR"C(=NR")NR'-,
~NRMS(0)NR =, ~S(O)~, ~S(O)NR-—P(O}OR "+, or ~-OP(O}OR'“)~, where each
R, RS, and R'is independently hydrogen, Ci alkyl, Cr.¢ alkenyl, Cy.¢ alkynyl, Ci
cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclylg
Q' is —O—, NR'")-, -C(R¥*R'*)-, or ~CR(NR"*R"®)—; wherein:
each R'" and R'® is independently hydrogen, C, alkyl, Ca.¢ alkenyl,
Cy.6 alkynyl, Cs.5 cycloalkyl, Cg.14 aryl, heteroaryl, or heterocyclyl; and
, each R" is independently ~R¥, ~C(O)R®, ~C(OYORZ, —-C(O)NR?'R%,
~CENRPNRYRE, or ~S(0)iR?®; where each R*’, R*', and R™ is independently hydrogen,



0010]Described herein is a method for inhibiting replication of a virus in a host, which comprises
administering to the host a therapeutically effective amount of a compound disclosed herein, e.g., a
compound of Formula |, including a single enantiomer, a racemic mixture, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof.
[0011]Describ gg ein | 0 I(%rni hibiting the activity of a serine protease, which comprises
contacting'céﬁeﬁs ?iznez'ﬁ%%g%g%eégﬁ a o%’p%fnﬁ’?ccj% %%Eé ﬁ‘é“rgfﬁ’,i G %iﬁiﬁﬁﬁ‘?ﬁyﬁg’ﬁrﬁﬂa !
including B SisnglR&éhiastidwererith thedhaiomictuiscothemnbrtusaohdibfiarchmecstbeiess; or a
pharmaceutically acceptable gak, sglyade, 0 hereof DETAILED, D RIPTION.[0012]To
facilitate understanding of the disclosure s%%tﬁ[#etqréﬁ%goﬁﬁm tcérrncl)ff) t‘grhrhcgar?daerﬁﬁga &low.
[0013]Gefalfys- tiaahesteneraigierenssditierein and the laboratory procedures in organic chemistry,
medicinal chemistry, arQF: Macolegy @?.?%.ﬂ@ﬁ?k@ﬁé%} gﬁ %R?}%&Ig’k&%\ﬁ/g pfg\o% é:l?ymmonly

employed in the art. Unless defined otherwise, all technica _
2009/0998FBEBHA P8Ot SRR dsHB st pantifi therphains infnpradersbnestenyen dvemita Banml Meaning as

commonlygiaderstood by one of ordinary skill in the art to which this disclosure belongs. In the event

that there is a plurality of elg_nitions for a term used herein, those in this section prevail unless stated
otherwise. [0014]The tEF SHORLSPTRIERI YR i8R AT hefling, but not limited to, a primate (e.g.,

human), cow, sheep, geatréiarsehdoRyicalk R0 aliadn ol MRESFANGIBFMS, AUHSHnaNd jpatient” are
used interch?n e'ilbl‘ l}eggkinlin reference, f%r e mgle,%%f_mammalian subject, such as a human
subject. [66&@#%’? S F re RETRS XS '@gﬁzlhg SPhtitentenal Ry s durEhoRS fus can
replicate, imstigingpsh vacioindepteddot p edittedirine camsbahitaabsiieh o6 human. 00 2flkhe, terms
 "treat,” "tr atigg;" ctreat - are meant 1o include alleviating or abrogating a disorder, disease, or
' condition,6 3t on ?r'ﬂrcht&Fhéc%fqt%%eﬂé’yﬁn@p%%agg’lasﬁ%%ﬁ%%ﬁﬁ{k%’ﬂtlaemd%%lyfe?? ‘s@%fg)éfagﬁ'condition; or
alleviatinguhserateicaiihiptiteormme(d) ohtlranbisbratar;, disease), aheenditionritselkt{a@47 Theterms
"prevent,” s \f@pti@g@" anpd Wﬁ ¢ @@Weﬁmclgﬁga ygﬂ aof_%%& ing.,and/or precluding
the onset of a disorgeg,)dise’ase, orc nqution, and/or its httend’afn@se p%dm S ?%%g a subject from
acquiring ZPHEERSR; o rédfecTRiRa MBoRe et ORRIB! acifit b B di<2Pi0INREBASE) HWINBIRT.

-NR'R, -NR*C(O)R", -NR*C(O)OR®, -NR*C(O)NR’R®, -“NR*C(=NRHNR’R",

-NR'S(O)R®, -NR*S(0),R”, -NR*S(O)NR'R’, —NR*S(O);NR"R", ~SR*, ~S(O)R?, or

—S(0)R?; wherein each R?, R®, RS, and R? is independently hydrogen; C, alkyl, Cy.¢

alkenyl, Ca4 alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or moré, in one embodiment, one, two, three, or four, substituents Q; or
R® and R® together with the N atom to which they are attached form heterocyclyl, optionally
substituted with one or more, in one embodiment, one, two, three, or four, substituents ;

| wherein each Q 1s independently selected from the group consisting of cyano,
halo, or nitro; Cy.g alkyl, Cy.6 alkenyl, Coi alkynyl, Cas cycloalkyl, Ce.14 aryl, hetéroélryl, or
heterocyelyl; or ~C(O)R®, ~C(O)OR’, ~C(O)NR'RE, ~-C(NR®NR'RE, ~OR®, ~OC(O)RS,
~-OC(O)OR®, ~OC(ONRRE, —~OC(=NRNR'RE, ~OS(O)R®, —OS(0),R, ~OS(O)NR'RE,
~OS(0)NRRE, -NR'RE, -NR°C{O)R, -NR°C(O)OR’, -NR*C(O)NR'RE,
-NRC(ENRNRRE, ~-NRS(O)R', ~NR"S(0),R’, -NR°S(O)NR'RE, ~NR°S(0);NR'RE, ~SR®,
~S{O)R’, or —S(O)R"; wherein each RS, RY, R® and R is independently hydrogen; C,. alkyl,
- Cy¢ alkenyl, Co alkynyl, Cs.y cycloalkyl, Ce.4 aryl, heteroaryl, or heterocydyl; or Rf and R®

together with the N atom to which they are attached form heterocyclyl.

0006a] In a second aspect, the present invention is directed to a pharmaceutical

composition comprising the compound of the present invention, and one or more

pharmaceutically acceptable carriers.



[0018]The term "therapeutically effective amount" is meant to include the amount of a compound that,
when administered, is sufficient to prevent development of, or alleviate to some extent, one or more of
the symptoms of the disorder, disease, or condition being treated. The term "therapeutically effective
amount” also refers to the amount of a compound that is sufficient to elicit the biological or medical

response pfgpeell, tissugaysiem, apimal, or human, which is being.sought by. a researcher,
veterinarian, medical doctor, or c?nicia%%ﬁ&%? fié é;rerlﬁh%gﬁmpé)gétrlso% ¥ \éffﬁtg Roncentration, or

dosage of &4¢BRped Aiseleaedsheseivired oy BoopamibiiGnohdaiaxichalinesp singéeimant assayathat
measures such response. [0020]The term "pharmaceutically acceptable carrier," "pharmaceutically
acceptable excipient,” "physiologically acceptable carrier,” or "physiologically acceptable excipient”
WO 2009/099596PCT/US2009/000688 refers to a pharmaceutically-acceptable material, composition,
or vehicle, such as a liquid or solid filler, diluent, excipient, solvent, or encapsulating material. In one
embodiment, each component is "pharmaceutically acceptable” in the sense of being compatible with
the other ingredients of a pharmaceutical formulation, and suitable for use in contact with cells,
tissues, or organs of humans and animals without excessive toxicity, irritation, allergic response,
immunogenicity, or other problems or complications, commensurate with a reasonable benefit/risk
ratio. See, Remington.' The Science and Practice of Pharmacy, 21st Edition, Lippincott Williams &
Wilkins: Philadelphia, PA, 2005; Handbook of Pharmaceutical Excipients, 5th Edition, Rowe et al.,
Eds., The Pharmaceutical Press and the American Pharmaceutical Association: 2005; and Handbook
of Pharmaceutical Additives, 3rd Edition, Ash and Ash Eds., Gower Publishing Company: 2007;
Pharmaceutical Preformulation and Formulation, Gibson Ed., CRC Press LLC: Boca Raton, FL, 2004.
- [0021]The term "about" or "approximately" means an acceptable error for a particular value as
- determined by one of ordinary skill in the art, which depends in part on how the value is measured or
determined. In certain embodiments, the term "about" or "approximately” means within 1, 2, 3, or 4
standard deviations. In certain embodiments, the term "about” or "approximately” means within 50%,
20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or range.
[0022]The terms "active ingredient” and "active substance" refer to a compound, which is
administered, alone or in combination with one or more pharmaceutically acceptable excipients, to a
subject for treating, preventing, or ameliorating one or more symptoms of a condition, disorder, or
disease. As used herein, "active ingredient" and "active substance" may be an optically active isomer
of a compound described herein. [0023]The terms "drug," "therapeutic agent,” and "chemotherapeutic
agent" refer to a compound, or a pharmaceutical composition thereof, which is administered to a
“ subject for treating, preventing, or ameliorating one or more symptoms of a condition, disorder, or
disease, [0024]The term "release controlling excipient" refers to an excipient whose primary function is
to modify the duration or place of release of an active substance from a dosage form as compared with
a conventional immediate release dosage form. [0025]The term "nonrelease controlling excipient”
refers to an excipient whose WO 2009/099596PCT/US2009/000688
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primary function do not include modifying the duration or place of release of an active substance from
a dosage forrri as compared with a conventional immediate release dosage form. [0026]The term '
"alkyl" refers to a linear or branched saturated monovalent hydrocarbon radical, wherein the alkylene
may optionally be substituted as described herein. The term "alkyl" also encompasses both linear and
branched aliggbminlegstothermdsaisagsifiedidacestainombodiment is, & linear saturated
monovalent hydrocarbo radical that has 1 to 20 (C1.20), It%%él—?ﬁ%%%&%&%ﬁ?%ﬁf@ % Ci4
carbon atori% ‘BFbPARE %%%WBW%HPW%M@D&M@G@M@M@@ 15
(C3-15), 3 textHiEa8. d0Yasiedsto 6 (C3..6) carbon atoms. As used herein, linear C1.6 and branched
C3.6 alkyl groups are also referred as "lower alkyl." Examples of alkyl groups include, but are not
limited to, m hyl, propyl.(including all isomeric forms), n-prapyl, isopropyl, butyl (including all
isomeric forr?gs)@,(dg- utyl, is%%% v, seerca-?t%@%,%%Bf?f?ﬁ@ﬁ???#ﬁdﬁiﬁﬁ%?@%@?i@% i and hexyl
(including all fsemesisifof s prsme karaplionGi e aliiratersiiaringaksalHEter mengyalent
‘hydrocarbon @%@[ﬂ 0 6 car, acc){glra&to%ns. ora branched satyrated monovalent hydrocarbon radical =
of 3 to 6 carbon atoms. [00 SR el R e PR POt S RS AT SF BYsridpe ansdcYated divalent
hydrocarbon ¥fgitainwherein the alkylene may optionally be substituted as described herein. The term
alkylene" encompasses both linear and branched alkylene, unless otherwise specified. In certain
embodiments, the alkylene is a linear saturated divalent hydrocarbon radical that has Ito 20 (C1_20),
fo 15 (C1.16)00GTD (C1._k03 faniee i Sheashasnataniadh uagehed sqled diyalent
hydrocarbon égd'cg&fc{ 3 tfg1 20 (C3-20), 3.to 15 (C3.16), 3t0 10 (C3_ or3t06 fC carbon atoms.
As used hereinihiaas & BRSSP Yo L6 kohereaatiselaemiss ioterfabeaseianter alkylene.”
Examples of aiksitine gréunsaineiuterduiftanefickibies imehyiens athylgns. of ne (including
all isomeric f%%@%},ﬁa%g lene, is Ero\g%l ne, butylene gg}cluding all isomeric forms , N- tylene,
isobutylene, t-butylene, p%%‘%}?é%seog R RSSO daT ey it reisly Rend GMoigiriipmll isomeric
forms). For example, C1.6 alkylene refers to a linear saturated divalent hydrocarbon radical of | to 6

carbon aton{$@f7albranchiac Sattheatesh ety aleidayehorahonfadigal 9l 3deH. cabanatoms. [0028]The

term "alkenyé'c',refers 0 éaﬁ#near or branched monovalent hydrocarbon radical, which contains one or-
more, in one eMboaIMAN G T TS AT SR A B R e BT RISPIHECAIREHY PrssFle optionally
substituted aswistioriiethberminfaEhetei iakrayiinVe 2009099R36RETALF2Q09/090688 also
embraces rehdoictgls having "cis" and "trans" configurations, or alternatively, "Z" and "E" configurations,
as appreciated by those of ordinary skill in the art. As used herein, the term "alkenyl" encompasses
both linear and branched alkenyl, unless otherwise specified. For example, C2.6 alkenyl refers to a
linear unsaturated monovalent hydrocarbon radical of 2 to 6 carbon atoms or a branched unsaturated
monovalentlﬁ%&hrbon Fﬁd‘ié&ﬁ%ﬂs@@@%&%@ﬁﬁ%ﬁww@m@idimﬂbddmnbf}tsﬁwfet}&lkenyl is a linear
monovalent bydijﬁﬁﬂd)@fltﬂ@gﬁ%%bﬁfﬁ49@ﬁg?@$ﬁﬂé§&%%%f%§?%%’g§ -10, or 2 to 6 (C2.6)

carbon atoms, or a branched mgnovalent hydrocarbon radical of 3t ,":? 515 (C3.15), 3to
10 (C3.10), d?‘é““?é‘%“(’é&@&%‘dﬁ%ﬁﬁ ERsHipeset SkiEjbiioe perkwitide obatvame not limited to,
ethenyl, propen-I-yl, propen-2-yl, allyl, butenyl, and 4-methylbutenyl. [0029]The term "alkenylene"
refers to a ”%85 branc@gd ivalent hydrocarbon radical, which contains one or more, in one
embodiment: onie 1o five, Po%ﬁ% BT ot BT SR emds e reriediafhsareitthally substituted

as deSCI’ibecbbﬂljﬂiﬂncﬁdjflﬂarbtaﬁhﬁt@R@ﬁ{ﬁhﬁﬁﬁ}ﬁﬁ&@ﬁﬁ%@%@i&@iﬁ%mﬂ%g is:f' and "trans"
configurationns3£ or %Itern&}ivel £ and tZ confi%%%ations._ As used herein, the tert "aﬁﬁenylene"
encompasses%egt% B AP ARA B AR MR 8 RA IR salshitngite ssttifieel Fommeample, C2.6
alkenylene refetszte.a linear unsaturated divalent hydrocarbon radical of 2 to 6 carbon atoms or a
branched unsaturated divalent hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments,
the alkenylefuadsia linear Eivalentdaydregaiken iadisakd Pt #0h{a2 W hrévehiiad @2HEY: 2 to 10
- (C2.10), or 210 6 (C24 carbon atoms, or a branched divalent hydrocarbon radical of 3 to 20 (C3.20), 3
to 15 (C3-1513FHOR0M R LOTRSe GBS P Nehirs! B hrrpRe il sRRIe grouips dhalude,
but are not lipiipduisd ethessde heratlylone 2ROREBMIRANSS Betenviane M A MetbWuiemdsne »
[00301The term "alkynyl" refers tq a Iingﬁtr,or branched monovalent hydrocarbon radical, which

contains on&3SFTHG ARG ST SIS BRETRPIRRES CAFHsH: CarbBRAFACGRELY #treriaRjnsiihay be
optionally subbtiitites adegcibeshherein. The term "alkynyl" also encompasses both linear and
branched alkynyl, unless otherwise specified. In certain embodiments, the alkynyl is a linear
monovalent hydrocarbon radical of 2 to 20 (C2-20), 2 to 15 (C2.16), 2 to 10(C2.10), or 2 to 6 (C2.6)
carbon atoms, or a branched monovalent hydrocarbon radical of 3 to 20 (C3.20), 3 to 15 (C3.15), 3 to
10 (C3.10), or 3 to 6 (C3.6) carbon atoms. Examples of alkynyl groups include, but are not limited to,
ethynyl (-CECH) and propargyl (-CH2C-ECH). For example, C2.6 alkynyl refers to a linear unsaturated
monovalent WO 2009/099596PCT/US2009/000688 hydrocarbon radical of 2 to 6 carbon atoms or a
branched unsaturated monovalent hydrocarbon radical of 3 to 6 carbon atoms. [0031]The term

"alkynylene" refers to a linear or branched divalent hydrocarbon radical, which contains one or more,
iNn one embhodiment one tno fivve carhon-carbhon trinle bonde The alkvvnvliene mav he nntionallv/



[0032]The term "cycloalkyl" refers to a cyclic saturated bridged and/or non-bridged monovalent
hydrocarbon radical, which may be optionally substituted as described herein. In certain embodiments,
the cycloalkyl has from 3 to 20 (C3_20), from 3 to 15 (C3.15), from 3 to 10 (C3.10), or from 3to 7
(C3.7) carbon atoms. Examples of cycloalkyl groups include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, decalinyl, and adamanty | [0033]The tem'
"cycloalkjteoe] refers taddicyalit satscated bedged angdorador hedaad sivalent hygrocarbon radical,

which may be optionally substituted as descrihed herein. In certain embodiments, the cycloalkylene
has from %ﬂ%%@r(‘ﬁ : ??@%%SW%”EESQ.%%WIO?%SSE‘&? Pﬁ‘%’é@?ﬁ%)?%?%%fié%hﬂé&% carbon

Y CIoDUy oo, CecloaryIone, SYCIherone, O OhAP e, Jetal e, S mantylene:
cyclobutylene, ¢ entylene, cyclohexylene, cycloheptylene, decalinylene, and adamantylene!
[(_)034]Th%Ofgaprcr)lu’}’{agr3%%C?g}%3 fss}f%f%’gm%ﬁbgyxﬁ%%%%a £%3“§&‘§%%&‘?8M+Bﬁ. EyREI TEIRBYATR: Aromatic
group thateontaimiatisast eme swelitisycraachothengt oresptainaskhadineaiscibopnhas from 6

to 20 (CE,2Q0fr Iéﬂ ;!541%@ 5), or from 6 to 10 (C6.10) ring atoms. Examples of aryl groups
include, but are’%%?ﬁ?nlted to, phenyl, naphthyl, fluorenyl, azulenyl, anthryl, phenanthryl, pyrenyl,

bipheny terphenyl. Aryl also refers to hicyclic or tricyclic carbon rings, where one of the rings is

aromatilﬁaar?| he othg%sg ! %6’91%5?‘?%@ é*ﬂ?*@%@é’@é@%‘\/@ﬁgﬁtﬁlm%@@é’%‘wrated, partially

unsaturategichrateftisticadetisxampicodityRsenaptihylsirdany L Rdany Labiairahy dianaphihy!

(tetralinyl). In certain embodiments, ary] alsqQ be optionally substituted with one or more

substitue ?é’qﬁsgi?bﬁé%‘@riﬁéf REFETR® ﬁﬂ%"éﬂﬁ%ﬁ’é‘&%ﬁ?@?&%&%@yéﬁ%&r multicyclic
divalent amdmaticogromixtiosd chditaterabieastthaed ahatihiysieaarboly HogJRaKedan rkediments,.
the arylegle hga‘;fl_{og}egetoonO (C6.20), from 6 to 15 (C6.15), or from 6 to 10 (C6.10) ring atoms.

. Examples o%rary éhe groups include, but are not limited to, phenylene, naphthylene, fluorenylene,

;azulenyl?é\u(i, zjnthrylen'e, phenanthrylene, pyrenylene, biphenylene, and terphenylene. Arylene also
A refers to'B % ic or tridyEIRFIRSIDSFERNg S WeibRS Gidnibringrine astirsrdtiosarinetherstisers of which

may be spiéaiestnpasialiyransaly it oe aremRalicufh RmBlR.itydignapithylens, indenylene,

indanylene, or. tetra%dro-napht,hylene (tetralinyl). In certain embodiments, ary ene‘m.' y-also be
optionall B HRG SR BECH BUGER S ik STOBS ST 08947, h BRI BAG yPURBFES DR AN &fclic aromatic
group anditessresiieyctitcsofedis fui: that caNansBieRIEAN AR AN g MASElR at least one
aromatic ring contains one or more heteroatoms independently selected from 0, S, and N. Each ring of

a heteroaryl group can contain one OfiP m@g%%&ﬂé\y?(ﬁ@toms, and/or one to four N atoms,

provided that the total number of heteroatoms in each ring is four or less and each ring contains at

least one carbon atom,.In certain embodimgnts, the heteroaryl has from 5 to 20, from 5 to 15, or from
5to 10 r(leﬁ? ms. Ex &&8@%‘1“% SRS & B G 3srosms Art s hrdeiare pumbented to, pyrrolyl,
pyrazolytepyemeltivfipstiskeiaalyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl, funny!, thienyl,
oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, and triazinyl. Examples of bicyclic heteroaryl
groups inebuds, but areualimiiakinolndali.benkeiiaral ubenzgxaral.Panzatiienyl, ‘quinolinyl,

- tetrahydroisoquinolinyl, isoquinolinyl, be‘nzimidazolgl, benzopyranyl, indo |§?,n{/)f, Benzo?uranyl, 7

- isobenzdttEEHSI FE%%HWP@WQMIM Ghe\rRatmeswitiey Hesritbed Perpuriargl thoper stebyridiny |,

furopyridkmyhvinieropysieiouy diyiriseingielul: andietahyaronyinglinyl. Bxamiles, of fHcyclic
heteroaryl groups include, but are not limited to, carbazolyl, benzindolyl, phenanthrollinyl, acridinyl,
phenanthridinyl, and xanthenyl. In certain embodiments, heteroaryl may also be optionally substituted
with one or more substituents Q as described herein. [0037]The term "heterocyclyl" or "heterocyclic" -
refers to a monocyclic non-aromatic ring system and/or multicyclic ring system that contains at least
one non-aromatic ring, WO 2009/099596PCT/U52009/000688 wherein one or more of the
non-aromatic ring atoms are heteroatoms independently selected from 0, S, or N; and the remaining
ring atoms are carbon atoms. In certain embodiments, the heterocyclyl or heterocyclic group has from
3 to 20, from 3 to 15, from 3 to 10, from 3 to 8, from 4 to 7, or from 5 to 6 ring atoms. In certain
embodiments, the heterocyclyl is a monocyclic, bicyclic, tricyclic, or tetracyclic ring system, which may
include a fused or bridged ring system, and in which the nitrogen or sulfur atoms may be optionally
oxidized, the nitrogen atoms may be optionally quatemized, and some rings may be partially or fully
saturated, or aromatic. The heterocyclyl may be attached to the main structure at any heteroatom or.
carbon atom which results in the creation of a stable compound. Examples of such heterocyclic
radicals include, but are not limited to, acridinyl, azepinyl, benzimidazolyl, benzindolyl,
benzoisoxazolyl, benzisoxazinyl, benzodioxanyl, benzodioxolyl, benzofuranonyl, benzofuranyl,
benzonaphthofuranyl, benzopyranonyl, benzopyraqyl, benzotetrahydrofuranyl, benzotetrahydrothienyl,
benzothiadiazolyl, benzothiazolyl, benzothiophenyl, benzotriazolyl, benzothiopyranyl, benzoxazinyl,
benzoxazolyl, benzothiazolyl,carbazolyl, chromanyl, chromonyl, cinnolinyl, coumarinyl,
decahydroisoquinolinyl, dibenzofuranyl, dihydrobenzisothiazinyl, dihydrobenzisoxazinyl, dihydrofuryl,
dihydropyranyl, dioxolanyl, dihydropyrazinyl, dihydropyridinyl, dihydropyrazolyl, dihydropyrimidinyl,

dibhvvdronvrrolv/l diovnlanvl 1 A-dithianvI fiiranonvl fiiranvl imidazonlidinyvl imidazolinvl imidazolvl



isobenzotetrahydrothienyl, isobenzothienyl, isochromanyl, isocoumarinyl, isoindolinyl, isoindolyl,
isoquinolinyl, isothiazolidinyl, isothiazolyl, isoxazolidinyl, isoxazolyl, morpholinyl, naphthyridinyl,
octahydroindolyl, octahydroisoindolyl, oxadiazolyl, oxazolidinonyl, oxazolidinyl, oxazolopyridinyl,
oxazolyl, oxiYeayPopésiFheinyl, phenanthridinyl, phenathrolinyl, phenarsazityA/{sEeAs0pE
phenothiazinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, 4-piperidonyl, pteridinyl, purinyl,
pyrazinydcipytaizokeiny Lspyraselyl gaystaby imle pysisimd npsanderp ysiconyiaisindiergtopy iplidinyl,
pyrrolinyl olyl. quinazoelinyl, quinolinyl, quingxalinyl, quinuclidi tetrahydrafuryl, tetrahydrofuranyl,
orrany P R T L A e
thiadiazolykaiitiapd sgshotings ftriazetidingdd thiseiolythasdenyhisriagiiop prdsizid phless@atais-trithianyl. In
certain ehpgdients, heterocyclic may also be optionally substituted with one or more substituents Q
as described herein. [0038]The term "alkoxy" refers to an -OR radical, wherein R is, for example, alkyl,

WO 2009/099596PCT/(US2009/000688 alkenyl, alkyny|, cycloalkyl, aryl, heteroaryl, or heterocyclyl,
each as %é)fl?id hereiﬁ’ﬁ%pﬁ’&]%ﬁtaﬁ? Yo bgﬁﬁglmﬁluﬁ}é?‘{ﬁ?%:@uﬁgﬁnﬁngﬁbg MBI, ethoxy,
Propoxy(arhinenay,) 2eprasbxyp Nnxtatf tioysd o teaty rdbbitbrtioxy noyadeh @yl eon phebeey; benzoxy, and
2-naphthyloxy. In certain embodiments,;alkoxy.ma 0 be qptionally,supstituted as.described herein.
oSBT R e R B e B o
cycloalkgibzasi, suebegpadpinmnisaiectyclyl, each as defined herein. Examples of acyl groups include,
but are not limited to, acetyl, propionyl, butanoyl, isobutanoyl, pentanoyl, hexanoyl, heptanoyl,

octanoylooesanoyl, depana, ‘deeeGaneyolehatenaneys RexaderantReiadrcAnRY acicosanoyl,

docosanqyl, myristgleoyl, . palmitoleoyl, oleoyl, linoleoyl, arachidonoy], benzoyl, pyridinylcarbonyl, and
oyt I EERERA R SORA B ey P51 S5 B B A LTS LA S e ST HERRIn. 00doTThe
. term "halogen”, "halide" or "halo" refers to fluorine, chlorine, bromine, and/or iodine. [0041]The term
"optionalBPsbbstitutedrhis tenmapdadeid Msahnbataadioapineei 2 awankis, ingkydisrilesirengl,
alkenylegie, lioamyl aliuaviena: loalkyb-aysinalyiens. ah-ayirb ey hsisiraBatetocyclyl group,
alkoxy, or acyl, may be substituted with one or more substituents independently selected from, e.g.,
alkyl, aw%%?énéefﬂﬂr,s SHeeriACRTE Rk, GIRlisYiIaiRS eyeradifing iR sty THRA, arylene,
heteroarykRadcterasychi ceaghiaptionally substituted with one or more, in one embodiment, one, two,
three, or four, substituents Q; halo, cyano (-CN), nitro (-NO2),-S(0)1r, -S(0)2W, -C(0)Ra, -C(0)0Ra,

05020 BN 08 610 KbRE. IR, RO N 01Dt NEECOINRbRE,

-NRaC(ERReyNR B2y g RIS Res uiRa S0P2RN ofMRBSIGRBRe2Sr ONRASI2RIBAET Wherein each
e, Rb, Riie RIS IIPHeHS A0  Ac Al R Erlkeria GeAe Ak 3k Cycloalkyl,

C6.14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more, in one
embodifEMABHEERGSHEEE, Bt 5 GBREIMts Q: or Rb and 12 together with the N atom to which
they are attached form heterocyclyl, optionally substituted with one or more, in one embodiment, one,
two, thrd@0dtlfour, subbtitieentStigraasuisatshelientvalkypous thaeesintdesuldstihstesheust 'Wptionally

subsiuted wrlgespinenyise sReseds WO A09I0995A0ECTASA00910093R 004y one

“embodiment, ‘each Q Is independently selected from the group consisting of cyano, halo, and nitro;
01.6 alkyPrs2gatkeany| OOROB: sidhs Ay oatoney eloakgiseder] disgsac Hateesaiyhrdpringdteptdyclyl; and

-C(O)ReTie (3R 5 NVOMWVE S tive BGIANRE 10 CRIIW HAGHINME RS (OEENYINMERY, -0S(O)W,
-0S(0)2Re, -QS(0)Nag, -0S(0)2NRIRg,-NWC(0)Rr, -NWC(0)0W, -NReC(0)Nag, -NReC(=NRh)Nag,
“NReS(GWCIRRIE @)\ henivis g wres dikrhispyprea] 2 &3t HEsusnty SS10) SR™Wihhein each Re, Rr,
Rg, andiRbis ndegenrdemly aydreeen; esk-Hoaliy v &aifaalke nibdal Gladionyk Sdikigycloalkyl, C614
aryl, heteroaryl, or heterocyclyk or Rr and Rg together with the N atom to which they are attached form

heterocyglylo{0043]Imggriain, eRRodimRgRs: ARiFR!ACHNEAARD oPRRRIRBRAcalLAGHYe" refer
that is required for 50% inhibition of a maximal response in an assay that measures such

response.

L 19

[0020] The term “pharmaceutically acceptable carrier,” “pharmaceutically acceptable

excipient,” “physiologically acceptable carrier,” or “physiologically acceptable excipient”

6



to a collection of molecules, which has an enantiomeric excess of no less than about 50%, no less
than about 70%, no less than about 80%, no less than about 90%, no less than about 91%, no less
than about 92%, no less than about 93%, no less than about 94%, no less than about 95%, no less
than about 9B92448/18%¥8¢han about 97%, no less than about 98%, no lesBARARZABBHYOSY,, no less
than about 99.5%, or no less than about 99.8%. In certain embodiments, the compound comprises
about 95%fersneor @loktheselegiadtie-eneaptitrisan atad Aot 584 torressvehitle, lnssh predfdigsii enantiomer

based on th | wei . [ace i Q. [0044 o] | |
compour T ey S0 A s8R The e A oty ke SR b apout

its chiral cemgmisht Fhevlisinaansyticalis sensateblgéivtbapmnepathemgstorweitievedhipogtier that is, the
direction jpwhicha fangLinelaiizeciightisrataiad Qe oplicalin active campesnd (hed-) prefix

indicates that the compound is levorotatory, that is, the compound rotates the plane of polarized light
to the lefosPHRSHARIERBERNHI BT FREE PIEMESICER S IR RE dBiRboBniE RIS et ory, that is, the

compounghratatesinaplaneminaasized bgbbigiRadion! ensnekuise Heneveisdhgarign of optical
rotation, (+) ayd (=), is.not relaged to the s%ute configz;ation cglxg%ﬁ molecule, ?nd S. [0045]The
term "solEIEA AR 40, REMPETHIIEVIAE S HETERTBF A it th ardek: fithefiitides a

stoichiongisjires naviiiaeh i Matkina Rbilntegfisa) ot o dlydhonkeg\rientintemanlecular forces.
Where the solvent i , the,solvate is a hydrate,, Compounds [0046]HCV has a single
positve- SR RN O R g a0 B TR S 00 bR BER G 0001000685
length th&hercadses aldepalgmcteis Had dipadma/30 itharniae wdids AFHIE yore dodsadipoly protein is

then procggseginig, g RN, QL SBUGHUERLPOGIRGINSMEING £ RIS Sre AL ERYEIORE,
glycoproteins, El and E2; and non-structufal proteins, including NS2, NS3, NS4A, NS4B, NS5A, and

. NS5B, byFhorstkitina Slsaadisesdhd RirssAralpireadesomsb. 3UHd NS3. The NS3 protein contains a

trypsin-like serine protease domain at its N-terminus, while its C-terminal domain has helicase activity.
Because [@bit$)vital rol@he wiral fepdcatonablCdkNERBErineapsaieaseasibern:aotively pursued as a
drug target foru(iia(:{rvea

loping a new anti-HCV therapy. [004.7]Inhibitors of HCV NS3 protease that have
been repg?‘fga mclﬂd%%ﬁn%%t%rﬁl %%/&chg %%ep?%e%r?%g}p%%@iHlegflﬁifaﬁét}%sl,cg(r%igpﬁgfgp%&?ﬂ?emmolecuIes
(Llines-BhavetretwalyBiomesiMetioCheerminstd. 1996t8nknBdini@iGtbinteithléstongl pBiochemistry

1998, 37*‘?@%%@%9@1#-%5@%8&31525%8:%53'&3%%%Z%ﬁéﬁ@’ﬂ!@r&'{}%@@@i&eﬁ%{”zﬂ@?
6,329,379; 6,410,531; 6,420,380; 6,534,523; 6,608,027; 6,642,204 6,653,295;
term “about” or “approximately” means within 50%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%,

4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or range.

[0022] The terms “active ingredient™ and “active substance” refer to a compound,
which is administered, alone or in combination‘ with one or more pharmaceutically acceptable
excipients, to a subject for treating, preventing,; or ameliorating one or more symptoms of a
condition, disorder, or disease. As used herein, “active ingredient” and “active substance”

may be an optically active ispmer of a compound described herein.

[0023] The terms “drug,” “therapeutic agent,” and “chemotherapeutic agent” refer to
a compound, or a pharmaceutical composition thereof, which is administered to a subject for
treating, preventing, or ameliérating one or more symptoms of a condition, disorder, or

disease,

[0024] The term “release controlling excipient” refers to an excipient whose primary
function is to modify the duration or place of release of an active substance from a dosage

form as compared with a conventional immediate release dosage form.

[0025] The term “nonrelease controlling excipient” refers to an excipient whose



6,727,366; 6,838,475; 6,846,802; 6,867,185; 6,869,964; 6,872,805; 6,878,722; 6,908,901; 6,911,428:
6,995,174; 7,012,066; 7,041,698: 7,091,184; 7,169,760; 7,176,208: 7,208,600: U.S. Pat. App. Pub.
Nos.: 2002/0016294: 2002/0016442; 2002/0032175; 2002/0037998; 2004/0229777: 2005/0090450;
2005/01538 4 B84 F8648: 2006/0046956: 2007/0021330: 2007/0021357US2009/000688

primary function do not include modifying the duration or place of release of an active
substance from a dosage form as compared with a conventional immediate release dosage

form.

[0026] The term “alkyl” refers to a linear or branched saturated monovalent
hydrocarbon radical, wherein the alkylene may optionally be substituted as described herein.
The term “alkyl” also encompasses both linear and branched alkyl, unless otherwise
specified. In certain embodiments, the alkyl is a linear saturated monovalent hydrocarbon
radical that has 1 to 20 (Ci.20), 1 to 15 (Cr.ys), 1'to 10 (Cy0), or 1 10 6 (C.6) carbon atoms, or
branched saturated monovalent hydrocarbon radical of 3 to 20 (Cs.ap), 3 to 15 {Cays), 3 10 10
(Cs.10). or 3 to 6 (Cy.¢) carbon atoms. As used herein, linear C and branched Cj.¢ alkyl
groups are also referred as “lower alkyl.” Examples of alkyl groups include, but are not
limited to, methyl, athyi, propyl (including all isomeric forms), n-propyl, isopropyl, butyl
(including all isomeric forms), n-butyl, 'isobutyl, sec-butyl, t-butyl, pentyl (including all
isomeric forms), and hexyl (including all isomeric forms). For example, Ci aikyi refersto a
linear saturated monovalent hydrocarbon radical of 1 to 6 carbon atoms or a branched

saturated monovalent hydrocarbon radical of 3 to 6 carbon atoms.

[0027] The term “alkylene” réfers to a linear or branched saturated divalent
hydrocarbon radical, wherein the atkylene may optionally be substituted as described herein.
The term “alkylene” encompasses both linear aﬁd branched alkylene, unless otherwise
specified. In certain embodiments, the alkylene is a linear saturated divalent hydrocarbon
radical that has 1 to 20 (Cy20), [ to 15 (Cys), 1 to 10 (Cy0), or 1 10 6 (C.4) carbon atoms, or
branched saturated divalent hydrocarbon radical of 3 to 20 {Cs.50), 3 to 15 (Ca.ys), 3 to 10 (Cs.
10), of 3 to 6 {Cs.) carbon atoms. As used herein, linear Cy.¢ and branched Cs.¢ alkylene
groups are also referred as “lower alkylene.” Examples of alkylene groups include, but are
not limited to, methyiene, ethylene, propylene (including all isomeric forms), n~-propylene,
1sopropylene, butylene (including all isomeric.forms), n-butylene, isobutylene, t-butylene,
pentylene (including all isoméric forms), aleld hexylene (including all isomeric forms). For
example, C, alkylene refers to a linear saturated divalent hydrocarbon radical of 1 to 6

carbon atoms or a branched saturated divalent hydrocarbon radical of 3 to 6 carbon atoms.

[0028] The term “alkenyl” refers to a linear or branched monovalent hydrocarbon
radical, which contains one or more, in one embodiment, one to five, carbon-carbon doubie

bonds. The alkenyl may befoptionally substiui:ced as described herein. The term “alkenyl”



2007/0049536; 2007/0054842; 2007/0060510; 2007/0060565; 2007/0072809; 2007/0078081,
2007/0078122; 2007/0093414, 2007/0093430; 2007/0099825; 2007/0099929; 2007/0105781; WO
98/17679; WO 98/22496; WO 99/07734; WO 00/09543; WO 00/59929; WO 02/08187; WO 02/08251;
WO 02/08258C\Ay/0218198; WO 02/48116; WO 02/48157; WO 02/481 XL MIESE@2/8098%6; WO
03/53349; WO 03/64416; WO 03/64455; WO 03/64456; WO 03/66103; WO 03/99274; WO 03/99316;
WO 200433 28d7434Q0ad A% 043339 W RURDODHS 7 2] giv@r i30S WO TS 68 WIQ) 2D06AI0HED8S; WO

2006/119061; WQ. 2006/122188: 07/0Q01406: WQ.2007/014925: WO, 2007/014926: WO
P0o0L SN R B BT ot sl R R R i oRs W BRI M e 10 o
that such'eéengHcenimpriossasttiothiinpre seh brinchsd wiscion4silse viietHissramcatiedofimpounds which

are useful,jar the Feaiment gt REMJINMREIANWANGR:E Q06 SAIBAdINELa A RANEREHYIY gs HCV

serine protease inhibitors. ‘Also provided herein are pharmaceutical compositions that comprise the

compourkESboRetivaIOp R baAtRaAtuRcBE Al capRpBRIaSh rHa SRS IR LRI 3P hE%EBMpounds for the
treatmentRiHCM et iBaiRrskinme st afiraatmant MR 2009/098296RGT/AMRA089/000688
[0049]In one embodiment, provided herein is a compound of Formula I:

t0 20 (Ca.0), 2 10 15(Caars), 2 t0 10 (Coogp), or 2 1o 6 (Cas) carbon atoms, or a branched

monovalent hydrocarbon radical of 3 to 20 (Cs.00), 3 to 15 (Cs.15), 3 to 10 (Ca.1), 0r3t0 6

(Cs.¢) carbon atoms. Examples of alkenyl groups include, but are not limited fo, ethenyl,

propen-1-yl, propen-2-yl, allyl, butenyl, and 4-methylbutenyl.

10029) The term “alkenylene” refers to a linear or branched divalent hydrocarbon
radical, which contains one or more, in one embodiment, one to five, carbon-carbon double
bonds. The alkenylene may be optionally substituted as described herein. Similarly, the term
“alkenylene” also embraces radicals having “cis” and “trans” configurations, or alternatively,
“E” and “Z” configurations. As used herein, the term “alkenylene” encompasses both linear
and branched alkenyiéne, unless otherwise specified. For example, C,.¢ alkenylene refers to a
linear unsaturated divalent hydrocarbon radical of 2 to 6 carbon atoms or a branched
unsaturated divalent hydrocarbon radicai of 3 to 6 carbon atoms. In certain embodiments, the
alkenylene is a linear divalent hydrocarbon radical of 2 to 20 (Ca.20), 2 to 15 (Cy.5), 2 t0 10
(Ca.10), O 2 to 6 {Cy.6) carbon atoms, or a branched divalent hydrocarbon radical of 3 to 20
(Cs.20), 310 15 (Csu5), 3 10 10 (Ca.po), 07 3 €0,6 {Cj.6) carbon atoms, Examples of alkenylene
groups include, but are not limited to, ethenylene, allylene, propenylene, butenylene, and 4-

methylbutenylene.

[0030] The term “alkynyl” refers to a linear or branched monovalent hydrocarbon
radical, which contains one or more, in one embodiment, one to five, carbon-carbon triple
bonds. The alkynyl may be optionally substituted as described herein. The term “alkynyl”
also encompasses both linear and branched alkynyl, unless otherwise specified. In certain
embodiments, the alkynyl is a linear monovalént hydrocarbon radical of 2 to 20 (Cz.20), 2 to
15 (Ca.13), 2 to 10 (Ca.0), OF 2t06 (Cz6) cafbon atoms, or a branched monovalent
hydrocarbon radical of 3 to 20 (Cs.00), 3 10 15 (Ca.s), 3 to 10 (Csopp), o1 3 to 6 (Ci.¢) carbon
atoms. Examples of alkynyl groups include, but are not limited to, ethynyl (-C=CH) and
propargyl (~-CH,C=CH). For example, Ca.¢ alkynyl refers to a linear unsaturated monovalent



() or a single enantiomer, a racemic mixture, or a mixture of diastereomers thereof; or a
pharmaceutically acceptable salt, solvate, or prodrug thereof; wherein: R5 is -OH, -NR8R9,
-NHS(0)2R8, -NHS(0)2NR8R9, -NHC(0)R8, -NHC(0)NR8RY9, -C(0)R9, or -C(0)NR8R9; wherein:
each RS is itiapedemti? hydrogen, C1.6 alkyl, C7-6 alkenyl, C7-6 alkyn#C&3 20t/ C6.14 aryl,
heteroaryl, heterocyclyl, C1.6 alkyl-C3.7 cycloalkylene, -CH2NRgaR81', -CH(Rac)NR8aR8b,
_CHR8ccHRBrENRBzadBhI of 2 to 6 carbim aroBHR2GRkRBNR8aRAGIvheteinieach R8a, Rae, and
R8d is in ndently kyl, 02. 6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, 06.14 aryl,
heteroar;ilsﬁgterocycfgla%%?gg@laga%ry?% XI'kafnne and each R813 is independently
hydrogen ]%%alkyl .6 alkenyl, C2- 6 alkynyl, C3.7 cycloalkyl, C6-14 aryl, heteroaryl, heterocyclyl,
-S(0)kR119UEH)KNRIIRES CRROFRYTYIens)) oriars to@dyRaR OR S 2BThes R4 ke tvherein each
R", R12, mﬁaﬂl&hﬁcﬂnd@mﬂd@ﬁ&whﬁ@ﬁfwﬁﬂo%@&lkﬁh&ﬁ @xaékemwe GarBoaliexmyh fpié cycloalkyl,
C6-14 aryk h%terc% aIllkor ftero l; or Rl]l} dm eth e N atom to which they are
attached form heterdeytiy1= o1 Sr?énﬁ?é’ta’ SJ8HTHE 7\°I 8 E5eihict & are attached form
heterocyclglkamdene” also encoeamsaﬁbstinﬂmmradébt’qnhlyeﬁ(a@qmyﬂ)&r@ aikyksﬁﬂxﬁ'\aikaenyl 02-6
alkynyl, O 0 roar eteroc r 9 to ether.with the N atom
to which t%jgy{;%yr% aqf%g%%? for etré%%%:g %Xk e S ﬁy%rrg‘bvsfi? n rOff(ar 8?8 ﬁﬁeéyl C2-6
alkynyl, C3{7 €y tiealidy? @634 Grys) Hét@rtfh(% ol laefeio byEhyk) wrbozommg:sgmwwmwg/oooass

L is a bongh GdnBratidensead Gy apaiyiane,Ga: @a;"i%nede 5%@@{’@9 yiepes & &c ﬂ
_(cR6aR66)px Whereln p is an integer of 1, 2, or 3; Rs and Rob are each mdependently ydrogen,
halo, cyafi®, Oiﬁ&xnas@@c SHevDs- m@(@obur@@(mhn@@)wmhynmmcm)NR15-

. -C(= NRl@N%}-amN &%M&WHQ@E@—). For example, C,.4 alkynylene refers to a linear

unsaturated divalent hydrocarbon radical of 2 to 6 carbon atoms or a branched unsaturated

divalent hydrocarbon radical of 3 to 6 carbon atoms.

[0032] The term “cycloalkyl” refers to a cyclic saturated bridged and/or non-bridged
monovalent hydrocarbon radical, which may be optionally substituted as described herein. In
certain embodiments, the cycloalky! has from 3 to 20 (Cj.20), from 3 to 15 (Cs.y5), from 3 to
10 (Cs.10), or from 3 to 7 (Ca.y) carbon atoms. Examples of cycloalkyl groups include, but are
not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycioheptyl, decalinyl, and

adamantyl.

[6033] The term “cycloalkylene” refers to a cyclic saturated bridged and/or non-
bridged divalent hydrocarbon radical, which may be optionally substituted as described
herein. In certain embodiments, the cycloalkylene has from 3 to 20 (Cs.00), from 3 to 15 (Ca.
15), from 3 to 10 (Cs.10), or from 3 to 7 (Cs.7) carbon atoms. Examples of cycloalkylene
groups include, but are not limited to, cyciépro’iay}ene, cyclobutylene, cyclopentylene,

cyclohexylene, cycloheptylene, decalinylene, and adamantylene,

[0034] The term “aryl” refers to a monocyclic aromatic group and/or multicyclic
monovalent aromatic group that contain at least one aromatic hydrocarbon ring. In certain
embodiments, the aryl has from 6 to 20 (Cs.20), from 6 to 15 (Cg.15), or from 6 to 10 (Cg.10)
ring atoms. Examples of aryl groups include, but are not limited to, phenyl, naphthyl,
fluorenyl, azulenyl, anthryl, phenanthryl, pyreny!, biphenyl, and terphenyl. Aryl also refers

to bicyclic or tricyclic carbon rings, where one of the rings is aromatic and the others of

1



-NRI4S(0)kNR15-, -S(0)k-, -S(0)kNRI4m-R(0)(0OR14)-, or -OP(0)(0R14)-, where each R14, R15, and
R16 is independently hydrogen, CI_e, alkyl, C2-6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6-14 aryl,
heteroaryl, or heterocyclyl; Q1 is-O-, -N(R17)-, -C(R18R19)-, or -CR"(NR18R19)-; wherein:

each R" and" B¢ ¥dfEpendently hydrogen, 01-6 alkyl, C2.6 alkenyl, cz?é”é’ﬁ%%’f)ﬁ“@%‘lsf cycloalkyl,
C6.14 aryl, heteroaryl, or heterocyclyl; and  each R19 is independently -R20, -C(0)R20, -C(0)0R20,
-C(O)NR2thRhmay 1z ssrurai@iresin i posaRoper angrenatisader RepnRe diBydrRaphdihdependently

hydrogenGehf, aliodnf2& aiemyd GRS CHRlealorh S6sddiaurin BT AR higs be
heterocyclyl; or R21 and R22 together with the N atom to which they are attached form heterocyclyl;
or optiofelly subgtiuter STk REF RATRHSELSHIRFRID I 26 (FPFERA LS ™S attached form cycloalkyl or

heterocyclyl; Q2 is C3-9 alkylene, 03.9 alkenylene, or C3.9 alkynylene, each optionally
containinff8¥& to thre&heterwdianyisin thdah & indepenbeatly/ seteatedyflondi®aNpiand S; and each k

Is i“depe%%?ﬁlﬂﬁé ?&‘%ﬁ%ﬁr"%gﬁﬁri‘@ ast one WOEIGID ﬁ%gﬂﬁ%k alylene.cAlsavadlignyigne, alkynyl,

alkynylene, ary , cycloalkylene, heterocycilylt, teroaryl Is optionally substituted with

n
one or mte @rbus s dermiepEhdenty) Seractdd Hotheyas, It & A& .ot BREIRAMD2-6 alkenyt,
C2_6 alkynyinfids dravsloalion 6 hdiaty hielgraaliRrheierprueidne acth pipanally substituted with

one or mare, in one embodiment, one, two, three, or four, substituents Q; or C(0)123, -C(0)01111,
-C(0)NREREreR{RIReIRIESIE ORI YRBfo pREDBEBYERS, P B RIROPEISBATEN RMINRDR”, -0S(0)R3,
-0S(0)2RarpASfNR DRy S U33NRER B BNREIR orRGEIE HRkhoriNRRG, (AH¥RDonbIRakd GIYRDR,

-NRaC(=NRd)NRbRc, NR3S(0)Rb, -NRaS(0)2Rb, -NR3S(0 bRc, -NR'S(0)2NRbR", -SR', -S(0)R3,
or -S(0)2R&" eﬁﬁ%%‘éﬁ?%é\t‘%oﬁgﬁ(f%?f‘ﬁ?%ﬁl }&Sma%%ia’éﬁ)f%%&%&gﬁﬁ%%%%ﬁ%zf%fa|keny|,
- 02.6 alkyeyin@8, dinydtoaligyithGk:ie] iaddnyieteroadyhydereetenecyblydreachioptionaliesalnstifuted with

© one or more, in one embodiment, pne, two, three, or.four, s i t - or Rb.and Re together with
AL s Puioun SYRSHeNs Qo RBANGRe tog /
e N a0 e b R e e e o ore. in

one embodiment, one, two, three, or four, substituents Q; WO 2009/099596PCT/US2009/000688
wherein d48#60) is indepérigBntiLererteld frrs it JronpesHeRIGRAEE &yapaMHRS, or nitro; 01,6 alkyl,
C2.6 alkenyltiog-BeatknicGootrialpadkvhits Bclid-af vhhaiarosio/tiny, heierasyedidone(0)12.e,
-C(0)ORe, -C(0)NRI1RS, -C(NRe)NR11128, -0C(0)Re, . 0C(Q)012e, -0C(0INR11128, -0C(=NR)NRIRS,
-OS(O)Re?”-?i%?%Sﬂ‘ﬁe‘ff’-’b‘ RASFRIENBS fi‘ﬁﬁgi‘%‘ifé%e% Y RRSE ﬁT‘l&aéFﬁé’Q%mRn,

-NReC(0dEH R8¢ MR eEErd RN NRIREn NReE{@Rf o NReS @R ] ork RESEO NRIRS, and/or
-NReS(0)2NR1112 of - herei R Rh is.in drogen;
C.6 aIkyI,O&PQFg éq&re%]yz}fogf 3 Q%@%é%%éﬁgcﬁ?gagﬂﬁp% gflgler tg%%tﬁg% Po%ar(jﬁ/‘il, rﬁ%@iﬁoﬁ&%ﬁﬁ%’or Rand
R8 togetifad i thegNaagnstal WAaR ITRERaRs atedth &t RITAINRIMORSERAY!S [§B5TIPr gt hsther
embodimgpt, &, 00MRRHRA O FAsMtien! h@s BERIMGEHEE B amples of monocyclic heteroaryl

groups include, but are not limited to, pyrrolyl, pyrazolyl, pyrazolinyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl, furanyl, thienyl, oxadiazolyl, pyndyl,
pyrazinyl, pyrimidinyl, pyridazinyl, and triazinyl. Examples of bicyclic heteroaryl groups
include, but are not limited to, indolyl, benzothiazolyl, benzoxazolyl, benzothienyl,
‘quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyi,
benzofuranyi, isobenzofuranyl, chromony}; coumarinyl, cinnolinyl, quinoxalinyl, indazolyl,
purinyl, pyrroiopyridinyl, furopyridinyl, thienopyridinyl, dihydroisoindolyl, and
tetrahydroquinoliny]l. Exampies of tricyclic heteroaryl groups include, but are not limited to,
carbazolyl, benzindolyl, phenanthrollinyl, acridinyl, phenanthridinyl, and xanthenyl. In
certain embodiments, heteroaryl may also be optionally substituted with one or more

substituents Q as described herein.

{0037] The term “hetérocyciyi” or “heterocyclic” refers to a monocyclic non-aromatic

ring system and/or multicyclic ring system that contains at least one non-aromatic ring,
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Formula Il: QIN 0 a (Il) wherein: R6, L, Q1, and Q2 are each as defined herein; and R3is
hydrogen; C1.6 alkyl, 02.6 alkenyl, C2-6 alkynyl, 03.7 cycloalkyl, 06.14 aryL, heteroaryl, heterocyclyl,
or C1.6 alkyl-C3.2 cycloalkylene, each optionally substituted with one or more substituents Q; or
-CH2NR3aREQBXOMRPSNR30aR301), CHR3cCHR3IJdANR3CiaR3Db, o Y B NRI11R 3N,
wherein: each R30e, R3’, and Rmd.is independently hydrogen; C1.6 alkyl, 02.6 alkenyl,
02.6 alkyw}kro PrsyetoatkyloObe mm%mrmwommbytﬁmammqapmmy seﬁkw@ne each

optionallygubgfitdted wath, 9he Q&m%g RS A8 atoms. In cena&a&n
independently hydrogen; C1.6 alkyl, 0276 alkenyl, C2.6 alky ngl 03-7 cycloall é)( C6 14 ar\él heteroaryl

or heterob%ﬁﬂcﬁéﬁh%ﬁﬁﬁﬁ%w’g&B@ﬁﬁtb@e\ﬁﬁﬁl&w@ P rfvora 3im i ferisige Brdyrmrto

-S(O)NRALR1Z15 G (@} fbin ﬁé@%éha&éo)h«i%eﬁa& embodiments, theMrldroiREANR11R12; wherein
each R11,1212, and R13 is independently hydrogen; C1.6 al‘gﬁl 02.6 alkenyl, 02.6 alkynyl, C3.7

cycloalkyMRRPIYE Uty PR EFo T CHF HESERENE BRE RSIStnaiiP R st AR ASHESr more
subsmuemm@mmy\é@maﬁmasﬁeﬁmwee&ﬁa& Romp iRl Bfogeithealiyithiied) atom to

which the attached form heter c 0 onall substituted. with one or morge subst uents Q; or
R30a anc‘ixls gﬁ %oge tRaF \W‘?ﬁr%h ﬁ%‘on?/ t%Lpa RICH %{ﬁ’ey gsre attached torm e ero&/cfy ry heteroaryl,
each optisralayedybstitatediwithherizteronalysubsitugtieh@l {0051 niyetansitert embodiment, the
Compounrqe@}ga%m%’;‘cla%% m&%m%ﬂrfeﬁﬁgqﬁ%%r%ﬁon of a stable compound. Examples of

such heterocyclic radicals include, but are not himited to, acridinyl, azepinyl, benzimidazolyl,
benzindolyl, benzoisoxazolyl, benzisoxazinyl, benzodioxanyl, benzodioxolyl,
benzofuranonyl, benzofuranyl, benzonaphthofuranyl, benzopyranonyl, benzopyranyl,
benzotetrahydrofuranyl, benzotetrahydrothienyl, benzothiadiazolyl, benzothiazolyl,
benzothiophenyl, benzotriazolyl, benzothiopyrényl, benzexazinyl, benzoxazolyl,
benzothiazolyl, B-carbolinyl, carbazolyl, chromanyl, chromonyl, cinnolinyl, coumarinyl,
decahydroisoquinolinyl, dibenzofuranyl, dihydrobenzisothiazinyl, dihydrobenzisoxazinyl,
dihydrofuryl, dihydropyranyl, dioxolanyl, dihydropyrazinyl, dihydropyridinyl,
dihydropyrazolyl, dihydropyrimidinyl, dihydropyrrolyl, dioxolanyl, 1,4-dithianyl, furanonyl,
furanyl, imidazolidinyl, imidazolinyl, imidazolyl, imidazopyridinyl, imidazothiazolyl,
indazolyl, indoiinyl, indolizinyl, indolyl, isobenzotetrahydrofuranyl,
isobenzotetrahydrothienyl, isobenzothienyl, isochromanyl, isocoumarinyl, 1soindolinyl,
isoindolyl, isoquinolinyl, isothiazolidinyl, isothiazolyl, isoxazolidinyl, isoxazolyl,
morpholinyl, naphthyridinyl, octahydroindolyl, octahydroisoindolyl, oxadiazolyl,
oxazolidinonyl, oxazolidinyl, oxazolopyridinyl, oxazolyl, oxiranyl, perimidinyl,
phenanthridinyl, phenathrolinyl, phenarsazinyl, phenazinyl, phenothiazinyl, phenoxazinyl,
phthalazinyl, piperazinyl, piperidinyl, 4-piperidonyl, pteridinyl, purinyl, pyrazinyl,
pyrazolidinyl, pyrazolyl, pyridazinyl, pyridiny!, pyridopyridinyl, pyrimidinyl, pyrrolidiny!,
pyrrolinyl, pyrrolyi, quinazolinyl, quinolinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuryl,
tetrahydrofuranyl, tetrahydroisoquinolinyl, tetrahydropyranyl, tetrahydrothienyl, tetrazolyl,
thiadiazolopyrimidinyl, thiadiazolyl, thiamorpholinyl, thiazolidinyl, thiazolyl, thienyl,
triazinyl, triazolyl, and 1,3,5-trithianyl. In certain embodiments, heterocyclic may also be

optionally substituted with one or more substituents Q as described herein,

0038} The term “alkoxy” refers to an ~OR radical, wherein R is, for example, alkyl,
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wherein: R5, L, Q1, and Q2 are each as defined herein; and Z is CR3' or N; R2', R3', R5', R6', RI, and
R8' are each independently: hydrogen, halo, cyano, trifluoromethyl, or nitro; C1.6 alkyl,
C2.6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6-14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted With 23AEEPHfore substituents Q as described herein; or PUT/USE8P0NIREE8-C(0)0123,
-C(0)NRbltc, -C(NR7NRbiltc, -012a, -0C(0)1r, -0C(0)01(a, -OC(0)NRbR", -0C(=NR8)NRbRa, -0S(0)Ra,
-0S(0)21riesy0)NRBR, cO8ie)RNRDR ) ctiRDRE orNRaG IR, eAlRaC®@I0RY haHR8C(0)NRbRe,
-NRaCt-- y - - NRbRE.- ’%Ic\’lgg . -S(0)Ra, or
_S(O)Zle!ﬁ%@%@?ﬁlﬁ%ﬁ%%ﬁgng%&gﬁ l%g)%]%g%e%%ggﬁydrog%%%ﬁl{%g yl, CQS,{’éz alkenyl, C2.6
alkynyl, QBIPRYYI GaIPOEG- 1P WY hisebrsaxyt, fer HateracyiyickeaohosptibhenBrsubmeREd with one or

more subgiiuentsiharLeseibatRessiRARRI A 12 ogethes wathshs Migamsieuadich they are
attached form heterocyclyl, optionally substituted WO 20091099596PCT/US20091000688 with one or

more subSEitRPRE 575 described herein. [0052]in yet another embodiment, the compound of Formula
| has the structure of Formula 1V: [0053]In certain embodiments, Q2 is C3.9 alkylene. In certain
embodimBHRIIQ2 is C31%: adkeriderid réfecenain 8MDBdmiEnts WO ¢3S, Akemyleple, kg one
carbon-caj QHRIE IR RINSL S8t o%”gs?xc ngUralian. N carangmbediments, Q2 is C3.9
alkenylene&%%lffilg dn@%?g}gon-cgr’gjc{#doug%re ond in c?s cg)ﬁ:\%ghraﬁ}m: N certagn embodiments, Q2 is

03.9 alkyhyieRelefousHheerrbine g divh ersonssblecisatilomapie o bipteridisting of:  wherein:
isobutanoyl, pentanoyl, hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl, dodecanoyl,
tetradecanoyl, hexadecanoyl, bctadecanoyl, eicosanoyl, docosanoyl, myristoleoyl,
palmitoleoyl, oleoyl, linoleoyl, arachidonoyl, benzoy!l, pyridinylcarbonyl, and furoyl. In

certain embodiments, acyl may also be optionally substituted as described herein.

[G040] The term “halogen”, “halide” or “halo” refers to fluorine, chiorine, bromine,

and/or iodine.

[0041] The term “optionally substituted” is intended to mean that a group, such as an
alkyl, alkylene, alkenyl, alkenylene, alkynyl, aikynylene, cycloalkyl, cycloalkylene, aryl,
arylene, heteroaryl, heterocyclyl group, alkoxy, or acyl, may be substituted with one or more
substituents independently selected from, e.g., alkyl, alkylene, alkeny!, alkenylene, alkynyl,
alkynylene, cycloalkyl, cycloalkylene, aryl, arylene, heteroaryl, or heterocyclyl, each
optionally substituted with oné or more, in one embodiment, one, two, three, or four,
substituents Q; halo, cyano (—CN), nitro (-NQ;), ~8R?, ~S§(O)R?, ~8(0):R®, ~C(O)R",
—C(OYOR?, —C(O)NRR®, ~CANRYNR'R®, ~OR?, ~OC(OIR?, ~OC(O)OR?, ~OC(OINR RS,
~OC(=NRYNRR?, —OS(O)R?, —OS(O),R*, ~OS(OINRPR®, ~0S(0); NRPR, -NR’R®,
~NR?’C(O)R®, -NR'*C(O)OR", -NR*C(O)NRR®, -NR*C(=NRY)NRR*, ~NR*S(O)R",
~NR*S(O},R", ~NR*S(O)R’R’, or -NR*$(0);R°R’; wherein each R®, R", R®, and R% s
independently hydrogen; C.¢ alkyl, Cag alkenyl, Cs. alkynyl, Cy7 cycloalkyl, Cg.14 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more, in one embodiment,
one, two, three, or four, substituents Q; or R® and R® together with the N atom to which they
are attached form heterocyclyl, optionally substituted with one or more, in one embodiment,
one, two, three, or four, substituents Q. As used herein, all groups thét can be substituted are

“optionally substituted,” uniess otherwise specified.
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Zis -0-, -S-, or -N(Rz)-, wherein Rz is hydrogen, C1_6 alkyl, aryl, heteroaryl, heterocyclyl, -C(0)R,
-C(0)0OR, -C(0)NRIibe, -S(0)2NRzoRz.0, or -S(0)2R; and nZb, each R K za, and Rio is independently
hydrogen, Ci..6 alkyl, 02.6 alkenyl, 02-6 alkynyl, C3.7 cycloalkyl, C6_14 aryl, heteroaryl, or
heterocyclylVs R¥PAHAR 16 together with the N atom to which they are BHEEIFEI6{FReterocyclyl or
heteroaryl, wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl is
optionallyfepdistituted Wﬁmmﬁodiﬁrmslﬂasﬁﬁémﬁs@;ﬂsdﬁsmmmérﬁm fbessdupone embodiment,

2s defnea HET S B A A b S e
compounck @mtmwvlhasithetwmbﬁe DIFEFRNRE MCK(QB‘{BR 1—1@(O)NR 'RE, -C(NR)NRRE,
~OR’, ~OC(O)R’, -OC(O)OR”, ~OC(OWNR'RE, —-OC(=NRYNR'RE, ~OS(O)R®, ~OS(O%R",
~OS(O)NR'R?, ~08(0),NR'RE, -NR'R?, NR*C(O)R', -NR°C(O)OR', -NR°C(O)NRR?,
~NRC(=NRMNRR®, NR“S(O)Rf ~NRS(0),R, -NR°S(O)NR'R?, -NR°S(0),NR'R8, -SR’,
~8(O)R®, and —S(O),R"; wherein each R®, R\, RE, and R" is independently hydrogen: Ci.g
alkyl, Cyp.¢ alkenyl, Ca.5 alkynyl, Cs.7 cycloalkyl, Cs.14 aryl, heteroaryl, or heterocyclyl; or R
and R® together with the N atom to which they are attached form heterocyclyl.

(0043} In certain embodiments, “optically active” and “enantiomerically active” refer
to a collection of molecules, which has an enantiomeric excess of no less than about 50%, no
less than about 70%, no less than about 80%, no less than about 90%, no less than about 91%, |
no Iess than about 92%, no less than about 93%, no less than about 94%, no less than about
95%, no less than about 96%, no less than about 97%, no less than about 98%, no less than
about 99%, no .iess than about 99.5%, or no less than about 99.8%. In certain embodiments,
the compound comprises about 95% or more of the desired enantiomer and about 5% or less

of the less preferred enantiomer based on the total weight of the racemate in question.

[0044] In describing an optically active compound, the prefixes R and S are used to
denote the absolute configuration of the molecule about its chiral center(s). The (+) and (-)
are used to denote the optical rotation of the compound, that s, the direction in which a plane
of polarized light is rotated by the optically active compound. The (-) prefix indicates that
the compound is levorotatory, that is, the compound rotates the plane of polarized light to the
left or counterclockwise. The (+) prefix indicates that the compound is dextrorotatory, that
is, the compoﬁnd rotates the plane of polarized light to the right or clockwise. However, the
sign of optical rotation, (+) and (-), is not related to the absolute configuration of the

molecule, R and §.

[0045] The term “solvate” refers to a compound provided herein or a salt thereof,
which further includes a stoichiometric or non-stoichiometric amount of solvent bound by

non-covalent intermolecular forces. Where the solvent is water, the solvate is a hydrate.
Compounds

[0046] HCV has a single positive-stranded RNA genome having about 9.6 kb in

i4



(VI) wherein R6, R30, L, Q1, and n are each as defined herein. WO
2009/099596PCT/1JS2009/000688 [0057]In yet another embodiment, the compound of Formula V has

the structure of Formula VII: (VIl) wherein R5, R2', R3', le, R6', re, R8, L, Q1,
Z, and n are"t82A'&4%&ed herein. [0058]In yet another embodiment, tHE- &GP EEFormula v
has the structure of Formula VIII: R2F 000 o0,JI, "s" NR3 (VIIl) wherein R30,

R2', R3', RbgtRBytRycHRISS 4 JaQek, 1ol yndteimba vag htnsididiibantiereinid0 069 TiTecyronms, R5, R6, R30,
RT, R3', %ﬁyﬁ%@éﬁhﬁs‘%ﬁéh droRLse? 2nt89%R 48 FAHRIUAE HotlntYimiting/dhRREhMN are further

defined herein. All combinations of the embodiments provided herein for such groups are within the

scope of &b el Ly couOto s oid gosdeh et uaPemrbgabEgteins, including NS2, NS3,
NS4A, NS4B, NSS5A, and NS5B, by host signal peptidases and two viral proteases, NS2-3

and NS3. The NS3 protein contains a trypsin-like serine protease domain at its N-terminus,
while its C-terminal domain has helicase activity. Because of its vital role in viral replication,
HCV NS3 serine protease has been actively pufsued as a drug target for developing a new

anti-HCV therapy.

[0047] Inhibitors of HCV NS3 protease that have been reported include linear and
cyclic peptides and peptide mimetics, and non-peptide molecules (Llinas-Brunet et al.,
Bioorg. Med. Chem. Lett. 1998, 8 1713-1718; Steinkiihler et al., Biochemisiry 1998, 37,
8899-8905; U.S. Pat. Nos.: 5,538,865, 5,990,276, 6,143,715, 6,265,380, 6,323,180;
6,329,379, 6,410,531, 6,420,380; 6,534,523, 6,608,027, 6,642,204; 6,653,295; 6,727,366;
6,838,475; 6,846,802, 6,867,185, 6,869,964, 6,872,805; 6,878,722; 6,908,901; 6,911,428;
6,995,174; 7,012,066, 7,041,698; 7,091,184, 7,169,760; 7,176,208; 7,208,600; U.S. Pat. App.
Pub. Nos.: 2002/0016294, 2002/0016442; 2002/0032175; 2002/0037998; 2004/0229777,
2005/0090450; 2005/0153877, 2005/176648; 2006/0046956; 2007/0021330; 2007/0021351;
2007/0049536; 2007/0054842; 2007/0060510; 2007/0060565; 2007/0072809; 2007/0078081;
2007/0078122; 2007/0093414; 2007/0093430;2007/0099825; 2007/0099929; 2007/0105781,
WO 98/17679; WO 98/22496; WO 99/07734; WO 00/09543; WO 00/59929; WO 02/08187,
WO 02/08251; WO 02/08256; WO 02/08198; WO 02/48116; WO 02/48157; WO 02/48172;
WO 02/60926; WO 03/53349; WO 03/64416; WO 03/64455, WO 03/64456;, WO 03/66103;
WO (3/99274; WO 03/99316;, WO 2004/032827, WO 2004/043339; WO 2005/037214; WO
2005/037860; WO 2006/000085; WO 2006/119061; WO 2006/122188; WO 2007/001406;
WO 2007/014925; WO 2007/014926; WO 2007/015824, and WO 2007/056120). However,
citation of any reference herei'n is not an admission that such reference is prior art to the

present disclosure.

[0048] Provided herein are compounds which are useful for the freatment of HCV
infection, which, in one embodiment, can have activity as HCV serine protease inhibitors.
Also provided herein are pharmaceutical compositions that comprise the compounds,

methods of manufacture of the compounds, and methods of use of the compounds for the

treatment of HCV infection in a host in need of treatment.
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[0060]In certain embodiments, nis 0, 1, 2, 3, 4, or 5. In certain embodiments, n is O. In certain
embodiments, nis 1. In certain embodiments, n is 2. In certain embodiments, n is 3. In certain

embodiments, n is 4.‘!n(certain embodiments, n is 5. [0061]In certain emt%%ozljrgezgt%,/ FOQO(Sﬁég hydrogen. In
certain emb%ﬁﬁ@ﬁ@f) RS is Ci_o alkyl, C3.7 cycloalkyl, C6.14 aryl, heteroar)/l, o Pie?erocyclyl, each

optionally substituted with one or more substituents Q as described herein. In certain embodiments,
R6 is Ciy.(@‘é?llyl, optidRANF STHRAAIMSE WK Bt Serrisris 3 ssamaurtotl tain embodiments, R6 is
C2_6 alkenyl, optionally substituted with one or Riore substituents Q. In certain embodiments, R6 is
C2.6 alkynyl, optionally substituted with one df more substituents Q. In certain embodiments, R6 is
C3-7 cycloalkyl, optionally substituted with gne.or more substituents Q. In certain embodiments, R6 is
C6-14 aryl, optionally substituted with one @re substitients Q. In certain embodiments, RP is
heteroaryl, optionally substituted with gne_er mbke ﬁbstiﬂﬁgnts Q. In certain embodiments, R6 is
heterocyclyl, optionally substituted with o\n\e or n:zaﬁz sufstitdents Q. [0062]In certain embodiments, R6
is selected from the group consisting of: ereifl: R2 RS, R5', K.-.6', R7', and R8' are each as
defined herein; RI' is independently: hydroge /@ano, trifluoromethyl, or nitro; Ci.6 alkyl, C2-6
alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6-14 aryl, WO 2009/099596PCT/U52009/000688 heteroaryl,
or heterocyclyl, each optionally substituted with ofig or more substituents Q as described herein; or

'C(O)Rig%ﬁ%%&%%%ﬁ%@%&%?@%ﬁ MR, BNROR, rh(?gih:é%%?gﬁé’ré%é@%@og%%o)NRbRa’

-0C(=N Ra, -0S(0)Ra, -05(0)212a, -05(0)NRbRd, -OS(0)2NRbRa, -NRbRa, -NR8C(0)Rb,
-NRaC(CjerbaceiRertiiosriRpRel e Mk selsRe) RRERE hRPPS (0)Rb, -NRaS(0)2Rb, -NRaS(0)NRbRb,
-NRaS(Q)ZNRRRe, -SRa, -S(0)Ra, or -S(0)2Ra; wherein each Ra, Rb, Re, and Rd is independently

- hydrogen; Ci.6 alkyl, C2-6 alkenyl, G2.6 alkynyl, C3.7 eycloalkyl, €6-14 aryl, heteroaryl, or

" heterocyclyl, each opﬁoﬁ%ﬂ?%&ﬁ§%?§dT/Wéﬁzf;@gwn%é%m%gnﬁ de&cribed herein; or Rb

and Ra togathenwithrthe-tatmh tr whichiiREég arehatiaghed form heterocyclyl, optionally substituted

with one or more substituents s described herein; and each star (*).represents the point of

attachment. [0063]In certain® dlﬁ%ﬁ%’f?ﬁ@? {éyg%gﬁ?ﬁ’, é‘zﬁ.éﬁéﬁge i aﬁf%ygléﬁﬁyl, C3-7
alkynyl, Cs.7 cycloalkyl, Cq.14 aryl, heteroaryl, heterocyclyl, C,. alkyl-Cs.7 cycloalkylene,

—CHNR¥R® _CHR™NR¥R® —CHR¥®CHR¥NR¥R®, or ~CH,CR¥R¥NR¥R™, wherein:
each R* R*, and R* is independently hydrogen, C1.¢ alkyl, Ca.
¢ alkenyl, Co.6 alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, heterocyclyl, or Ces.14 aryl-Cis
alkylene; and
each R¥ is iridependently hydrogen, C,.¢ alkyl, Co6 alkenyl, C,.
¢ alkynyl, C1.7 cycloalkyl, Ce.14 aryl, heteroaryl, heterocyclyl, ~S(O)R Y, ~S(O)NR'R™,
~CORY, ~C(OYOR", ~C(OINRVR", or ~C(=ENR¥*INR'R'?; wherein each R!, R™ and
RPis independently hydrogen, C;.4 alkyl, Cy alkenyl, Cy6 alkynyl, Cs.7 cycloalkyl, Ceui4
aryl, heteroaryl, or heterocyclyl; or R and R'* together with the N atom to which they are
attached form heterocyclyl; or
R¥ and R® together with the N atom to which they are attached
form heterocyclyl; and | )
each R’ is independently hydrogen, C,.¢ alkyl, Ca.6 alkenyl, Co6
alkynyl, Ci.y cycloalkyl, Cg.4 aryl, heteroaryl, or heterocyclyl; or
R® and R’ together with the N atom to which they are attached form
heterocyclyl,
RC is hydrogen, Ci. alkyl, ng alkenyl, C,.¢ alkynyl, Ci.7 cycloalkyl, Ce.14
aryl, heteroaryl, or heterocyelyl;,

i6



cycloalkyl, C6-14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more
substituents Q as described herein. In certain embodiments, R2' is C6.14 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or more substituents Q gi§ ﬂ§ [ rein. WO
2009/09959&5’6‘!“}%%%69/000688 wherein each A is independently y%%g@r% gan, cyano, or
nitro; C1.6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C3-7 cycloalkyl, C644 aryl, heteroaryl, or heterocyclyl,
each optionally substithtéd oﬁéﬁfr‘éé’&sﬁbéﬁfﬁ%@ﬁ% &éﬁ%"e‘&'ﬁéf’efﬁ%ﬁﬁ]%’(‘@}ﬂ’ﬁ:
'C((Z)Olzﬁ,, &é@ﬁ}%ﬁ%xcéw&mla ?Rﬁm@ﬁéer@f(gm 3?%@)@%&3@5}@&&33@6})3{1%%)’@
-0C(=NR()NRbRd, -0S(0)Rd, -05(0)2R', -0S(0)NR ,-OS(0 Rd.,.: R O)R1',
-NRaC(O% EE W (553)1@1%%3}3%&@?5(@%&%2&5 & Iés‘(zt[)g b,‘ﬁgﬁ(‘oﬁ%g—/ RAS(0)NRbRd,
-4RaS(0)2NRBRR S RNR SRR e -ST0y2RE WRSFeineREIC RINIRHNRI®-and Rd is independently
hydrogen; 2.6 alkenyl, kyn ~{aycloalky, l, , or
heterocyclﬁjéggs(%ﬁ)%onélI?@Bs‘titg@(}% of:% %Sr;;l(‘?ol?e %ﬁéétit%géggg%éﬁﬁi%ﬁrem; or Rb
and Rd tGgetRer withRhdsNrdrnendswlyibbidtesyra© anlichedfoatrente ooy el ropterally substituted
with one %FdTBQﬁ%zﬁ@_Sg%{?Ptﬁe@ﬁééQP%?rﬁ@&@o@?&%m; each E is independently hydrogen; C1.6
alkyl, C2_56 alkenyl, ébp alicynyl, C3:7 cycloalkyl, C644 ary], heteroaryl, or heterocyclyl, each
optionally substituted Witf OTWB@SU&@RU%@‘QOQS‘&%S%&e)i‘éi‘r’i’;héfe-lﬁ‘(O)R, -C(0)ORa,
-C(0)NRbitc, WO 2009/099596R & T/43300 RGBS INVRANRIRE , 208y 1: QS (DRenyOC(0)01e,
-OC(O)NRbReI -0C(=NRa)NRIV, -0S(0)Ra, -OS(0)2R1, - S(O)%p, -0S(0)2NRbR.", -NRbre,
_NRaC(0}R5 ARIVE (030 R¥: RMWE (5N iR (QN%féi : 3RfRaS(0)Rb, -14RaS(0)2Rb,
-NRaS(0)NRbRc, -NWS(0)2NRhR? iSRdes)ialorR3(Q)2RRMheeio mt, Ra(GVRNR R is

-~ independe I_)f@é en2£1.6 alkyl, G2.6 alken 2.6,alkynyl, 3.7 cycloalk 6..14 aryl,
heteroarylfgér hetgﬁggyc%ylfgécg@fﬁawl esrﬁk%}téhﬂu% ER XHXIR i m&égﬁ%i ﬁ{%%f’ &

ed with one or more S (Sgaeg’described
herein; offRbadind, R:togiktinot. Kith theyhyatom tyslduilktytHey areyhttettrodridror hetemseytill coptionally

substitutag i) REGAMAS AHRRLNGM @ ARSIV NRERKL AR ACR AR 3o POInt O

attachment. [0065]In Certain embodiments, A is hydrogen, halo, cyano, nitro, C1-6 alkyl, C2.6 alkenyl,
C2.6 alkynyl, C3..7 cycloalkyR Cead Birylogrberomith thsr herhbeipan to whiskithaats aleghesikenyl,
alkynyl, m@wgﬁy[,ﬁ%@&y&ﬁpd heterocyclyl is optionally substituted with one or more
substituents Q as described herein, [0066]In certain embodiments, A is hydrogen, ?Io, cyano, or nitro;
C1..6 alkyl, C2.6 alkerfyl, €936 KW’&:%&%W%PF&&WTEWH NS ACR PHIRB  here Rb is
hydrogencaudii ggisre 1o ake/heorodiidnis tnahey JaminadignddRb RaeourefaviIDand did &re each
independently C1.6 alkyl), each optionally substituted with one or more substituents Q as described
herein. [ ]In certain embodiments, A is hydrogen or C1.6 alkyl, optionally substituted with one or
more substituents Q asadescradkperdint!inaoentageerhbodihents, A is hydrogen. In certain

embodiments, A is C1,6 aliyl QpiaNAY sASHLUIREL NI 905 AL MOIRSHbSUiNeRIs,Q. g described

herein. In certain embodiments, A is C2.6 alkenyl, opfionally substitutéd with dné or more substituents

Q as deséYibedlfrérevslodledenanhetprsarbird peisremd BIRPHENDtBIaW SebeituRRF Rith one or
more subglityerts,f? ascH essiRadhereinldncariain STHOHIRE BISH IS €3 alksy g kitepptionally

. substituted with one or more substituents % as described herein. In certain embaodiments, A is C6.14

aryl, optibrdIRNSEsLratedy thd oreor BEISRAGANS RS aEdlisagnRRERRaIN certain
embodimerntsithds hitesaand noptionadhestisiitiied it ane ohreerersubstiventsQiagdescribed

@ 50 deser il e eertt B e R TR e s a0 dIRcs merein. In cortan
embodimeR OANERIRERE(IRIIRRE afF ReRIre @46H)R" dePREDNER RS, +O8PaMReRbodiments,
A IS ISOPTQRMIIMINQRC(0)R®, -NR*C(O)OR?, ~NR*C(O)NRYR?, ~-NR*C(=NRYNRR®,

—NR*(O)R", -NR*S(0);R", “NR*S{OINR R, -NR*S$(0);NR"R*, ~SR*, ~S(O)R?, or

~S(0},R* wherein each R?, R, R, and R is independently hydrogen; C,. alkyl, Ca.6

alkenyl, C,.¢ alkynyl, C;.7 cycloalkyl, Ce.14 aryl, hetercaryl, or heterocyclyl, each optionally

substituted with one or more, in one embodiment, one, two, three, or four, substituents Q; or

R’ and R® together with the N atom to which they are attached form heterocyclyl, optionally

substituted with one or more, in one embodiment, one, two, three, or four, substituents Q;
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WO 2009/099596PCT/US2009/000688 [0068]In certain embodiments, A is hydrogen, cyano, fluoro,
methyl, ethyl, n-propyl, isopropyl, isobutyl, isopentyl, trifluoromethyl, ethenyl, ethynyl, cyclopropyl,
cyclobutyl, benzyl, 2-morpholin-4-yl-ethyl, methoxy, ethoxy, or isopropylamino. In certain
embodimentd 929 %Yyen,, cyano, methyl, isopropyl, isobutyl, trifluoront&thViSJ&Yi3rEDHy!,
cyclobutyl, ethenyl, ethtnyl, methoxy, ethoxy, or isopropylamino. [0069]In certain embodiments, E is

hydrogen, C1..6 alkyl»8e@treh{ icnéeatiodeptl CRITcSRE ISRk yheEEoIn epPbiHE®R I SHENS; or
heteroa%wve@ﬁ%e@cpa@%ylc@lbsmémﬂlkzpyhlﬁyﬂ@%ﬂ ,cwéanalﬁ@&%ﬁn@lé%a&m syl is

optionally substituted Wlth one or more substituents.

is hydro§eisTereth, OétT@{OﬁBrop%%Q&@pﬁ(Qg}g%&@pﬁ%%@lRlso%tqugﬁ@?ﬁo

as described hereir). In certain embodiments, E

methyl, benzyl,

2-morp hcm(@)dmh,ylmy@quﬁdg LUTANRGHRRE, SIOXY)HT ISOPOpHEMDS(GINERA/N

embodim
2-morpho

iR e

oo ser P odRH oD OReS Foeh

dsopentyl, benzyl, or
tertain embodiments, R2' is

selected-MRTC(FRIBIONR BEN<iERITRIOFRA—NRFSO)R ] CNREBLAYNR A ANRIUN)NRBE SR,

—S(OIR, or —S(O)R%; wherein each R®, R, RE, and R" is independently hydrogen; Ci.¢ alkyl,
Ci.6 alkenyl, Cag alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl; or R’ and R®

together with the N atom to which they are attached form heterocyclyl.

[0050]

Formula 11

wherein:

In yet another embodiment, the compound of Formula I has the structure of

gl RS

O

IRV

""'*--."'\ N / “~ 30
O za

Q

N E

»

ey

R® 1, Q', and Q7 are each as defined herein; and
R¥is hydrogen; C,.¢ alkyl, Ca6 alkenyl, Css alkynyl, Cs.y cycloalkyl, Ce.14

aryl, heteroaryl, heterocyclyl, or Cy¢ alkyl-Cs7 cycloalkylene, each optionally substituted
with one or more substituents Q; or ~CH,NR3#R3%® _CHRVNRIER3,
—CHRPCHR*™NR¥™R*®, or -CH.CR?*R*NR**R’®, wherein:

each R*® R3® and R*™ is independently hydrogen; C, ¢ alkyl,

Ca.g alkenyl, Co.s alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, heterocycelyl, or Ce.y4 aryl—

Ci. alkylene, each optionally substituted with one or more substituents Q; and

each R** is independently hydrogen; Cy.q alkyl, Ca¢ alkenyl,

Ca.s alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q; —S(O)R!!, —S(OXNR''R"?, —C(O)R",
—C(OYOR', —C(O)NR'R™, or ~C(=NR"*)NR''R'% wherein each R'', R, and R" is

independently hydrogen; Ci. alkyl, Co. alkenyl, Ca alkynyl, Cs.y cycloalkyl, Ce.14 aryl,

heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q; or

1%



[0071]In certain embodiments, L is a bond. In certain embodiments, L is C1.6 alkylene, optionally
substituted with one or more substituents Q as described herein. [0072]In certain embodiments, L is
-(CReaR66, p-_) A, wherein R6', R6b, X, and p are each as defined herein. In certain embodiments,
R6a and Rol @& itdependently hydrogen or halo. In certain embodiféAig24%¢Me@R6aR6br- ) u ,
wherein R6a,6R to, and p are is., each as defined herein. In certain embodiments, L is
-(CRaRoBPcfu)-Rihemithe GariRbb Noatod fo aviideitieyos defiagttd &rehétesamaip smbontithents, L is
-(CR63R6, {%Qed ! B%ig e grgas RaRk& gre each as defined herein. In certain embodiments,
Lis -(CRég %6 p0C(0)-, Whoerqé?n RB%, R%Jtei, %%(g p are each as defined herein. In certain
embodiments, L is WO 2009/099598PtamtR bbmobenssh ferdakmgocyyd: thokerein led, Rob, and
p are each.asidefiBad Rateityd CeHRlLRAPy e BPRAIMERLSy LSRR LI NRId: Wherein,

p-ledR6b, K-14, and p are each as defined herein. In certain embodiments, L is-(CIR6dR6b)pNRI toy
substituents (f

[0051] In yet another embodiment, the compound of Formula I has the structure of

Formula I

Y o

SN R

O N o 5

R
@

[&4)
(I
wherein:
R, L, Q], and Q2 are each as defined herein; and
Zis CRY or N |
RY,RY,R*,RY, R", and R? are each independently:

hydrogen, halo, cyano, triflucromethyl, or nitro;

Cy.s alkyl, Cyg alkenyl, Cy4 alkynyl, Ci. cycloalkyl, Cey4 aryl,
heteroaryl, or heterocycelyl, each optionally substituted with one or more substituents ( as
described herein; or

~C(O)R?, ~C(O)OR?, ~C(O)NRPR®, ~C(NR)NR R, ~OR?,
—OC(O)R?, ~OC(OYOR?, ~OC(O)NRPR®, -OC(=NR*NRPR®, ~OS(0)R?, ~0OS(O)R?,
—OS(OINRYR®, ~OS(0};NRPR®, ~NRPR®, -NR*C(O)R®, ~NR*C(O)OR®, ~NR*C(O)NR’R",
~NR*C(=NRHNRR®, -NR*S(0)R", ~NR*S(O),R", -NR*S(O)NRR’, ~NR*S(0),NRR’,
—SR* ~S(O)R?, or —S(O),R?; wherein each R?, R® RS, and RY is independently hydrogen;
C.6 alkyl, Ca.s alkenyl, Cy6 alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more substituents Q as described herein; or R” and R°

together with the N atom to which they are attached form heterocyelyl, optionally substituted
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)-, wherein led, R61',1214, and p are each as defined herein. In certain embodiments, L is
-(CR6aR6b)pNRI4C(0)NR15-, wherein ROa, R6b, n14,5 N. R1-, and p are each as defined herein, In
certain embodiments, L is _.(cR6aRob.pn ) L.(=NR14)NR15-, wherein led, Rob, rc t.14, R'5, -, and p
are each as WERHEEMEF¥Nn. In certain embodiments, L is -(CledR6b)pNRFAC (ERAPI B S herein led,
each as defined herein. In certain embodiments, L is -(CleaR613)13NRI4C(=NR(5)NR16-, wherein
R6a, R6by¥iR1 dnRasnie ubitug s dctsctesesibiedihediferein. In certain embodiments, L |, is
-(CR6aR66)pS(0)k-, wherein led, nobk, and p are each as defined herein. In certain embodiments, L is
-(CR6aR@5ps(p)kNR 141 ywhateharRehudoiudiidile @nthpaie Fachmsidefinethbeeinute eertain
embodimgnts, 5' IS ;(CRear)pNR,14s(0. , k_ )wherein lea, R6b, R14, k, and p are each as defined
herein. In C&F4IA €mbodiments, L is -(CR6aR65pNRI4S(0)kNI3.15-, wherein led, R61).1214, Ri5, k,
and p are each as defined herein. In cergdin embodiments, L is -(CR6aR6b,pn Rob, ) r(0)0R14-,
wherein Rod, x R14, k, and p are gach 6 as dgfineckherein. In certain embodiments, L is -(CR-dR6b
)pOP(0)OR14-, wherein Rad, Rob, R1 and Me each as defined herein. [0073]In certain
embodiments, L is -(CH2)p-, whergj as.de
certain embodiments, L is -(CH2)pCF2- or -CF2(CH2)p-, wherein p is as defined herein. In certain
embodiments, L is -CF2-. In certain'emli\’osdiments, L is -(CH2)pO0-, wherein p is as defined herein. In
certain embodiments, L is -(CH2)pC(0)-, whegein p is as defined herein. In certain embodiments, L is
)

-(CH2)pC(0)0-, wherein p is as defined heréin. Ip certain gmbgdipents, L is -(CH2)p0C(0)-, wherein p
is as defined herein. In certain embodipents; - Cﬁ—IZ)p\H{(O)&‘RM-, wherein R14 and p is as defined
herein. In certain embodiments, L is -(C@pNRI (0y*xwhelgin R and p is as defined herein. In

. certain embodiments, L is -(CH2)pNR14C@)NRPS-, eréin R14, R15, and p are as defined herein,
- [0074]In certain embodiments, p is I. In certain.emb '@‘Slents, p is 2. In certain embodiments, p is 3.
[0075]In certain embodiments, L is C2.0 alkenylene, optionally substituted with one

IV}
wherein R*, R?, R’ ‘, R} ’, R(”, RT, RS', L, Ql, Q'z, and Z are each as defined herein,

[0053] In certain embodiments, Q7 is Ca. alkylene. In certain embodiments, Q?is
Cs. alkenylene. In certain embodiments, Q2 is Ca alkenylene having one carbon-carbon
double bond in either cis or trans configuration. In certain embodiments, Q2 is Cs
alkenylene having one carbon-carbon double bc_md in c¢is configuration In certain
embodiments, Q% is Ci alkyr)iylene.

[0054] In certain embodiments, Q7 is selected from the group consisting of:

o .
o .
’i\/z\f; | and i\/\z\; ;

Zis ~O—, -8—, or —N(RZ)—-, wherein R” is hydrogen, C, alkyl, aryl,
heteroaryl, heterocyclyl, ~C(O)R?*, —~C(O)OR?, —C(O)NRZR¥, ~§(0),NR*R*, or
—S(O)R*; and

each R%*, R?®, and R is independently hydrogen, C, alkyl, Cy.6 alkenyl, Cy.6

wherein:

alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl; or
R” and R* together with the N atom to which they are attached form

20



or more substituents Q. In certain embodiments, L is C2.6 alkynylene, optionally substituted with one
or more substituents Q. In certain embodiments, L is C3.7 cycloalkylene, optionally WO
2009/099596PCT/US2009/000688 substituted with one or more substituents Q. [0076]In certain
embodiment¥ 2§40 Wherein X is as defined herein. In certain embodirReA{S S/ 82548 certain
embodiments. L is -C(0)-. In certain embodiments, L is C(0)0-. In certain embodiments, L is -0C(0)-. In
certain erwsodienehyisyt hige®@@(d)0-. In certain embodiments, L is -C(0)NR14-, wherein R14 is as
defined herein. In certajp, emhadiels, Liisy (%M)qukwh%i’%aléég@ﬁ% are each as

- e

defined herein. In certain embodiments, L is -NR14-, wherein R14 is"as defined herein. In certain
embodimesiesoeyr yNRaptiom Ly wkstiad itk one ge g HibaliRem s @riaifcssHbediiaesits, L is
NR14C(0)NR15-, wherein R14 and R15 are each as defined herein. In certain embodiments, L is
-NR14C(HMRIP)-, whelieim&Rddmdihiedt threceagihasi défivet e fchas theartamnrenbbarmelats, L is
-NR14- .. e(=NR15)NR16--, wherein R14, R15, and R16 are each as defined herein. In
certain embodiments, L is -NR14S(0)k-, wherein R14 and k are each as defined herein. In certain
embodiments, L is -NR14S(0)1NR15-, wherein kRR14, and R15 are each as defined herein. In certain
embodiments, L is -S(0)k-, wherein k is as defined herein. In certain embodiments, L is -S(0)kNR14-,
wherein R14 and k are each as defined hereir ™} certain embodiments, L is -P(0)(OR14)-, wherein
R14 is as defined herein. In certain embodisg;g, L is -OP{)(0R14)-, wherein R" is as defined herein.

[0077]In certain embodiments, each 12 id le s, ) %@tly hydrogen; C1.5 alkyl, C3.7

cycloalkyl, C6.14 aryl, heteroaryl, or heterocyclyl, £ach Ogptionally substituted with one or more

substituents Q as described herein. In certaj odiments, each R14 and R15 is independently
_hydrogen; C1.6 alkyl, or C3.7 cycloalkyl, eac tiona bstituted with one or more substituents Q

- as described herein. In certain embodiments, R14 and R15 are hydrogen. [0078]In certain
embodiments, R3' is hydrogen. In certain embodiriénts, R5' is hydrogen. In certain embodiments, R3'
and R5' a{‘%‘g}g{ogen. In certain embodiments, R5' is methoxy. [0079]In certain embodiments, R6' is
hydrogen, hydroxyl, cyano, or halo; C]1.6 alkyl, C7.5 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6.14 aryl,
heteroaryl, or heterocyBlylRedehrapidrameatibatidsfeerdittrdneadt more substituents Q as described

herein; or -ORa, wherein;Ra,isvfedep &lsyh G20 aliggnyl, C2.6 alkynyl, C34 cycloalkyl, C5-14 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q as described

herein. [0 §g]é’jccertai em%odi ents, RG: is halg or -ORa Wﬂlg? in Ra isas defined herein, WO
2009/099508BCT/US2BDUOBIRES BT En B SRR e S B 2e, ST 1S BE %s defined
herein. Infeentaia ¥imbodiments, 1R6 is C1.6 alkyl, C3.7 cycloalkyl, or C6-14 aryl, each optionally
substituted with one or more substituents Q ag;¢lescribed herein. In certain embodiments, Fris C1_6

alkyl or C3.2 cycloalkyl, each optionally subisfituted with one or more substituents Q as described
herein. In certain embodiments, R6' is metZ: Xy. In certain embodiments, R6' is halo. In certain

embodiments, R6' is chloro. In. certain embodiments, RE; is flugyo. In certain embodiments, R6' is

hyidrogen, hydroxyl, cyano, or halo; Ci.6 alkyl,
N Iftogse, Mo o y
6 H

hydrogen, [0081]In certain embodim%rlt‘ib\.
R
Ql

=

V4

V1)

wherein R®, R¥ L, Q', and n are each as defined herein.
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C2.6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6.14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as described herein; or -OR8, wherein Ft.6 is Ci.6 alkyl,
C2.6 alkenyl, C2.6 alkynyi, C3-7 cycloalkyl, C6-14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted With A%8PHore substituents Q as described herein. [0082]IrP&éSaIH &M ments, R7' is
halo or -OW, wherein 128 is as defined herein. In certain embodiments, R7' is -01r, wherein R.6 is as
defined herein. In certain embodiments, R8 is C1.6 alkyl, C3.7 cycloalkyl, or C6.14 aryl, each
optionall§&iBstituted YR GREBI RBROSimptinibh foPRu L FeYellts e dERb odiments, Ir
is C1.6 alkvhar G312 cycloalkyl, each optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R7' is methoxy. In certain embodiments, R7" is halo. M

Ne..OW and R7' is hydrogen, wherein R.8 is as defined
herein. In certain embodiments, 12.6 is and R7' is hydrogen. [0084]In certain embodiments,
R6' is hydrogen and R7' is -OR’, whegsein dé&fined herein. In certain embodiments, R6' is
hydrogen and R7' is methoxy. [0085]In ce mbodiments, R8' is hydrogen, hydroxyl, cyano, or
halo; C1-6 alkyl, C2-6 alkenyl, C2.6 alkynyl, C3.% cycloalkyl, C644 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more jtuents Q as described herein; or -OR’, wherein IR8
is C1-6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C6-1 l, C3.7 cj’ loalkyl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more s@@fuentfﬁeﬂ/&gbed herein. In certain embodiments,
R8'is hydrogen, halo, or C1.6 alkyl, optionallyysubgfituted with one or more substituents Q as
described herein. In certain embodiments, R§' i rogen.*WO 2009/099596PCT/US2009/000688
-[0086]In certain embodiments, R8' is halo. Ing%;%fe\mbgﬁfments, R8' is fluoro. In certain

" embodiments, R81 is chloro. In certain embodiménts, leis bromo. In certain embodiments, R8' is iodo.
[0087]In certain embodiments, R8' is C1.6 alkyl{@ptjonally substituted with one or more substituents Q
as described hergin, #n.certain ggnbodi tsR8; i thyl. [0088] I bodiments, R5' is
hydrogewqbef e b%y;’gG"i&?Hy rb%ih%ﬁ%é%é%?ég%igﬁf%?%g%r@ ﬁ%%%gr@hethoxy; and R8'is
~hydrogen, chloro, fluor, bromo, or methyl. In certain embodiments, R5' is methoxy, and R7' is fluor. In
certain embodiments, R6' is methoxy, and R7" is chloro. In certain embodiments, R6' is methoxy, and
R8' is majhys; In certaip pmbedimesihddimiaimeepand B8Fig Mo/ lacedaimemkagiments, R7'
is methoxy, ar]d {?ﬁ?'.is chloro. In certain embodiments, R7' is methoxy, and R8' is bromo. In certain
embodirh 8T RTHE methoxy, and R8' is methyl. [0089]In certain embodiments, R is hydrogen.
[0090]In certain embodiments, Q1 is -0rR¥[0091]In certain embodiments, Q1 is -N(R17)-, wherein R17
is as defined herein. In R7 N R?

is hydrogen. [0083]In certain embodir

(VID
wherein R30, R%, R, R, RY R, RY L, Ql., Z, and n are each as defined herein.

[0059] ~ The groups, R°, R, R*, R¥,R*, R*,R¥, R7,R¥, L, 0, Q%, and n in
Formulae I, IL, IIf, IV, V, VI, VII, and VIII are further defined herein. All combinations of

the embodiments provided herein for such groups are within the scope of this disclosure.
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one embodiment, R17 is hydrogen; C1-6 alkyl, C7_6 alkenyl, C7-6 alkynyl, C3.7 cycloalkyl, C6-14 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q as described
herein. In another embodiment, Rn is hydrogen; C1.6 alkyl, or C3.7 cycloalkyl, each optionally
substituted With YRE" G fore substituents Q as described herein. In yet an6t g?%ﬂ%%g?ﬁffent, R17 is
hydrogen or C1..6 alkyl, optionally substituted with one or more substituents Q as described herein. In

yet anothéiP6MhbodimelcrEmisRhedigerisin il dndifefeMiBodifERRiR e &MV S Gptionally
substitutqg ¥ithiRR& BEANRERSUPRITUG RS AscaazRribegharein. Imstdhanothai-ambadimant, R17 is
methyl. [0092]In certain embodiments, Q1 is -C(R18R19)-, wherein R18 and R19 are each as defined
herein. Imore SHHBERRAEME RS -daht é?l?&?é%ﬁ(ﬁ?ﬁ?ﬁﬁéﬁ‘gﬁ&eﬁtﬁ ydrogen; C346 alkyl, or C3..7
cycloalkyl, each optionally substituted with one or more substituents Q as describecg herein. In another
embodimBfE IR18 is hjxirsgein ¢myediamstack tinbpdtiegent, IR veriaimpiroedimerisy® dbSiher
embodimapt, RS é‘mo@l%?i?é%_gyﬂi@,gf?éﬁerw,%@ﬁétsm&%iyﬂ%%h %ﬂﬁéﬁa@l}v S.atexiaptiemally

substituted with'on€ or more substifuents Q as describedherein. In yet another embodiment, R19 is

C1..6 alk§RoptiBAEIGEEsHEERIER Witesrdsihesia Vpoeteboradydoppitst A ) sloagtiobess

substituepts QA5 desaitoed heneihd BrstibAnathanfmbordimest:RA8apsuRdharReact,ipdependently
C1.6 alkyl, optionally substituted with one or more substituents Q as described herein. O%ﬁB]In certain

embodingy DIPIoRaH FEPSHgY e N ERIRGOT S QTR B R (i HR ERRSHTSWhith they are

attached foancyeloalkypapinallibstlsidwen sthooneer sitarsuasuente@ias described herein.

[0094]In certain embodiments, is:CR17(NR18R19)-, wherein R17, R18, and R19 are.each as

defined HETBTETED G bt LY R B e A e A0 s e R T eyl or C3.7

cycloalkyln@arrhimpﬁ@w&i@mhﬁi?dt@kwi%@méomﬁy&@um@t@rémé@m@escrﬂm@%@vei_ﬁs In another

embodimenfib/dm WHLARR Ak G & Atk aRi Rtk HOSUBIRG U R AG TR SDSIuents  as
fr ther embodi

described herein. In yet ano ment, R17'is hydfogen. In yet another embodiment, R17 is

C1-6 alkyiubgitiormnRsUbsertatcemitadimemss. MOre hgrentrdrikorianadasasamsd rith mget another
embodimgat.RiEds @iyl In one embodiment, R18 is hydrogen or C1.6 alkyl, optionally substituted
with one or more substituents Q as described herein. In yet another embodiment, R18 is hydrogen. In

yet anoth bodiment, R18 is C1.6.alkyl, qptionally.s li]stitu d with one or. more. substituents Q as
describe 0e%r in. In yep another %m%éﬁ?%@h%zﬁiﬁg}gx rtre}élt r)?f.nln f/gf%ﬂ)o?ﬁg?lgﬁﬁl c())g'lment, R17 and IS

din embodiments, RAY is kidrogen, -C(

are hydrogen. [0095]In cer BYR20, -C(0)0R20 , -C(0)NR21R22,
or -C(=NR2)NR21R2g7whe ] : ol iR? In certain
embodiments, R19 is hyfi n. In"gertain enf ent§, R19 is 1 vherein R2 is as defined
herein. In certain empg : R4 iﬁfg%g) N R22 ; RdR22 are each as defined
herein. In certain em odimpts, R19 is -C(=NR20)NR21.-.K22, wherein R20 , R21, and R22 are each
as defined herein. In certai embodiments, R21nd R22 together with the N atom to which they are

attached form heterocyclyR’optiBhally

embodiment, R2 is t-butyl. In yet another emboiment, R2 WO 2009/0995961'CTMS2009/000688 is
C6.14 aryl, optionally substituted with one or Riore substituents Q asflescribed herein. In still another

embodiment, R2 is henzyl, [0097]In gertain eribodiments? R'8 ahd R19 togethar?with the N atom to
which they = \Y A o s
= N ' P an , P -
R¢ » RS N *» RST TN RY
RS' &

wherein:
RY, R*, R, R®,R”, and R* are each as defined herein;
R' is independently:
hydrogen, hale, cyano, trifluoromethyl, or nitro;

Ci5 alkyl, Cyg alkenyl, Ca4 alkynyl, Cs7 cycloalkyl, Ce 14 aryl,
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are attached form heterocyclyl, optionally substituted with one or more substituents Q as described
herein. [0098]In certain embodiments, R5 is -OH. [0099]In certain embodiments, R5 is -NR8R9,
wherein R8 and R9 are as defined herein. In certain embodiments, R8 and R9 together with the N
atom to whicKQR&PAFasattached form heterocyclyl, optionally substituted ®itH BHES{MBTE substituents
Q as described herein. [00100JIn certain embodiments, R5 is -NHS(0)kR8, wherein R8 and k are each
as definebekezoainl, lor dettane ivbodich ey RE isubstiBusylyiG I Teoyoheik i bEGurata laheteroaryl,
heterocygggcggg%grg%y&c3.7 cycloalkylene, each optionally substituted with one or more
substituents Q as described herein; or -CH2NR8aR83, -Cbl-|I§8dCHR38dN58caR8bd or
CH2C128'R8dNR8a...81,, ic wHétEn REEKREY5-REO MRdNed b kabikds defiRed herein. [00101]In

certain emgegimentsoREIFIRY_Contkph G RE cyoloatkit ik i anyisheirroandbgerocyclyl, or C1.6

alkyl-C3.7 cycloalkylene, each optionally spbstituted with one or more sybstituents Q gs described
herein; or - M%ERSQS@%@%‘&-IR Msaﬂ%&@%%g@%%mﬁ%ﬁ?ﬁﬁe%m R8a, R8b,
R8d, and-Riki@renzdyh RRdefinReShoTRM - NRCS(R)RE MbIRISIENIR RS, iIsSNRER @JRYR Witionally
substituted,with mor. ituents Q a scribed herejg. In certain embodiments, R8 is
v (o el o R e e e b e e s
substituefitss@ligs, descalbeniyhéieimlkyndrtdiny epshudimetits R§ isheyoiopropyt hetenatigiel clopropyl,

1'ethyny'gé(ﬁgcs%ﬁt%%%l%ﬁ}\%‘&‘d&i’é&%ﬁiﬂ?&@@é'm%rr&X&ia‘%B m'&?ﬁﬁé&@ﬁ@?ﬂéﬂ&lﬁ%ﬁi%@@“ aryl,

optionally s th one or more substituents Q as described herein. In certain odiments,

R8 is hetéosethar wighdhaly opswtitbishvibinone ditasind lompbdirirsprscty asnisselivsyséiaiad In certain

embodimgris o RS ishstessyadnanrtionalsHbatiuties with one or more substituents Q as described
herein. [00102]In certain embodiments, R8 is-CH2NR8dR8b, wherein R8a and R8b are each as

“defined herein. In cert&ff2fHddinierescrs e paikaf etasiR8ar8b, wherein R8a, R8b,R8c, WO
2009/099596PCT/U52009/000688 and R8d are each as defined herein. In certain embodiments, R8 is
-CH2CRg6Rs1INR8aRBhsart 8t emivdireimRRK asRS s alkyl, Ca.¢ Ckand Rbsilimmdach.as defined

herein. [O(Qyjc%é’zﬂ%ﬁeé%%na?yru%%gé@%@&? ’OBI%EE@&C%%%}QAEBUBS’C?JIBI‘W substituted with one or
more substituents Q as described herein. In certain embodiments, R? is Cga aryl, heteroaryl,
or heterocyclyl, each optionally substituted with one or more substituents Q as described

herein.
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wherein R' is hydrogen; C1.6 alkyl, C2-6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6.14 aryl, halogen,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q as described
herein. In one embodiment, R'is C1_,5 alkyl. In another embodiment, R' is hydrogen. In yet another
embodimenfVR'3&iMEfIHe. In yet another embodiment, R' is C2.6 alkynyl. F¢ EfiIpe86%8 mbodiment,
R' is ethynyl. [00104]Thus, when R5 is -NHS(0)2R8, R5 has the structure of o R"Elll -N-S 110
wherein R' is as defined herein. In one embodiment, R' is C1.6 alkyl. In another embodiment, R' is
hydrogen[0@6¢et anothbr emitiodimegdirments, REths seler tpst fomter @mipodinsistingefs C2.6 alkynyl. In
still another embodiment, R’ is ethynyl. [00105]In cer&ain embodiments, R8a is hydrogen; C1.6 alkyl,
C3-7 cycloalkyl, C6.14 aryl, hg ryl, or cyclyly ptio substituted with one or more
substituents Q as described/lﬁlgegﬁ.’ln cgﬁﬁ i mbodi/%gng, R8a ig h en; C1_6 alkyl, or C3.7
cycloalkyl, each optionally &Ubstituted with one or mére sﬁbstitué/nts ) as described herein. In certain
embodiments, R8a is hydrogen. In certain embodiments, fea is C1.6 &lkyl, optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R8a is methyl. In certain
embodiments, R8a is C3.7 cy¢ yl, ogﬁg [lyssubsti with o fhore substituents Q as
described herein. In certainagﬁ@?ments R8ais C;Sjﬁa |, optio élly’ ubstituted with one or more
substituents Q as described hereift. In ¢értail embodimehts, R84’is h?étefoaryl, optionally substituted
with one or more substituents Q as described herein. In certain embodiments, R8a is heterocyclyl,
optionally substituted with one or more substituents Q as described hérein, [00106]In certain
embodiments, R81" is hydrogesy 1.6 alkykt,7:6 alkeJnVF 56 alkynﬁ C3.7 cycloalkyl, C6.14 aryl,
heteroaryl, or heterocyclyl, %(lbﬁ)tioqa%‘%titugedﬁ one arsmetlsubstituents Q as described
_herein; or -S(0)kRi I, -S(0);,NRITR12, -C(0) AIL I, WO 2009/099596PCTRIS2009/000688 -C(0)OR11,

" -C(0)NR11R12, or -C(:NRll)NRIA2R13, wherein R11, R12, R13, and k are each as defined herein. In

certain embodiments, Rsb is hydyogen; C1.6 alkyl, or G3.7 CyC|OE§!§ each optionally substituted with
one or more substituents lejzﬁ%cribed ég%n; or -ﬁ(%%ll, -G(0)OR11, or -C(0)NR11,-.K (2,
wherein R" and R12 are eac defined hedein. Incertain embodinénts, le is hydrogen. In certain
embodiments, le is Ci.6 alkyl, optionally substituted with one or more substituents Q as described
herein. In certain embodiments, le is methyl, ethyh or isopr%p . In certain embodiments, Rsb is 03_7
cycloalkyl, optionally substituted-with one own’@aé substitgrerts Q as described herein. In certain
embodiments, Rsb is 06.14 :ﬁ‘g%ionallyjﬂj\bs;ﬂtuféﬂ ' e or more substituents Q as described
herein. In certain embodimerits;#sb is ph*enyI,Nopt'rona*IIy stibstituted with one or more substituents Q.
In certain ambadiments, le is 06-14 aryl-C.6 alkylene, each optionally substituted with one or more
substituents Q as described herein. In certain embodiments, Rsb is benzyl. In certain embodiments,
R81'is -C(0)R11, wheféith R indgpaefindyl hnsioigenhelsrtairmmbouimee fiss Fkbliss@(0)R11, and R"
is 01.6 alKuiegﬂy@%mﬂprf@%}z%mmﬁc%ﬂm&)}vﬁ SUDRIENGS (@R degernedNaeln. 1y certain

embodiments, Rsb is acetyl. In certain embodiments, Rsb is -C(0)0R11; wherein 121" is as defined

herein. In°eRFHAFE BB AR @ RBE e UeaioRee, dntribed Rases b4k optibhaly Substituted with
one or moESyRRientQrasvReReribeH hemnohk tertrinemRediments NS is-C(0)0-t-butyl (Boc). In

100071 N SN H = AR O3 SR 03P LyBRIG: OB hetaroary, o

heterocyc{REAEN R oMU SUOB LSRR IGD DIRRE, MSREGEDERANRIRE) -aSRISSOHRE herein. In

certain empgeli , R&pl 860, Qs £.£23. ZgyCl aeach.optionally substituted with
one or mgﬁﬁﬁj@%érﬁf%% S deﬁsc%be%\}ﬁmﬁlnﬁ c%;ﬁaﬁqﬁe’mg 'mér?trs,%i?s h)yg}%rﬁénn. In certain
embodineaisRR& s R 128bRyis bistoradensustitueshyiiths o biimontksupis fuenliyayhCdescribed
herein. In.caidaip, erbOIMEMsRare, Beibd-JL Ceita L NRAIMS ISRk ORtE GYeigalkyl,

optionally substituted with one or more sub.stituerg?ﬂ% as described herein. In certain embodiments,
R8' is C6MPEAMNSEREUA Sy sissribrd ot shdorradretesbsiuithstey hsatrmadadudhdhsn. In
certain eRbaeiriaiSoMshdeRRIRIBANbiRRUONAIY SHbSHIWRE WMt PRR R SR HRstiYeNts Q as
described herein, In certain embodiments, Rs' is heterocyclyl, optionally substituted with one or more
substitue ?gcé 5% 2€¢kibed herein. [00108]In certain embodiments, Rsd is hydrogen; 01.6 alkyl, 03.7

cycloalkyl, 06.14 aryl, ed¢® 2 808RPBHIGRIE Titkd 52600000683, litte edlary 0T hettitoeyiclgt each
optionall I t?i wi Qre syhstituents describgd herein. In certain embodiments,
ot s Mo o o A S S el SER A e
substitueer rels daserfdasdassiribed bertiinamBEARientd(RER is K@BgBMRIn certain embodiments,
Rad is 01.6 alkyl, optionally substituted with one or more substituents Q as described herein. In certain
embodiments, Rad is methyl. In certain embodiments, Rad is C3.7 cycloalkyl, optionally substituted
with one or more substituents Q as described her&in. In certain embodiments, Rad is 06.14 aryl,
optionally substituted with one or more substituents Q as described herein. In certain embodiments,
Rad is heteroaryl, optionally substituted with one or more substituents Q as described herein. In

certain embodiments, Rad is heterocyclyl, optionally substituted with one or more substituents Q as
AdAecerihbad hearain



[00109]In certain embodiments, R3 is 01.6 alkyl, 03.7 cycloalkyl, 06.14 aryl, heteroaryl, heterocyclyl, or
C1-6 alkyl-C3.7 cycloalkylene, each optionally substituted with one or more substituents Q as
described herein; or -CH2Nlealeb, cHR30OccHR30dNR30a,-.K30b, or -CH2ClekedNeaR"b, wherein
R3a,3R Ob,Raee@8t@are each as defined herein. In certain embodimettd/U28000%8% alkyl,
optionally substituted with one or more substituents Q as described herein. In certain embodiments,

R3 is methg(NRONRERT, e0BSCHDENDBRR 3-8 YOR/Claatyh) pirfRialep S pas MR Rfith one or more
substituen desgli hergl in i ts, isccyclop sl- methylcyclopropyl,
cycIobutyréégqg%e’n"@g@(?%d5@5@?@&@@%@%@%&ht—sﬁi %{?is (%%1?% ,‘'optionally substituted
with one eNREEEBAIRYIERIS (@ BERIBECHNBAG =R INR BB faiVRIBEDRM e MR *S(23:R" heteroaryl,

optionalIy_%@%%thﬂ%}g%gﬁbwpgwggi@@ &e—%{&ﬁz apmiﬁrég&{@p}@q@ocﬁments,

R3 is heterocyclyl; optionall uted With orie or more substituents Q as described herein.

[00110]InassrRainserdppendsatishidreaencianitgpden alerrkifamorih £ 129080aHybdenias defined

herein. I gorARRTBRAKINRAMT3S GHALRALUNARSD AR RAAL Bk aadRiDa are
each as defined herein. In certajn emhodiments, RS is -CHR3acCHR3UNR30aR306, wherein RN',
R30b, R335 AReFHEST BeaFi SR a8 g HBRE N ol N TP ReRaiish DGR ARECRES FifBthe structure
of WO 20Q8/08R56RETAIS2A000088Si herekn Mois hylbragerts Qlad alkibeilhéraikemd, C2.6
alkynyl, C6-14 aryl, C3-7 cycloalkyl, heteroaryl, or hetergcyclyl, each optionally substituted with one or
more substituents Q as ssct?irbia ﬁépgiﬁfj’lﬂtgkgué’%%e

cﬂtr’nent, R'is C1.6 alkyl. In another embodiment,
R' is hydrogen. In yet another embodiment, R' is methyl. In yet another embodiment, R is C2-6

alkynyl. IM1@phnother Erapideimrartofimssaynia bioeaon haler@inrenibbelmentdk ¥rddesis hydrogen;
C1-6 alkyhikeRyl, evclaalinl GoALanibaiSie 0l yh- o halermsyclyl iRacBQRtioNAvUbsiitvted with one

or more substituents Q as described herein. In certain embodiments, R30a is hydr;)%l'gk?n; C1_6 alkyl, or

C3.7 cycl8dkyRksRA-GiaRLIsY Sl ary WhAITRETSh ARGrBeLTRSY e gBAY SRS RErein. In

certain embadimestsadR3bbigitayatogen. descadaimesihodiments, R30a is C1.6 alkyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R3cm is

methyl. ING6e mbIRUBRRiRRBMA RS AYsloaluOplign IR BeHiki L thigne or more

substituents Q ‘as descri erein. In certain embodiments, R3Da Is C6-i4 ari{é optionally substituted

with one drmaferlbStinakien Ss-dalkented erkirlamine figin SbBdinmeats RRECw & eesteroaryl,
optionally sidbstifuted withrpre armoraisuhsitients. Q R deswiediiesginr inceariain embodiments,
R3' is heterocyclyl, optionall)g substituted with one or more substituents Q as described herein.
[00113]In'BEFRERRERB dai iKY RABIOPR ARG GYOS  BES WG PIE LTINS SH YA, C3.7
cycloalkyld&séribddatzineteroaryl, or heterocyclyl, each optionally substituted with one or more
substituents Q as described herein; or -S(0)kR11, -S(0)kNRI1R12, -C(0)R11, -C(0)0OR11, -C(O)NR'
R2, or -CpRINNRL SHAIR RrhdnfR 12 BiFa Rk A1e, Sanh A ARGRAH Botsi. diy certain
embodiments, R31 is ﬁyﬁdﬁ%”é%ﬁ; Cl.6 ialkf/ll,sbriés.?c%%loalkyl,lé’)agl% dpt?fnally@substituted with one or
more sub3tithftsoDme YaEib idPaih deicapoyRicreayojorertap ey Rusn 43S WHERSFER 11 and
R12 are egchasflefipsdiRerainalfs egriaikamherimentniReolkdsrkag e nlpreehisiemiodiments,
-R3011 is C1.6 alkyl, optionally substituted with one or mare supstituents Q as described herein. In
e s

' certain erbBHHTIEHRS RS s Rt STRYPCPRYHOp I e BETTin it W37
cycloalkylo@ptiomaly sitbstiiededndthienei bedereisubstitrenisQhadidestsjbed areiticnytertain
embodiments, 1(31) is C6.14 aryl, optionally supstituted with one or mpre substituents Q as described
herein. Inot?e%lr(tjglarg mullgcs)%?r;rﬁleedn sl,‘¥hc§§b0|g% %ﬁﬁ?%léﬁ%nﬁ%ﬁgassu%ssﬁ &%%%fﬁ%néﬁ% 8?‘%@118@ substituents
Q. In certatp@dibmdtménis@ﬁ@iCimgﬁil@amaﬁg@W@dewéh%mimw&ly@ﬁ@tﬁ&tﬁe@ @ith one or
more SubSUIIANLS [2.28,d95CHNGH REIGILEERIR WO 2:%9%9@8%9@%%&99_%999@@&

3118 is -C(0)

embodiments, R3" is benzyl. In certain embodiments, [ 11, wherein Rl | is as defined
herein. InfertaRPaEsHRedcREbed Bereim) RnEeaat Rpprimens Ryl Bpgsany sotrtrtied with
one or Moy SURRUIWEISL asHGSCHRREIAIRID 48 sadalite mbadimeniadiBeitagsivhi) Lertain

embodiments, R3" is -C(0)OR", wherein R1" is_as defined herein. In certain embodiments, R3" is
-C(0)OR" Ihtierory S PRGRANY SPRRSHUIRT STATR AR 8 SRAS SRS RIS ATSSHERRTS G HE discribed
herein. Inedairehdaodiments; R jsviEENOR inhd (Bhe)d keesntaln emmbodimBodind A3 AlS
-C(O)NR" 'R erein R" apg RI2 are each as Txﬁn herein. [00114]In certain emhodiments, R3" is
hydrogen;lscf .ba ky\ifn&?n?f%:yc gﬁﬁyﬁfecfég Sﬁa(rgjf/3 ,lﬁ%%glreorgl&l,I([){rcﬁé?érrloeg%fil frg%% ’gphsonally
substitutedapittpplagmoemore substituents Q as described herein. In certain embodiments, R3" is
hydrogen; CI-5 alkyl, or C3.7 cycloalkyl, each optionally substituted with one or more substituents Q as
described herein, In certain embodiments, R3" is hydrogen. In certain embodiments, R3" is C1.6 alkyl,
optionally substituted with one or more substituent Q as described herein. In certain embodiments,
R3" is methyl. In certain embodiments, R3" is C3.7 cycloalkyl, optionally substituted with one or more
substituents Q as described herein. In certain embodiments, R3" is C6-14 aryl, optionally substituted

with one or more substituents Q as described herein. In certain embodiments, R3" is heteroaryl,
ontinnallyvy cribetiti ited with one ar more cirithetitiiente O ac dAeceribed hereain In cartain emhondimente



[00115]In certain embodiments, R3" is hydrogen; C1.6 alkyl, C3.7 cycloalkyl, C6-14 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R3" is hydrogen; C1.6 alkyl, or C3.7 cycloalkyl, eac tionally substituted with
one or more‘gﬁﬁg’l}ﬂ?&'ﬁ?Q as described herein. In certain embodiments, IgERrJSS %Ilgg R, In certain
embodiments, 12.3" is C1.6 alkyl, optionally substituted with one or more substituents Q as described

herein. IHGHin embdBiIFREAS SREGUTEBERYY IhitSFRERRe RYBBRH MRS, ety lcathy byt anyi,
Optlonallxs%&saﬁsbtutgdwtm npainarssdRstibenteReap danorpedespiopin epstatgmbodiments,

led is C6-14 aryI optlo y substl ted wit h one or more substityents Q gz described herein. In certain

embodim&We/ RS ﬂ}grﬂ ot @éﬁbgfhﬂ’féd%fﬁ%ﬂs P8P LBEiRifnts Q as described
herein. Imﬁeﬁaimaﬁrﬂo@dimgmgaﬁdﬁmmnybIgsbmpﬁphadhbsqbsmtﬂtedmmne or more
substltuents escrib er 9/09 596P /USZO 0116]In certain
embodlmeyntls f(o@% Ilé)egr e%leogdlr%}é%lﬁq E]IS f’OG%Oﬁ(h certéf pog%n%rgél ments, Z is CR3'. In
certain embodiments, Z is CH. In certain embodiments, Z is Nah(0118]ln one embodiment,provided
herein is @%%pound ot FoER RNgsgipents, E is hydrogen, Cy.¢ wikeRin®Re AR, RS,

RE', R7', 88, byiky10te, Saah 1anaatnpd heseisaaer, i&.rﬁéf'eﬁ{é\iclhrhmj@ erRbgdimenhy, is -0-. In
another embodiment, RE7 is C1"6 alkél In yet another.em dlmentgﬁfﬂ Is methyl. In yet another

embodlm‘@ﬁllofi‘éﬁ§1§l@l%e%r§]rnafi§ etﬁmclﬁcgfﬁl%?ﬂﬂﬁ? BB “ﬁf‘f)@ﬁ{éﬂﬂﬂ:and L is -O-.
[00119]Insiydtaneaitad amtmhmanhemmwd@ddmmmsamﬁmmmd lojcﬁogmu ¥y RThY1, -

(X) wherein R18, R19, R30,.R2" R n are ea asd edh in; and Z is CH
WO 2000 08 b IR TR N S équom YL R SIS I8oo|?Fﬁent R18

~ is hydrogethylycyelchntthettembouictenty, Rﬂ&w@dmg@pﬂﬁmmq&s - Gmmﬂphm%bﬁeﬁment
provided WJ%Q&E m&}!}}q%‘a&)}i[‘ﬁ.ﬁogg)iyﬂﬂﬁ%ﬁ[ fobutyl, isopentyl, benzyl, or 2-morpholin-4-

yi-ethyl.
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wherein each R" is independently hydrogen, 01.6 alkyl, 02_6 alkenyl, C2..6 alkynyl, C3-7
cycloalkyl, C6.14 aryl, heteroaryl, or heterocyclyl; each R3is independently Ci-6 alkyl, 02.6
alkenyl, C2.6 alkynyl, 03.7 cycioalkyl, 06.14 aryl, heteroaryl, heterocyclyl, or 01.6 alkyl-03.2
cycIoaIkylenev%ﬁ/tot%)9 t%ﬁnally substituted with one or more substituents d) (W@ﬁ?ﬁ Of{g§Oan30b
_CHR3CleNR30aR30h, CHRNeCHR"dNR3aR3b, or -CH2CR3(kR30c1NR30aR30b, wherein:
each lea, [RSH] and RARISERICHRRRIRG) By R s eRleo e By Ithe ZrounIcensiste 8falkynyl, C3.7
cycloalkyl, 06.14 aryl, heteroaryl, heterocyclyl or C6.14 aryl- alkylene, each optionally substituted
with one or more substituents Q; and each R 8 s independently hydrogen; C1.6
alkyl, C2.6 alkenyl, C2.67alkynyl, C3:7 cycloalkyT,06.14 aryl, Ieteroaryl or heterocyclyl, each
optionally substitute V\W h one offfiore sub Mfituents Q; -S(O)kR11, -8(0)kNR11R12, -C(0)R11,
-C(0)0R11, -C(0) 12; or.—MR;B R2:2; wherejn each R11, R12, and R13 is independently
hydrogen; C1.6 alkyl, C2.6 alkenyl, 02.6 alkynyl, 03.7Cyttoalkyl, C6.14 aryl, heteroaryl, or
heterocyclyl, each optionalbstituted with one or more substituents Q; or R11 and R12 together

with the N atom to whicp-ikey dre attached form hete Iyl, optlonally substituted with one or more
substituents Q; or x~N ajﬁd\RSOS er W|th t to which they are attached
form heterocyclyl, Weroaryl e ptlgﬁally* ituted r more substituents Q; each R2',

R5', R6', R7', and Ris independently; hydrogen, halo, cyano, trlfluoromethyl or nitro; 01.6
alkyl, 02.6 alkenyl, C2.6 alkynyl, C34 cycloalkyl, 06.14 aryl, heteroaryl or heterocyclyl, each optionally

substituted with on&g;;iggre subm M(O)O -C#0)NRbR", -C(NRa)NRbre,
-01V, 0C(O)Fe, -0 a--oc(0 KQQC(, Ra) -08(0)2122, 08(0)NRSR',
-08(0)2NRIIC -NRbRc, -NRaC(0)Rb, -NRaC(0)0R8, -NRaC(0)NRbRe, NRaC(=NRd)NRb1{0,
' -NRaS(0)Rb, -NRa émms -NRas{0)NRbRe, -NR S(O)2NIeR
2009/099596PCT/Y 00688%9%0)0\/ or - smherem h W, Rb,:Rd, and Rd is

6 a

independently hydrogen c1l.6 aIkyI 824 aIkenyI CIQ kynyl, Q@.Z cycloalkyk | C6.14 aryl, heteroaryl,

or heterocyclyl, each optionally substituted with one or mor substituents Qas descrlbed herein; or RId
and Rd together with the N atom to which they attached.form het ocycIyI optignally substituted
with one or more subst uents Q e chkis |nd endentl bond 19 (6 alkylene C3.7 cycloa kylene,
C2.6 b ).\ 3

)

£ N?r @-9 Ot L O

)> CF,
N
% [N
L D
[0071] In certain embodiments, L is a bond. In certain embodiments, L is Cy.¢

alkylene, optionally substituted with one or more substituents Q as described herein.

[0072] In certain embodiments, L is (CR*R®?),X~, wherein R* R®, X, and p are
each as defined herein. In certain embodiments, R®™ and R® are each independently
hydrogen or halo. In certain embodiments, L is —{CR(’aRGb)pO—, wherein R® R and p are
each as defined herein. In certain embodiments, L is —{CRéaRﬁb)PC(O)—, wherein R®, R®,
and p are each as defined herein. In certain embodiments, L is ——(CRﬁaRGb)pC(O)Om, wherein
R* R%, and p are each as defined herein. In certain embodiments, L is —(CR63R6b)pOC(O)~,

wherein R®, R® and p are each as defined herein. In certain embodiments, L is
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alkenylene, C2.6 alkynylene, X, or -(CR6aR6 ) 21 ; wherein p is an integer of 1, 2, or 3; R6d and 126b
are each independently hydrogen, halo, cyano, hydroxyl, or alkoxy; and X is -0-, -C(0)-, -C(0)0-,
-0C(0)0-, -C(0O)NR' 'L, -C(=NRH)NR15-, -NR14-, -NR14C(0)NR15-, -NR14C(=NR15)NR16-,
-NR14S(0)kNR 280 108Y8)k-, -S(0)KNR14-, -P(0)0R14-, or OP(0)0R14-, whtré&/ Bsd U8R 15, and R16
is independently hydrogen, C1.6 alkyl, C2-6 alkenyl, C2.6 alkynyl, C3.7 CyClOaikyl, C6.14 aryl,
heteroary{ ORFHef&ygogcy)CeacthddmiRde Béhdadtly B tanhs dafired dlereits irdegeridently an integer of

0,1,2,3,4,0r5. [00121 In@gﬁg{es iment, providge: heseigiis the compound of Eormula IX or X,
wherein: emmdmé%lc%i éﬁ is'n eperzgﬁ@qudr?g%feglm a kyf,ptg.?lg C%&ﬁﬁ%%_f la%]l,
heteroaryhetsihetersetaitytmbodimentsch R3-(ERTTR PandR i@ 1avdirinds™7 RYcBakatdoaEs aryl,

hetef(?aryéaa%%@&y&éxth&feﬁ&.l-ﬁ%@é&%ﬁ}im{w%ﬁmg}iw% iteited, yuithone or more
substltuent&%;&bor -gHgNRSlThRSb, -CHRCIidNR 306NR30aR3 B, -CHR3'CHR3

CH2CR3BORBOINRBOaREDBS R defined herein. IpseraaAmbrdiment R50d is independentty
hyd rogem@maﬁﬁ%c@&ﬁ‘dwk A& akpryRE3RAcrcRaliyh 56 ddpsyldbmieaoandinhgterocyclyl,

or C6.14 aryl-C 1 .6 alkylene, each qptiopally sybstitutgd with one orgngee substituents Q; and
cach R TREBERGEHT i (o g Ce2 keI Es & al g oY CRGBRS, Co.14

aryl, hetesaetryds oeielt toeyiely [ reachiapinbediyeubstititedTRFRONNT agrengUbptiriéats Q; -S(O)R",
-S(0O)kNR11R12, -6 (QRLL:4-C(@)QAR1L, -:C(O)NRI|IR12. ar -C(=NR13)NR11R12: wherein each R", R12,
and R13 BBt Ghcabn B8 SRS SRBRTCT S MGTC P ety C6. 14 ary
heteroaryls e(@f_éﬁf&%%ﬁf@l&ea&heo@t_idi‘félI&égmaﬂdtedrmmbne@fm@réxdbstMQmi@; or R11 and
R12 togeg}&;o\g memg’ﬁgt%ﬁ@aﬁdgg%ggw aiach I{wrﬁhefguogym,po&g%ggﬁ)éssubstltuted with

re.
one or more substituénts Q; or WO2009/099596PCT/US2009/000688 e e R?ig)d and
12.30b todgfined batrithderein e asitnenteylaic4dBcied difn Rerocyligest RetdfoaRyl, -each

optionally,suRsituedMithQRG ALIMEFSSURSHIHEHS R RAREL LRD', RE', 127, and R8'is
independently, hydrogen, halo c%anohtriflluor(g{negpyl,ipr nigro; Ci.6 alkyl, C2.6 alkenyl, C2.6 alkynyl,

03.7 cycloAtl, e r%ﬁpﬂé’g&oéﬂ‘if hgieHeteroBycift, eXch BMW%%@&W%@IN more
substituents Qi c&&)ﬁﬂe&(mmiz@(@mﬁ@ﬂo&@(m@m BREROR, VE(IRp DEVARA,
OO R R T N R RO i TRt R enR S WPR R 6r 5%, 0P(0)OR -, wherein R®, R,

RM, k, and p are each as defined herein.

7 [0073] In certain embod'iments, L is {CHz),—, wherein p is as defined herein. In
certain embodiments, -CHy~. L is In certain embodiments, L 1s ~(CH;),CF2- or
—CF»(CHy)p—, wherein p is as .deﬁﬁcd herein. In certain embodiments, L is ~CF,—, In certain
embodiments, L is —(CH;),0~, wherein p is as defined herein. In certain embodiments, L is
~(CHa)pC(O)—, wherein p is as defined herein. In certain embodiments, L is {(CH3)},C(0)0—,
wherein p is as defined herein. In certain embodiments, L is |(CH,),OC(O)—, wherein p is as
defined herein. In certain embodiments, L is |(CHz),C(O)NR"~, wherein R'* and p is as
defined herein. In certain embodiments, L is {CH,),NR“C(O)—, wherein R™ and p is as
defined herein. In certain embodiments, L is —(CH,),NR'*C(O)NR"*—, wherein R'" R, and

p are as defined herein.

[0074] In certain embodiments, p is 1. In certain embodiments, p is 2. In certain

embodiments, p is 3.

{0075} In certain embodiments, L is Cy.¢ alkenylene, optionally substituted with one
or more substituents Q. In certain embodiments, L is Cy.¢ alkynylene, optionally substituted

with one or more substituents Q. In certain embodiments, L is C3; cycloalkylene, optionally
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0S(0)NRbRa, -OS(0)2NRbRa, -NRbRa, -NRaC(0)Rb, -NRaC(0)0Rb, -NR4C(0)NRbRe,
NRaC(=NR6)NRbRa, -NRaS(0)Rb, -NRaS(0)2Rb, -NRaS(0)NRbRO, -NRaS(0)2NRbRa, -SRa,
-S(0)12d, or -S(0)2Rd; wherein each Rd, Rb, Rb, and Rd is independently hydrogen; CI-6 alkyl, C2.6
alkenyl, C2.6sallepny;99367 cycloalkyl, C6.14 aryl, heteroaryl, or heterocyakylreactnopiierally
substituted with one or more substituents Q as described herein; or Rb and Re together with the N

atom to Whisdtitiey arehathachiegoiersnyiatesaayglyl, optionally substituted with one or more substituents
each Lis mdependently a bond, X, or (CR6dR6b)pX wherein p is an integer of 1, 2, or 3;

R6d d d | d 0(0)0-, -00(0)0-
-C(O)?\lan - Eeﬁgcl: %q%fg’f% ro B)N ?E’o hélg aiﬁ?%f)ﬁlﬂiré')‘ ﬁﬁ‘fﬁé?k)kmzls-
-S(0)k-, o¢rre9©)mmw~ 1Wh@re éaemmmlmmu@n@sug@(@peﬁdmmwmme@&,@ &lkyl, 02.6
alkeny, 02ckssungh O RYEIRRNA8 L endieiprol.RLRSIRIOGNGIM each Zeleslependently

CH or N; and each n is independe T—é&a\n integer of 1, 2, 3,4, or>. [00122]In yet another'embodiment,
provided HEFii SRR GBI SFECHMIR tx bseeintereinas defined pgrginR i1y ‘i§1’FﬁHependentIy

L T S S R e ST
independe cycloalky 4, aryl, or y cycloalkytene, each optionally
substltute‘ﬁmegﬁteogvl?}éB}% Sibstentserein R isa5 4 eﬁ‘ﬁecﬁhﬁ{@é‘peﬁd’éﬁﬂ?‘@@ﬂdﬂﬁnﬁeteroaryl

or heterotyxsIyNEH‘ﬂ(@ptjoviadfyzﬁuﬁéﬁiLﬂedemﬁdOmeeﬁf motesaibstinbedimiedchk R5', R6', RT, and
R8'is ind ydrogen WQ, 2009/999596PCT/US2009/00068

methane Tona o CL8 ST b oAy M) BASRSERENY SO PN B85y more
substituehtis ENBI @Rﬂ“ﬂ/ﬁéfewheauhRglenﬁﬂeﬁ)mmhwﬁeﬁiaMeG&7 oyctoalkyl, 06-14 aryl,

| heteroarygn%rogg,t,gﬁwg%lLgﬁ@haR%RaébﬁﬂbS&%%%wh Qne %Ed‘%@ﬁ%%ué%%ﬂ% Sﬁ%ﬁ%d each L

is independently a bond, X, or )pX- wherein p is an Integer o I, 2, or and Rob are

each mdéﬁéﬁﬁﬂemmﬁw&g@?m RN B80)toyhecsio)d. ! aaé:éoge: eagtoymiiefaned

-0(= Nle4ﬂ5}8&5m DR M R EARERIN R 10-NRRIAG(RINRLOMIRLG: i R AROMNE L 05 r240)r, Or
-S(O)kNRl ere each R14, R15 and R1 |s |nde endentli)/ hydrogen C1-6 alkyl, C2-6 alkenyl, C2.6

alkynyl, b G, IB@%%WM%HW dF mekeHsey WD ECERKRS 24 RIS SRERRUYTCH or N: and
each n isdadgpentediliansinagesaiNg 'S, %&f&n[ﬁm&ﬁﬂnna(erewpaberreﬁﬁwqwmantirprowded

herein is E:gx@ta(i:r? @rgg ucﬂ%ngltls: mulg(%(%ﬁﬂ,; Wh\% %Irgm R" is as defined herein. In certain

embodiments, L is —OP(O)YOR '), wherein R!? is as defined herein.

(0077} In certain embodiments, each R'* and R™ is independently hydrogen; C.¢
alkyl, C3.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionaliy substituted with
one or more substituents Q as described herein. In certain embodiments, each R'*and R" is
independently hydrogen; C;. alkyl, or Cs.7 cycloalkyl, each optionally substituted with one or

more substituents Q as described herein. In certain embodiments, R' and R"® are hydrogen.

{0078] In certain embodiments, R® s hydrogen. In certain embodiments, R® is
hydrogen. In certain embodiments, R® and R® are hydrogen. In certain embodiments, R” is

methoxy.

[0079] In certain embodiments, R® is hydrogen, hydroxyl, cyano, or halo; C.¢ alkyl,
Cy.6 alkenyl, Cyo.g alkynyl, Cs.5 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q as described herein; or —-OR?, wherein
R*is Cy.¢ alkyl, Ca¢ alkenyl, C,.6 alkynyl, C3.7 cycloalkyl, Cs.14 aryl, heteroaryl, or

heterocyclyl, each optionally substituted with one or more substituents Q as described herein.

{0080} int certain embodiments, R® s halo or —OR*® wherein R® is as defined herein.
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each R17 is independently 01.6 alkyl or C3-7 cycloalkyl; each R3 is independently 01.6 alkyl,
03-7 cycloalkyl, 0614 aryl, or C1-6 alkyl-C3.7 cycloalkylene, each optionally substituted with one or

more substituents Q; each R2' is independently C6-14 aryl, heteroaryl, or heterocyclyl, each
optionally sUBStREEEPHIH one or more substituents Q; each R5', HOTE"SEYY MRS is
independently hydrogen, halo, cyano, Ci.6 alkyl, or 03.7 cycloalkyl, each optionally substituted with

R

one or mbrecstabstituisrtsn@yter Rvhare(Réavhdsis Fidepededmil heris. alkyiesia®3.7 cycloalkyl, each
optionally substituied Wwith Be gl Qe SUBTSIMENSQ, . aryl, <53EBEkidANIRABHERMACRY, -C(O)-
-C(0)0-, )é O‘ég%gé%%o%% elgrﬁfl(\f’gclﬁéw \{&\}Egér%% ié h?/é?(%%n?gg% %?kyl 0?3Q3.7 cycloalkyl; each Z is
independBisth OProFHsENEREathrn deserilsstuenuy mrerrEyembediments. R 35 §14082Ain yet another

embodiment.psilse bRIcpisihe compound oifsmRUA Mo RIKbuhrseinQeadaRAFeis independently
C1.6 alkyl; each R3 is independently C1.6 alkyl or 03.7 cycloalkyl olggionﬁl?l}/ Sijstituted with
one or mB‘i’?’é’uﬂ&ﬁﬁéﬁ&@?%%@%%%@éﬁ%@%&%@me s, RS dRiR2"s
independeniiinGhidtanrhinatéraasilony. Netesasychhbedohoptidtially fauhstititedwith one or more
substituents?%'. 6ea(ilh R5', R6', R7', and R8' is independently halo, cyano,
methaneSTPSHERTIS;, 1'% A2 C3.7 cycloalkyl, each optionally substituted with one or more

substituents Q; or -ORa, wherein each W is independently C1.6 alk /| or C3.7 cycloalkyl, each
optionaljf&¥Bstituted WittrBaiE smbrsiEsassiudhby drgers bﬁii,f%h\éa;%3}§‘1n%%ﬂdgh§|?1@ﬂ+ or N; and

each n isddsesgenty amjager ok ey 3O LAA) ReysbaRolbehaEibedITE Bhcprovided herein i
the compound of Formula IX or X, wherein: - . . . a .

optionally substituted with one or more substituents Q as described herein; or ~OR”, wherein

R®is Cy.4 alkyl, Ca.g alkenyl, Ca.6 alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or

heterocyclyl, each optionally substituted with one or more substituents Q as described herein.

[0082] In certain embodiments, R” is halo or —OR?, wherein R? is as defined herein.
In certain embodiments, R” is ~OR®, wherein R® is as defined herein. In certain
embodiments, R* is C;.¢ alkyl, Cs.7 cycloalkyl, or Ce.14 aryl, each optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R” is C, alkyl or
Cs.7 cycloalkyl, each optionally substituted with one or more substituents Q as described
herein. In certain embodiments, R” is methoxy. In certain embodiments, R” is halo. In
certain embodiments, R’ is chloro. In certain embodiments, R” is fluore. In certain

embodiments, R” is hydrogen.

[0083] In certain embodiments, RY is ~OR® and R” is hydrogen, wherein R* is as

defined herein. In certain embodiments, R® is methoxy and R” is hydrogen.

[0084] In certain embodiments, R is hydrogen and R7 is ~OR?, wherein R* is as

defined herein. In certain embodiments, R® is hydrogen and R is methoxy.

0085} In certain embodiments, R* is hydrogen, hydroxyl, cyano, or halo; Cy.¢ alkyl,
Ca.6 alkenyl, Cy.6 alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyelyl, each
optionally substituted with one or more substituents Q as described herein; or—OR?, wherein
R" is Ci. alkyl, Cy.6 alkenyl, Cos alkynyl, Ce.14 aryl, Cs.7 cycloalkyl, heteroaryl, or
heterocyclyl, each optionally substituted with one or more substituents Q as described herein.
In certain embodiments, R® is hydrogen, halo, or C,.¢ alkyl, optionally substituted with one

or more substituents Q as described herein: In certain embodiments, RY is hydrogen.
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each R" is independently C1-6 alkyl;
optionally substituted with C1.6 alkyl or C2.6 alkynyl;

heteroaryl, each o tionalljly substituted with one or more substituents selected from the group
b

consisting 013}%95[‘\ / Hoon

ethynyl,

C1.6 alkyi0@¥tonally sutssitateamiadiorate Rreetmlor breeiain oniodimspinRRasdlears diky,

each R3 is independently C1.6 alkyl, or C3-7 cycloallcyl
each R2' is independently C6.14 aryl or

, methyl, isopropyl, trifluoromethyl, cyclopropyI,P%%ﬂ%"}f?% ényl, and

each R5', R6', 127, and R8' is independently hydrogen, halo, methanesulfonamido;

optionally. Suhgtifindvithonestosthies JIURT 0pkaH R o diment£ach; < iivindensaeently CH or N; and

each n is independent]

the compBuRRFBPES USSP, wherein: each R17 is independently methyl or ethyl;
R3G is independently methyl, cyclopropyl, 1-methylcyclopropyl, or 1- ethynylcyclopropyl;
R2' is indgieéfitiently phreeaik fudrogiemyd, R iseStapsiiarhinptivieabt-sbslj @tsopitpyithiazol-4-yl,
2-trifluorq | -4y, 4 eYolie] -2- - met ' =2-Vih 84 -1r] methylthiazol-2-yl,
&ﬁé‘@é‘ﬁ?ﬁgﬁféﬁ;{ag FaReL 8‘&%&]12.23(# &8 %ﬁ%@ﬁé}’?ﬂ%yﬁ it

4-isopropylthiazo

yclopropylthiazol-2-yl, 4-cyc

4-ethynylthiazol-2- WO 2009/099596PCT/US2009/000688 yl, 3-isopropylpyrazol- | -yl,

3-trifluor

azol-2-yl, enylthiazol-2-yl,

ran integer of 1, 2, or 3., [00126]In yet another embodiment, provided herein is

each
each

JHRERY Ipyrazdr £ae By BRI Sox SANEOPE QL IRFERXGE IR dHRYIRRE Hydrogen or

methoxy;e@abxRER TS iindlepe peeniiyoiydsogrihaiioind @ melydgen, chlorgaibR Thsindependently
hydrogen, n%nﬁtl:]o%yég%ﬂuoro ethox fstrglguorom thoxy, Hﬁﬁhan sulforiamido or CQ(I)%rO' e%ch R8'is
ydr 0 s

independ@ﬁ 9/

21N em X org, { itleft
ity hydrogen, me ’Oy i uOrorﬁéFﬁfﬂ, At6rd chiord, dlr ?orﬁlo?elftiasn-f)m ,
R® is methoxy, and R” is chloro. In certain embodiments, R is methoxy, and R®' is methyl.
in certain embodiments, R” is methoxy, and R¥ is fluoro. In certain embodiments, R is
methoxy, and R¥ is chloro. In certain embodiments, R” is methoxy, and R¥ is bromo. In

certain embodiments, R is methoxy, and R¥ is methyl.

[0089] In certain embodiments, R" is hydrogen.
[0090] In certain embodiments, Q' is —O—.
10091] In certain embodimeﬁts, Q'is —N(R”)—, wherein R!” is as defined herein. In

one embodiment, R is hydrdgen; C1.s alkyl, Cy¢ alkenyl, Ca.6 alkynyl, Cs.7 cycloalkyl, Ce.1q
aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q
as described herein. In another embodiment, R'7 is hydrogen; C\.4 alkyl, or Cs.7 cycloalkyl,
each optionally substituted with one or more substituents Q as described herein. In yet
another embodiment, R is hydrogen or Cy alkyl, optionally substituted with one or more
substituents Q as described herein. In yet another embodiment, R'” is hydrogen. In yet
another embodiment, R' is Cj¢ alkyl, optionally substituted with one or more substituents Q

as described herein. In still another embodiment, R*” is methyl.

[0092] In certain embodiments, Q' is ~-C(R'®*R")-, wherein R'® and R' are each as
defined herein. In one embodiment, R'® and R" are each independently hydrogen; C;. alkyl,
or Cs.7 cycloalkyl, each optionally substituted with one or more substituents Q as described
herein. In another embodiment, R'® is hydrogen. In yet another embodiment, RY is
hydrogen. In yet another embodiment, R'® and R'® are hydrogen. In another embodiment,
R'®is C 1 alkyl, optionally substituted with one or more substituents Q as described herein,

In yet another embodiment, R'? is C, ¢ alkyl, optionally substituted with one or more
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each Z is independently CFI or N; and each n is independently an integer of 1, 2, or 3. [00127]In still
another embodiment, provided herein is the compound of Formula IX or X, wherein: each RP is
independently methyl or ethyl; each R3 is independently methyl, cyclopropyl,
1-methylcyclapropptiesds- ethynylcyclopropyl; each R2' is indeperit{exiti§zpiiarghss
4-fluorophenyl, 2-isopropylaminothiazol-4- yl, 2-isopropylthiazol-4-yl, 2-trifluoromethylthiazol-4-yl,
4-Cyanot@'tﬁzs@ih2eﬂds Qam@ébwiﬂséawrarvl 4-teiflupkame thylibianeh? B2 4risapfapykhinzol-2-yl, 4-

cycloprop hla [, 4-c butylthigzol-2-yl, 4-ethe yIthlazoI 2- ethyn It§|az I-2- .y,

S soprom TN 5 A o B oA ES iy U SRS BB TG P teeriess
mdependbasrﬂmhydrogen or methoxy; each R6' is mdependently hydrogen or methoxy; each les is
independently hydrogen, chloro, or methoxy; each R8' is independently hydrogen, methyl, fluoro,

chloro, ort§810; L is - -6a6h &isdagiapeadsntly. ChkorM)angheach RislndrreRdenty wadnteger of
1, 2, or 3. WO 2009/099596PCT/US2009/000688 [00128]In one embaodiment, provided herein is a

compounti&SiaiBLR BikithdgYctp drriedifersrasioatkybptionally substituted with one or

more substituents Q as described herein.

[0094] In certain embodiments, Q' is -CR(NR"®R'*)—, wherein R", R®®, and R" are
each as defined herein. In one embodiment, R' and R'® are each independently hydrogen;
Cy.6 alkyl, or Cs.7 cycloalky!, each optionally substituted with one or more substituents Q as
described herein. In another embodiment, R' is hydrogen or C,. alkyl, optionally
substituted with one or more substituents Q as described herein. In yet another embodiment,
R' is hydrogen. In vet another embodiment, R" is Cy alkyl, optionally substituted with one
or more substituents Q as described herein. In yet another embodiment, R'7 is methyl. In one
embodiment, R'® is hydrogen or C,.s alkyl, optionally substituted with one or more
substituents Q as described herein. In yet another embodiment, R™ is hydrogen. In yet
another embodiment, R'® is Cy.¢ alkyl, optionally substituted with one or more substituents Q
as described herein. In yet another embodiment, R is methyl. In yet another embodiment,

R and '® are hydrogen.

[0095] In certain embodiments, R' is hydrogen, —-C(O)R*®, ~C(O)ORY,
~C(O)NRY'R®E, or —C(=NR*"NR?'R*, wherein R%, R*, and R* are each as defined herein.
In certain embodiments, R" is hydrogen. In certain embodiments, R is —C(O)R*¥, wherein
R* is as defined herein. In certain embodiments, R is —C(O)NR?'R?, wherein R* and R*
are each as defined herein. In certain embodiments, R' is —C(=NR2°)NR21R22, wherein R%,
R?*, and R* are each as defined herein. In certain embodiments, R* and R* together with
the N atom to which they are attached form heterocyelyl, optionally substituted with one or

more substituents Q as described herein.

[0096] In certain embodiments, R' is ~C(OYOR®, wherein R* is defined herein. In
one embodiment, R% is C;.¢ alkyl, C3.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q as described herein. In yet another
embodiment, R*" is Cy.¢ alkyl, optionally substituted with one or more substituents Qas

described herein. In yet another embodiment, R% is s-butyl. In yet another embodiment, R
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N --N 0 63a: R5'H, R6 = H, R7 = OCH3, R8' = H; 636: Rs' =fl, R6' = H,= OCH3, R8' = CH3; 63c: =H,
R6l = H,= OCH3,=F; 63d: R5' =1-1, R6' = H, Rr = OCH3, R8' = CI; 63e: Its' = OCH3,= H,= OCHS3, R8'
=H; 63f: = H, 116' = OCH3,= H, R8' = CH3, 63g: R5'H, R6' = OCH3,= CI, R8' = and 6311: R5.= H,
126' = H, Kr ¥ @O¢HB?RY = Br; and pharmaceutically acceptable salts, sof¢dtES24EPEErugs thereof.
[00129]In another embodiment, provided herein is a compound selected from the group consisting of
76a: n' 1;iafAd-A6kyinopttimaby phatmact witalycaooaptalldsaitsnsoly ates:sarbed foateirgsithereof.

220130]'”3}4?1%1@8}8%%89&94@?&% psrgg'}g?g herein is a compound selected from the group consisting

{0097] In certain embodiments, R'® and R together with the N atomn to which they
are attached form heterocyclyl, optionally substituted with one or more substituents Q as

described herein,
[0098] In certain embodiments, R® is ~OH.

[0099] In certain embodiments, R’ is —-NR®R’, wherein R® and R are as defined
herein. In certain embodiments, R® and R® together with the N atom to which they are
attached form heterocyclyl, optionally substituted with one or more substituents Q as

described herein,

[0010¢] In certain embodiments, R is ~-NHS(O)XR®, wherein R® and k are each as
defined herein. In certain embodiments, R%is Ci.s alkyl, Cs.7 cycloalkyl, Cq.14 aryl,
heteroaryi, heterocyclyl, or Ci.¢ alkyl-Cs.7 cycloalkylene, each optionally substituted with one
or more substituents Q as described herein; or -CH,NR¥R®, - CHR¥*CHR*NRSR® or
—CH,CR¥R3NR¥R® wherein R% R¥® R¥* and R® are each as defined herein.

[00101] In certain embodiments, R® is Ci alkyl, C3.; cycloalkyl, Cs.14 aryl, heteroaryl,
heterocyclyl, or Cy.s alkyl—C;.y cycloalkylene, each optionally substituted with one or more
substituents Q as described herein; or -CH,NR*¥RY®, —-CHR¥CHR**NR¥*R®, or
—CH,CR¥R¥NR¥R® wherein R®, R*®, R* and R? are each as defined herein. In certain
embodiments, RYis Ci.s alkyl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R is methyl. In certain embodiments, R%is Cs7
cycloalkyl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R® is cyclopropyl, 1-methyleyclopropyl, 1-ethynyleyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl. In certain embodiments, R® is Ce.14 aryl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R
is heteroaryl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R? is heterocyclyl, optionally substituted with one or more substituents

Q as described herein,

[00102] In certain embodiments, R® is~CH;NR*R™, wherein R* and R* are each as
defined herein. In certain embodiments, R8 is -CHR®CHRBNR¥R® wherein R, R®, R¥,
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WO 2009/099596PCT/US2009/000688 83a: Rs' = H, Re = H, R7= OCH3, Rs' H; 831): Rs'=H, Re =
H,= OCH3, R8 =CH3; 83c: R=H, Rs'=H, R7 =0CH3, Rs'=F; 83d: Rs'=H, e =H, R7 = OCH3, Rs'
=Cl; 83e: Rs'=0CH3, Rs'=H, R7=0CH3, Rs'=H; 831: Rs'=H, Rs' = g,g{gﬂﬂ%zg g%s' = CH3;

, RS =

83g: R5' H, M9 28¢#HR7 = CI, Rs' = H; and 83h: Rs' = H, Rs' = H,= O& Y nd

pharmaceuticglly acceptable salts, solvates, and prodrugs thereof. [00131]Inyef.angther embodiment,
the comp®tthB ofEorAslIes dfinsrbbessitolh %a&mﬁ‘gﬁ%‘?%é{of.s c C]gﬁxd%ﬁgﬁngceutically

acceptablgrsadis, b lvefe R ans Produig s dhe ek GrpsitdR6 Cmpd# R6 62a 1110---S

[00103] In certain embodiments, R® has the structure of
R
L
wherein R’ is hydrogen; Cy.4 alkyl, Ca4 alkenyl, Ca.g alkynyl, C;.1 cycloalkyl, Ce.14 aryl,
halogen, heteroaryl, or heterocyclyl, each optionally substituied with one or more substituents
Q as described herein. In one embodiment, R’ is C.¢ alkyl. In another embodiment, R’ is
hydrogen. In yet another embodiment, R’ is methyl. In yet another embodiment, R’ is Ca4

alkynyl. In still another embodiment, R’ is ethynyl.

[00104] Thus, when R® is -NHS(0);R®, R’ has the structure of
) lj
Lt Nt
1
O
wherein R’ is as defined herein. In one embodiment, R’ is C 4 alkyl. In another

embodiment, R’ is hydrogen. In yet another embodiment, R’ is methyl. In yet another

embodiment, R’ is Ca4 alkynyl. In still another embodiment, R’ is ethynyl.

[00105) In certain embodiments, R® is hydrogen; Ci.s alkyl, Cs.7 cycloatkyl, Cs.14 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R is hydrogen; Cy¢ alkyl, or Cz.7 cycloalkyl,
each optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R% is hydrogen. In certain embodiments, R% s Cig alkyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R
is methyl. In certain embodiments, R¥ is Cs.7 cycloalkyl, optionally substituted with one or
more substituents Q as described herein. In certain embodiments, R¥ is C.14 aryl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R®
is heteroaryl, optionally substituted with one or more substituents @ as described herein. In
certain embodiments, R is heterocyclyl, optionally substituted with one or more substituents

Q as described herein,

1001006] In certain embodiments, R¥ is hydrogen; C,.4 alkyl, Cy6 alkenyl, C;.5 alkynyl,
Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or
more substituents Q as described herein; or ~SOXR', —S(O)NR"R", -C(OR"],

3
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~C(0)ORY, -C(OINR''R™, or ~C(=NR')NR"R", wherein R, R'%, R"?, and k are each as
defined herein. In certain embodiments, R® ig hydrogen; C,.¢ alkyl, or Cs.7 cycloalkyl, each
optionally substituted with one or more substituents QQ as described herein; or —C(O)Ri '
~C(OYORY, or ~C(OINR!'R'?, wherein R'" and R'? are each as defined herein. In certain
embodiments, R® is hydrogen. In certain embodiments, R® is Cy.4 alkyl, optionally |
substituted with one or more substituents Q as described herein. In certain embodiments, R®
is methyl, ethyl, or isopropyl. In certain embodiments, R® is C3.7 cycloalkyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R
is Co.14 aryl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R* is phenyl, optionally substituted with one or more substituents Q.
In certain embodiments, R* is Cg.14 aryl-C s alkylene, each optionally substituted with one
or more substituents Q as described herein. In certain embodiments, R*® is benzyl. In certain
embodiments, R is «»C(O)RE ! wherein R"! is as defined herein. In certain embodiments, R%
is —C(C!)RE 1, and R 15 Cy6 alkyl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R%®is acetyl. In certain embodiments, R® is
~C(OYOR!", wherein R'' is as defined herein. In certain embodiments, R® is ~C(OYORY,
and R'! is C, ¢ alkyl, optionally substituted with one or more substituents Q as described
herein. In certain embodiments, R®® is—~C(O)O~#-butyl (Boc). In certain embodiments, R* is
~C(OWNR''R', wherein R'' and R'? are each as defined herein.

[00107] In certain embodiments, R* is hydrogen; Cy. alkyl, Cs.7 cycloalkyl, Cs 4 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R™ is hydrogen; Ci, alkyl, or Cs.5 cycloalkyl,
each optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R* is hydrogen. In certain embodiments, R* is C.4 alkyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R¥
is methyl. In certain embodiments, R* is Ca.s cycloalkyl, optionally substituted with one or
more substituents Q as described herein. In certain embodiments, R* is Cq 14 aryl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R¥
is heteroaryl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R¥ is heterocyclyl, optionally substituted with one or more substituents

(Q as described herein,

[00108] In certain embodiments, R* is hydrogen; Ci.¢ alkyl, Cs.7 cycloalkyl, Ce.14 aryl,
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heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R* is hydrogen; Ci.¢ alkyl, or Ca.7 cycloalkyl,
each optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R* is hydrogen. In certain embodiments, R% is C.6 alkyl, optionally
substituted with one or more substituents  as described herein. In certain embodiments, R3
is methy!. In certain embodiments, R* is C3. cycloalkyl, optionally substituted with one or
more substituents Q as described herein. In certain embodiments, R% is Cq.14 aryl, optionally
substituted with one or more substituents  as described herein. In certain embodiments, R
is heteroaryl, optionally substituted with one or more substituents (@ as described herein. In
certain embodiments, R* is heterocyclyl, optionally substituted with one or more substituents

Q as described herein.

[00109] In certain embodiments, R*" is C4 alkyl, C3.7 cycloalkyl, Ce.14 aryl,
~ heteroaryl, heterocyclyl, or Cy¢ alkyl~Cs.7 cycloalkylene, each optionally substituted with

one or more substituents Q as described herein; or —(.‘EHZE‘JR}OE‘R3 Ob,
~CHR¥™CHRP™NRP®R*®, or ~-CH,CR¥RYNR*™R™, wherein R*®, R*®, R**, and **’ are
each as defined herein. In certain embodiments, R¥isCrs alkyl, optionally substituted with
one or more substituents ¢ as described herein. In certain embodiments, R¥is methyl. In
certain embodiments, R*" is Cs.7 cycloalkyl, optionally substituted with one or more
substituents Q as described herein. In certain embodiments, R* is cyclopropyl, 1-
methylcyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl. In certain embodiments, R is
Cs.14 aryl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R*” is heteroaryl, optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R* is heterocyclyl, optionally substituted with

one or more substituents  as described herein.

[00110] In certain embodiments, R* is ~CH;NR*®R’®, wherein R** and R*® are each
as defined herein. In certain embodiments, R* is ~CH,CR**R*™NR>®R*® wherein R*®,
R, R30°, and R*™ are each as defined herein. In certain embodiments, R¥ s
~CHRPCHRY™NR R, wherein R*™, R*®, R*, and R*™ are each as defined herein.

[00111] In certain embodiments, R* has the structure of

R'

A
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wherein R is hydrogen; Ci¢ alkyl, Cas alkenyl, Cy.6 alkynyl, Ce.i4 aryl, Cs.7 cycloalkyl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q as
described herein. In one embodiment, R’ is C;¢ alkyl. In another embodiment, R’ is
hydrogen. In yet another embodiment, R’ is methyl. In vet another embodiment, R’ is Ca4

alkynyl. In still another embodiment, R’ is ethynyl.

[00112] In certain embodiments, R ig hyvdrogen; C,.¢ alkyl, Cs.7 cycloalkyl, Ce.14
aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R**™ is hydrogen; C; alkyl, or Cs.; cycioalkyl,
each optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R** is hydrogen. In certain embodiments, R is C,. alkyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments,
R’® is methyl. In certain embodiments, R>® is Cs. cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R ig Ce.14 arvi,
optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R** is heteroaryl, optionatly substituted with one or more substituents Qas
described herein. In certain embodiments, R 5 heterocyelyl, optionally substituted with

one or more substituents  as described herein,

[00113] In certain embodiments, R ig hydrogen; C;.¢ alkyl, Cy¢ alkenyl, Cy
alkynyl, Ca.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally substituted
with one or more substituents G as described herein; or ——S(O)RR1 L —S(O)kNR! R,
~CORY, —C(OYORY, —C(OINR'R'?, or —~C(=NR'')NRMR"*, wherein R'", R'%, R”, and k
are each as defined herein. In certain embodiments, R3® is hydrogen; C,.4 alkyl, or Cs.9
cycloalkyl, each optionally substituted with one or more substituents Q as described herein;
or —C(O)R", ~C(OYOR", or ~C(O)NR! lRiz, wherein R'! and R'? are each as defined herein.
In certain embodiments, R°% is hydrogen. In certain embodiments, R¥% s Cie alkyl,
optionally substituted with one or more substituents Q as described herein. In certain

R*™ is methyl, ethyl, or isopropyl. In certain embodiments, R*® is C3.;

embodiments,
cycloalkyl, optionaily substituted with one or more substituents Q as described herein. In
certain embodiments, R>% is Cg.14 aryl, optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R*® is phenyl, optionally substituted with one
or more substituents Q. In certain embodiments, R is Cera aryl-C;¢ alkylene, each

optionally substituted with one or more substituents Q as described herein. In certain
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embodiments, R*® is benzyl. In certain embodiments, R*® is —<C(O)R", wherein R'! is as
defined herein. In certain embodiments, R*® is —C(O)R!, and R" is C16 alkyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments,
R*® is acetyl. In certain embodiments, R*® is ~C(OYOR!, wherein R" is as defined herein.
In certain embodiments, R*® is ~C(O)ORY, and R is C).¢ alkyl, optionally substituted with
oﬁe or rﬁore substifuents Q as described herein. In certain embodiments, R¥® s
—C(C)O-t-butyl (Boc). In certain embodiments, R*™ is -C(O)NR''R*?, wherein R'’ and R"?

are each as defined herein.

[00114] In certain embodiments, R* is hydrogen; Ci. alkyl, C;7 cycloalkyl, Ce.1a
aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q
as described herein. In ¢ertain embodiments, R s hydrogen; Cy.6 alkyl, or Cs.7 cycloalkyl,
each optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R is hydrogen. In certain embodiments, R** is C). alkyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments,
R** is methyl. In certain embodiments, R*™ is C3.; cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R** is Cg.14 aryl,
optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R>* is heteroaryl, optionally substituted with one or more substituents Q as
described herein, In certain embodiments, R*” is heterocyclyl, optionally substituted with

one or more substituents Q as described herein.

[00115] In certain embodiments, R*™ is hydrogen; Ci.¢ alkyl, Cs.7 cycloalkyl, Cs.14
aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R g hydrogen; C,. alkyi, or C;.7 cycloalkyl,
each optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R** is hydrogen. In certain embodiments, R** is C,.¢ alkyl, optionaliy
substituted with one or more substitueﬁts Q as described herein. In certain embodiments,
R*™ is methyl. In ceriain embodiments, R** is Cs.» cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R*® is Cg.14 aryl,
optionally substituted with one or more substituents  as described herein. In certain
embodiments, R*® is heteroaryl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R*® is heterocyclyl, optionally substituted with

one or more substituents ) as described herein.
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[00116] In certain embodiments, k is 1. In certain embodiments, k is 2.
[00117] In certain embodiments, Z is CR®. In certain embodiments, Z is CH. In

certain embodiments, Z is N,

[00118] In one embodiment, provided herein is a compound of Formula (IX):

(IX)
wherein R", RSO, RT, R, RE, RT, Rg’, L, and n are each as defined herein; and Z is CH or N.
In one embodiment, L is ~O-: In another embodiment, RYis Ci.¢ alkyl. In yet another
embodiment, R' is methyl. In yet another embodiment, RYis Cg alkyland L is -O—. In

still another embodiment, R is methyl and L is ~O-.

[00119] In yet another embodiment, provided herein is a compound of Formula (X}:

wherein R'®, R ®¥ R? R?, Rﬁ', R”,R¥, L, and n are each as defined herein; and Z is CH
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or N, In one embodiment, L is ~O—. In another embodiment, R'® is hydrogen. In yet another

embodiment, R¥is hydrogen and L is O~

[00120] In one embodiment, provided herein is the compound of Formula IX or X,

wherein

gach R’ is independently hydrogen, C . alkyl, C;.¢ alkenyl, Cy4 alkynyl, Cs.7
cycloalkyl, Cg.14 aryl, heteroaryl, or heterocyclyl;
each R is independeritiy Ci.6 alkyl, Co.6 alkenyl, Co¢ alkynyl, Cs.7 cycloalkyl,
Cs.14 aryl, heteroaryi, heterocyelyl, or Ci4 alkyl-Cs.; cycloalkylene, each optionally
substituted with one or more substituents Q; or ~-CH,NRPR3®, —CHRI®NR R
_CHR¥CHRY™NR*™R™®, or ~CH,CR*™R*™NR*¥R*®, wherein:
each R*™ R*™ and R** is independently hydrogen; Cy. alkyl,
Ca.6 alkenyl, Ca.4 alkynyl, Cs.7 cycloalkyl, Ce.j4 aryl, heteroaryl, heterocyclyl, or Cs.14 aryl-
C;. alkylene, each optionally substituted with one or more substituents Q; and
each R*® is independently hydrogen; Cy.¢ alkyl, C,.¢ alkenyl,
C,.¢ alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyelyl, each optionally
substituted with one or more substituents Q; —S(O‘)kRE L QS(O)kNRl 'R, —C(O)R,
~C(O)YOR!, —C(O)NR''R'?, or ~C(=NR")NR''R'*; wherein each R"", R, and R" is
independently hydrogen; Cy.¢ alkyl, Cy.6 alkenyl, Ca. alkynyl, Cs.s cycloalkyl, Ce.14 aryl,
heteroary!, or heterocyclyl, each optionally substituted with one or more substituents Q; or
R and R' together with the N atom to which they are attached form heterocyclyl, optionally
substituted with one or more substituents Q; or
R3% and R*™ together with the N atom to which they are
attached form heterocyclyl or -heteroaryl, each optionally substituted with one or more
substituents (;
each R?", R ', RG’, R”, and RY is independently:
hydrogen, halo, cyano, triftuoromethyl, or nitro;
Ci.¢ alkyl, Ca. alkenyl, Co alkynyl, Cs7 cycloalkyl, Cs.14 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q; or
~C(OIR?, —=C(O)OR?, ~C(OINRRS, ~C(NR*NRR®, ~OR?,
—OC(O)R?, —OC(O)YOR?, ~OC(O)NRR®, ~OC(=NR*NR"R’, ~OS(O)R?, —-OS(O):R",
—OS(O)NRR®, “OS(O)NRPR®, ~NRR®, -NRC(O)R®, -NR*C(0)OR’, -NR*C(O)NR'R,
~NR*C(=NRYNR’R®, -NR*S(O)R", -NR*S(0):R", -NR*S(O)NR"R?, ~NR*S(0);NRR",
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~SR®, —S(OIR?, or -S(0):R?; wherein each R, R, R%, and R? is independently hydrogen;
Ci.¢ alkyl, Cq.6 alkenyl, Co.g alkynyl, Cs.7 cycloalkyl, Cs.14 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more substituents @ as described herein; or R®and R°
together with the N atom to which they are attached form heterocyclyl, optionally substituted
with one or more substituents Q;

gach L is independently a bond,_C;_ﬁ alkylene, Cs7 cycloalkylene, Co
alkenylene, Cy4 alkynylene, X, or %CRﬁaRGb)pr; wherein p is an integer of 1, 2, or 3; RS
and R® are each independently hydrogen, halo, cyano, hydroxyl, or alkoxy; and X is =O-,
~C(O), ~C(0YO-—, ~OC(OYO-, ~C{OINR"~, ~C(=NR'™NR"-, -NR"—, -NR"C(O)NR"-,
“NRUCENRPINR-, ~NRMS(OWNR =, ~§(0)—, —S(OUNR"~, -P(O)ORM-, or
—OP(O)ORMW, where each R', R", and R s independently hydrogen, C,.s alkyl, Ca6
alkenyl, Cs.6 alkynyl, C;.; cycloalkyl, Cs.14 aryl, heteroaryl, or heterocyelyl;

each Z is independently CH or N; and

each n is indeépendently an integer of 0, 1, 2, 3, 4, or 5.

[00121] In another embodiment, provided herein is the compound of Formula IX or X,
wherein:
each R'7 is independently hydrogen, C,.s alkyl, Ca7 cycloalkyl, Cs.14 aryl,
heteroaryl, or heterocyclyl;
each R is independently Cy.s alkyl, Ci.7 cycloalkyl, Ce.14 aryl, heteroaryl,
heterocyelyl, or C.¢ alky!-C;.7 cycloalkylene, each optionally substituted with one or more
substituents Q; or —-CH,NR3®R3® _CHR¥*NR*R*® _CHR>*CHR*™“NR*®R*®, or
—CHCRPR¥NR R, wherein:
each R3oa, R and R*™ is independently hydrogen; C. alkyl,
Ca.6 alkenyl, Cy alkynyl, Cs7 cycloalkyl, Cg.14 aryl, heteroaryi, heterocyclyl, or Ce.14 aryl—
C1.¢ alkylene, each optionally substituted with one or more substituents Q; and
each R*® is independently hydrogen; C,.¢ alkyl, C,5 alkenyl,
Cy.6 alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q; ~S(O}R'%, ~S(O)NR''R'2, ~C(OR"",
—~C(OYOR!, ~C(ONRR, or —-C(=NR*)NR''R'%; wherein each R'!, R, and R is
independently hydrogen; C,.¢ alkyl, Cy.5 alkenyl, Cy.¢ alkynyl, C3.7 cycloalkyl, Cs.14 aryl,
heteroaryl, or heterocyciyl, each optionally substituted with one or more substituents Q; or
R!" and R'? together with the N atom to which they are attached form heterocyclyl, optionally

substituted with one or more substituents Q; or
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R and R*® together with the N atom to which they are
attached form heterocyclyl or heteroaryl, each optionally substituted with one or more
substituents Q;

cach R, RS', R®, RT, and R% is independently:
hydrogen, halo, cyano, Atriﬂuoromethyl, Or niro;
Ci.¢ alkyl, Cy4 atkenyl, C2.6 alkynyl, Ca.7 eycloalkyl, Cep4 aryl,
heteroaryl; or heterocyclyl, each optionally substituted with one or more substituents Q; or
~C(O)RE, —-C(O)ORB,FC(O)NRbRC, —C(NR*NRPRE, —-OR?,
—OC(O)R?, ~OC(O)OR?, -OC(O)NR"R", ~OC(=NR*NRR®, —OS(O)R?, —~OS(O)LR%,
~OS(0)NRPRS, —~0S(0);NRR®, -NR"R®, -NR*C(0)R®, -NR*C(OYOR!, -NR*C{O)NR'R’,
“NR*C(=NRHNRR®, -NR*$(O)R®, -NR*S(0),R®, —~NR*S(O)NRR®, -NR*S(O),NR’R",
~SR?, —S(O)R?, or ~S(O)R*; wherein each R? R®, RS, and RY is independently hydrogen;
Ci.6 alkyl, Ca6 alkenyl, Co alkynyl, Cs.7 cycloalkyl, Cg.14 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more substituents Q as described herein; or R® and R°
together with the N atom to which they are attached form heterocyclyl, optionally substituted
with one or more substituents Q;
each L is independently a bond, X, or —(CR®¥R®),X~; wherein p is an integer
of 1, 2, or 3; R* and R* are each independentiy hydrogen or halo; and X is ~O-, ~C(O)-,
—C(0)O—-, —“OC(0YO-, ~C(OINR M-, wC(wNR‘‘*)NR‘5—, “NRM-, -NR™C(ONR -,
_NRMC(=NR'*)NR'-, -NRM“S{O}NR -, —S(O)—, or ~S(O)NR—, where each R'*, RY,
and R'6 is independently hydrogen, C, alkyl, Ca¢ alkenyl, Cas alkynyl, Cs.7 cycloalkyl, Ce.ja
aryl, heteroaryl, or heterocyclyl;
cach Z 1s independently CH or N; and

each n is independently an integer of 1, 2, 3, 4, or 5.

[00122] In yet another embodiment, provided herein is the compound of Formula IX or
X, wherein:

each R'7 is independently hydrogen, Ci.¢ alkyl, Ci.7 cycloalkyl, Ce.14 aryl,
heteroaryl, or heterocyclyl;

each R* is mdependenﬂy Ci.6 alkyl, Cs.4 cycloalkyl, Cg.14 aryl, or Cy. alkyl—
Cs.7 cycloalkylene, each optionally substituted with one or more substituents Q;

each R? is independently Ce.4 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q;

each R® RY,R7, and RY is independently hydrogen, halo, cyano,
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methanesulfonamido, C).s alkyl, or Cs.7 cycloalkyl, each optionally substituted with one or
more substituents Q; or —~OR®, wherein each R® is independently C, alkyl, Cs.7 cycloalkyl,
Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more
substituents Q;

each L is independently a bond, X, or —{CRéaRsb),,Xu; wherein p is an integer
of 1,2, 0r 3; R5 and R® are each independently hydrogen or halo; and X is -O—, —-C(O},
~C{0)0-, ~0C(Q)0-, ~C(OINR"“~, —C(=NR'"JNR"—, -NR"—, -NR"“C(ONR"*~,
NRM“CENRPNR -, -NRMSO)NRE-, ~§(0)—, or ~S(ORNR "~ where each R'*, R,
and R is independently hydrogen, C;.¢ alkyl, Cz.(, alkenyl, Cag alkynyl, Cs.7 cycloalkyl, Ce.14
aryl, heteroaryl, or heterocyclyl;

each Z is independently CH or N; and

each n 1s independently an integer of 1, 2, 3, 4, or 5.

[00123] In yet another embodiment, provided herein is the compound of Formula IX or
X, wherein:

each R is ind’ependcntiy Clr,(, alkyl or Cs.7 cycloalkyl;

each R*" is independently C,.¢ alkyl, Ci.9 cycloalkyl, Ce.14 aryl, or Cy¢ alkyl-
C;.7 cycloalkylene, each optionally substituted with one or more substituents Q;

each R* is independently Cs.-14 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents (};

each R°, Rﬁy, RT, and R¥ is independently hydrogen, halo, cyano, C,.¢ alkyl,
or Cs.; cycloalkyl, each optionally substituted with one or more substituents Q; or —OR”,
wherein each R® is independently C).¢ alkyl or Cj.7 cycloalkyl, each optionally substituted
with one or more substituents Q;

each L is independently —O—, ~C(O)-, ~C(0)0-, ~OC(0)0—, -C(O)NR -, or
~NRY-, where R" is hydrogen, C, alkyl or Cs.7 cycloalkyl;

each Z is independently CH or N; and

each n is independently an integer of 1, 2, 3, 4, or 5.

[00124] In yet another embodiment, provided herein is the compound of Formula [X or
X, wherein: |

each RY is independently C,.¢ alkyl;

each R* is independently Cy.¢ alky! or C;.7 cycloalkyl optionally substituted

with one or more substituents Q;
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each R? is independently Cg.14 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q;

eachR¥, R® R” and R¥ is independently halo, cyano, methanesulfonamido,
Ci.s alkyl, or Cs.7 cycloalkyl, each optionally substituted with one or more substituents Q; or
—OR?, wherein each R® is independently C,.¢ alkyl or Cs.; cycloalkyl, each optionally
substituted with one or more substituents (Q;

Lis -0-;

each Z is independently CH or N; and

each n is independently an integer of 1, 2, or 3.

[00125] In vet another embodiment, proVided herein is the compound of Formula IX or
X, wherein:

each R is independently C 1.6 alkyl;

each R*" is independently C, alkyl, or Cs.7 cycloalkyl optionally substituted
with Cy4 alkyl or Cy alkynyl;

each R” is independently Ce.14 aryl or heteroaryl, each optionally substituted
with one or more substituentsselected from the group consisting of ¢yano, fluoro, methyl,
isopropyl, trifluoromethyl, cyclopropyl, cyclobutyl, ethenyl, and ethynyl;

eachrRs’, R, R”, and R* is independently hydrogen, halo,
methanesulfonamido; C.s alkyl, optionally substituted with one to three fluoro groups; —OR”,
wherein R is Cy.4 alkyl, optionally substituted with one to three fluoro groups;

1 is—0O—;

each Z is independently CH or N, and

each n is independently an integerof 1, 2, or 3..

[00126] In yet another embodiment, provided herein is the compound of Formula IX or
X, wherein: .

each R'” is independently methyl or ethyl;

each R" is independently methyl, cyclopropyl, 1-methylcyclopropyl, or 1-
ethynvicyclopropyl; .

each R? is independently phenyl, 4-fluorophenyl, 2-isopropylaminothiazol-4-
yl, 2-isopropylthiazol-4-yl, 2-trifluoromethylthiazol-4-yi, 4-cyanothiazol-2-yl, 4-
methylthiazol-2-yl, 4-trifluoromethylthiazol-2-yl, 4-isopropylthiazol-2-yl, 4-
cyclopropylthiazol-2-yl, 4-cyclobutylthiazol-2-yl, 4-ethenylthiazol-2-yl, 4-ethynylthiazol-2-
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yl, 3-isopropyipyrazol-1-yl, 3-triflucromethylpyrazol-1-yl, or 5-isopropyi-isoxazol-3-yl;
each R® is independently hydrogen or methoxy;
each R® is independently hydrogen, chloro, or methoxy;
each R is independently hydrogen, methoxy, difluoromethoxy,
triflooromethoxy, methanesulfonamido, or chioro;

each R¥ is independently hydrogen, methyl, difluoromehtyl, fluero, chloro, or

bromg;
L is ~O—;
each Z is independently CH or N; and
each n is independently an integer of 1, 2, or 3.
[00127] In still another embodiment, provided herein is the compound of Formula IX

or X, wherein:

each R!” is independently methyl or éthyl;

each R* is independently methyl, cyclopropyl, 1-methylcyclopropyl, or 1-
ethynylcyclopropyl;

each R* is independently phenyl, 4-fluorophenyl, 2-isopropylaminothiazol-4-
vl, 2-isopropylthiazol-4-yi, 2-trifluoromethylthiazol-4-yl, 4-cyanothiazol-2-y!, 4~
methylthiazol-2-yl, 4—triﬂuordmethylthiazoI-Z-yl, 4-isopropylthiazol-2-yl, 4-
cyclopropylthiazol-2-vl, 4-cyclobutylthiazol-2-yl, 4-ethenylthiazol-2-yl, 4-ethynylthiazol-2-
yl, 3-isopropylpyrazol-1-yl, 3-trifluoromethylpyrazol-1-yl, or 5-isopropyl-isoxazol-3-yl;

each R® is independently hydrogen or methoxy;

each R® is independently hydrogen or methoxy;

each R” is independently hydrogen, chloro, or methoxy;

each R* is independently hydrogen, methyl, fluoro, chioro, or bromo;

Lis~0O—

each Z is independently CH or N; and

each n is independently an integer of 1, 2, or 3.
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[00128] In one embodiment, provided herein is a compound selected from the group

consisting of

63a: RS =H,R%® =H,R"” = OCH,;, R¥ =H;
63b: RS =H, R = H, R” = OCHj,, R¥ = CHy;
63c: R =H,R% =H,R” = OCH,,R¥ = F;

63d: R¥ =H,R%¥ =H,R” = OCHj;, R¥ = C};
63e: RS = OCH;, RY =H,R” = OCH;, R¥ = H;
63f: R¥ =H,R% = OCH3, R" = H, R¥ = CHj;,
63g: RS = H, RY = OCH,, R7 = CI, R¥ = H; and
63h: R¥ =H, R¥ =H, R” = OCH,, R* =Br;

and pharmaceutically acceptable salts, solvates, and prodrugs thereof.

100129] In another embodiment, provided herein is a compound selected from the

group consisting of
OCH,

76a:n = 1; and
76b. n =2,

and pharmaceutically acceptable salts, solvates, and prodrugs thereof,

100130} In yet another embodiment, provided herein is a compound selected from the

group consisting of
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83a: RY =H, RY =H, R" = OCH;, R¥ = H;
83b: R =H, RS =H,R” = OCH;, R® = CH;;
83e: R¥ =H, R =H,R" = OCH,,R¥ = F;

83d: RS =H, R® =¥, R” = OCH,, R¥ = CI;
83e: R® = OCH,, R¥ =H,R” = OCH,, R¥ = H;
83f: RY =H, R® =OCH;, R" = H, R¥ = CHj;
83g: RS =H, R® = OCH;, R” = CI, R¥ = H; and
83h: RS = H, RY = H, R” = OCH,, R¥ = Br;

and pharmaceutically acceptable salts, solvates, and prodrugs thereof.

[00131] In yet another embodiment, the compound of Formula I is selected from the

group consisting of’

and pharmaceutically acceptable salts, solvates, and prodrugs thereof;

Cmpd# R® | Cmpd# R®
| N | N
62a © Ny s §2b © Nar™™s
o L
E3 L3
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[00132] In still another embodiment, the compound of Formula I is selected from the
group consisting of:
/'E{6

and pharmaceutically acceptable salts, solvates, and prodrugs thereof;
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wherein the symbol * indicates the point of attachment.

[00133]

stereoisomers, unless a particular stereochemistry is specified. Where the compound

The compounds provided herein are intended to encompass all possible

provided herein contains an alkenyl or alkenylene group, the compound may exist as one or
mixture of geometric cis/trans (or Z/E) isomers. Where structural isomers are
interconvertible via a low energy barrier, the compound may exist as a single tautomer or a
mixture of tautomers. This can take the form of proton tautomerism in the compound that
contains, for example, an imino, keto, or oxime group; or so-called valence tantomerism in
the compound that contain an aromatic moiety. It follows that a single compound may

exhibit more than one type of isomerism,

[00134]

compound provided herein contains two chiral centers as indicated by star symbols. As

The heterocyclic moiety that is fused with the macrocyclic ring in the

result, the heterocyclic moiety may exist in four different stereoisomeric forms as shown

1]
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below, including two cis isomers, (i) and (ii), and two frans isomers, (iii) and (iv).

RS R& R6
? N Wp PO
0 (11) (iif} (W)
[00135] In certain embodiments, the heterocyclic moiety in the compound provided

herein is in a cis configuration, (i), (ii), or a mixture thereof. In certain embodiments, the
heterocyclic moiety in the compound provided herein is in cis configuration (i). In certain
embodiments, the heterocyclic moiety in the compound provided herein is in cis
configuration {ii). In certain embodiments, the heterocyclic moiety in the compound

provided herein is in cis configuration (i) and (ii).

{00136] In certain embodiments, the heterocyclic moiety in the compound provided
herein is in a trans configuration, (iii), (iv), or a mixture thereof. In certain embodiments, the
heterocyclic moiety in the compound provided herein is in frans configuration (iif). In
certain embodiments, the heterocyclic moiety in the compound provided herein is in trans
configuration (iv). In certain embodiments, the heterocyclic moiety in the compound

provided herein is in trans configuration (iii) and (iv).

[00137] In certain embodiments, the heterocyclic moiety in the compound provided
herein is in configuration (i), (iii), or a mixture thereof. In certain embodiments, the
heterocyclic moiety in the compound provided herein is in configuration (i). In certain
embodiments, the heterocyclic moiety in the compound provided herein is in configuration
(iii). In certain embodiments, the heterocyclic moiety in the compound provided herein is in

configuration (i) and (iii).

00138} In certain embodiments, the heterocyclic moiety in the compound provided
herein is in configuration (ii), (iv), or a mixture thereof. In certain embodiments, the
heterocyclic moiety in the compound provided herein is in configuration (ii). In certain
embodiments, the heterocyclic moiety in the compound provided herein is in configuration
(iv). In certain embodiments, the heterocyclic moiety in the compoﬁnd provided hereinis in

configuration (it} and (1v).

[00139] The heterocyclic moiety of a particular configuration can readily be introduced
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by selecting a chiral starting material that will yield the desired chirality. For example,
various chiral 4-hydroxy! prolines are available commercially, including cis-4-hydroxy-D-

proline, cis-4-hydroxy-L-proline, and trans-4-L-proline.

[00140] The compounds provided herein may be enantiomerically pure, such as a
single enantiomer or a single diastereomer, or be stereoisomeric mixtures, such as a racemic
mixture or a diastereomeric mixture. As such, one of skill in the art will recognize that
administration of a compound in its (R) form is equivalent, for compounds that undergo
epimerization i vive, to administration of the compound in its (S) form. Conventional
techniques for the preparation/isolation of individual enantiomers include synthesis from a
suitable optically pure precursor, asymmetric synthesis from achiral starting materials, or
resolution of an enantiomeric mixture, for example, chiral chromatography, recrystallization,
resolution, diastereomeric salt formation, or derivatization into diastereomeric adducts

followed by separation.

[00141} When the compound provided herein contains an acidic or basic moiety, it
may also be provided as a pharmaceutically acceptable salt (See, Berge et al., J. Pharm. Sci.
1977, 66, 1-19; and “Handbook of Pharmaceutical Salts, Properties, and Use,” Stahi and
Wermuth, Bd.; Wiley-VCH and VHCA, Zurich, 2002),

[00142] Suitable acids for use in the preparation of pharmaceutically acceptable salts
include, but are not limited to, acetic acid, 2,2-dichloroacetic acid, acylated amino acids,
adipic acid, alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic acid,
4-acetamidobenzoic acid, boric acid, (+)-camphoric acid, camphorsulfonic acid, (+)-(15)-
camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, cinnamic acid, citric acid,
cyclamic acid, cyclohexanesulfamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric acid, galactaric
acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucuronic acid, L-glutamic acid,
a-oxoglutaric acid, glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid,
hydroiodic acid, (+)-L-lactic acid, (£)-DL-lactic acid, lactobionic acid, lauric acid, maleic
acid, (-)-L-malic acid, malonic acid, (=)-DL-mandelic acid, methanesuifonic acid,
naphthalene-2-sulfonic acid, naphthalene- i,S—ciisquonic acid, 1-hydroxy-2-naphthoic acid,
nicotinic acid, nitric acid, oleic acid, orotic acid, oxalic acid, pailmitic acid, pamoic acid,
perchloric acid, phosphoric acid, L-pyroglutamic acid, saccharic acid, salicylic acid, 4-amino-

salicylic acid, sebacic acid, stearic acid, succinic acid, suifuric acid, tannic acid, (+)-L-tartaric
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acid, thiocyanic acid, p-toluenesulfonic acid, undecylenic acid, and valeric acid.

[00143] Suitable bases for use in the preparation of pharmaceutically acceptable salts,
including, but not limited to, inorganic bases, such as magnesium hydroxide, calcium
hydroxide, potassium hydroxide, zine hydroxide, or sodium hydroxide; and organic bases,
such as primary, secondary, tertiary, and quaternary, aliphatic and aromatic amines, including
L-arginine, benethamine, benzathine, choline, deanol, diethanolamine, diethylamine,
dimethylamine, dipropylamine, diisopropylamine, 2-(diethylamino)-ethanol, ethanolamine,
ethylamine, ethylenediamine, isopropylamine, N-methyl-glucamine, hydrabamine,
1H-imidazole, L-lysine, morpholine, 4-(2-hydroxyethyl)-morpholine, methylamine,
piperidine, piperazine, propylamine, pyrrolidine, 1-(2-hydroxyethyl)-pyrrolidine, pyridine,
quinuclidine, quinoline, isoquinoline, secondary amines, triethanolamine, trimethylamine,
triethylamine, N-methyl-D-glucamine, 2-amino-2-(hydroxymethyl}-1,3-propanediol, and

tromethamine.

{00144] The compound provided herein may also be provided as a prodrug, which is a
functional derivative of the compound, for example, of Formuia I and is readily convertible
into the parent compound in vivo, Prodrugs are often useful because, in some situations, they
may be easier to administer than the parent compound. Thejf may, for instance, be
bioavailable by oral administration whereas the parent cornpouhd is not. The prodrug may
also have enhanced solubility in pharmaceutical compositions over the parent compound. A
prodrug may be converted into the parent drug by various mechanisms, including enzymatic
processes and metabolic hydrolysis. See Harper, Progress in Drug Research 1962, 4, 221-
294; Morozowich et al. in “Design of Biopharmaceutical Properties through Prodrugs and
Analogs,” Roche Ed., APHA Acad. Pharm. Sci. 1977; “Bioreversible Carriers in Drug in
Drug Design, Theory and Application,” Roche Ed., APHA Acad. Pharm. Sci. 1987; “Design
of Prodrugs,” Bundgaard, Elsevier, 1985; Wang et al., Curr. Pharm. Design 1999, 5, 265-
287, Pauletti et al., 4dv. Drug. Delivery Rev, 1997, 27, 235-256; Mizen et al., Pharm.
Biotech. 1998, 11, 345-365; Gaignault et al., Pract. Med. Chem. 1996, 671-696; Asgharnejad
in “Transport Processes in Pharmaceutical Systems,” Amidon et al., Ed., Marcell Dekker,
185-218, 2000; Balant et al., Eur. J. Drug Metab. Pharmacokinet. 1990, 15, 143-53;
Balimane and Sinko, Adv. Drug Delivery Rev. 1999, 39, 183-209; Browne, Clin.
Neuropharmaco!l. 1997, 20, 1-12; Bundgaard,z;trch. Pharm. Chem. 1979, 86, 1-39:
Bundgaard, Conrrolled Drug Delivery 1987, 17, 179-96; Bundgaard, Adv. Drug Delivery
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Rev. 1992, 8, 1-38; Fleisher et al., Adv. Drug Delivery Rev. 1996, 19, 115-130; Fleisher et al,,
Methods Enzymol. 19885, 112,‘360—381; Farquhar et al., J Pharm. Sci. 1983, 72, 324-325;
Freeman et al., J. Chem. Soc., Chem. Commun. 1991, 875-877; Friis and Bundgaard, Eur. J.
Pharm. Sci. 1996, 4, 49-59; Gangwar et al., Des. Biopharm. Prop. Prodrugs Analogs, 1977,
409-421; Nathwani and Wood, Drugs 1993, 45, 866-94; Sinhababu and Thakker, 4dv. Drug
Delivery Rev. 1996, ] 9, 241-273; Stella et al., Drugs 1985, 29, 455-73; Tan et al,, Adv. Drug
Delivery Rev. 1999, 39, 117-151; Taylor, Adv. Drug Defz’very Rev. 1996, /9, 131-148;
Valentino and Borchardt, Drug Discovery Today 19'97, 2, 148-155; Wiebe and Knaus, Adv.
Drug Delivery Rev. 1999, 39, 63-80; and Waﬂer et al., Br. J Clin. Pharmac. 1989, 28, 497-
507.

Methods of Synthesis

[00145] The compound provided herein can be prepared, isolated, or obtained by any
method known to one of skill in the art. For an example, a compound of Formula I can be

prepared as shown in Scheme 1.

[00146] N-Protected 4-hydroxyproline 1 with a desired stereochemistry is coupled
with an amine with a termina} carbon-carbon double bond to form amide 2. Compound 2 is
then converted into a free amine by removing the N-protecting group on its proline moiety
with a Lewis acid, such as trifluoroacetic acid, followed by coupling with a cyclopropylamine
to yield compound 3, which is then protected with a hydroxyl protecting group, such as
TBDMSC, and cyclized in the presence of a metathesis catalyst to yield macrocyclic
compound 4. The hydroxyl protecting group of compound 4 is removed to yield compound §
with a free hydroxyl group. At this point, a variety of RS-L group can be introduced at the
hydroxyl position using various chemistries, such as coupling reactions to form ester,
cabonate, or carbamate with the hydroxyl group, or nucleophilic substitution reactions to
form ether, amine, or thioether. A nucleophilic substitution reaction to form an ether linkage
is illustrated in Scheme 1. Compound 5 reacts with R°OH under Mitsunobu condition with
inversion of the stereochemistry at the position of the hydroxyl group to produce compound 6
with oxy as L in Formula I as provided herein. The ethyl protecting group is removed from
the carboxyl group of compound 6 to yield a free acid, which is readily coupled with a variety

of amines to form desired macrocyclic serine protease inhibitors, such as sulfonamide 7.
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[00147] An alternative strategy is shown in Scheme 2, where double inversion of the
stereochemistry at the position of the hydroxyl group is employed to retain its original
stereochemistry. Compound 5 is first converted into para-nitrobenzoyl (PNB) ester 8 under
Mitsunobu condition with the first inversion of the stereochemistry at the position of the
hydroxyl group. The PNB ester 8 is hydrolyzed, and then reacts with R®OH under Mitsunobu
condition with the second inversion of the stereochemistry at the position of the hydroxyl
group to yield compound 16 with retention of its original stereochemistry at the position of

hydroxyl group.

[00148] The starting materials used in the synthesis of the compounds provided herein

are either commercially available or can be readily prepared. For example, beta amino
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sulfonamide is synthesized as shown in Scheme 3 and quinoline derivatives are synthesized

as shown in Scheme 4, wherein A, R° ', RY, RT, and R¥ are as defined herein,

Scheme 2
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[00149] For the syntheses of quincline derivatives, dichloroquinolines are prepared via

the condensation of analine 39 and malonic acid, Selective substitution of the chloro group at
the 2 position with pyrazole 86 yields compound 119 in a single step without a protecting
group. The chloro at the 4 position of compound 119 is then converted to hydroxylin the
presence of a base, including, but not limited to, NaOH, KOH, KOAc, and NaQOAc.

100150] Provided herein is a method of preparing a quinoline having a structure of:
RS OH
6
R SN
=
R” NN A
R¥ J
88

the method comprising the step {selective substitution) of reacting a dichloroquinoline having

a structure of:
R
RE
R 3
, ~
R7 N Cl
R¥
with a pyrazole having a structure of
AN
NH
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S wherein the symbol * indicates the point of attachment. [00133]The compounds provided herein are
intended to encompass all possible stereoisomers, unless a particular stereochemistry is specified.
Where the compound provided herein contains an alkenyl or alkenylene group, the compound may
exist as one'b? AAUFE 3t geometric cis/trans (or Z/E) isomers. Where str%gﬁﬂﬁgﬂlgg%}g? Sare
interconvertible via a low energy barrier, the compound may exist as a single tautomer or a mixture of
tautomerss Tots sahliakguinelfosmaofigretertautosfierism in the compound that contains, for example,
an imino, keto, or oxime group; or so-called®alentgie tautomerism in the compound that contain an
aromatic moiety. It follows that a singlgsco
[00134]The heterocyclic moiety that is fu

macrocyclic ring in the compound provided
herein contains two chiral centers as indieateg’by sta ols. As result, the heterocycli¢ moiety may
exist in four different stereoisomeric fotms ak |shoR\/Ivn O 99596PCT/U52099/000688 below,

including two cis isamers;. (1) and (ii)gand tv\%ftrans isomers, (iii) and (iv). L' R6 *N *_ >fir-LA,>rs ". *>i's
(i) [00135’]’#13&?t§inRemBod#neﬁ?é, \eFetar &c(fl%{lﬁ?é.n@ﬁ?ﬁlthe compound provided herein is in a cis

configuration, (i), (i), or a mixture thereof In certain embodiments, the heterocyclic moiety in the
compound@rdlided hdremdsinbeidimentigheatisatiie mbssingiareinpondinstsstan the pressrseyidiic moiety in

the compQud PIQYdeRRSiRIBdY £1p SPPlaalianQR.IERiain embsgimenis., dhgBeterocycli

moiety in the compound provided herein'is in cis configuration (i) and(ii). [00136]In certain
embodimEAbdimeHetbeceldie mBIRHITH T T EPRABLIRE ipr B aEHredt A wethraeelitifguration, (i),
(iv), or a pixtugrthereafin seitaimsambodinentsoteheterecysitaeiahs dinbe compasnt.provided
herein is in trans configuration (iii). In certain em(téodigsents,Meter%ﬁ%clicgoiety in the compound
 provided HERSHHOM ST ERA SR BFEERRCI T rebi i eMRB SMeHE: HEV RS IBEYER ety in the

- com pounglghrovided heresn dsdthfassboditfignatioseftrardbsyigiNh3 dorckriakh ianieodiments, the
heterocyc};}l}gsggl%iee% ﬁ‘hﬁﬂ%&? K‘Bﬁuﬁ% ‘[:?e\/\;gt(?:g temperature. In yet another embodiment, the
selective substitution is conducted in the presence of EtN(iPr); and dioxane at a temperature
from room temperature to 140 °C. In yet another embodiment, the selective substitution is
conducted in toluene at an elevated temperature. In still another embodiment, the selective
substitution is conducted in the absence of any solvents at an elevated temperature, e.g., 120

°C.

[00152] In another embodiment, the method further comprises the step of converting
the chioro to hydroxyl in the presence of a base. Suitable bases include, but are not limited
to, NaOH, KOH, NaOAc, and KO.AC. In one embodiment, the base is NaOH. In another
embodiment, the base is KOH. In vet another embodiment, the base is NaOAc. In still

another embodiment, the base is KOAc.

[00153] Provided herein is a method of preparing compound 129a. As shown in
Scheme 4a, the method comprises the steps of (a) reacting compound 127a with CDI to form
compound 128a and (b) coupling cbmpound 128a with compound 128 b to form compound

12%a.

[00154] Provided herein is also a method of preparing a macrocyclic serine protease
inhibitor provided herein, e.g., compound 7, as shown in Scheme 4b. The method comprises
the step of converting compound 129a into compound 7 in the presence of a ring closure

metathesis (RCM) catalyst. In one embodiment, the RCM catalyst is Zhan 1B catalyst.
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herein is in configuration (i), (iii), or a mixture thereof In certain embodiments, the heterocyclic moiety
in the compound provided herein is in configuration (i). In certain embodiments, the heterocyclic
moiety in the compound provided herein is in configuration (iii). In certain embodiments, the
heterocyclic bR compound provided herein is in configuration (if aRd $rPEIBWEEB]In certain
embodiments, the heterocyclic moiety in the compound provided herein is in configuration (ii), (iv), or a
mixture thereof In certain embodiments, the hételemgctiz moiety in the compound provided herein is in
configuration (ii)}m certain embodiments',lghe heterocyclic mobet}s in the comgﬁound provided herein is
in configuration¥ (iv). In certain embodin@énts, the he;g,}(ocx\dﬁl\ic f\g(giety in the‘compound provided herein
is in configuration, (i) and (iv). [00139]The_heterocyclic ragietyi of &particular configuration can readily
be introduced @OQ/OQQSQGPCT@OO 0688 by selectinsg a ch@tarting maigrigl that will
yield the d¥sired chirality—For-exafap{e, vasi ﬁiral_gunmﬂmoﬁ a jladle chfarpercially,

9/Q0

S
including ais-#-hydroxy-Dproline, Gig-4-h rox;)—’lf—proline, and trans-Ak-J,,;proIi e. [ _4(ﬁThe
compounds pz{gyiﬂé'u\hgﬂn may be Wy pure, such as a siW or a single
diastereomer, of'be steréoisomeric mixtures, su S a racemic mixture ora dias meric mixture.
As such, one of skitlsin the art will recognizg.that administration of a compound jp,jts (R) form is
equivalent, for compounds that undergo epimerization in vivo, to administration of the compound in its
(S) form. Conventional techniques for the prepgrgtion/' olation of individual enantiomers include
synthesis from a suitable optically pure precur 5 ,egkey metric synthesis from achiral starting
materials, or resolutigrréf an enantiomeric mixture, for example, chiralghromatography,
recrystallization, res%)lution, diastereomeric salt fointation, or derivaiization into diastereomeric adducts
followed by separatior, [00141]When the compound provided hereiR_contains an acidic or basic
. moiety, it may als?pz:?provided S atharmaceuticaIIy acceptablegm(See, Berge gt @, .1. Pharm.
Scl. 1977, 6604<39; ang “Hapnd oKMPQarmm@gl SaltsgPra s, ahd UB\e ngahl and
Wermuth, Ed.; Wiley-VEH apBl VHEA, Ziirich-2662)-{66142]Stitable gfids T usgfn thRf preparation
of phalli aceutftally acceptable salts include, but are not limitedd’@, aceétic acfd:2,2-dichloroacetic acid,
acylated amino agd{eijwlginic acid, ascorbic acid, L-a icacid, bgnzenesulfonic acid,
benzoic acid, 4-acetdmidobenzoic acid, boric acid, (+)-camphoric acid, camphorsulfonic acid, (+)-(1S)-
camphor-10-sulfonic acid igspric acid, caproic acid, caprylic acid, cinnagic acid, citric acid, cyclamic
acid, cyclohexanesulfamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid, ethanesulfonic acid,
2-hydroxy-ethanesulfonjc acid, formic acid, fumaric acid, galactaric acid, gentisic acid, glucoheptonic
acid, D-gft B EIcAL Giemaiiiontid, L-glutamic acid, ci-oxoglutaric acid, glycolic acid, hippuric
acid, hydrobromic acid, hydrochloric acid, hydroiodic acid, (+)-L-lactic acid, ()-DL-lactic acid,
lactobioni®@kid] lauric Brsididesbleteingits, ghptmarglicicadicommeitienaciempriBinenantwiiviadid,
methanesplionic aeidinAPNRINS o ¢ AR AR BiRAEDE T le WG AC fhixture, or
1-hydroxy-2-naphthoic acid, nicotinicacid, nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid,
pamoic aéiBtipare mbfiesieieP prodprIsAE atrpPlaByRetHticHicesesatabit erhrie ale, Yamsiidacid,
4-aminoselisylic ACidntahasis asid. sSinatcsacidicalgeinic Asith SMIRIC agidktAMIGAG, (+)-L-tartaric
. WO 2009/099596PCT/US2009/000688 acid, thiocyartic acid, p-toluenesulfonic acid, undecylenic acid,
and valerfRHRIG 0B PR a FlEr B s 8 FST AL M RS BRSSP SRR PR SOTPAN B ceptable salts,

comprises at least one release controlling excipient or carrier. In certain embodiments, the
pharmaceutical composition comprises at least one nonrelease controlling excipient or
carrier. In certain embodiments, the pharmaceutical composition comprises at least one

release controlling and at least one nonrelease controlling excipients or carriers.

[00156] The compound provided herein may be administered alone, or in combination
with one or more other compounds provided herein, one or more other active ingredients.
The pharmaceutical compositions that comprise a compound provided herein may be
formulated in various dosage forms for oral, parenteral, and topical administration. The

pharmaceutical compositions may also be formulated as modified release dosage forms,
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including, but not limited to, inorganic bases, such as magnesium hydroxide, calcium hydroxide,
potassium hydroxide, zinc hydroxide, or sodium hydroxide; and organic bases, such as primary,
secondary, tertiary, and quaternary, aliphatic and aromatic amines, including L-arginine, benethamine,
benzathine, b '&E4hol, diethanolamine, diethylamine, dimethylamingfj%fﬂlsﬁﬁ%ﬂﬁm}rﬁﬁ,
diisopropylamine, 2-(diethylamino)-ethanol, ethanolamine, ethylamine, ethylenediamine,
isopropylamindngldeiersihgcaddte pydrgsdminetaied -imidatiisie chrlysiiv- raorplecling, and

4-(2-hydrexye %ﬂé‘!ﬂ[%&éﬁ%rﬁéﬁ%@é{éﬂﬂ&&#&@&i{@P&gﬂﬁﬁ@&é@&e RIRRYIarine JRYIRIBING
1-(2-hydroxyethyl)-pyrrolidine, pyridine, quinuclidine, gumollne, isoquinoline, secondary amines,

triethanol AP PIFPAER SRARTIHE Lty MaRTIRE2INCAIAY PR dRebaARse known to those skilled in
2-amino—zh@afd(péa/m@,mgraﬁsﬂ{@@@@ﬁé&%@@@d&@ﬁ@%hﬁmaér@,%ﬁﬂam%&ﬁgapﬂyzegsprovided

herein may alsg be provided as a prodrug, which is a functional derivative of the compound, for
example: BrERHE Ig?fa’@mdiﬁa%ﬂ?@rﬁ%’iﬁfi@tméﬁ? B A BETRRFRY IR0 SBRSGFugs are often
useful besasise, Delsay)mmitUtEaNg othe) Mapdr vakierso. administer than the parent compound. They
may, for instance, be bioavailable by oral administration whereas the parent compound is not. The

prodrug g 30 have eahansed salubiity npharmasRUlcaheanRIRIUADR AYRLING BYfeREgomPOUnd.

A prodrug may be converted into the parent drug by various mechanisms, including enzymatic
processeERdthetindmRinparBigsisv e (EpRYe PrOgRRYH MelilirldyssipHnrdeing a3meloo

Morozowigh@ldheln a PRSI of:BigrharmacsHicdinadisadkroueh P rdrugs-And-Analegs,” Roche
Ed., APHA Acad. Pharm. Sci. 1977; "Bioreversible Carriers in Drug in Drug Design, Theory and

ApplicatidifoeRBReEa SORBIGA AR PRARST Y AR TR, CTBSIG P B BISEHIGE WS RERIN, Elsevier,
- 1985; Wangipleats &z@tiri2fiarm. Design 1999, 5, 265- 287, Pauletti et al., Adv. Drug. Delivery Rev,
. 1997, 27, 235-256; Mizen et al., Pharm. Biotech. 1998, 11, 345-365; Gaignault et al., Pract. Med.
Chem. 1999, &i1-696 AsgbameiagdalanshombinaasiRa R hamAsRUeAlasiams, Amidon et
al., Ed., Marcell' Dekker, 185-218, 2000; Bafant et al., Eur. J. Drug Metab. Pharmacokinet. 1990, 15,
143-53; BhsaggHeran S taal adniysieliveryReycanggsse cosRRug: Besidae hemin.
Neurophapgaeal 5873 ndntRnRHNooslc AME BRI inGheR o 1879 AR hBust gRard,
Controlled Drug Delivery 1987, 17, 179-96; Bundgaard, Adv. Drug Delivery WO
2009/099BEEPEFRUSIHOSRATHENS REySAYYS, & Prosaug-Brpeh BPARPAGYMSFEg Delivery Rev. 1996,
19, 115-1g0rhirisheniy abcddeiblodsfipizmok &98&s112, 360-381; Farquhar et at, J Pharm. Set
1983, 72, 324-325; Freeman et al., J. Chem, Soc., Chem, Commun. 1991, 875-877; Friis and
Bundgaaydefes . PS8 bndo e, RERANALELAlDas BIORIALR IR RIoHOS
Analogs, 1977, 409-421; Nathwani and Wood, Drugs 1993, 45, 866-94; Sinhababu and Thalcker, Adv.
Drug DeliteierEym Bydonicaladropmsaianavdish Oprjést 98 mssre3idedheedy, Adv. Drug

Delivery Reyudif99 «3%id dlalBdmEaYehcARN MHG-DelivanRay. okWhdBohdk &8 Malentino and
Borchardt, Drug Discoyery Tod%%{elé%??, 2, 148-155; Wiebe and 1Cpaus, Adv. Drug Delivery Rev.

1999, 39 PETBECHUTANANET B By R PIRARIRIT|E S6°%s 28 PPE 67 Mithods of Synthesis
- [00145] T paeompoticd] pravigeahesiigane piapased, isolated, or obtained by any method known to
. one of skill in the art. For an example, a compound of Formula | can be prepared as shown in Scheme

1 [00146Q%Fd@tected ﬁ@ésﬂ@em@ml%m@imr@@ﬁ@&ﬁ&%ﬂﬂﬂﬁtyyﬂ@&%@gmm amine with

a terminal carbon-carbon double bond to form amide 2. Compound 2 is then converted into a free
amine bydesHisvipitRE NS IIeE0s e oup oft eipriamecnioiananierd heatins ®&as Kuch as
trifluoroagmijeiagig diolrsac by GAURHRWYILA BiSHEIANRRY IRMIRRALQ el sRmReRd Snavhich is then
protected W#géqényd 0X IPg[otec,ti g group, such as TBDMSCI, and cyclized in the presence of a
metathesté st 6‘@/?8 FrACOEDRRE 4B RS i PSR FRRO SR BB SRS 4rBtR et compound 4 is
removed goayietd ednpative myrithienfieeshifiriaxy kg pooduodithaigqaaint thevadatic effrG;lirgroup can be

introduced at th{aohydrt?lx%lepositiorhu%i g geriqus chemistries, such as go up ctioFs to form ester,

ng.v upling r
cabonatejasg?%lgr amate Wlthe?ﬁg?'nyaroxy grgdﬁélgﬁrﬁhﬁé?e%p%ﬁ%’?%%ti Ghon lr%%a% idhe'to form ether,
amine, ordihesstiem Anoludieaphitipwubstittiige. redonidividuidinparkegié taikbayel isaiudtrated in

Scheme ﬁn&amggym EERCAR %%l%@@x‘é‘d%ﬁ%c%iﬁ%%ﬁhﬁé%’égiﬁ‘:%?béﬂ‘ﬂ‘%@fﬁ%ﬁk?@ﬂsﬂ%@

stereochemistry at the position of the hydroxyl group to produce compound 6 with oxy as'L in Formula
| as provithsd! BetdihratHy ettdepietbenifigigisen s Ao fiomand essiyingidaddf compound 6 to

yield a fre@maridapdich isgiepaiby cRupiREpithoa areihpfaminaadaifgasiasi edmagieayclic serine
protease inhibitors, such as sulfonamide 7. WO 2009/099596PCT/U52009/000688 OTBDMS N
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9140L1HO0-_,---.?I',.. R60OH \4XOEt I. Base DIAD/PP1131 R17-N02. Coupling i \Reagent --- . In 6
[00147]An alternative strategy is shown in Scheme 2, where double inversion of the stereochemistry at
the position of the h (droxyl group is employed to retain its original stereochgmistr?ﬁ/Co(m ound 5 is
first convert&tPiAtd &?ggﬁitrobenzoyl (PNB) ester 8 under Mitsunobu coniiBH AR W& Hist inversion
of the stereochemistry at the position of the hydroxyl group. The PNB ester 8 is hydrolyzed, and then
reacts withaR&oiHe i dehinmtetprstled raitietiowdrine segalebiversion of the stereochemistry at the
position of the hydroxyl group to yield compound 10 with retention of its original stereochemistry at the
position qfibyeirpxyl graup pieRiASElt eabtantipgsitiae pals idsddincinarsyribediaiafstbedampounds
provided herein are either commercially ayailable or can be readily prepared. For example, beta amino
sulfonam?é”ém]Soéffrrlftlfl1tl srlézg %Ssaé Ié&vrﬁra]% g}é%g%e? e aﬁ%f)%?ltea éﬁ?vﬁ Wes g;)gagg?nat%g;sized as shown
in Schembitivhelammatnd® .8y yRGIRTitiatie RE, ave gis, defimeddigneinf the patient being

treated, and may be determined empirically using known testing protocols or by extrapolation

from in vivo or in vitro test or diagnostic data. It is further understood that for any particular

individual, specific dosage regimens should be adjusted over time according to the individual

need and the professional judgment of the person administering or supervising the

admimstration of the formulations.
A. Oral Adminisiration

[00162] The pharmaceutical compositions provided herein may be provided in solid,
semisolid, or liquid dosage forms for oral administration. As used herein, oral administration
also includes buccal, lingual, and sublingual administration. Suitable oral dosage forms
include, but are not limited to, tablets, capsuies, pills, troches, lozenges, pastilles, cachets,
pellets, medicated chewing gum, granules, bulk powders, effervescent or non-effervescent
powders or granules, solutions, emulsions, suspensions, solutions, wafers, sprinkles, elixirs,
and syrups. In addition to the active ingredient(s), the pharmaceutical compositions may
contain one or more pharmaceutically acceptable carriers or excipients, including, but not
limited to, binders, fillers, diluents, disintegrants, wetting agents, lubricants, glidants,

coloring agents, dye-migration inhibitors, sweetening agents, and flavoring agents.

[00163] Binders or granulators impart cohesiveness to a tablet to ensure the tablet
remaining intact after compression. Suitable binders or granulators include, but are not
limited to, starches, such as ¢orn starch, potato starch, and pre-gelatinized starch (e.g.,
STARCH 1500); gelatin; sugars, such as sucrose, glucose, dextrose, molasses, and lactose;
natural and synthetic gums, such as acacia, alginic acid, alginates, extract of Irish moss,
panwar gum, ghatti gum, mucilage of 1sabgol husks, carboxymethylcellulose,
methylcellulose, polyvinyipyrrolidone (PVP), Veegum, larch arabogalactan, powdered
tragacanth, and guar gum; celluloses, such as ethyl cellulose, cellulose acetate,
carboxymethyl celiulose calcium, sodium carboxymethyl cellulose, methyl cellutose,
hydroxyethylceliutose (HEC), hydroxypropyiceliulose {(HPC), hydroxypropy! methyl
cellulose (HPMC); microcrystalline celiuloses, such as AVICEL-PH-101, AVICEL-PH-103,
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Scheme 2 OPNB OEtl. Base 2. RaOH DIADTPPh3 0"R6 LoEtl. Base 10----d-24 0000 R17-N 2.

Coupling OReagentRI7-NOH /- a n 9 Scheme 3 HONH2....--...,..,"NHBoc"---syNHBoc Boc20
HOMsC1Ms0
WO 2009/099596 PCT/US2009/000688

AVICEL RC-581, AVICEL-PH-105 (FMC Corp., Marcus Hook, PA); and mixtures thereof.
Suitable fillers include, but are not limited to, talc, calcium carbonate, microcrystalline
cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre-
gelatinized starch, and mixtures thereof. The binder or filler may be present from about 50 to

about 99% by weight in the pharmaceutical compositions provided herein.

[00164]} Suitable diluents include, but are not limited to, dicaicium phosphate, calcium
sulfate, lactose, sorbitol, sucrose, inositol, cellulose, kaclin, mannitol, sodium chloride, dry
starch, and powdered sugar. Certain diluents, such as mannitol, lactose, sorbitol, sucrose, and
inositol, when present in sufficient quantity, can impart properties to some compressed tablets
that permit disintegration in the mouth by chewing. Such compressed tablets can be used as

chewable tablets,

[00165] Suttable disintegrants include, but are not limited to, agar; bentonite;
celluloses, such as methylcellulose and carboxymethylcelluiose; wood products; natural
sponge; cation-exchange resins, alginic acid; gums, such as guar gum and Veegum HV, citrus
pulp; cross-linked celluloses, such as croscarmellose; cross-linked polymers, such as
crospovidone; cross-linked starches; calcium carbonate; microcrystalline cellulose, such as
sodium starch glycolate; polacrilin potassium; starches, such as corn starch, potato starch,
tapioca starch, and pre-gelatinized starch; clays; aligns; and mixtures thereof. The amount of
a disintegrant in the pharmaceutical compositions provided herein varies upon the type of
formulation, and is readily discernible to those of ordinary skill in the art. The
pharmaceutical compositions provided heretn may contain from about 0.5 to about 15% or

from about 1 to about 5% by weight of a disintegrant.

[00166] Suitable lubricants include, but are nof limited to, calcium stearate;
magnesium stearate; mineral oil; light mineral oil; glycerin; sorbitol; mannitol; glycols, such
as glycerol behenate and polyethylene glycol (PEG); stearic acid; sodium lauryl sulfate; talc;
hydrogenated vegetable oil, including peanut oil, cottonseed oil, sunflower oil, sesame oil,
olive oil, corn oil, and soybean oil; zinc stearate; ethyl oleate; ethyl laureate; agar; starch;
lycopodium,; silica or silica gels, such as AEROSIL® 200 (W.R. Grace Co., Baltimore, MD)
and CAB-O-SIL® (Cabot Co. of Boston, MAY,; and mixtures thereof. The pharmaceutical

compositions provided herein may contain about 0.1 to about 5% by weight of a lubricant.

[06167] Suitable glidants include colloidat silicon dioxide, CAB-O-SIL® (Cabot Co. of
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Boston, MA), and asbestos-free talc. Coloring agents include any of the approved, certified,
water soluble FD&C dyes, and wafer insoluble FD&C dyes suspended on alumina hydrate,
and color lakes and mixtures thereof. A color lake is the combination by adsorption of a
water-soluble dye to a hydrous oxide of a heavy metal, resulting in an insoluble form of the
dye. Flavoring agents include natural flavors extracted from plants, such as fruits, and
synthetic blends of compounds which produce a pleasant taste sensation, such as peppermint
and methyl salicylate. Sweetening agents include sucrose, lactose, mannitol, syrups,
glycerin, and artificial sweeteners, such as saccharin and aspartame. Suitable emulsifying
agents include gelatin, acacia, tragacanth, bentonite, and surfactants, such as polyoxyethylene
sorbitan monooleate (TWEEN® 20), polyoxyethylene sorbitan monooleate 80 (TWEEN® 80y,
and triethanolamine oleate. Suspending and dispersing agents include sodium
carboxymethylcellulose, pectin, tragacanth, Veegum, acacia, sodium carbomethyicellulose,
hydroxypropyl methylcellulose, and polyvinylpyrrolidone. Preservatives include glycerin,
methyl and propylparaben, benzoic add, sodium benzoate and alcohol. Wetting agents
inciude propylene glycol monostearate, sorbitan monooleate, diethylene glycol monolaurate,
and polyoxyethylene lauryl ether. Solvents inciude glycerin, sorbitol, ethyl alcohol, and
syrup. Examples of non-aqueous liquids utilized in emuisions include mineral oil and
cottonseed oil. Organic acids include citric and tartaric acid. Sources of carbon dioxide

include sodium bicarbonate and sodium carbonate.

[00168] 1t should be understood thaf many carriers and excipients may serve several

functions, even within the same formulation.

{00169] The pharmaceutical compositions provided herein may be provided as
compressed tablets, tablet triturates, chewable lozenges, rapidly dissolving tablets, multiple
compressed tablets, or enteric-coating tablets, sugar-coated, or film-coated tablets. Enteric-
coated tablets are compressed tablets coated with substances that resist the action of stomach
acid but dissolve or disintegréte in the intestine, thus protecting the active ingredients from
the acidic environment of the stomach. Enteric-coatings include, but are not limited to, fatty
acids, fats, phenyi salicylate, waxes, shellac, ammoniated shellac, and cellulose acetate
phthalates. Sugar-coated tablets are compressed tablets surrounded by a sugar coating, which
may be beneficial in covering up objectionable tastes or odors and in protecting the tablets
from oxidation. Film-coated tablets are compressed tablets that are covered with a thin layer

or film of a water-soluble material. Film coatings include, but are not limited to,
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RS'les 3945 11988 [00149]For the syntheses of quinoline derivatives, dichloroquinolines are prepared
via the condensation of analine 39 and malonic acid. Selective substitution of the chloro group at the 2
position with pyrazole 86 yields compound 119 in a single step without a protecting group. The chloro
at the 4 posittéh?8¥*¢8Pbund 119 is then converted to hydroxylin the preggl%ég 3%5'3@ ' including,
but not limited to, NaOH, KOH, KOAc, and NaOAc. [00150]Provided herein is a method of preparing a
quinoline kedrenyetlutieriutesefseiirosathe yapboleelulriry Hodvetey e Braok48GBsangtion) of reacting

a diCh|°ro&‘i‘fﬁ‘l%@@%J&?éf%ﬁ}xﬁﬁm&‘?t‘?fﬁrpéban‘ﬁg@rﬁp@%ﬁ%@|§aHz€@@@e?&§%Héf&BﬁcW@sugm
2009/099596PCT/US2009/000688 to form a chloroquinoline having a structure of: R5CI Rs'
coating. Multiple compressed tablets are compressed tablets made by more than one

compression cycle, including layered tablets, and press-coated or dry-coated tablets.

[00170] The tablet dosage forms may be prepared from the active ingredient in
powdered, crystalline, or granular forms, alone or in combination with one or more carriers or
excipients described herein, including binders, disintegrants, controlled-release polymers,
lubricants, diluents, and/or colorants. Flavoring and sweetening agents are especially useful

in the formation of chewable tablets and lozenges.

{00171} The pharmaceutical compositions provided herein may be provided as soft or
hard capsules, which can be made from gelatin, methylcellulose, starch, or calciumn alginate.
The hard gelatin capsule, also known as the dry-filled capsule (DFC), consists of two
sections, one slipping over the other, thus completely enclosing the active ingredient. The
soft elastic capsule (SEC) is a soft, globular shell, such as a gelatin shell, which is plasticized
by the addition of glycerin, sorbitol, or a similar polyol. The soft gelatin shells may contain a
preservative {o prevent the growth of microorganisms. Suitable preservatives are those as
described herein, including methyl- and propyl-parabens, and sorbic acid. The liquid,
semisolid, and solid dosage forms provided herein may be encapsulated in a capsule.
Suitable liquid and semisolid dosage formé inciude solutions and suspensions in propylene
carbonate, vegetable o1ls, or trigiycerides.- Capsules containing such solutions can be
prepared as described in U.S, Pat. Nos. 4,328,245; 4,409,239; and 4,410,545, The capsules
may also be coated as known by those of skill in the art in order to modify or sustain

dissolution of the active ingredient.

[00172] The pharmaceutical compositions provided herein may be provided in liquid
and semisolid dosage forms, including emulsions, solutions, suspensions, elixirs, and syrups.
An emuision is a two-phase system, in which one liquid is dispersed in the form of small
globules throughout another liquid, which can be oil-in-water or water-in-oil. Emulsions may
include a pharmaceutically acceptable non-aqueous liguid or solvent, emulsifying agent, and
preservative. Suspensions may include a pharmaceutically acceptable suspending agent and
preservative. Aqueous alcoholic solutions may include a pharmaceutically acceptable acetal,
such as a di(lower alkyi) acetal of a lower alkyl aldehyde, e.g., acetaldehyde diethy! acetal;

and a water-miscible solvent having one or more hydroxyl groups, such as propylene glycol
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wherein A, R5', R6', R7', and R8' are each as defined herein. [00151]In one embodiment, the selective
substitution is conducted in the presence of NaH (1.1 eq.), DMF, and 86(1.1 eq.) at an elevated
temperature, e.g., 90C, In another embodiment, the selective substitution is conducted in the presence
of /V-methy R R8i#EWAd DMF at an elevated temperature, e.g., 200 C.HRYEPAAYMESEmbodiment,
the selective substitution is conducted in the presence of Cs2C0O3 and DMF at an elevated
temperatang, ehgnol.1 BiGitnaetcknotreraenbddimbntdthal gdiebtvelsubstititionps awenducted in the

presence. oIt e A LA Ve RO Bl Sl BRI Bl seloctive

substitution is con uc?t in the presence o N2 a loxane at a temperature from room
temperat@resesvadveC Fier pdicaridtnspemibiodifes stambleciasivieon b aipeliviiisleshalyesd di# toluene at

an elevatgd &ﬁﬂﬂ&?@?ﬂ@s&@fﬁ*ﬂ@r@ﬂ%ﬂﬁfmQ%%ﬁ%e%é%%@y?ﬁ%’%ﬂ%&%%Cted in the

absence of any solvents at an elevated temperature, e.g., 120 C. [00152]In another embodiment, the
method fOYEr COPR pPRBYHIECSRF U en iR AHG S NS0 to hydroxyl in the presence of a base.
Suitable bases include, but are not limited to, NaOH, KOH, NaOAc, and KOAc. In one embodiment, the
base is NHOH3In anotliehembzfditigni] tvd bassisiK@khdn fpehamnathee smbactinmetmiite base is

b8 glgﬁz ﬁgﬁfa@&hwg#ﬁlg5%99&3@@56@%@%@ d of

NaOAc. In,still another Q jmen ,
preparinghc%c;sreng%ng%ﬁ nggl %%,hsvﬁ%\l}% n 4a, the method comprises the steps of (a) reacting

compoundkndgee wirstnending terdpoethaxyrsahane Moo iriglyompeurglyr®8a with compound
128bto fg&meﬁgmgwaizé@om%@%%?gglpa{sireﬂg %1?90%5‘9@159%%@@9&@“9 a macrocyclic
or ,

serine protease inhibitor provided herein, e.g., compoun as shown in Scheme 4b. The method

compriseBaEBtme BbEN G ERAiNb EHaT 2BETRE TPl ARG RSB CORIPEIMAR closure

-metathesjs{REM) satalystviianerembeaigipsibeiRGM tatalysirisudhamd Bisatalysr Scheme 4b
"VR6 00 00L 0\ // 0 N kN,)r.R8 RC 0".S..01-- }--ﬂ\ﬁlgusty%% Ri7--0, HH

Cat.. " I
L\CCNNNSfprise one or more antxoxxwants, such as butylated hydroxyto?uene B
hydroxyanisole (BHA), propyl gallate, vitamin E, hydroquinone, hydroxycoumarins,
ethanolamine, lecithin, cephalin, ascorbic acid, malic acid, sorbitol, phosphoric acid, bisulfite,

sodium metabisulfite, thiodipropionic acid and its esters, and dithiocarbamates.

[060174] The pharmaceutical compositions provided herein for oral administration may
be also provided in the forms of liposomes, micelles, microspheres, or nanosystems. Micellar

dosage forms can be prepared as described in U.S. Pat. No, 6,350,458.

[060175] The pharmaceutical‘compositions provided herein may be provided as non-
effervescent or effervescent, granules and powders, to be reconstituted into a liquid dosage
form. Pharmaceutically acceptable carriers and excipients used in the non-effervescent
granules or powders may include diluents, sweeteners, and wetting agents. Pharmaceutically
acceptable carriers and excipients used in the effervescent granules or powders may include

crganic acids and a source of carbon dioxide.
[00176] Coloring and flavoring agents can be used in all of the above dosage forms.

[00177] The pharmaceutical compositions provided herein may be formulated as
immediate or modified release dosage forms, inciuding delayed-, sustained, pulsed-,

controlled, targeted-, and programmed-release forms.

[G0178] The pharmaceutical compositions provided herein may be co-formulated with

other active ingredients which do not impair the desired therapeutic action, or with substances
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12%7 Pharmaceutical Compositions [00155]Provided herein are pharmaceutical compositions
comprising a compound provided herein as an active ingredient, including a single enantiomer, a
racemic mixture, or a mixture of diastereomers thereof; or a pharmaceutically acceptable salt, solvate,
or prodrug thegewhoa%ethbination with a pharmaceutically acceptable veRickUsdia¥iodfient, or
excipient, or a mixture thereof In certain embodiments, the pharmaceutical composition comprises at
least onegratensplienpiioffingwxeibienbar carrier. In certain embodiments, the pharmaceutical
composition comprises at least one nonrelease controlling excipient or carrier. In certain embodiments,
the pharr@acleé}gﬁ%ﬁomﬁjg%&g{nprises at least one release controlling and at least one nonrelease
controlling excipients or carriers. [00156]The compound provided herein may be administered alone,
or in combination with gne qr more other compounds provi %}herein, one ot more other active
ingredient@ T8 pharm SR RIS RS T B D AS e L S BN B A SUIBEE e rein may be
formulategkigrvatitiv b dagageotormSdrnotalingseantteal, fantbtapicalyadminisitatiasraie pharmaceutical
compositions may alsa be formulated as maodified release dosage forms, .WQ .

0081000 GRSBESIOBUES LG Ty Eniag et ospeoneel 1 e
controlledntatoeiss antdv antd fakt, rgersbialprogrsmeddaehssmsaladrgariyieiestention dosage
forms. Tt’;ﬁf%gs Sade gﬁﬂ%ﬁb%%@a‘?@oﬁg%ﬁﬂ{ﬁl@séﬁﬁ%dmg to conventional methods and techniques

known to thosé skilled in the art (see, Remington: The Science and Practice of Pharmacy, supra,

Modified-Release Drug Deliver Technology, Rathbone et al., Eds., Drugs and the Pharmaceutical
Science, M&}E8l Dekkgl;}f‘?ﬁ&?ww, NPPoBHSR Y 851'%[%%7?% %‘?1@08%@%} fAitthe

pharmaceistieal tempasitiorssaieicdvidedednasdedageifoamotorarakadnsiisiratiosyspiisioomprise a
_compoungnﬁgzs)wded hergin, f{‘d”%{‘e% a sin Ighenantlomer a racemic mixture or.§%§ﬁme|xtt&re of

-f diastereomerslﬁwnesré%”rc;eoF E pﬁg‘quacéu ica y a"é%%p?%%?éy sﬁgﬁiﬁlségll\llafse, or Bi%l r%ué ereof; and one or

more phasshateutivalbsarceptabldiexd protsconiatiers SjohldsHge dnuthiaran hpuparad, the
pharmaceuigal com %C?%ggqﬁgﬁém%&%m dpsade formdan prgRtsFahatminiaation, which

comprise a compoun herein, including a single enantiomer, a racemic mixture, or a mixture
of diastersvenessstve Roriertarp Handateage e, Aecepm BB suImassvaEabr prodrug thereof; and one
or more pharmaceutically acceptable excipients or carriers. [00159]In yet another embodiment, the
pharmacegicgl compositiopisaradqiaidaesinpasiibsageattordad dortppicalk-ed rintistiationvhigh comprise
a compound,provided herein, including. & sindle snantomsr. 3 ACSIIEMEGHR.RNA TUWe of
diastereomers ?hereo’i‘; or a%lﬁarmaceu |cglly ac%ep able saFt, solvate, or riroarug t ’ereo?; and one or
more phaliméeé tticaiiaceptiite, evatgpianssiblecalrieles, [D018D]ThEs przickacutivirebidipositions

provided herginmay. e providedinani: dagagefarm oLmultle-Aasage (orm;ifunit-dosage form,

as used herein, refers to physically discréte a unit suitablé for administration to a human and animal
subject, aHdI3EERAGEIORNGIDEIEINP BETE NG RRIAtn AR Ifar s clo el its d Eom xRS B dBfermined
quantity ofifperantivedngradiemesy sutfitienide presicethpicant edditerappistiesfiect, in association

with the required pharmaceutical carriers or excipients. Examples of a i%gosa e form inclyde an
ampoule, SHATE 2560 n BTVRRTEIF BE B SFREYEE t&ntglggﬁgﬂ%%@ﬁﬁiéﬁo GRS AT Bt
“administeiieg iafeactions or multiples thereof. A multiple-dosage form is a plurality of identical
unit-dosage forms packaged in a single container to be administered in segregated unit-dosage form.

Exampleg@anultinlestasaae, imnchis2 WR:2009/ 0995 6REMLIS 20091000688

physiological saline or phosphate buffered saline (PBS), sodium chloride injection, Ringers
injection, isotonic dextrose injection, sterile water injection, dextrose and lactated Ringers
injection. Non-aqueous vehicles include, but are not limited to, fixed oils of vegetable origin,
castor oil, comn oil, cottonseed oil, olive oil, peanut oil, peppermint oil, safflower oil, sesame
oil, soybean oil, hydrogenated vegetable oils, hydrogenated soybean oil, and medium-chain
triglycerides of coconut oil, and palm seed oil. Water-miscible vehicles include, but are not
limited to, ethanol, 1,3-butanediol, liquid polyethylene glycol (e.g., polyethylene glycol 300
and polyethylene glycol 400), propylene glycol, glycerin, N-methyl-2-pyrrolidone, N, N-

dimethylacetamide, and dimethy! sulfoxide.
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vial, bottle of tablets or capsules, or bottle of pints or gallons [00161]The pharmaceutical compositions
provided herein may be administered at once, or multiple times at intervals of time, It is understood
that the precise dosage and duration of treatment may vary with the age, weight, and condition of the
patient being¥@e4te®#&¥i6 may be determined empirically using known te$ig BrotSEHESSr by
extrapolation from in vivo or in vitro test or diagnostic data. It is further understood that for any
particulafiddigaddual, sitedific!cestgicregichegsshoylcttbevadjustaoder birheracotidintpdddhe individual
need and the professional jud t ister ISI e administration of
the formLﬁg ions, A Oral ﬁ#ﬂ%&ﬁ%%ﬁ%%%fﬁ%@%%@%ﬁ%ﬁé& cor?"lirséo%ﬁ% s provided herein may

be providediinsbitzeasisbiemsiliknaskagatorherfor oral dumiaibaanshcirarigsadn@hsing oral
administrafion. alse includes Auccabingual andiivRingra! administiationwuitahie ptatdagage forms

include, but are riot limited to, tablets, capsules, pills, troches, lozenges, pastilles, cachets, pellets,

medicatetPERENHIPH P 2lisme bR FRRd SHeaBIFV ESEBR SRS At sk S Rt PBwders or
granules | 5eHétiansyRiHaie Asd SusheNSioNs: s altinngavwalesshsprinkiRscebxlr e syrups. In

addition to the active ingredient(s), the pharmaceutical compositions may.contain one or more
pharmacRfIEARE JLREBIaBRE &8 %@&%&&‘éﬁgﬁts, W@ﬁ%i%ﬁ%ﬁ?%ﬁ%fﬁ%@ﬁ%&bl W0&FS Hlers,
diluents, disiniegramiscalrettindragdotkidulSuaabls sgiidadisg calbdisgasieptszoyeaneigrattoms inhibitors,

sweetening agents, and flayoring agents. [00163]Binders . or granulators. | I ' sstoa
tablet to gr%%?}?gefﬁe {gﬁéltnrc\élr%é?%iﬁg ?r%gtggg?é{ glgﬁgrceesﬁs?gﬁg%ﬁﬁé%g%%m%gggﬁg%ﬁ%ﬁﬁ%rs include,
but are netdpigdity]msterdihises folitalsiconmbidyory rsritointhrdh thosd drecybidtivizse starch (e.g.,
STARC H&éﬁ&’&i#@@i&@é@ﬂ%&ﬁe VAN ES SUAHISERlYATExHaKTRAe sBiBlRsSRnBOrdAckase; natural

and synthetic gu h as acacia, alginic acid, alginates, extract of Irish moss, panwar gum, ghatti
© gum, muéeRdgeeshasalsgEnh eikde c BB FTSAIPRETINbREChAIRERIRMBIE YRR ST BBlidone (PVP),

Veegum, jigishsarpbogalacian.ie waersdssagasantinaind g wat Smocaivteses, siklinas ethyl
cellulose, cellulose acetate, carboxymethyl cellulose calcﬁrm§§§gg%car oxymethyl Ce”kfl se, methyl
0

cellulose DHYEE L e PROSIISSAHIEE T HEbABBECRT N SopVt HEWT cellulose
(HPMC); maicircrysialing eellkyorrexsued) asAVAOELRIdOLiA BICloBE @3, WO
2009/099596PC171J52009/000688 AVICEL RC-581, AVICEL-PH-105 (FMg%iﬁ?ép., Marcus Hook,

PA): and MfiRaE eREkdey SoRsEm s L Rrieaen e rdadst i suiR i carbonate,
microcrystatliperRibase crovdsediceliuiese L daxtrates). kaolin, mannitol, silicic acid, sorbitol, starch,

pre-gelatinized starch, and mixtures thereof. The binder or filler may be present from about 50 to about
99% by wejght,in the rmaceutical.compositions provi erein. [001641Sui iluents include,
but are m lﬂr%ﬁ d to, %??&‘éu?ﬁnm p %léb %fgmc%?aﬁ?ﬁl%m?ﬁgg?&%%&Igl%%]ﬁteo ,%s%{c?r%g%?%ﬁpsitol,

cellulose skegitinr maltiptotieogirrnghivtidaonT b@aﬁ?ﬁg}%ﬁ@ﬁm@m@ﬁag&ﬁ! m&%@ﬂq&%&, such as
mannitol, Jagiase, Soihitgl. a%g%g@’ #d JNael when pirseakIsHigeRhauARNBoRAR dRpart

properties to some compressed ablets that permit disintegration in the mouth by chewing. Such
compressedRiplebiab agenbal SaetaosREG abiingislats JOEBETSIoRaDIA brdrragrahterRElaiR but are

not limitechiQ: 89akrlentoriiewaalidpsasicdah ar methylcellulose and carboxymethylicellulose; wood
- products; natural sponge; cation-exchange resins; alginic acid; gums, such as guar gum and Veegum

NV; citru Ip;-cross-linked celluloses. such as croscarmel , Gross-li r ch as
crospovi;@g?ﬁoss-ligfz@& %%?I({:)ﬁelsl?%% c%li&?r? c%lrrrg%cr?glltae%mmﬁé%%%?%%ﬁﬁn%%ﬁ%ﬁ@s%u%ﬁ%s sodium
starch glyoelatesiptasriliipotabsimethstamwhedinsthths Ritmstsrdinab 60aE SHHAN, 2Epioca starch, and
pre-gelatipigesiakche clavsy aians: shdmiiuendierenlyTisarmauatal adisipiaarant in the

pharmaceutical compositions provided herein varies upon the type of formulation, and is readily

discerniblehls sz begreramiaredriithanabisle PHE IR atetficii b sehatieestotitied herein may

contain fropaahemiba tapestibhRYaRFeMiabesidiayakouddehy waightha. disinteghattier

[00166]Suitable lubricants include, but are not. limited to, calciym stearate; ma ium stearate;
mineral of T Ho A SEGHEHHOUSDRBEHIAMES FRSTS AT Gy U BRI

ehenate and
polyethylemne«glyeals(Riiés) wsteariekicld  psadiunsdauiyl ssilifatesal erdtyaiiogemaisd vegetable oil,
ineluding peanut il S9tonseed il SIRRLPL: seaRme oll Qe Al GRIBQ!, and soybean ofl; zinc
stearate; ethy orea e, e?ﬁ?ﬁaurea e, agar; starch; lycopodium; sifica or silica gels, such as
AEROSIL ré 200 (W.R. Grace Co., Baltimore, MD) and CAB-0-SIL(r) (Cabot Co. of Boston, MA); and
mixtures {REIEEY. The JivsrAvAEBAERAI FHTBRRATBIR D PORTARRS ETEIR T PedniaRY a158.#50.1 to about
5% by weighteafaclobritant 01 &4 Sivtablefghalamis inghidesbollaidabsilived, diodsids, CAB-O-SIL(r)
(Cabot Co. of
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WO 20(19/099596PCT/US2009/000688 Boston, MA), and asbestos-free talc. Coloring agents include
any of the approved, certified, water soluble FD&C dyes, and water insoluble FD&C dyes suspended
on alumina hydrate, and color lakes and mixtures thereof A color lake is the combination by adsorption
of a water-s 881‘3’%%’5[%% hydrous oxide of a heavy metal, resulting in ahinsolu Olt)éfgf}g?r’% of the dye.
Flavoring agents include natural flavors extracted from plants, such as fruits, and synthetic blends of
compountfiies: HEaides 4 SEeERMESE S&r8ad™Such as peppermint and methy! salicylate.

Sweetening agents include sucrose, lactose, mannitol, syrups, glycerin, and artificial sweeteners, such
as sacch#iin &fd aspdrtambaBuitabled mensitysngegeasho fuoalgeidtin aaosmiasiragadanth,

bentonite, a f . c polyoxyethylene sorpitan e T () 20),

polyoxyetsﬁy %@1%@%%%3%%%@%%@, 9%&7@% \ %"’Qé}? %n???ﬁ%nﬁ%%inﬁxg@te. Suspending and
dispersingnzhiaimentclieipheonianen tarbesprsitipletirvsie diwesin, aradisvarsd Meaglichinggacia, sodium
Cafbome&%ﬁﬁl:%ﬁ%ﬁdbéﬂ‘i’ﬁ%ﬁéﬁﬁ%‘ mﬁagpﬁaméﬁcan&xgﬁw WP TalgeRE: Rreseryatyes include

glycerin, methéh%nd propylparaben, benzoic add, sodium benzoate and alcohol. Wetting agents
include pRYpsHENE gy csHfoRgsaisil SephairfsaHidlermraritinpe AETyRsbrenBRholaurate, and
polyoxyethylene lauryl ether. Solvents include glycerin, sorbitol, ethyl alcohol, and syrup. Examples of
non-aqugo0ssigquids ufitinablien eratdsionsesiticiddenpoienadibitiarheotibns geetydilit@rganic acids include
citric and tartaric acid. Squrces of carbop digxide incl i Icarbana a (il s %@ carbonate.
[00168]Itn§ﬁ%13f(§ytf)%e%ﬁ gg?sctlozgd ét)ﬁg? Paasniy‘/:%g&: §r1§0 5?1%3)2%@? e’r%s%ﬁgly%%eq&;}eﬁ sé%earﬁ‘%unctions, even

within thepsknsieylormiskenbihalos) 68{abrphampelzineatno mPlosinbuy lersviierbhadrmemay be
provided g comRuESSad faRlak JARIELIU LA G CREWROIRJQAERGS Sps ARG lisispbd R Lablets,

multiple compressed tablets, or enteric-coating tablets, sugar-coated, or film-coated tablets.

" Enteric-cO%@@sBIBISaF eBphFEES Y amnbil caslunsh ushirs indre it e tkrsttisn of stomach
acid but dissalvaar-disiniedraigdpeteiniestined huswrotettne thanachive ingredistisafrom the acidic
environment of the stomach. Enteric-coatings include, but are not limited to, fatty acids, fats, phenyl
salicylate™ HEEEERUNAE Y ARG iated shellac, and cellulose acetate phthalates. Sugar-coated tablets
are compressed tablets surrounded by a sugar coating, which may be beneficial in covering up
objectionEM&distes oFuiahis antkirpphotsciingehdraisietadiusia mlicabivanFirplsoramderslets are
compres r i i ' ra q}ﬁxp{ ilm coatings
include, EE’? d%gr%t%ﬁ?n%[%%ﬁ%ﬁ%@%%g%%%%gégﬁ% %%gggf/()%%% ﬁ%ﬁ%ﬂg\éthylcﬁ%%se, sodium
carboxynfeRyYE S PEIPERgIE R Y cerbBloaraceenemEena B PRRERAEIFiIm coating
imparts thgisame-genaBhanaaciarislicmaBeaUgal-captiembiy liple wamptessed iaiRismare
compressed tablets made by more than one compression cycle, including layered tablets, and
orose.coR o BF cH T LRI o1 A HGEA 46 MR i DR Bt from the active
ingredientpitipowteded, rabretallisty engranyll atddichspptomeor ithetmibiviatibicevitle/smglor more
carriers or,excipjents described herein, including, binders, disintegrants, controlled-release polymers,
Iubricantsa,hc Tﬁ‘?eiﬁ ,%%375? %%ﬁc?r%ﬁtg}?éfé%ﬁ%%}] cgvsgg?gﬁllﬁgagents are especially useful in the
formation of chewable tablets and lozenges. [00171]The pharmaceutical compositions provided herein
- may be p%vﬁ@éf?is@lﬁ%@?%iﬂncapsules, which can be made from gelatin, methylcellulose, starch, or
calcium alginate. The hard gelatin capsule, also known as the dry-filled capsule (DFC), consists of two
sections, [0A&98ipping Trephaensthartithusopopiatehypencibsing e metive mbnedigeedhe soft elastic
capsule (Rhhie @ syaloBHRL el Ao ariali shlniaibls plardazertiyibs,addition of

r gelatin’s

glycerin, sorbital, or a S|m|far polyol. The soft ¢ ells may contain a preservative to prevent the
growth of(inedergahismbistiablatregasphivdserdan spdthslpiscrpigiRerénssdsenitling methyl- and

prOpyI-pq@g&g%gﬁﬁq %m@%qpmgr@gm, semisalid.andgalid dosage forms provided herein may
be encapsulatedin a capsule. Suitable liquid and semisolid dosage forms include solutions and

suspensi in propylene carbonate,. vegetable.oils, or tri rides. Capsules containing such
solutions?cégslnﬂgf prepa%nr}é%pa;ﬁs e*‘s"@r.f‘8§%1°{5‘9§?’ @3%‘%%‘?%%%‘?&?@&%@% ;1%}16(:?4?4 ,545. The
capsulesdvsagafsorseivo ateduis:kizdwntdryichiosbrohiskittion fier dotah orsctamimodisi.ongudiain
dissoluti o e 6\ 0T e BRG] (ANE PORTMACGHUICR, GRMARS HARSTBNARAherein May be
provided in liquid and semisolid dosage forms, inciuding émuisions, solutions, suspensions, elixirs,
and syrugseARESELrISN 1 any SUBPRIEO 8y SHAGTUTRSWIIEE o FRAIMu il 1850 RSPRYQIE TR RER M of small
globules througboianetae! digtiskwhichcanherel-imiuatsy Ql WalRiieol JEfelsions may include a
pharmaceutically acceptable non-aqueous liquid or solvent, emulsifying agent, and preservative.
Suspensions may include a pharmaceutically acceptable suspending agent and preservative. Aqueous
alcoholic solutions may include a pharmaceutically, acceptable acetal, such as a di(lower alkyl) acetal
of a lower alkyl aldehyde, e.g., acetaldehyde diethyl acetal; and a water-miscible solvent having one or
more hydroxyl groups, such as propylene glycol WO 2009/099596PCT/US2009/000688 and ethanol.
Elixirs are clear, sweetened, and hydroalcoholic solutions. Syrups are concentrated aqueous solutions

of a sugar, for example, sucrose, and may also contain a preservative. For a liquid dosage form, for
avamnle a cecoliition in 2 nolvvethviene alvveal mayy be diliited with a cirifficient Aarrantityy of a



those containing the active ingredient(s) provided herein, and a dialkylated mono- or polyalkylene
glycol, including, 1,2-dimethoxymethane, diglyme, triglyme, tetraglyme, polyethylene
glycol-350-dimethyl ether, polyethylene glycol-550-dimethyl ether, polyethylene glycol-750-dimethyl
ether, whereWB8809888%and 750 refer to the approximate average molecb{ai/Welghoeftie
polyethylene glycol. These formulations may further comprise one or more antioxidants, such as
butylated fiyaneaasiaiveins (Bidsi)ican tytatedt t ydreixymaisadle (@hidisp opydcgedaiicsairagin E,
hydroquinn%pc(?ésh %Eggyca%gnatrénmsg %}1 no)l{gqunigggérec%i hin, cephalin, ascorbic acid, malic acid, sorbitol,
phosphoric acid, |sulfﬁe, Sdium metabisu Ee, I0dipropionic acid and its esters, and
dithiocarbamates. [00174]The pharmaceutical compositions provided herein for oral administration

may be a9 Prélvided iRhEERsHNEcatlsesertdde AAEENE AnARKMRISHE B4t a STospdels. Miceliar
dosage fauprAa-RRRIRRAEASAaRcERGHIMA, DuPab NP 18350 }o8 B AiiRR PRaaceutical

compositions provided herein may be provided as non- effervescent or effervescent, granules and
powders, T 58 Ve KON St RAPTARY SO HE el A SR RO PH AR AU RIS R a8 aifers and
excipientgtiset o1 thiemorzaffane seoili ghansdabdinpentidfcsrs) apincitdgcdi) enesiyeaioners, and
wetting a%g%ﬁa@l rmaceutic Ié/taccelptabI{(ia1 carri r‘d'al and exci%jaents us%d in the e[fe&/.escent granules

or powders may mc?Ud)gaoangrsuc TS RV ls - Walo ML IS e o1 CRel{e): e [o0% I@)"i%f&%ﬁh bngnd flavoring

agents carebesuseniesihphfhetsboyecdtsagefamis {R04gETAIT hepttertivaceuticatsompositions

popsetedasimsdiasannariipdielase dosage forms, induding

provided herei m th)sef
delayed-, gﬁg?ne%, pulse , targe and progranimed-release forms. [00178]The

pharmacemclzal compositions provided herein may be co-formulated with other active ingredients

‘which do Hit ibair thel B SiHEdFHEH5El HRRARIOBT TthALiodtaiougisgesd topically by
| 2009/0996R6RGFAISRROPRHSE theticiphlanantthepiesiey actittroBeRasentaraliAdiministration

[00179]The. pharmac uti%g&g@gﬁtgpﬁ[ vided-herein ma inist %Wrany by
injection, Fr%%st%grﬁ’,sélf?lrﬁ% antation, Tor oca?@nsr%?e:ﬁ{%’a&lrﬁﬂ)l@sgr%t?grgglag}gn eral"administration, as
used herdibiciaciiMdedinalahehook; gty dacteTiod)dtitrapBlitoneal, intrathecal, intraventricular, intraurethral,
intrasternal, intracranial, intramuscular, intrasynovial, and subcutaneous administration. [00180]The

pharmacqutiesd compositionsRravider Nersihesas Refotnulairckin any dogasadoamsihat are suitable

for parenteral administration, including solutions, suspensions, emulsions, micelles, liposomes,

microsph&B8S A RBLRSEM ST AR B8 S SHHRLD RITBREBIERLE D e HSRFRMSIRfuid prior to
injection. Suehcadpage iaas wande P epa ted ateasdingdootion i totahssednal sdd oier to those
skilled in the art of pharmaceutical sgience (see, Remington: The.Science and.Practice of Pharmacy,
Supra). (00 T e s Rk CATE QR BB B P Ao R LA Ry iclucle
one or mdvnsipshasheee atidalty actapiabievsdaneln anateaipievibldvehidies) sbeit aphiidnitehilio, aqueous

vehicles, watgaimisgible YhilesomRQURaUS YehiRles: ARIGIORIALONENtS Qrgervatives against

the growth of microorganisms, stabilizers, solubility enhancers, isotonic agents, buftering agents,
antioxidaMeIaHar Hiseshetndsusydneittg ARG ErEng OB cetsinaoPerHulsiNaR agents,
complexing Ageail S8aY eatalngQlENelaling 12gR Ry CYORIQLBFIRN tanaRaie Glakte, dhigkening
- agents,adjusting agents, and inert gases. ) i :

' see, Remington: The Science and Practice of Pharmacy, supra). These vehicles are

emollient but generally require addition of antioxidants and preservatives.

[00195] Suitable cream base can be oil-in-water or water-in-oil. Cream vehicles may
be water-washable, and contain an oil phase, an einuisiﬁer, and an aqueous phase. The oil
phase is also called the "internal” phase, which is generally comprised of petrolatum and a
fatty aicohol such as cetyl or stearyl alcohol. The aqueous phase usually, although not
necessarily, exceeds the oil phase in volume, and generally contains a humectant. The
emulsifier in a cream formulation may be a nonionic, anionic, cationic, or amphoteric

surfactant,

[00196] Gels are semisolid, suspension-type systems. Single-phase gels contain
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[00182]Suitable agueous vehicles include, but are not limited to, water, saline, physiological saline or
phosphate buffered saline (PBS), sodium chloride injection, Ringers injection, isotonic dextrose
injection, sterile water injection, dextrose and lactated Ringers injection. Non-aqueous vehicles
include, but wi@ We/1ipafEd to, fixed oils of vegetable origin, castor oil, corBEIUESIEMEEEY oil, olive oil,
peanut oil, peppermint oil, safflower oil, sesame oil, soybean oil, hydrogenated vegetable oils,
hydrogengigshioybeamoikcand meadinmdhabsurghbendésal cdeongheit, tandipatheseed oil,
Water-migcible vehjcles include, but are not limited to, ethangl, 1,3-butanediol, liquid polyethylene
glycol (eé}f lT|c;)ao lﬁeﬁﬁig ehé efilcs:é %%eé:rr] Sb%l‘;%@n%ﬁéﬁ‘edSﬁ}%ﬁ%ir%r%uﬁ%gﬁgaé?fggfs@cherin,
N-methyl<2sbymaiidpaiby NiRdiGeRERRE M yslreptd! dipeimytsulfexids. pyiiethylene oxides,
%ﬁ%@%&?ﬁ%&?%@%@%&%@s?%%&?@?@ﬁ%mﬁ;Qfeﬁ[ﬁéﬁ&‘i?éiyﬁéﬂac'Ude, but

2009/099 g 1h
are not Iirﬁ% g}% p s, mercurials,”benzyl alcohol, chlorobutanol, methyl and propyl

phydroxyBesivesdhsdranimrerys s boasalvdrmie Siicidelesy hikaysmemit mednsitiElotfethyl-and
propyl-paﬁ?ﬁfd;%mm%@em&éi IsQlQnie RSB IsMabie o5 R0l iInEiedhien sadium
chloride, glycerin, and dextrose. Suitable buffering agents include, but are not limited to, phosphate
and citratS iSSP A PRGN S aTE mg%]ég%legbﬂ{?@a AR R R &SRS o dium
metabisuljient®wikabie spadlodoesietics taslbeladdud, arehotdimmitesktor pradaidéspydeddiloride. Suitable
suspending and disggrﬁin ager.lts are tgf)setas.described herein, including sodium

carboxym 8ty 8! ?ﬂ?ﬁ? Wﬁ%%}ﬁnmé’trhﬁffgéﬂ&ose, and polyvinylpyrrolidone. Suitable emulsifying
agents include those described herein, including polyoxyethylene sorbitan monolaurate,

polyoxyeti1E#8 sorbitdhnmbaonicass @b camaepieitroRidrd sreiran SuRapledREEEtering or
chelating Raeits {He{&%@iypvai}f@mw@%gmﬁm-t@f@mgm@gmmm@,%@&mude, but are not

. limited to, sodium hydroxide, hydrochloric acid, citric acid, and lactic acid. Suitable complexing agents
include, bRRYHESHBE HHFESPEG BRI RRITES, NNy Les OB H SRS pPS SRS CoPHVeS,

hydroxypepiiei3; eyaladextenusideh ytiaihads3-tireloche xgan, anarsyliphyiylatbeen3-cyclodextrin
(CAPTIS%%?, EEi:yDex LenexabKésrg. %)184 The.gharmac utical comspositiogs grgv'o!reld herein may be
formulate KT SREABE AP AR A B AR SR R LR S S3SIZEDHS are packaged
in an ampuen@orial fer rigyringed Pheciwaltpl®dosage panenteral formulations must contain an
antimicrobial agent at bacteriostatic or fungistatic concentrations. All parenteral formulations must be

sterile, asippygp and practigeghimie A [AAA8ENIHRRe SRRbadiment R e maseuticato

compositions are provided as ready- to-use sterile solutions. In another embodiment, the
pharmace M EBiAD IEtiohara Ao G RIS AY LR A SO R PF Sa S e AL RRIM SR BRHIS R d
powders anekrypoghermit/thhlatsiitals retoe sikwetcsithfhaehicte frioltacossabieyeidnsther
embodimenl,i thg. %haré%laceutical om osittions are IE)JO%L%%Q as ?c%-to{l%g% sg rtiitg %Jspensions. In
yet anoth8F eFB Suss tfu'tlf’%eV ?ﬁ%?ms ﬁﬁc%rll%solrrﬁcpos?tlons are provm’%é 43 Herile 3ry%nsoluble
products t@desedons iwibd-unatmel ehislephoitoposamitystf] ot e pritadimént the

Pharmaceqficlaemper RN AR AaMAR ARIEaN EHRR AR S UIRIASIGGARELe

pharmaceutical compositionis provided herein'may be formulated as immediate or modified release

" dosage foteserihedlbetirig.dettydig kiseidinead sofiee Mok 2008/059598P crois B bd0 0688
controlled, tasgefethe 205 RIS BMBLANRISRR01M $1 10 R CHe Phaubase ulisalbegsIpasiions may

be foimulated as a suspension, solid, semi-solid, or thixotropic liquid, for administration as.an
implante B0t ST B ein BHHR AT it 5T HIREN AR af e ARB LRI TPROVEE S HBRBR of5 dispersed
in a solid kyaeriphdeRdNIE RIS SiRUNERIdeYsasuclute madlyinel gl cokshitiane thabid insoluble in body
fluids but allaws the actiye ingredient in the.phar, utical compagsitions .diffuse through.

[00188]Sui %(% ecriﬁﬁteer Pﬁ’Y ﬁ%‘ﬁé?ﬂ%ﬁ@d§%8?§/1n%gﬁ1{%%%?wac%&el?%%?%l?%j? e 1%%5&’ aﬁ%} epSIasticized or

unplasticizeq pelyaddyRhboaldedplagiicizagpdiveried asticiveprprdyest oyl dnecergpesal atethedtural
rubber, p%'%’i§8fari‘ﬁ%efg‘ﬂ%'é’%%?il%%é}]ﬁ’o‘%‘%‘)‘@&&?ﬂlﬁi‘@ag@f?&@ﬁﬁé@?&?‘i@ﬂﬁ&ﬁ'ﬁ’i{%&ﬁﬁ@g copolymers,

silicone rubbers, polydim siloxanes, silicone carbonate copolymeérs, hydrophilic polymers, such as
hydrogels of esters of acrylic and methacrylic acid, colla oss-linke p%Ia/vlnyI alcc?hol, and

en, ¢
cross-link&t batially hyd¥oR/ZEmIssENGAY FaRegitions provided herein may be administere

ophthalmically in the forms of solutions, suspensions, vintments, emulsions, gel-forming

solutions, powders for solutions, gels, ocular inserts, and impiants.
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[00189]Suitable outer polymeric membranes include polyethylene, polypropylene, ethylene/propylene
copolymers, ethylene/ethyl acrylate copolymers, ethylene/vinyl acetate copolymers, silicone rubbers,

polydimethy{ﬁggmgsgpoprene rubber, chlorinated polyethylene, polyvinyehgrisaeyigy! chloride
copolymers with vinyl acetate, vinylidene chloride, ethylene and propylene, ionomer polyethylene

terephthal tyl rubber epichlorohydrin rubbers, ethylene/vinyl alcohol copalymer, ethylene/vinyl
acotatenEonol tel BORREPoSHA bGP BRI b5 R AT bR S SIS Acmiisuation
[00190]T herpivesaiip oe bidahelamposition seprovidedttreteihim phabaadmicis tenegdopioansg the skin,
orifices. o rpucsen TRJopiteb AdmIISRUaN AxHoedl hersln, Inghides,dnuasarmaal,fapiunctival
mtracomeal, Intraocular, o_p thalmic, auricu a}r, trar]s ermal, nasal, g | al, uretnral, resplratory, and
rectal admimstrenier. J0819¢]THe prarmzicaldeat soeesitibiyd et hieremdnes iformulated in

any dosaggforme Hiakareriitahit a5 Hapicabadminis katianirdaagler Syaigmic gffect, including

emulsions, solutions, suspensions, creams, gels, hydrogels, ointments, dusting powders, dressings,
elixirs, lotSFdIUQIepdARTIRIs] trctures> HEBTeE VRS aPALPHfn s BRbaBRAFHEER GRERGE)ES Siipositories,
bandageg|dajamabprishesa Thegopitadarmulatiamnaf e \MGh2RaH 9606 E bl a<909/000688

pharmaceutical compositions provided herein may also compyise liposomes, micelles, microspheres,
Panosy SEFETH hAEHSSS ABFRISFRAO O S B AL GFRBy HEaEABHE CikiaPe BRHEkBents
suitable fesmipsasindbéstdpisiddagenilations ipovidedahenetpdhdedeapbut are not limited to, aqueous
vehicles, water-miscible vehicles, non-aqueous vehicles, antimicrobial agents or preservatives against

the growtyef gpicrooraapismiss SRRIlizErSiHSe kil BnhanersyiseLonis Age plsmpUlfesing agents,

antioxidants, local anesthetics, suspending and dispersing agents, wetting or emulsifying agents,
_ complexiAgREHtST SEBUELTERY be tHENHY 48 samsaipsh m‘&%ﬁ“?@%ﬁ’%ﬂf@p‘f fants,

- lyoproteciaptaatickeainSopaRPESsiARsH8F BARE Sol CREAd] AR RN MaBe WGaL GRERRASHIONS May also
be administered topically by electroporation, iontophoresjs, phonophoresis, sonophoresis, or
micronecRieV S LB HEAR S Aty ﬁ%@éﬁﬁ%&%‘rﬁﬁ“{%ﬁ&% 8?5?}@%% fité, CA), and
BIOJECT:ki, (Biajesiiddbdivakdiéchnologies Inc., Tualatin, OR). [00194]The pharmaceutical
compositions provided herein may be provided in the forms of ointments, creams, and gels. Suitable

ointment gises inclus. easincksenIEROGATAR NEEIEE ASkIRg lard: bepzaln ediard olve

oil, cottonseed 0il, and other oils, white petrolatum; emulsifiable or absorption vehicles, such as
hydrophilfeiFatofat e YRy BxeiRHATs tHabe? AT Wt SRE iRtiPr Mrn Alvisvible vehicles, such
as hydrophiic gntnantssatenspivh e eintnenisuahiclesripeieding molyeshviene gl eaimed varying

moleculay weight; emulsjon vehicles, either water-in-oil (VWW/O) emulsigns or. oil-in-water (/W)
emulsions di %ee?glfgﬁgdﬂg??ﬂcﬁ C ﬁ?o%ﬁ%ﬁ?ﬂ“%ﬁ‘ﬁ#&ﬁ gfé&f@%iﬁ”@é%{&ﬁ%%ington:
The SciefieglandcBydatice ffrhanvgeyickspiagh thesarvdhiclesaraseonotientriputgenerally require
addition of antioxidants and preservatives. [00195]Suitable cream base can be oil-in-water or

water-in-glgfgraam vekigles mayRe-Walkl WASRBNGoARL cRBIRIMAR AN RARIARR sERifier, and an

aqueousI%hase. The oil phase is also called the "internal” phase, which is generally comprised of

petrolatufSTEHHEChIR caaIG BORN SIS Giehbamprartyre CoResiRisuT RS REEENY, although

‘ not necesgatible pyorrEsiNe QibPhase ity omecandogneraibhentiaiRgi@humestant The emulsifier
in a cream formulation a(é/F be a nagnionic, anionj¢, cationic, orrgma%goéeric surfac}tlar%I.JQO%%]Gels are
semisoli&?&ﬂ%eﬁ%‘?ﬁ@p SABRLIS R Shasl R0 TR pe annydrous or In the forin 0

the monohydrate, Gther suitable excipients or-carriers include dextran, glucose, maltose,
sorbitol, xylitol, fructose, sucrose, and trehalose. The pharmaceutical compositions provided
herein for inhaled/intranasal administration may further comprise a suitable flavor, such as

menthol and levomenthol, or sweeteners, such as saccharin or saccharin sodium.

[00204] The pharmaceutical compositions provided herein for topical administration
may be formulated to be immediate release or modified release, including delayed-,

sustained-, pulsed-, controlied-, targeted, and programmed release.

D. Modified Release
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WO 2009/099596PCT/US2009/000688 organic macromolecules distributed substantially uniformly
throughout the liquid carrier. Suitable gelling agents include crosslinked acrylic acid polymers, such as
carbomers, carboxypolyalkylenes, CARBOPOLe; hydrophilic polymers, such as polyethylene oxides,
poIyoxyethy@’ﬁé‘ﬂ%’l@?)%?ﬁropylene copolymers, and polyvinylalcohol; cellﬁf(‘)g’igsﬁﬂlg/ﬁ?gf’g? such as
hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxypropyl methylcellulose, hydroxypropyl
methylcelifiB8]phthaldies RRrrmiethiikas IfmBesigaRsoreytds dbareiganantls seravaaiedas gum; sodium

alginate; andigeletiled e AARLITRIEPAERMMHEREN, 964 (AP erSINERYFALS SHGRBR ACORGL L 9lycerin
cart be added, or the geIIin% agent can be dispersed by trituration, mechanical mixing, and/or stirring.

[00197] THRBHAMHTHER ticE  SrBsitins! pesvRichr ern Rerydiwdahmrdicreet isera ethrally,
vaginally aaripgarédeginadsaiiz therdorns af supprstidbe shdea8aHeSD SR PatilicesSagataplasm,
pastes, powders, dressings, creams, plasters, contraceptives, ointments, solutigns, emulsions,
suspensi %‘%‘}%é?ﬁﬁ’&e s,eé}ag'l%‘,i?o%‘rlﬁgfig%rﬁ ,[Oéwg#éﬁ%gg%ésgué%ggﬁe%’?fﬁgﬁg n B TR Gfactured
using conventisnakpgerdssosmsmesdripadn RengmsgioneiEhedBdesnge &mehRPrddtéce of Pharmacy,
supra. [0 R hral,.and vagi itories are-solid hodies for insertion into body
orices, A A R B R TR ' Felonse the
active ingradnefcnpiitid tredeasifidescaadmeribode ity wnde phrabievlindeirs thelire doglwéingl and
vaginal syppgsitarigsdnsludaDaseenve lires staBassilianingrgenisichRipdice a melting

point in the proximity of body temperature, when formulated with the pharmaceutical compositions
provided REHERMUFHAHERTOLRTTE I deriisss HErSHEIRRIGIRTY BISDIFEE 4A%888ium metabisulfite.
Suiéable yﬁmﬁ?@&ﬂe@Iﬁt%@m@y,tfﬁr&f@hﬁfeﬂqqﬁ@pﬁﬁgpﬁ@@Hﬁﬁm%hgq?@e@ﬂ),mq%r&@sge!@éin,

. carbowax (polyoxyethylene ol), spermacetj, paraffin, white and yellow wax, and appropriate

. mixtures 8%0?%?1 - %}Pgﬁ?;a{ & ‘3%‘6%&39 ff%sg%%%a&@}e 5 %@ﬁﬁﬂil alcohol,
hydroxyetiwmetiaciytatd, thohaicryligacidngljcerinated gelatin. Combinations of the various vehicles
may be used. Rectal and vaginal suppositories may be prepared by the compressed method or

molding. fhedypical weight qf aJesiaiRRd XASINALSURROSIPLY S ARAHE 24t A1HoUt 39484991 The

pharmaceutical compositions provided herein may be administered ophthalmically in the forms of
solutions I UsPerfdidies: orffhents; eMlisi8hs] getfitthing CohffoAd Potldeisdt-dhitions, gels,
ocular insgos, 98] BTROIRNES. SMQUAABYKNILHSER G FAIG2@09/000688 KI620AkThe, phmsmaceutical

compositi ide in e adminisiered intranasally .o inhalation to respiratory tract.
The phar?ﬂggggéﬁ%a%’g%lrﬁ%%e |t?cr)8r$g R ggyg"géﬁdesgglgét %%ofrégéfgfga£5§§oé3& Slitioit tor delivery
using a ptessLfBbAGTAREIG, P8I 3561264 ATOMEZEE7 SEeh @3T8 atofiEY, ASingG,589,548;
electrohydr, nj e a fine mist, or nebulizer, alone or in combination with a suitable
propeIIan%’@%ﬁ@%@@gg%ﬂuoroethane or 1,1,1,2,3,3,3-heptafluoropropane. The pharmaceutical
compositions may also be provided as a dry powder for insufflation, alone or in combination with an
inert carribr YOS 9RERISE BelsRssPssiRsRls; and nasal drops. For intranasal use, the powder may
comprise a bioadhesive agent, including chitosan or cyclodextrin. [00201]Solutions or suspensions for
use in a pA838ltized cdimaiernpuaupcsiraypasimireprovidebidizer mayrieliBerudated to contain
- ethanol, 0 ' -alterpati for di i iliz] extending
ﬁ%%ﬁ%}%e fa@r?c%@(}xg%ﬁg% natlye c%%%wgc{ Aisper %élgcesﬁh%@%c%%

release o active indgredient provi erein, a propellant as solvent; an a surfactant, such as
sorbitan #olkdia Blestdesd, deladoniydldetiEnoielopedzoo] Peapiadiansubielveanpdeliions provided
herein may.BJRicranizagiie,a gjgg)suitable for delivery by inhalation, such as about 50 micrometers or
less, or about 10 micrometers or less. Patrticles of such sizes may be prepared using a comminuting
method kpagyjo thosg. sdled in the att. auch a5 spiralit milling, uid bed el miling, gypercritical
fluid processing to form nanoparﬂc\es, id Bressurelhomogerﬁzatlon, & spray drying.

[00203]Canpsified rblisterdoangk dartndgisfolaled isiemanleatdinde msuifiakornenayiieformatated to
contain  GRINIRE HiadRh s AORBIEREHNCECRIBRRRIQUS LAY AREE U Rkl powder base,
such as lactose or starch; and a performance modifier, Such as’1- leucine, mannitol; or magnesium
stearate. FRETHRESE ST BadiRyaiies 6heh #IbIFACCRINEIhBRORIIEAS. Other suitable excipients
or carriers include dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose, and trehalose. The
pharmacliisl compasiiierial pravidem heteindanialodidty intzahasal adhninisiration linayefsdher
comprisecﬁiauit%le flavgr ggh ag rﬁﬁmglrgl aundgegromgmntgr% or swe terglearsl, ggsctl‘ggg,n sauccharin or
saccharin soaium.%a(?z ﬁﬁe’gﬁalpmaceuﬁgapco%m sitions prbglcfg & 16t toplcalgaalministration
may be fepmuragsdadibsdnmrgediane, @loaghatii, S1sdifed relotive ok dingsderegbrtarsustained-,
pulsed-, controlled-, targeted, and programmed release.
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D. Modified Release WO 2009/099596PCT/US2009/000688 [00205]The pharmaceutical compositions
provided herein may be formulated as a modified release dosage form. As used herein, the term
"modified release" refers to a dosage form in which the rate or place of release of the active
ingredient(s)& am&fepidfrom that of an immediate dosage form when adfris{E?e/BYPHHR same route.
Modified release dosage forms include delayed-, extended-, prolonged-, sustained-, pulsatile-,
controlled#taades]sratess dasitfastnd argibse ek rprpgrdrophéice reiasls, suvdt gaptdtnaensiprddssage forms.

The pharyageuigalernpasiions medien sniense.A05AaR IDUDRGan. bR PIBRAIRILLSg A variewy of

modified release evices 2] ntot sesk ed in the art, including, but not limited to,

matrix consretwtiadiabse divicestivdmbticebnlest MFSidpsebgsymetyimativass IMEbontrolled
release deyiges, 15%8%9&@99@4%@@grﬁ@@yl%mus}gﬁm?u&@mggeq}m@yrwauméermm@res

liposomes, and combinations thereof The release rate of the active ingredient(s) can also be modified

by varylnécmé elinigecrerionnie G mes rgsR Bror (G aivasigiRsaidiriEs bt 388]Exaples of
modified reigaseATeiiadRePeirarg et inshaseMesCHPRMTP, BISvIPALS N@ra:oaﬁﬁ&p?m;

3,916,899; 3 52 % g}S ,098,123; 4, 808 7 S 533;.5, 5; 5,5 :I1 7,5,1 . 5,073,543,
5 630, 4704 RS BRI ISR RO AT R G s 6D BRI T2 060 oap
polyvinyl pyrrolidone; polyvinyl alcohol; polyvinyl acetate; glycerol fatty acid esters
polyacrylamide; polyacrylic acid; copolymers of ethacrylic acid or methacrylic acid
(EUDRAGIT®, Rohm America, Inc., Piscataway, NJ); poly(2-hydroxyethyl-methacrylate);
polylactides; copolymers of L-glutamic acid and ethyl-L-glutamate; degradable lactic acid-
glycolic acid copolymers; poly-D-(-)-3-hydroxybutyric acid; and other acrylic acid
derivatives, such as homopolymers and copolymers of butylmethacrylate,
methylmethacrylate, ethylmethacrylate, ethylacrylate, (2-dimethylaminoethyl)methacrylate,
and (trimethylaminoethyl)methacrylate chloride.

[00210] In further embodiments, the pharmaceutical compositions are formulated with
a non-erodible matrix device. The active ingredient(s) is dissolved or dispersed in an inert
matrix and is released primarily by diffusion through the inert matrix once administered.
Materials suitable foruse as a non-erodible matrix device included, bﬁt are not limited to,
insoluble plastics, such as polyethylene, polypropylene, polyisoprene, polyisobutylene,
polybutadiene, polymethylmethacrylate, polybutylmethacrylate, chlorinated polyethylene,
polyvinylchloride, methyl acrylate-methyl methacrylate copolymers, ethylene-vinyl acetate
copolymers, ethylene/propylene copolymeré, ethylene/ethyl acrylate copolymers, vinyl
chloride copolymers with vinyl acetate, vinylidene chloride, ethylene and propylene, ionomer
polyethylene terephthalate, butyl rubber epichlorohydrin rubbers, ethylene/vinyl alcohol
copolymer, ethylene/vinyl acetate/vinyl alcohol terpoiymer, and ethylene/vinyloxyethanol
copolymer, polyviny! chloride, plasticized nylon, plasticized polyethylene terephthalate,
natural rubber, silicone rubbers, polydimethylsiloxanes, silicone carbonate copolymers, and ;
hydrophilic polymers, such as ethyl cellulose, celiulose acetate, crospovidone, and cross-
linked partially hydrolyzed polyvinyl acetate,; and fatty compounds, such as carnauba wax,

microcrystalline wax, and triglycerides.

[00211] In a matrix controlled release system, the desired release kinetics can be
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5,993,855; 6,045,830; 6,087,324, 6,113,943; 6,197,350; 6,248,363; 6,264,970; 6,267,981; 6,376,461,
6,419,961; 6,589,548; 6,613,358; and 6,699,500. I. Matrix Controlled Release Devices [00207]The
pharmaceutical compositions provided herein in a modified release dosage form may be fabricated
using a matfcHitBRMorelease device known to those skilled in the art GeEVTERAEH EBal in
"Encyclopedia of Controlled Drug Delivery,” Vol. 2, Mathiowitz Ed., Wiley, 1999). [00208]In one
embodimentirttied Har manepitcalcthapolsitionts previghs trb rihia pnipneodifiettglebs patoskge form is

formulatedsnageonibis At drite IS s elBRl g cradblg, Aralbls aglymers.
d' Yy ogcurrl olymers an erivatives, suc S

including synthetic polymers, and natural ring S
polysacchibgipesaerd andashes foopEolMuatesisikLsehs sammesiignan erodible matrix include, but are

not limited to, chitin, chitosan, dextran, and pullulan; gum agar, gum arabic, gum karaya, locust bean
gum, gunjdgaggcanth, TherpgeRRRBS:EHI Fb BBtk GriargvidsXReia Mg il @flddseRERglucan;

dosage form may be prepared by methods known to those skilled in the art, including direct
compression, dry or wet granulation followed by compression, melt-granulation followed by

compression.
2. Osmotic Controlled Release Devices

[00213] The pharmaceutical compositions provided herein in a modified release
dosage form may be fabricated using an osmotic controlled release device, including one-
chamber system, two-chamber system, asymmetric membrane technology (AMT), and
extruding core system (ECS). In general, such devices have at ieast two components: (a) the
core which contains the active ingredient(s); and (b) a semipermeable membrane with at least
one delivery port, which encaﬁsulates the core. The semipermeabie membrane controls the
influx of water to the core from an aqueous environment of use so as to cause drug release by

extrusion through the delivery port(s).

[00214] In addition to the active ingredient(s), the core of the osmotic device
optionally includes an osmotic agent, which creates a driving force for transport of water
from the environment of use into the core of the device. One class of osmotic agents water-
swellable hydrophilic polymers, which are also referred to as “osmopolymers” and
“hydrogels,” including, but not limited to, hydrophilic vinyl and acrylic polymers,
polysaccharides such as caicium aiginate, polyethylene oxide (PEQO), polyethylene glycol
(PEG), polypropylene glycol (PPG), poly(2-hydroxyethyl methacrylate}, poly(acrylic) acid,
poly(methacrylic) acid, polyvinylpyrrolidone (PVP), crosslinked PVP, polyvinyl alcohol
(PVA), PVA/PVP copolymers, PYA/PVP copolymers with hydrophobic monomers such as
methyl methacrylate and vinyl acetaté, hydrophilic polyurethanes containing large PEQO
blocks, sodium croscarmeliose, carrageenan, hydroxyethyl cellulose (HEC), hydroxypropyl
cellulose (HPC), hydroxypropy! methyl cellulose (HPMC), carboxymethy! cellulose (CMC)
and carboxyethyl, cellulose (CEC), sodium alginate, polycarbophil, gelatin, xanthan gum, and

sodium starch glycolate.

[00215] The other class of osmotic agents is osmogens, which are capable of imbibing
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WO 2009/099596PCT/US2009/000688 starches, such as dextrin and maltodextrin; hydrophilic
colloids, such as pectin; phosphatides, such as lecithin; alginates; propylene glycol alginate; gelatin;

collagen; ang,gelilqasias such as ethyl cellulose (EC), methylethyl cellulogg{(MEfa)datRoxymethyl
cellulose (CMC), CMEC, hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), cellulose

tat A I ionat 1l B | t te (CAB),
b, AT D R B A e B SR e S
cellulose &uiéehie eameginstin¢iPM DA e antlivoipthiad ioryatiy syl 65 HESEsHoty Firliate,
py”o'idor}ﬁh@%ﬁ‘é&%}%‘f&i&%a‘?&l}%i@Hicﬁﬁ?eEasf@deJM%%EQ{if@étXiﬁﬁiﬁnea{i%Tﬁét&%é{%g}ﬁﬂ{@iﬂ%tP,o'yacry'iC

acid; copolymers of ethacrylic acid or methacrylic acid (EUDRAGIT, Rohm’America, Inc., Piscataway,
NJ); pon@W&%&?@ﬂmhﬁﬁfwM@%‘ﬁ&%&dﬁwé&H&W% fulitteapsiasatien ahtpride,
ethyl-L-glutansiRind earaga i dacticackd-alyaols, acictGRDQINAES iAo 1) yiRyyHUtyric acid;
and other acrylic acid_derivatives, such as homogpolymers and copolymers of butylmethacrylate,
methyImetHEEHTatE: BB ity B oSt e e o M th AT TR RS &SR and
(trimethylasiinbetfyk math donydsitcachlocidec AP MYk dutiie sehntiodiik sisbibecpharipaceatidcal
compositio&gigg%if rmlglatecda\é\éi h a}tgﬁlréh%goggglllec rgw%rigudevicceé(;rhe aggttiv ingggcgfe@}és) ell?} (fiissolved or
disperseaeln AhRErPmatix and 1S release pnrﬁarﬁy by a‘l“#‘ﬁsion](%hroug 16 iert matrig dnce
administergdtustatbem@isisuitable for use as a non-erodible matrix device included, but are not limited
to, insoluble plastics, such as polyethylene, polypropylene, polyisoprene, polyisobutylene,
polybutadjggeydpolymethylipathacnisse pplybutylmsihasiviate losinatptopelyetinirBgce
polyvinylchloride, methyl acrylate-methyl methacrylate copolymers, ethylene-vinyl acetate copolymers,
__ ethy|ene/&%gﬁew&véaﬁaﬁ}fﬁ%ee,gmr&ﬁ/ﬁé/@twf*a%mﬁa Bfﬁﬂfﬁé&% ?ﬁﬁ%%ﬁ?&ﬁde‘?%ﬁsﬁwﬁsrs with
. vinyl acetateorptydiceershiocidss BIANSI@GEM PEpyRRICliannmeepoly BHylendtaiephihalate, butyl
rubber epichlorohydrin rubbers, ethylene/vinyl alcohql copolymer, ethylene/vinyl acetate/vinyl alcohol
terpoIymeF%l,"Oz;{rlf%a z%lﬁﬁfe%ee%?n %&)1(%%]{5%? rcs;topoéﬁlfr:%gr, 88§v(€|0r¥§9 %’ﬁ‘r%%i%féf"p%% i%%%?f%m plasticized
polyethyleherdpraiphéifzictend aadiallbbet csilicomt! yub lsess, qdohaimmetnyisilexamesisitison@carbonate
copolymets Bfte iR iie aglmets R iR UM o cellRse arelPle Sashpvidone, and
cross-linked partially hydrolyzed polyvinyl acétate,; and fatty compounds, such as camauba wax,
microcrystafintaiskivaneeiedisessdescionsd & isiebh st tesaplane dhragwsaisyitenictive desired
release kinghicseambabyMR:2AA0R8R86PCT/US2009/000688 controlled, for example, via the
polymer type employed, the polymer viscosity, the particle sizes of the polymer and/or the active

ingredienﬁﬁ) ratio of the active ingredient(s) versus the pelymer, and other excipients or carriers in
the compbLROtG. 1007 AP R el Ao O b R SRS e
dosage fatescnilzy berprepagaibsertisthodsrkronmotioth desagki fedrivthe mxiioc] siid toicect
compressf_iﬁ)&eggm r wet granulation followed by compression, melt-granulation followed by
compression. 2. Osmotic Controlled Release Devices [00213]The pharmaceutical compositions
provided herein.in a modified release dosage form may be fahbrijcated using.an osmotjc controlled
eloase LA Incud RIS eP R WG RSB ALV TRT AERHOUTE FEirane
“technologyr4devid) amyﬁcextrm_jin gedme_, mgamiéﬁgﬁg)lym@gmmm, cmmﬂhsdiewee‘sdg'az\:te tatieast two
C(.)mpone%?t:e@ge%}lef:a qLewpich contang the aﬁ“é’i%iggié%ﬂrf{‘ﬁﬁg\)&%”‘i{&%&"‘a%eeé“‘l' c%r”&?@%e membrane
with at least one delivery port, which encapsulates the core. The semipermeable nembrane controls
the influx efingatenderat evaisreifsoinbia igtheousad aligwtiorasuch us srosstisliogabiserpley eélease by

extrusion 4t NG DK POIYS RO AU D AR MAERIRQLS), Lhg core of the

osmotic device optionally includes an osmotic agent, which creates a driving force for transport of

+

water froffieselHnsareriate(into i labiee dfardate rRiluiowderss @6t BénmotRIchAts
Walte;&_"weﬁghlﬁ)w]ﬁlim@é E@lﬂﬁhg@%ﬁg?wﬂ_ﬁ@lﬁ% ?%}?@H%@ﬂ@ a&ﬁ&%a@p@l&m%rﬁ'rﬁa@lﬁ%ydrolgels,"
including, but not limjted to, hydrophilic vinyl and acrylic polymers, polysaccharides such as calcium
alginate, %T%/%wf‘e 8&%%&%&5@?}}‘88&?&%%%?Eﬁﬁ&f’tﬁ%fbéﬁ%%ﬁ‘ﬁ%ﬁ eBF{BE Gy
poly(2-hyetiepyaibyhme tGaceiilatescpaly(ataytitivhoid ge)y(metsdoryhdfaaict, golyminyipyrrolidone
(PVP), crosslinked PVP, polyviny].alcohal (PVA), PVA/PVP copolymers, PVYA/PVP lymers with
R 1 R b
containinglixayetikEatsioetaakistivin dingbdatmeiose rtmetate ehlsubyoiroxgethyi ubiuidse{HEC),
nydroxypraRybaeligRe (RO IYEXYRRIPYEmRINY GRlllnge {HRMOsarRoe/BRiky! cellulose

(CMC) and carboxyethyl, ceflulose (CEC), sodium alginate, polycarbophil, gelatin, xanthan gum, and
sodium starch glycolate. [00215]The other class of osmotic agents is osmogens, which are capable of

imbibing WO 2009/099596PCT/US2009/00068883



water to affect an osmotic pressure gradient across the barrier of the surrounding coating. Suitable
osmogens include, but are not limited to, inorganic salts, such as magnesium sulfate, magnesium
chloride, calcium chloride, sodium chloride, lithium chloride, potassium sulfate, potassium phosphates,
sodium carb¥R2s4888m sulfite, lithium sulfate, potassium chloride, andP§3dIGPASHIMRES sugars, such
as dextrose, fructose, glucose, inositol, lactose, maltose, mannitol, raffinose, sorbitol, sucrose,
trehalose iU HROM o HREVIIC By dit iy ISk, AP ddCarbi pagidehydin eiddaciod Remerimdgickyeitric acid,
maleic acid, sebagic . acid, sorbic acid. adipic.acid, edeti id, gl IC aei -9 ulfonic acid,
succinic %ﬁ%ﬁ%% 9%%%#%3&% ?ﬁr%%l?%% (%1?}&5}%%Tﬁeerr%(g?%gl%%}s%bﬁggg}én%g%%%?ﬁerent
dissolutiowliagss.raeipthe pyialdyodstpmfieibersenedysulipndy Pty etbrta inmesd Relygyieniesitially delivered
from the dRSR8R {44 OPANAIRRIC-AROMRNAHS:S UERER YERASMANNQGEMLEZ (SPI Pharma,
Lewes, DE) can be used to provide faster delivery during the first couple of hours to promptly produce
the desired therapeutic_effect, and gradually and continually, r%lea?}e of the remaining amount to
maintain % 485ired IETGF RO AR AR e BURPUR RISHESE SEriod of time. In this
case, thensstivenirgradiant(d poeleaseshbtiandhlly fitedto/idpiare dhé amounivedfdidiattive ingredient
metabolized and excreted. [00217]The core may alsq ingl wid ) t gigients and
carriers as descri ee%lh%rgel% G &K aﬁagl)efétﬁ%%aé%oﬁ?gﬁcag %?S%@s%%égaggéforgﬁpc&%c%ﬁoté stability or
processirfgcfopzirsitichiarfals waeiuy apdo peimgaile ssmipenmeabiewidinbramoeisdiabie various grades
of acryllc:ﬁyeﬁg liﬁyb%%%ﬁ?nfé?éy&fgﬂ%%&?M?é%@{%cﬂ?gkﬁﬁgﬂé?ﬁﬁﬂﬁﬂy}@f%ﬁ that are water-permeable
ns

and water-i uble at physiologically re evanté)Hs, or are susceptiblé to being rendered

water-inseiBrBuererizanserhrenTy Ho ehid §Eivaalpki Rl ERErRIeY 1 &AEMIe polymers useful in
. forming thecaatinaninsludr RasigkkedhdpRiRaticinacs, padeiirerdmealilesporsaiateifed), cellulose

- diacetate, cellulose triacetate, CA propionate, cellulose nitrate, cellulose acetate butyrate (CAB), CA
ethyl carBafhERsrE RBURI RS AT BRI Y& Succinate, cellulose acetate trimellitate (CAT), CA
dimethylaminoacetate, CA ethyl carbonate, CA chloroacetate, CA ethyl oxalate, CA methyl sulfonate,
CA butyl Bii#8fiate, CAThedhibreyseditiate tigacairstanes bimylosdnriscamtdcdermefusstr acetate, beta
glucan triggefale, ARlaldelyds: dioaet; EeBENIRGRIALY %Ag%%t DERRHLM, Rydroxylated

ethylene-vinylacetate, EC, PEG, PPG, PEG/PPG copolymers, PVP, HEC, HPC, CMC, WO
2009/099598PTTt/& BRECY DtE SE IRt by i, 9l P RiAc PABIEH s BIRERAMC) acids
and esters,anshRphdmeiasl viekardds ARsiesiRr 9 aneSoRely meyhrieald diatel, cdextian, dextrin;

chitosan, collagen, gelatin, polyalkenes, polyethers, polysulfones, polyethersulfanes, pgalystyrenes,
I o v e e SN R o RS

[00219]SHimipestEableamietrdrgaeimay also be a hydrophobic microporous membrane, wherein the
pores are substantially filled with a gas and are not wetted by the aqueous medium but are permeable

to water \f@@?.ffafys discienad i HrauRals N aoile8nbic St RydiopnaRichyLwAlSrvapar permeable

membrane are typically composed of hydrophobic polymers such as polyalkenes, polyethylene,
polypropytéiiéaphytiamae b éh e Bigkprstiend RYGERY 2 s SEBIREIREAS 15 B) s,
polyethergidlfonas LAYy ienes Qv Malsas spelwin yidene toatidesipelyvipyisesters and ethers,
- natural waxes, and synthetic waxes. [00220]The delivery port(s) on the semipermeable membrane

may be fafest post conlng by mechaniealan 1R Arling RENE: RORLe) may alsa e formed in i

by erosio lug of water- 93 e material or by rupture of a thinner portion of the membrane over
an indentitioniatherdsreompitidindditiuial epp yrntonnasK b fatmencau g asoiaghsolearsy as in the
case of agympaeitl HARE SoatRgs AkihetwR Hiseiasgd in U.S. Pat. Nos. 5,612,059 and

5,698,220. [00221]The total amount of the active ingredient(s) released and the release rate can
substanti@%{?’g modulated via the thickr}?s apd rosity of the se&g%p%%mgg Iecgneénbr ne, the
composit e cor ,Sr?&rﬁ?él?wﬁ%r@ ,Si7& "Ahd &%a fon Ot the deli eﬁ/ por?s. fé 252 The
pharmaceuticaliiorapositiofsdndaedsigots loavirottethoel shd e d os dgeafomanBspfingter: ddnmprise
additional.conventional Ipi r ] i erformagee;or
processir% lg?fﬁec? %g?n?ﬁg{%réfggﬁ%ﬁeﬁﬁgﬁ%%%rﬁ%l e -%%%;%gfézjggg%orms can be prepared
according tolcorventiindl Petaddy eadmseharguesueawd tertmese Hiifled tnthe HI% (YsEREMington:

The Sciegce ﬁ@g,ﬁgggg@g%ys@g@ggy@m@ Santus and Baker, J Controlled Release 1995, 35,
1-21; Verma et al., Drug Development and Industrial Pharmacy 2000, 26, 695-708; V erma et al.,

Controllefig&eﬂg]ase ZOPnzégrtga’irZ _eznngdiments, the pharmaceutical compositions provided herein are
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[00224]In certain embodiments, the pharmaceutical compositions provided herein are WO
2009/099596PCT/US2009/000688 formulated as AMT controlled-release dosage form, which
comprises an asymmetric osmotic membrane that coats a core comprising the active ingredient(s) and
other pharm&&e2AMN 4t ceptable excipients or carriers. See, U.S. Pat. N6 5612049 Rhd wo
2002/17918. The AMT controlled-release dosage forms can be prepared according to conventional
methods fmaeéasemiasualikrmonimoidethtdesskillettdn fhrmna i hilebl adingridieen esynpregitarsmnyc

granulation, wet rankasinn, ap e&i&ﬁgﬂg_%@&m%&%@?&é&w AR embginentshe

pharmaceutical compositions provided her€in are formulated as ESC controlled-release dosage form,
which coRfSFRIBBIA RSN IhetTliEneahdl Sobes- Aottt aiiandgVite 2A/ETtedignt(s), a

hydroxyleihyircali#oned aeasihrk pharonas et tRlbraneeRtRRIG AXEIRIQDIS SR ESHAIORR U ds
Multiparticulate Controlled Release Devices [00226]The pharmaceutical compositions provided herein

. ]
in a modifRU FAIEAREYERANR B I9TH A B diieartd e WiiRp Arret rARRGRt BN Yelease device,
which cogprisiag endtiplicityacibpadtidle dipaatitesmerthpellets, ranging from about 10 um to about 3
mm, about 50 1.1m to about 2.5 mm, or from about 100 um to about 1 mm in diameter. Such

multipartigigates may b made Q¥69&1&%‘%@,?ﬁ@%Wc@;ﬁ&%@oﬁ@é%ﬂi&&ﬁﬁo@%éﬁ‘ﬂé@iﬂ%‘é’et'a”d

dry-granulation; extrusion/spheronization, roller-compaction, melt-congealing, and by spray-coating

seed cordemadaetisdieimpal piisipalenstiarsacs A YA CeRPTIvRE 88 IYBRIE mMETRAAEN d
Pharmacgidicakie glletizatipplerbnel ooy MarselBakies B {RORAUIOhBESXeipiaRts or carriers as

described herein may be blended with the pharmaceutical compositions to aid in processing and
forming tREARARHEHR Y AREE PR IR A 6-EE Phay themselves constitute the multiparticulate

_device or may be coated by various film-forming materials, such as enteric polymers, water-swellable,
. and watep-shlublpapidpnerSoitiel wliRigarticiatéssean be further processed as a capsule or a tablet. 4.
Targeted Delivery [00228]The pharmaceutical compositions provided herein may also be formulated to

be Itaégetg_stt)MQ particuts¢ ?ﬁ?ﬁ%a?@ﬁ@l%&ﬁ?ﬁh@ﬁgﬁg@ge@ﬁd&ﬁﬁ}xﬂ£ thacﬁﬂ@dﬁ@tét@s@e tlrea_tedl, .
Including (Iposome-, resealed erytnrocyte-, and antibody-pased delivery systems. Examples incluae,
DUt are R AR AR T TOY A RISSE & LMoL G 4 A 45016, B 2 T 86,
6,131,57@;rf1:20i 750 o Gyt 95y rar{ibe;, 08 21eb 04 8473616030 A%by MYOm to about 3 mm,

2009/099%égg%%%%ogg/g?g6%82§%4 r%i%ﬁ), 5}&1%%,3%7{05683%,%56' 5.9 9 2?%%‘558&%,674; 5,759,542;

m 111 :
and 5,708, S se 9]Provi eréin are methods for rea INg or preventing a

hepatitis @uﬁﬁaﬂﬁwwgﬁmﬁmbsubﬁ@@tpwm@mmmﬁm&mthigt@skigq@ ia_ﬁaﬂaﬁ‘eﬁ;ﬁ@th@i@eut_ically
effective amaiRtel & CoMRRUNY.RIQY ﬂ@f&&%ﬁ&!ﬂ%’?@&ﬁlﬂ?&%&?@%@%ﬁiﬂ@%m'Xture’ or

a mixture of diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof

In one erfBABIAYEFRAMHE L9MjeRSs aemdRramPlaAdwdr e nsddmnidnt Prasliséuis Nassian.

Dekker: 1994; and Pharmaceutical Pelletization Technology, Marcel Dekker: 1989,

[00227} Other excipients or carriers as described herein may be blended with the
pharmaceutical compositions to aid in processing and forming the multiparticulates. The
resulting particles may themselves constitute the multiparticulate device or may be coated by
various film-forming materials, such as enteric polymers, water-swellable, and water-soluble

polymers. The multiparticulates can be further processed as a capsule or a tablet.
4. Targeted Delivery

[00228] The pharmaceutical compositions provided herein may also be formulated to
be targeted to a particular tissue, receptor, or other area of the body of the subject to be
treated, inciuding liposome-, resealed erythrocyte-, and antibody-based delivery systems.
Examples include, but are not limited to, U.S. Pat. Nos. 6,316,652; 6,274,552; 6,271,359,
6,253,872, 6,139,865; 6,131,570; 6,120,751, 6,071,495, 6,060,082; 6,048,736, 6,039,975,

8=



[00230]Additionally, provided herein is a method for inhibiting replication of a virus in a host, which
comprises contacting the host with a therapeutically effective amount of the compound of Formula I,
including a single enantiomer, a racemic mixture, or a mixture of diastereomers thereof; or a
pharmaceutiddlyoageeqsteble salt, solvate, or prodrug thereof In one embdtiFiERTHEHSt is a cell. In
another embodiment, the host is a human cell. In yet another embodiment, the host is a mammal. In

still anothgneadsadiftes s 30Te 5108L iSaatner0, {332 3 440, cestair sorbndime stg padnistration of a
therapeutically effective amount of a compound provided herein, including a single enantiomer, a
racemic rgjf%t}ﬁrgdsoagmgxture of diastereomers thereof; or a pharmaceutically acceptable salt, solvate,
or prodrug thereof, results in a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or more
reduction in the replication of the virus relative {o a subject without administration of the compound, as
determind@’atPHay, 2 G545 dETRnAEAPSIOd (R BHURE T RERIEH MPHINS GitdRthe
administratfeciby mmetbpdtknbwh dorieisss, flgintheisnpoalionetvi aditge 0823 ecarain
embodiments, administration.of 8 therapeutically sffective amount of 2 compound provided herein,
including a smgﬁe enanlﬁgmer, AREEmIE MIXUFES, OF & mixttre oF drasteresmers ereotr‘;lro’r a
pharmaceuticdilycadcpititersats, thotvateonr phatnagetiarabf arespltblinsall s2)31e,05 pt@jres, 20, 25,
50, 75, 190:fold opmpreturten e ralicatanalihe viumRRIuARASuRISRL ot
administration of the compound, as determined at 1 day, 2 days, 3 days, 4 days, 5 days, 10 days, 15
days, or 308} after the administration by a method known in the art. [00233]In certain
embodiments, administration of a therapeutically effective amount of a compound provided herein,

including @@ingle enantigdiwsnalifaeesviddd it RraamMHoRPHMANHRAE RETAISHAIY0A688 mixture

of diastereomers thereof; or a. pharmaceutically acceptable salt, solvate,.or prodrug thergof, results in
vty L P S s C eS E  The
relative t@wsumjeéwﬁ/ﬂhmnladniuimisﬂamwigtﬁUMpmm aasgimikemﬁvmg@,atrll déymzeqta”ys, 3 days, 4
days, 5 d%%t&?oﬁ@ﬁtﬂéeﬁﬂy& Qﬁ%ﬂ&%ﬁﬁ@%‘?f}@&@gﬂﬂfé‘%ﬁﬁtﬁﬂ%,%F}%Mé&%@%@ﬂ”ime art.

1
[00234]In certain embodiments, administration df a therapeutically effective amaount of a compound
provided peg&mbiinenaghs srigls epelhtibhioothomabaidinmrtuties brsh imddiyreasicgiasieredmers
thereof; ofRRBArMEGEHIGRI M aceeRPPIg M. 30 lvAgH ah iRl MgJha e, BeUlE ik &dmeén 3, 4, 5, 10,
15, 20, 25, 50, 75, 100 or more fold reduction in the viral titer relative to a subject without
administrati f the compound, as determined at 1 day, 2 days, 3 days, 4 d 5 days, 10 days, 15
e or T e TR B A A R o rorein
is a methotiafopimibitingrehaied itcatio moidmpl€Mnglusnavtioharomprismeaoitaeting the virus with a
therapeutically:cpae ATRUALAEASOBIAHIMRIOUAER ReIERL il diRd.a sing 6:Shamipmer. &

racemic mixture, or a mixture of diastereomers thereof; or'a E)harmaceutlcall acce}) able Salt, solvate,

or prodru§ e syt be] Hderidit il ditient8ane0tent8 ity 6f fidaiPaswith atheraiSeutically

effective amestiohaoRmUnesPuided-heraini VB eding acsndleenantipmesdi3genic mixture, or
a mixture of diastereomers thereof; or a pharmageutically acceptable salt, solvate, or prodrug thereof,

results in TEIAII0%% ISETRIDEHAT 569Y> SGHH 7R B00I508, G886 1898 HrimBFEF&idction in the
virus titerdglativertchéhelviliustitbn bl suehhodtasiwas dete enineg , allegdainadiclaysviddays, 4 days, 5
days, 10 days, 15 days, or 30 days after the initial contact, by a method known in the art. [00237]In

certain empadiments, fae.centacting ok ha.vitus.with aitheserasisaly elfpctive. amouniel compound

provided herein, including a single enantiomer, a racemic mixture, or a mixture of diastereomers
thereof; o?faﬁﬁﬁ@ﬁ?ﬁ%ﬂé%\&#ﬁ%@ém@@%ﬁgww@,w@m@%ﬁ@%f? restESHPRA, 2, 3, 4, 5, 10,
15, 20, 2%R0iré of E0Q:1maee talddatucihipribeevirad el celrivR talthe WS withRdhsuch contact,

as determjned tlﬁ%a , 2 days, 3 days, 4 da ,?éga s, 10 days, 15 days, or, 30,days after the initial
contact, BSRIeTRB Rifbhr fn indart 00338 ARD Plotided R RHEs o ESHBE R ding,
preventingplica&ielidratngraneative to a subject without administration of the compound, as

determined at 1 day, 2 days, 3 days, 4 days, 5 days, 10 days, 15 days, or 30 days after the

administration by a method known in the art.

[00233] In certain embodiments, administration of a therapeutically effective amount

of a compound provided herein, including a single enantiomer, a racemic mixture, or a
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WO 2009/099596PCT/US2009/000688 or more symptoms of a liver disease or disorder associated
with an HCV infection, comprising administering to a subject a therapeutically effective amount of the

compound REQYKIesibesgin, including a single enantiomer, a racemic mixipeig 3% middsEe of
diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof Non-limiting

examples, of diseases assggliated withe HEY infegtion inchy %.&_Qdﬂ?ﬁﬂ?eﬁﬁﬁ?égﬁa@f@%?&mg

hepatocarcinoma, or extra hepatic manifestation. [00239]Provided herein is a meghod for ihibiting the
activity ofthesrainissustémad Mt oot 48%c SRtactihg e sebié. fidte aoe with’as efe@ive amount

of a compeupdiMevided heratay iRElHding A HIHGIR RNBSUCIATTRAGRMET MY Qind Mixture of
diastereomers thereof; or a[%harmaceuticallél acceptable salt, solvate, or pro%r#ig thereof, In one

embodim@ﬁﬁ%%&%‘e‘jﬁ%’e dawsis Hapndtidaesnsdprot 84ays 146 S48 oo ti&condition,

disorder, girfliseastoibbe traied anshihi shbject's condition, a compound provided herein may be
administered by oral, parenteral (e.g., intramuscular, intraperitoneal, intravenous, ICV, intracistemal

nection ghéaRon. supcuaGaURIEEUAG, QiR IIAI0ADAsaby SEOA (Sl auDIngul,
or topical (e.g., transdermal or local) routes of administration, and may be formulated, alone or
together, i SoMRPbRY B SEYEAGAIRUVRIRDREN AR IR ACEEBTAM cACAFRBYS, BHBVENTS &nd vehicles
appropriage faf-eaeh; kot Ahad miisiration pie24ddiina W secapmbhesin e faren afpoguvo, three,

four, five, six, or more sub- doses that are administered at appropriate_intervals per, d?%. The dose or

sub-doseEERhE RimMiRi&tErédn e v of tosagd: hitd CHREAIMFG G TF SERRPI™L RS ¥BBut 1000
milligram gfgrriahositdalstejabouithéld siligisimasioardl o mphaid, W dabethtdd milligsan active

ingredient(s) per dosage unit, and if the condition of t atient requires, the dose can, by way of
alternativéf?%fe %8%?&@%% gégaé’%é tfiaﬁ’ Uli fiiSion. 5%52 ne&g% a?ﬁdis%lrrﬁ S%%%r%%ﬁf"s? an appropriate

. dosage |levetlisdgbhawti0id thtoaggbout 100 mg per kg patient body weight per day (mg/kg per day), about
0.01 to about 50 mg/kg per day, about 0.01 to about 25 mg/kg per day, or about 0.05 to about 10
mag/kg peg(ﬁﬁ)éﬁYVhiCh VPQMIE?;%WH@@‘}%;%M& singles MulliRisideses Arkabledesagelevel may be
about 0.01 to about 100 mg/kg per day, about 0.05 to about 50 mg/kg per.day, or about 0.1 to about
10 mg/kg PEEIAY WRPRPIRES HHRCHE HssHges W) BESHEGHEOI6 AT G LMD, 1 to about
1.0, aboutdnipbarabsriet kRdaahelind Ridmahauide sgikener, dayceMiOmixture, or a mixture of
2009/099 96PCT/U82909/ QO688hCombinzt;1tiolr11 Therapa)éi[goaitdsgw% c%rrr;éo#puds pravided herein may
also be cOMBHEY ST UEEE SR BNEIEIN IR %?Cﬁ?erapesu ic sage%?é Usetu irigtﬁexireatment and/or
prevention of an HCV infection. [00244]As used herein, the term "in combination" includes the use of
more thah®RéGherapylteceftebnendiodisienpropayritacias i ransusosiihe ysmeyticgiiever, the use
of the ternarfip:SRARINANI AT 2deeH BRI Psbicd dhamierRInhieh IRpiaRies (Gl artivdaatic and/or
therapeutic agents) are administered to a subject with a disease or dx order. A fgzét%hera&% (e.g.,a
prophylactiX 3 En &F AgBHTE GL AASIRIFCRRTE LATRSSUNE I RITIBEERESR ]S'?S EEARRP LA RIS prior to
(e.g., 5 mityesddthiruiefs3Asninu1e%, ADYin0te s400hainys dsarSO%hetls, Bt G 12hours, 24
hours, 48 hours, 7 hct)ursi 9t hours‘,t we?kﬁ 2 \{vet%ks‘}.B gve%% 45\6v&eé<§mg gggh& %\{\{ee S0 8 weeks,
or 12 weeksBefore ‘,mcbor?célmlf‘a‘r’ftrll)}swli r,rgrasﬁﬁsgqueen 0 e.g.,hé minutes, T5hinu es,% minutes, 45
~minutes, 1 haur? 2dyeuisiathéulay; s hdays, MPdapsrss 24ysoen§04B saiter the hutebcoBdsours, 1 week,
2 weeks, Qr}q’&ﬁ&}fkﬁo%%% 2 Jveeks, 6 weeks, 8 weeks, or 12 weeks after) the administration of a
second therapy (e.g., a pro&hy actic or therapeutic agent) to the subject. Triple therapy is also
contemplated herein. [00245]As used herein, the term "synergistic” inclydes a combhingtion of a
compouné’Brovided heteRfHE SREBMPIREPS %8?@%?%\“%8 aute gfﬁh%%ﬁr@@fﬁgtgﬁ At) which has
been or isflyeerthrheingfseddpdiant ppreMedthaeimanagdiaghiseagie endisongter awiieimis more
effective hanine addiie elieri olhe araples A snaraiatic allesh ota.comhinaien gl erapies
(e.0.,a combinationo prophy actic or?ﬁérapeutlc égent% permits the LSE°SY Tower 6sages of one or
more of the pretaygdscand/orddssifreduént adinidistrbtiay.cl st fHerbplas mogesioljactwdtivm disorder.
The ability (60 Uies {eLdesaaem o D RARLIS n BRIBANARIE R DETARSIAC 2depy) ancUor 1o

administer said therapy less frequently reduces the toxicity associated with the administration of said
therapy totaysubfsaewithos: Fedifing riaetiend) dhsatishtiapyial gRisyVBn B SREIodeEeRENt of a
disorder).ijny@odghtion, a synergistic effect can result in improved efficacy of agents in the prevention or
treatment of a disorder. Finally, a synergistic effect of a combination of therapies (e.g., a combination
of prophylagtic Qr therapeutic agents) may.ayvoid or dvers nwapted side effects
associate@%x%gnﬁthe us§ gsfoelf{ﬁﬁst%éjggﬁe)} a‘lsb%%?%tgegefgy%%a%ng’ prSV%H g\l © %{'&e
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[00246]The compound provided herein can be administered in combination or WO
2009/099596PCT/US2009/000688 alternation with another therapeutic agent, such as an anti-HCV
agent. In combination therapy, effective dosages of two or more agents are administered together,
whereas in 38U S¥sequential-step therapy, an effective dosage of E&EH SHERIESEministered
serially or sequentially. The dosages given will depend on absorption, inactivation and excretion rates
of the drugrasorseilyapiothe ofactives Risossa oo disosecopsiafimethwishtantiEYY éesbead that dosage

values willalsgiyary wiitiie.seyesivabibe condiendoie ateviaiomlhin lrbe buthstuaderstood that

for any particular subject, specific dosage regimens and schedules should be adjusted over time
accordingP@ e N edanh SNl SPORtiEShaR FGOGMIE RIS Pt S8 i histering or
SUpeIViSIng e AU ISAITT @1 oGS TN AT Lhas e [6cpaedfbaLarug Tesistant
variants of HCV can emerge after prolonged treatment with an antivira nt, Dryug resistance most
typically &geﬁﬁéﬂﬁ@%&ﬁ@mﬁﬁﬁgﬁﬁﬁﬁs SSes e ShtHES HEsan % t@ﬁ’?ﬁg\}?%a}gﬁrmaﬂon. The
efficacy otiartiskig, agpinsidftenuital, infectiohaaribaepiitargre, augmented, or restored by administering
the compound in combination or alternation with a second, and perhaps third, antiviral compound that

induces agijigegnt mUtﬁ@ﬂé&&%?@ﬁt19%%&%&%’&%&‘61@9&%995%&%@%@éﬁ% N6tease,

phannacokinetics, biodistribution or other parameters of the drug can be altered by such combination

or alternatiirtherapisa eEHeTHRECH SHBS BRI sH SRRV B RETEHBPE Y& ORIRYHition therapy

because ibipAUCE hUHIRIR IS ISR IS AHIARSBEOR MR Wit 10481 15 hartale fmbodiments, the
compound provided herein is combined with one or more agents selected frogréhibglir% onsisting of
|

an interfe RS HIBAMTI MarrRattQ8ih R A ARSI S RRES T AS RISR S O47ES Htease
_inhibitor, aphenssdhirensquinenas adtazelidingattheDrgilipletadelicase inhibitor, a polymerase
- inhibitor, a nucleotide analogue, a gliotoxin, a cerulenin, an antisense phosphorothioate

oligodeoxygyglgptide, %M@iﬁg%ﬁf&@E&&%Eﬁ%@&f&éﬂ@@%&é@& tiRQz¥MRd (R249]In certain

embodiments, the compound provided herein is combined with a HCV protease inhibitor, including, but
not limiteF4BIERISHONIHIOY: PrYBRSENA RsYEeAISTUN PR JIe AomNmtered Py IRl MiseIcT8ICH 503034

(Schering)e Y XS0RMViSHE0); istbstiatahasee NS REOIeAs a ifthiitens PmflisctasQd iR, 98/22496;
Attwood et al., Antiviral Chemistry and Chemaotherapy 1999, 10, 259-273; Iﬁ% 19914474, VlVO
08117679 YRS SRR SGHSH- LIRS SN PHte AL T ERES7S, LRlERE o topica

2,4,6-trihydrexyrardtiabe nz asoiderdeiy ativem{S o et pin BincheafoBiophyd, Kes Gommun. 1997,
238, 643-647), RD3-408 D3-4078, SCH 68631, and a phenanthrenequinaone (Ch l.,
TetrahecroRel OB bRS SR 0B BOCRUS T SReLL FHE0 Ao o SR a3 (i
al., Bioorgahiclemabhtepitittalo€ hernisteie o td nsidi®09(i901.1949-1952); Eglin ¢, a potent serine protease

inhibitor (Qasim et at, Biochemistry 1997, 36, 1598-1607). [00250]Other suitable protease inhibitors for
the treatmeptofiHCV ingludedhass discloseebim iarpxamplantts fRal e, $x004H82, sbich

discloses a class of cysteine protease inhibitors of HGV en(ao eptidase 2. [00251]Additignal hepatitis
C e NASErOREEE TS TR B HBRE EICIGLATRT H6Y oxh o Ch AL BT RCE . Bioorg,
Med. Cheminlirittte1 QDR B¢ IFA3-dAb8agstamicthinsiaial. {rBioahemiéthyd 8881t 3P0 830%HgRNS,; U.S. Pat.
: Nos.. 5’5%%%6:55‘0%%9{??’%7%0%’:%’ aniﬁig%%%? b?f%gdrg’é%sal]ig& tg’%;o%?ﬁ% milligram active

ingredient(s) per dosage unit, and if the condition of the patient requires, the dose can, by

way of alternative, be administered as a continuous infusion. -

(00242} In certain embodiments, an appropriate dosage level is about 0.01 to about 100
mg per kg patient body weight per day (mg/kg per day), about 0.01 to about 50 mg/kg per
day, about 0.01 to about 25 mg/kg per day, or about 0.05 to about 10 mg/kg per day, which
may be administered in single or multiple doses. A suitable dosage level may be about 0,01
to about 100 mg/kg per day, about 0.05 to about 50 mg/kg per day, or about 0.1 to about 10
mg/kg per day. Within this range the dosage may be about 0.01 to about 0.1, about 0.1 to
about 1.0, about 1.0 to about 10, or about 10 to about 50 mg/kg per day.
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6,410,531, 6,420,380; 6,534,523; 6,608,027; 6,642,204, 6,653,295, 6,727,366, 6,838,475, 6,846,802;
6,867,185; 6,869,964, 6,872,805; 6,878,722, 6,908,901, 6,911,428; 6,995,174, 7,012,066; 7,041,698,
7,091,184, 7,169,760;

WO 2005/0995%¢6 PCT/US2009/000688
Combination Therapy
[00243] The compounds provided herein may also be combined or used in

combination with other therapeutic agents useful in the treatment and/or prevention of an
HCV infection.

[00244] As used herein, the term “in combination” includes the use of more than one
therapy (e.g., one or more prophylactic and/or therapeutic agents). However, the use of the
term “in combination” does not restrict the order in which therapies (e.g., prophylactic and/or
therapeutic agents) are administered to a subject with a disease or disorder. A first therapy
{e.g., a prophylactic or therapeutic agent such as a compound provided herein) can be
administered prior to {e.g., 3 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4
hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4
weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before), concomitantly with, or subsequent to
(e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12
hours, 24 hours, 48 hours, 72 hours, 96 hours, | week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 8 weeks, or 12 weeks after) the administration of a second therapy (e.g., a

prophylactic or therapeutic agent) to the subject. Triple therapy is also contemplated herein.

[00245] As used herein, the term “synergistic” includes a combination of a compound
provided herein and another therapy (e.g., a prophylactic or therapeutic agent) which has
been or is currently being used to treat, prevent, or manage a disease or disorder, which is
more effective than the additive effects of the therapies. A synergistic effect of 2
combination of therapies {e.g., a combination of prophylactic or therapeutic agents) permits
the use of lower dosages of one or more of the therapies and/or less frequent administration
of said therapies to a subject With a disorder. The ability to utilize lower dosages of a therapy
(e.g., a prophylactic or therapéutic agent) and/or to administer said therapy less frequently
reduces the toxicity associated with the administration of said therapy to a subject without
reducing the efficacy of said therapy in the prevention or treatment of a disorder). In
addition, a synergistic effect can result in improved efficacy of agents in the prevention or
treatment of a disorder. Finally, a synergistic effect of a combination of therapies (e.g., a
combination of prophylactic or therapeutic agents) may avoid or reduce adverse or unwanted

side effects associated with the use of either therapy alone.

[00246] The compound provided herein can be administered in combination or
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7,176,208; 7,208,600; U.S. Pat. App. Pub. Nos.: 2002/0016294, 2002/0016442; 2002/0032175;
2002/0037998; 2004/0229777; 2005/0090450; 2005/0153877; 2005/176648; 2006/0046956;
2007/0021330; 2007/0021351; 200770049536; 2007/0054842; 2007/0060510; 2007/0060565;
2007/007286€ 200740853081, 2007/0078122; 2007/0093414; 2007/00934301200710038825;
2007/0099929; 2007/0105781; WO 98/17679; WO 98/22496; WO 99/07734; WO 00/09543;

alternation with another therapeutic agent, such as an anti-HCV agent. In combination
therapy, effective dosages of two or more agents are adnunistered together, whereas in
alternation or sequential-step therapy, an effective dosage of each agent is administered
serially or sequentially. The dosages given will depend on absorption, inactivation and
excretion rates of the drug as well as other factors known to those of skill in the art. Itisto
be noted that 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, specific dosage regimens and
schedules should be adjusted over time according to the individual need and the professional

judgment of the person administering or supervising the administration of the compositions.

[00247] It has been recognized that drug-resistant variants of HCV can emerge after
prolonged treatment with an antiviral agent. Drug resistance most typically occurs due to the
mutation of & gene that encodes for an enzyme used in viral replication. The efficacy of a
drug against the viral infection can be prolonged, augmented, or restored by administering the
compound in combination or alternation with a second, and perhaps third, antiviral compound
that induces a different mutation from that caused by the principle drug. Alternatively, the
pharmacokinetics, biodistribution or other parameters of the drug can be altered by such
combination or alternation therapy. In general, combination therapy is typically preferred

over alternation therapy because it induces multiple simultaneous stresses on the virus.

{00248} In certain embodiments, the compound provided herein is combined with one
or more agents selected from the group consisting of an interferon, ribavirin, amantadine, an
interleukin, a NS3 protease inhibitor, a cysteine protease inhibitor, a phenanthrenequinone, a
thiazolidine, a benzanilide, a helicase inhibitor, a polymerase inhibitor, a nucleotide analogue,
a gliotoxin, a cerulenin, an antisense phosphorothioate oligodeoxynucleotide, an inhibitor of

IRES-dependent translation, and a ribozyme.

[00249] In certain embodiments, the compound provided herein is combined with a
HCV protease nhibitor, including, but not limited to, Medivir HCV protease inhibitor
(Medivir/Tibotec), ITMN-191 (InterMune), SCH 503034 (Schering), VX950 (Vertex);
substrate-based NS3 protease inhibitors as disclosed in WO 98/22496; Attwood et al,,
Antiviral Chemistry and Chemotherapy 1999, 10, 259-273, DE 19914474; WO 98/17679;
WO 99/07734; non-substrate-based NS3 protease inhibitors, such as 2,4,6-trihydroxy-3-nitro-
benzamide derivatives (Sudo et al., Biochem. Biophys. Res. Commun. 1997, 238, 643-647),
RD3-4082, RD3-4078, SCH 68631, and a phenanthrenequinone (Chu et al., Tetrahedron
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WO 00/59929; WO 02/08187; WO 02/08251; WO 02/08256; WO 02/08198; WO 02/48116; WO
02/48157; WO 02/48172; WO 02/60926; WO 03/53349; WO 03/64416; WO 03/64455; WO 03/64456;
WO 03/66103; WO 03/99274; WO 03/99316; WO 2004/032827; WO 2004/043339; WO 2005/037214;
WO 2005/037860¢30Ds2006/000085; WO 2006/119061; WO 2006/122188; NGB0 #0681 406; WO
2007/014925; WO 2007/014926; WO 2007/015824, and WO 2007/056120. [00252]Other protease

inhibitors meipee Yo zidipmyderivatives sechzagEia-d-82%obrDdn22kd AR 6483iwhich show
relevant inhibition in a reverse-phase HPLC assay with an NS3/4A fusion protein and NS5A/5B
ubstrate PELTHS b Snaro0 FsERH 1880 b G T OAS IR RGP ORR ZaFhces enfied i
Kalciuchi gialeEBS 1960, 109A398216(7).7-220; Takeshita et al., Analytical Biochemistry 1997, 247,
242-246. [00253]Suitable helicase inhibitors include, but are not limited to, those disclosed in U.S. Pat.

No. 5,633;g585qnd W a3bnan RAadlSniahle0uclentidenalmerarevniipiarsHnglude, but are
not limited to, WO 2009/099596PCT/US2009/000688 gliotoxin (Ferrari et al., Journal of Virology 1999,

73, 1649-455W5ed it fRESTARPA: Mot bt QrueRlt I bhimhich dasloseidielgys Le8sisiy, 108-118).

[00255]Syjiakladnigrtaibng R NE&iRNOpdARREantivirals include, but are not limited to, short interfering
RNA (siRNA) based antivirals, such as Sima-034 and those described in WO/03/070750, WO

2005/012 d U.S.,Rat. Pub, No.. OZO%?S%J:L 00256]Suitable.antisense phospharathioate
oligodeox nugﬁ otides fgisgtﬁ)ﬁ% é’g apt)ll%elgm%gr(ﬁgﬁ/ to sgcl[ﬁ}gﬁsge s?éétﬁ: rsééni% ‘%‘1136'%@9%%%_5800&&?31%@%
(NCR) of HcexairpksihdiveieBhintcars dlotBinvited Meeh 6$erndesutiddd8n A\t Bidd ] TRépHmiddgrle095, 22,

707-717, angd nuclenties, SAf@4 cogenring. 1% Spans of tResHCR andgelentides:3711s388 located

in the core codirggﬁregéion of HCV RNA (Alt et al., Archives of Virologg 1997, 142, 589-599; Galderisi et
bl b

al., Journ&P& Briflofdy 18y 61810, 551 8579, 38025 734 Gitab o GARBAGrE 614RES-dependent
- translatio gxjuds; bubarsspos Bautadsics, laesnoles 8abad snslepanescdian Bod).d¥og, 79, 08268890
and JP 1(7)61%[591._[00258¥§yié%b%lf?5ribo_zg§mes inc_lude those discloseq in, for examPIe, J.S. Pat. Nos.
6,043,077 80868 5o L hd £ 618 051/ 10055 818 it nbicte Sl Bitdd e Tntiiud 16620 not limited
to, the compoRaolE; deSchifted pp. B, Rat. N092/6(86Q9A2 20627X,688); 6.0840066 ) 846,810;
6,927,291 4 2 T 1y L] : /, : . | 4 [980;
R T SRRl MRS AR
01/792462W0W0236 1220870001252 2800 TAOA0 2368207 /0PGH 82732000 006CE 00/ 288909060 02/057425;
WO 02/05688 40¥45h 80949169888 WS #HE47R92090ansh WA 2004988999 0. 2007/0099825:

2007/0099929; 2007/0105781;, WO 98/17679; WO 98/22496;, WO 99/07734; WO 00/09543;

WO 00/59929; WO 02/08187; WO 02/08251; WO 02/08256; WO 02/08198; WO 02/48116;

WO 02/48157, WO 02/48172; WO 02/60926; WO 03/53349; WO (03/64416; WO 03/64455;

WO 03/64456; WO 03/66103; WO 03/99274; WO 03/99316;, WO 2004/032827, WO

2004/043339; WO 2005/037214; WO 2005/037860; WO 2006/000085; WO 2006/119061;

WO 2006/122188; WO 2007/001406; WO 2007/014925; WO 2007/014926; WO

2007/015824, and WO 2007/056120.

[00252] Other protease inhibitors include thiazolidine derivatives, such as RD-1-6250,
R4 6205, and R4 6193, which show relevant inhibition in a reverse-phase HPLC assay
with an N83/4A fusion protein and NSS{\/SB substrate (Sudo et al., Antiviral Research 1996,
32, 5-18); thiazolidines and benzanilides identified in Kakiuchi et al., FEBS Lert. 1998, 421,
217-220; Takeshita et al., Anailytical Biochemistry 1997, 247, 242-246.

[00253] Suitable helicase inhibitors include, but are not limited to, those disclosed in
U.S. Pat. No. 5,633,358; and WO 97/36554.

[00254] Suitable nucleotide polymerase inhibitors include, but are not limited to,
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[00260]0ther miscellaneous compounds that can be used as second agents include, for example,
1-amino-alkylcyclohexanes (U.S. Pat. No. 6,034,134), alkyl lipids (U.S. Pat. No. 5,922,757), vitamin E
and other antioxidants (U.S. Pat. No. 5,922,757), squalene, amantadine, bile acids (U.S. Pat. No.

' 5,846,964), NQpAEEMSfacety1)-L-aspartic acid (U.S. Pat. No. 5,830,905 ¢Bér2etiduitesfboxamides
(U.S. Pat. No. 5,633,388), polyadenylic acid derivatives (U.S. Pat. No. 5,496,546), 2',3'-dideoxyinosine
(U.S. Patgivsos 08687 xisbnfunidazoldsrales: PIING, 568911 674), apkhtheexatartsptodsctPat. Nos.

5,725,859, 5 837, 26.0,,a00h6,056 PH1), PR erigingss (U §: Pat. No. 5,830,905). WO
20(19/099596PCT/US2009/000688:[00261]In certain embodiments, one or more compounds provided

herein ar inistered in combination lternation with an anti-hepatitjs C virus interferop, including,
pat ot I Sb, INT SR SO S By S S AP b R
ROFERQbI(shext(needinbip X3t inteifavor) aifedaytiiheERGENES fimidiftdrandaiasodeddribadlin

PEG-INT | j fa- ne.e di ti-hepatitis C virus interferon
is INFER@%Q?%&S ?ﬁé@gﬁfrﬁ%ﬁggﬁh&rﬂn@agé)a}ggggzl?/%xgbgjl%yrqg? % "EROFON(r), oral interferon
alpha, BLX-883 (LOCTERON(r)), omega interferon, MULTIFERON(r?éI‘;ane}dusa interferon,
ALBUFERSREF, or REBifHe patsessPhettrrehiptantientsosnaustenidies &6rhddhds provided

herein arecgimistescdtepraRinatienisalera SRl MR antidnapatiig & M |elyrnerase
inhibitor, such as ribavirin, viramidine, NM, 283 (valopicitabine), PSI-6130, R1626, 6, or R7128.
1002631 AaH EBh SE AL DR GH TR L EhES SRR e Tt rored 1
Cﬁ:m gig)atimﬁ mﬂt’fhengammadfaﬁompﬁ}hﬁ@atﬁis’Céndrofstiﬁtmttﬁtmmdsugﬂmﬁdéd‘BRfDM(S)léc@hat’e)rferon
alfa-2b), PEGASYS (Reginterfer - R N,A (re inant, inier
INEERGEN o R A A o e maaouah s b ani
* certain efabudiiniesitsl ofiermahvgi€adovap dindie lomnA88% H8reitd dreSddministered in combination or
alternation with an anti-hepatitis C virus protease inhibitor, such as ITMN-191, SCH 503034, VX950

(telaprevifpposMedivir &b lereligage:ibiiters (9026640 centain aMRadiBeRis RN OF MeSe
compounds provided herein are administered.in combjnati r al [ ith an anti-hepatitis C
ot e R by kst T R L v
and INNO0101 (E1). [00266]In certain embodiments, one or more compounds provided herein are

administdf$@ 38 lcombifatiehloriaermesonolids Bresritisaisseditic OvtaMAbabcloRat dntibody, such as

ABGE8 or X hlus686b {fesmetly faRs(8)ogk an anti-hepatitis C virus polyclonal antibody, such as cicavir.
[00267]In certain embodiments, one or more compounds provided herein are WO

incs imUHRF oot PR A4 PRSI SraEH U OB G s o0
described in U.S. Pat. Nos.: 6,660,721; 6,777,395, 6,784,166; 6,846,810; 6,927,291,
7,094,770; 7,105,499, 7,125,855; and 7,202,224, U.S. Pat. Pub. Nos. 2004/0121980;
2005/0009737; 2005/0038240; and 2006/0040890; WO 99/43691; W( 01/32153; WO
01/60315; WO 01/79246;, WO 01/90121, WO 01/92282, WO 02/18404; WO 02/32920, WO
02/48165, WO 02/057425; WO 02/057287, WO 2004/002422, WG 2004/002999, and WO

2004/003000.

[00260] Other miscellaneous compounds that can be used as second agents include, for
example, 1-amino-alkylcyclohexanes (U.S. Pat. No. 6,034,134), alkyl lipids (U.S. Pat. No.
5,922,757y, vitamin E and other antioxidants (U.S. Pat, No, 5,922,757}, squalene,
amantadine, bile acids (1.8, Pat. No. 5,846,964), N-(phosphonacetyl)-L-aspartic acid {U.S.
Pat. No. 5,830,505), benzenedicarboxamides (U.S. Pat. No. 5,633,388), polyadenylic acid
derivatives (U.S. Pat. No. 5,496,546), 2',3-dideoxyinosine (U.S. Pat. No. 5,026,687),
benzimidazoles (U.S. Pat. No. 5,891,874), plant extracts (U.S. Pat. Nos. 5,725,859,
5,837,257; and 6,056,961), and piperidines (U.S. Pat. No. 5,830,905).
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[00268]In certain embodiments, one or more compounds provided herein are administered in
combination or alternation with NEXAVAR(r), doxorubicin, P1-88, amantadine, JBK-122, VGX-410C,
MX-3253 (cel@gpsivioszhtVUS(r) (BIVN-401 or virostat), PF-03491390 (foppenysibabveeie), G126270,
UT-2318, DEB10-025, EMZ702, ACH0137171, MitoQ, ANA975, AV1-4065, bavituximab (tarvacin),
AMNIA(r) fnitazoxanide) : Il rtain enbodiments. the compaynds provided herein
can be céﬁ%@jd withdlo%n%g%g%%%egg@%%g‘gl éngg’s’ @Eéwn%ﬁgtﬁ?art?rmdud[ng, ﬁut not limited to the
group inchdetiigsiafde sterombinsten palasonobatshmaaatdirpatsd L EsRIdBEIEERTR acetate,
fludrocortisangifyy dircortisaned RO HPRONEINIEAG RS RAENISONGIPEBKREgisolone, _
dexamethasone, and triamcinolone. %)02;0 In certain embodiments, the com ounds&gowded herein
can be coRfsEIRRR aiie B nidPEBR e ﬁ%&@@%@%ﬁﬂ%ﬁquféﬁﬁ?nmﬁﬁ&ﬁ t not limited to

the groupiRekieing Amekacy, A exclinTROE R caraphenaring azhmmiciheaztreonam,

azlocillin, bacitracin, carbenjillin, cefaclar, cefadroxil, c fazoli halexin, cefdinir,
cefditorin® TAFEY égﬁ fﬂﬁé%eéjéfgﬁga‘fgﬁefn&%‘%fgﬁi %ﬁ@gﬁﬁtﬁrﬁ% éﬁﬁ#&%@%&% 2,
ceftazidinenbéfiitRrens (rfizpxipte,) cBRIBROOEONE ool mesrittoratpiph &1ic0I8 &3lastin, ciprofloxacin,
clarithro ' | cin, cloxacillin, calisti istin, demeclocycline,.di jlin,edirithromycin,
oxycyo s . S RO R R AT EOERR Y
furazoliddhﬁB&%ﬁiﬂoxacin, geldanamycin, gentamicin, herbimycin, imipenem, isoniazid, kanamycin,
levofloxacin, linezolid, lomefloxacin, loracarbef, mafenide, moxifloxacin, meropenem, metronidazole,
mezloc'llipggningcycling, Rupikpshnb nafkHiR, BROBYat: RSBt deaT1eivinneEfloxacin, ofloxacin,
oxytetracycline, penicillin, pjperacillin, platensimycin, polymyxin B, prontocil, pyrazinamide,

* quinuprisARBIRESTRSAD FORARASHRTLAT, STy a%?féfbﬂ\é%%‘.ﬁ A SR Sulfamethizole,
sulfamethakiiolc steicaplninirie) ithaniytia, N a8pdlings picaabilia), RS BTIR 1 GAGSHOPrIM,
troleando ci(glr,ﬁrﬂ loxacin, and vancomycin. [00271]In certain embodiments, the compounds
provided herein can'bé combined with one or more antifungal agents known in the art, including, but
not limited to the group WO 2009/099596PCT/US2009/000688 including amorolfine, amphotericin B,
anidulaful§i6 BifonazdrecHire bRl BsRe ohs A0 CEHNIS RAMBA R B EL cd IBE R 6le, econazole,

fenticonaz@iginfidiiBd iy comdaaifs/SAGANIAIRI a6 ANAFRIe JRIARID AZRIC HIdGafbM Gl aiconazole,
naftifine, natamycin, nystatin, oxyconaz r @nazole, ppsaconazole, Ii idin.¢sertaconazole,
sulconazﬁ?@gﬁ] iNBSEFEOhE Bléh%gk%%‘gggl'% Q%%ﬁ&%ﬁ%%@%&%%@ﬁaﬁ embodiments,
the compauesiatprexided tieteiniéad)elstRRIGEN Mithterferan ahfaremhiicoslPBMHENETRON N the art,
including, but not limited to the.group including acenocoumarol, argatroban, bivalirudin, lepirudin,
fondapari?ﬁ%ﬂ?%%gaﬁ#r% r%%%d%%g’, warfarin, and ximelagatran. [00273]In certain embodiments, the
compounds provided herein can be combined with one or more thrombolytics known in the art,
including [BRRGHSt limithd 651RE SFRRRAIMABEIRI A AISHRS SER RMERTRERY MPhhEIREIAS e acti vase),
streptokinasginieResieplasthiantdodrokinasea 00 244] limeeitiahaembodimantsrdhaeampeuds provided

ncloding S50t oL VTGPl ReLCITBRAE ACemh DA Ao e ey DSABTopATBRLL benoriate

~ brornfenac, carprofen, celecoxib, choline magnesium salicylate, diclofenac, diflunisal, etodolac,
etoricoxibOf48f@mine, feriistifen crebopirotats, AL IBEn CIHOPPBREA PieyitadBRmn REtoprofen,

ketorolac  Jomaxican; | sariRig R ymiraeRxiRn et aleRalic Atids DeieRpmIcAcidningigdcam,
metamizole, methyl| salicylate, ma%nesmm %p%te, nabumetone, naproxen, nimesulide,

oxyphentieddHEnstde okt B MANIRR e, - Siidkieliin; %i\éwél?e é{éf)gh’limge,agﬂlﬁnpyrazone,
suprofen,jteNoxicanEiaprofenic acid, and tolmetin. [00275]In certain embodiments, the compounds
provided herein can be combined with one or more antiplatelet agents known in the art, including, but

not imitegyio, ghcidmaly, Glosiaagl SiapIaoisl. AN aaale, IRRNA0GAHLRT. [00276]The
compounds provided herein can also be administered in combination with
administered in combination or alternation with an anti-hepatitis C virus monoclonal

antibody, such as AB68 or XTL-6865 (formerly HepX-C); or an anti-hepatitis C virus

polyclonal antibody, such as cicavir.

[00267] In certain embodiments, one or more compounds provided herein are

93



other classes of compounds, including, but not limited to, endothelin converting enzyme (ECE)
inhibitors, such as phosphoramidon; thromboxane receptor antagonists, such as ifetroban; potassium
channel opegersidhsesakin inhibitors, such as hirudin; growth factor inhibigerspswehesdmodulatorS of
PDGF activity; platelet activating factor (PAF) antagonists; anti-platelet agents, such as GPIIWITla

blockers Q%&iné%}%mﬁ&ﬁﬂﬂmﬂ%aﬁ@&&kﬁgﬁ%ﬁaMi%@%%ﬁ&%ﬁ%%%&%ﬁw

P2Y(AC) antagonists (?qu\éUDclopido rel, ticlopidine and CS-747), and aspirin; anticoagulants, such as
warfarin; fh#ofetiiaridigith rapiamia), @Nﬁ@%ﬁ%‘dﬁﬁ%@amor Vila Inhibitors and Factor Xa
Inhibitors; renin inhibitors; neutral endopeptidase (NEP) inhibitors; vasopeptidase inhibitors (dual
NEP-ACHGotdBjtors), Snaleasinmapatiiiehandgemapaddathptivitd Godviddlibtadea #bibitors, such as
pravastatin, lovastatin, atoryvastatin, simvastatin, NK104 A, ayastatin, nis tin, or nisbastatin),
and ZD-4@51?5secr)elgr%v(\:/%%\%n}%éﬂl\]/%taa fﬁ? %98%”3?&%{?3‘2&&% ;Osrah% lélhg ?é%/%thetase inhibitors;
fibrates; WiteantidinodBEstt 3RS GHlch1 4 MBStHAA3 Miatdnsiaiti- SIFISSCIRIENetidnts viustatas ACAT

inhibitors ph F Nt prssaiciypNChanne hISpkess SUSH 5 HRIORIRIRS hasyaie; Retgssium channel

activators; alphaadrenergic agents; beta-adrenergic agents, 'such as ca%s?gjilo'i and metoprolol;
antiarrhyhaid abevite Qididtee7 syt dlofioetiasmab RayatiflobtAlAde( muptetaridier
hydroflumetijazide, bendroflumethiazide, methylchlorothiazide, trichloromethiazide, polythiazide,
benzothiazide, ethacrynic acid, ticrynafen, chlorthalidone, furosenide, muzolimine, bumetanide,
triamtere jloride,.and spironglactone; thrombolytic agents h as tissue plasminggen activator
(), rec Tt (AR Ao e B B e e
streptokirwite erstivarerrestapstslel ARSAOR vamindiesretic ededing, Suehddiigedmdbs geoup, metformin),

glucosidase | piRItaIg.: B BRI IDSaMegitnidesd s fooffRRAINKE ) silionytureas (e.g.,
gllmeplrlgti‘,éflybunde, and glipizide), thiozolidinediones (e.g., troglitazone, rosiglitazone, and

pioglitaz HEY SR IPIARYFATAEISORIS B PR EndRiS PiRRTd HsdeRcantelg s s dnisainas

spironolagiqhg anssepies8anemartRd1ormone secretagogues; aP2 inhibitors; phosphodiesterase
inhibitors, such as PDE Il inhibitors (e.qg., cilostazol) and PDE V inhibitors (e.g., sildenafil, tadalafil,

and vard ). protein tyrosine kinase inhibitprs; antiinflarnmatqries; antiproliferatives, such as

ethoue . 1506 (RO o SN er g TR ERHat R e b CoEed

immunosupbressantsotisarrsdsrsdeptytaftiayrottic afcmsyding, bukyeting ibgetotthsgchms

nitrogen mielafite Al AR AASANIARS RIBKARIRIICS: ARG HRRE NSRLARMN etaboltes, such
idin u

as folate antagonists, purine analogues, and pyrimidine analogues; antibiotics, such as anthracyclines,
bleomycif&ofi %Bm%ﬁ,r%ﬁ%Pﬁy&Hban@{ﬂ?&%rﬁféﬁﬁr@*&wﬁéﬁWagei%%b&ra@hﬁg&m
farnesyl-pegteii Rnsioras e dikinie schgiimoRelReenisas tehas Bhdcosrititaldeisgoxaattisone),
estrogens/antiestrogens, androgens/antiandrogens, progestins, gnd Iuteiniﬂ g hormone-releasing
ormone SRR ST A e SRR Ao o B Bro A RS ER B Btieinascicing:
microtubuigastabdipiof @geniscisrichas pacidikel pogcaiadekaiitde poizionesiAdrigalant-derived

products, suchas vinca alkaloids,.epipodophyllotoxins, and taxanes: and topoisemerase inhibitors;
orenyl-or S B R D e A e i e R osporine
-“steroids, Qﬂ@hﬁa@pr@bmmlaﬁumﬁmh&g&my@mﬁm@a@g& &!iﬂfpas@aﬁidﬁgﬁne/%ind
cyclophogphamide; ENFAREA NI, RUGHAS RHdaRANTsIMoaRibadies.prsoluble TNF

receptor, such as etanercept, rapamycin, and leflunimide; and cyclooxygenase-2 (COX,-Z_) inhibitors,
such as demBeBsdRd EreEsRfh RNt CamiforasiagBRiersteR-dacFypidsalteRcpseibazine,
mitotane iaxaraatay Melasune naRinl FORRAUAGS, Riatliniem, GRRHRAMIeMCARAXREH:, such as cisplatin,
satraplatin, and _carboplatin.éi)OZ??]ln ( l%lré[?ain embﬁdim nts, the pharmaceutic Icom?o?ﬂtions
provided REPERT R RREIEARSHES SLUCR RIRRTAHI L ST S HREC R HRYSH: Fn BRE 2 Hbodiment, the
second apfidralas kielepied fromidh eigrapnhcondibting el patederomn tibaeptoparimterieukin, an NS3
protease Inhbiter, feySieie Arelsiace ien. aphenanirensquinens, a hiagoldig, a benzanilde,
a helicas& Inhibitor, a’polymerase IRhibitor, a nucleotide arPa?ogtje, ag |<r)l? Xin, & cerllenrn, an
antisensdiphioBphoidtivatinigogdemyiucikottedanyivihibinrdbRES degerrentyamslation, and a

ribozyme. In another embodiment, the second antiviral agent is an interferon. In yet another

embodimgnR e t intetfesondm seiecteehdrt e graidconsistiag Ohaeaybatestistesieren alpha 2a,

interferon alfacon-1, natural. terfFron, ALBUFER N%[%, interferon_beta-la, omega interferon, interferon
alpha, intEHEr T GRS AITIATRAAD AES0IS RSN Bh o, HRA e RO RO IS DS e
compounds provided herein can also be provided as an article of manufacture using packaging
materials well known to those of skill in the art. See, e.g.,U.S. Pat. Nos. 5,323,907; 5,052,558; and
5,033,252. Examples of pharmaceutical packagingmaterials include, but are not limited to, blister
packs, bottles, tubes, inhalers, pumps, bags, vials, containers, syringes, and any packaging material
suitable for a selected formulation and intended mode of administration and treatment.
[00279]Provided herein also are kits which, when used by the medical practitioner, can simplify the

administration of appropriate amounts of active ingredients to a subject. In certain embodiments, the
kit nrovided hearain inchiidece a containar and a docane form of a combpoiind nrovided harein inchiidina a




[00282]Kits provided herein can further include pharmaceutically acceptable vehicles that can be used
to administer one or more active ingredients. For example, if an active ingredient is provided in a solid
form that must be reconstituted for parenteral administration, the kit can comprise a sealed container
of a suitableweltiglgtippsvhich the active ingredient can be dissolved to forif-d/partitifietessree sterile
solution that is suitable for parenteral administration. Examples of pharmaceutically acceptable
vehicles inellidén doarharel fuod, limipdditoichnBeaniduiefinies, bitnaiog, buteRafitienbathionMeiter for
Injection YSPusodim Ghierde niection, Ringers Injeclion, Dexrase Injegtion, Dxtrose and Sodium
Chloride Icnjepc%on% and Lactated” mgearzs Fﬁjec lon; Water-miscl e’vefﬁcrllés, Tt INg, but not limited
to, ethyl akswhotzpblyetimdese lglyiouhandzpblymiopiegie. ghrouiaasid, mefiifgeeatmemicles, including,
but not lirgisedl tp. &R, 01l SRttaNgESH k- PEAISRILAESANS Clln SN QlERI ISORLGRY Ry ristate, and
benzyl berizoate. [00283]The disclosure will be further understood by the following non-limiting
exampleseafiP L ESJoo28a] Aacasatiserath veris®iazMels and conventions used in these processes,
schemes and examples, regardless of whether a particular abbreviation is specifically defined, are
consistenf0diitothose useckitaihessbrdaneparahy seiapdificditpratived feraxample, dhablaednal of the

American Chemical Soci%}}/t.or th‘%g]n% nal ofBigllog;%aln hgmist‘% S#C?Ciﬁﬁ%% %t without limitation,

the foIIowYﬁIghé}Dnﬁr%rvﬁ% 1518 miay e used i the exeamplleg 3n%l’%hrouﬁ Utthe specn‘%gﬂgn: g (grams);
mg (milligrars)n pricgneitiiitems )] rdrgatiolieno eroud) (@pilimmoladnddptmicroepetar); Hz (Hertz); MHz
(megaherég_l ; m@g&é%’m@{gs&ﬁ%&% 'A/@Agnt); hr or hrs (hours); mm (minutes); MS (mass
spectrometry); NMR’(nuclear magnetic résonance); ESI (electrospray ionization); ACN, (acetonitrile);
CDC13 (deuterated chloroform); DCE._(dichloroethane); DCM (dichloromethane); DMF (N,N- WO

2009/09988BPE T/US 2808 EBEEER BB emBtY BVE (ahEtRN SarSa R BRT80-d6
~ (deuteratedtHisneitnisottokide) bEiaAs kethyl acdiate), MeOdingnethaool)mitttE4tesahydsofuran); DIPEA

(N,Ndiisoprgpyleth Iamingﬁ'TEe%é riet W El) DBU (1,8-diazabic cIo%S. .0lundec-7-enge; CDI
(carbony B e o R KBt s B CAMSB g 205,
(phosphoveskpestoxide); TBAF (tetrabutylammonium fluoride); TBTU
(O-(benzotriazol-1-y1)-N,N,N',N'-tetramethyluronium tetrafluoroborate); Me (methyl); Et (ethyl); iPr,

(isopropyflydtay (tert-btybrBaciisskkdanylcrraany bR enndy IRMB tamsihoxybiasayl); TsO
(tosylate); DEAD (diethylazodicarboxylate), DIAD ggqliqsoprog%%zodicarboxyla% P_Pl]b?,

(tripheny BESSAE R BRI Rdb ARy SRl amB PR BRIt BDER B IR dhdieiding REEAYst

(2 masaisgt e a1
chloride). or,all of.t owing examples, standard work-up.and purification methods known
o those SETTEA PR e oxprosoett
C (degreetoGemtibr &lelpntiheclzotiofes cendprstisd  f wdupnotem pevatafenunidssatiterwise noted.

Synthetic,meifgdalqiesdllnsiaied 0. 8CRKMGS &0 i A6 I BART IR-aXAIRIEY Hganplicable

chemistry through the use of specific examples and are not indicative of the scope of the disclosure.
Example acifhr@skrstam onrismigl-metikeiflicylaminsepsyidesahrsli g, nppuysglope32a: n = 0 32b: n =
1 32¢: N-na1004861Hbe.svathRsishel ey her-alka YA e oY) pietalis3 d.atg shown in

salicylate, sulindac, sulfinpyrazone, suprofen, tenoxicam, tiaprofenic acid, and tolmetin.

[00275] In certain embodiments, the compounds provided herein can be combined
with one or more antiplatelet agents' known in the art, including, but not limited to,

abciximab, cilostazol, clopidogrel, dipvridamole, ticlopidine, and tirofibin.

100276} The compounds provided herein can also be administered in combination with
other classes of compounds, including, but not limited to, endothelin converting enzyme
(ECE) inhibitors, such as phosphoramidon; thromboxane receptor antagonists, such as
ifetroban; potassium channel openers; thrombin inhibitors, such as hirudin; growth factor
inhibitors, such as modulators of PDGF activity; platelet activating factor (PAF) antagonists;
anti-platelet agents, such as GPIIb/iITa blockers (e.g., abciximab, eptifibatide, and tirofiban),

]
th



Scheme 5. [00287]Step A: Preparation of 2,2,2-trifluoro-N-(hex-5-enyl)-N-methylacetamide 31a.
Sodium hydride (60% dispersion in mineral oil, 31.5 g, 1.28 eq.) was slowly added under nitrogen
atmosphere to a solution of N-methyl-2,2,2-trifluoroacetarnide (100 g, 128 eq.) in DMF (500 mL) at O
C. The reacttbfl H#iikttiEas stirred for 90 mm at 0 C, and then 6- bromo-PhEXSREPHYH 1 eq.) was
added dropwise over 45 min. The reaction mixture was allowed to warm up to room temperature, and

stirred forf2 ¥&yS)aniasmitiniperatitpidvres W poinyeodsS%A¢T)/ eshondiooass® rentanth mixture
was then geyradJatpMRiRReARdiIetiacted dresdimmyith k QAG The Aambinsherganinsigyers were

dried over anhydrous sodium sulphate and concentrated under reduced pressure. The residue was
purified bt OROMIRBIAEH Y iR st e Ed sad srsmiidan dEER) ddilifersss oil in 56% yield.
1H NMR (R0d$pt#Ha40 bl Bitia NER 38C(inR ) toks$ 8nlo B A Bin@kdisi ORr? 6 Pardi;

2.93-3.07 ), 3.35-3.4Q (m, .2H), 4.92-5.04 (m, 2H), 5.73-5.83 (m, 1H). Scheme 5 TsOH DMF
3 10076 A NG BN RS RS S T R el S RO VR DR 310
(71.88 g, 0éde)kandtpviotuenensyiemnimacichibhsdagn], . 2né EPWEE ditso lueohin v efidvis4iniL). The
reaction mjxture was refluxed for 7 days. The solven s then removed under vacuum, and the
eaidue v P T e ST 30 o e
compoungs 3Restista vidiite; poWwddreiestBYpiicidentdNR ¢S BHCIST a00binets) MTY Iuddb{prd= 7.76 Hz,

2H), 1.71{foids, ErQTbRIARer Wdes R &é&%&é%&@dﬂmz&g@%ﬂg@%ﬁm 2.87-2.93

(m, 2H), 4.92-4.99 (m, 2ng5.67-5.73 (m, IH), 7.20 (d; J=7.76 Hz, 2H), 7.75 ="/.76 Hz, 2H), 8.62
(hr s, 2H)2{TOeERISEs S, ItvRsifppTE R ReRs  shrhine e itel sad P RTYMpeUHITE YHhwiEs

synthesizga fomaidrRINAICRRAR ASHaW B ens alict HIoAsBNHRLY B weithidellwing the procedure as
describe(yor compouynd 32a. IH CDCI3, 400 MHz) 8 1.38 (g, .1 =7.76 Hz, 2H), 1.71 (q, = 7.76

MR (C| .38 (q, ..
" Hz, 2H), TEHORPEER S beniiprgghinzife. mgdylchioigihpzide ngloramegiipzife. 5 17 17 3H),
2.87-2.93p01y iR a4i)ied 192261801t e, 24tHa Dyl Al (roryhktkn! 2ofehalidons! Gurtzertdy, 7.75 (d, J = 7.76

\',*Vg ’SZH)’ G020t RhiRe Al R R Bl N M Y R 2 8 N DI SOV RIS SN 327G &egimpound 32¢
such as tissue plasminogen activator (tPA), recombinant tPA, streptokinase, urokinase,
prourokinase, and anisoylated plasminogen streptokinase activator compiex (APSAC); anti-
diabetic agents, such as biguanides (e.g., metformin), glucosidase inhibitors (e.g., acarbose),
insulins, meglitinides (e.g., repaglinide), sulfonylureas (e.g., glimepiride, glyburide, and
glipizide), thiozolidinediones (e.g., troglitazone, rosiglitazone, and pioglitazone), and PPAR-
gamma agonists; mineralocorticoid receptor antagonists, such as spironolactone and
eplerenone; growth hormone secretagogues; aP2 inhibitors; phosphodiesterase inhibitors,
such as PDE III inhibitors (e.g., cilostazol) and PDE V inhibitors (e.g., sildenafil, tadalafil, |
and vardenafil); protein tyrosine kinase inhibitors; antiinflammatories; antiproliferatives, such
as methotrexate, FK.506 (tacrolimus), mycophenolate mofetil; chemotherapeutic agents;
immunosuppressants; anticancer agents and cytotoxic agents (e.g., alkylating agents, such as
nitrogen mustards, alky! sulfonates, nitrosoureas, ethylenimines, and triazenes);
antimetabolites, such as folate antagonists, purine analogues, and pyrimidine analogues;
antibiotics, such as anthracyclines, bleomycins, mitomycin, dactinomycin, and plicamycin;
enzymes, such as L-asparaginase; farnesyl-protein transferase inhibitors; hormonal agents,
such as glucocorticoids (e.g., cortisone), estrogens/antiestrogens, androgens/antiandrogens,
progestins, and luteinizing hormone-releasing hormone antagonists, and octreotide acetate;
microtubule-disruptor agents, such as ecteinascidins; microtubule-stabilizing agents, such as
pacitaxel, docetaxel, and epothilones A-F; plant-derived products, such as vinca alkaloids,

epipodophyllotoxins, and taxanes; and topoisomerase inhibitors; prenyl-protein transferase
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synthesized from 7-bromo-octene as a white powder in quantitative yield, following the procedure as
described for compound 32a. WO 2009/099596PCT/US2009/000688 11-1 NMR (CDCI3, 400 MHz) c5
1.38(q, .1=7.76 Hz, 2H), 1.71 (q, .1 = 7.76 Hz, 2H), 1.80 (g, J = 6.98 Hz, 2H), 1.90 (g, J = 6.9 Hz,
2H), 1.99 (qw=2@®9@44% 214), 2.38 (s, 3H), 2.70 UJ = 5.17 Hz, 314), 2.872(032A9/0244584.92-4.99 (m,
2H), 5.67-5.73 (m, 1H), 7.20 (d, .1 = 7.76 Hz, 2H), 7.75 (d, J = 7.76 Hz, 2H), 8.62 (brs, 2H). Example 2
Preparatiarhibktdrs (4. 2B)ldspethox yeanidnel)i2ay preltyetoprap! ylesabathasvtS-Byiotetic y1-111-

R 29 1 B A T b bl 8 5 B e 34 i
shown in 8¢hée Bitibediemer 60luige IO Seeepror PrshasaaEneseqntl rares)ysthyand ieflunimide;
1'(1H'imiQﬁ&Qﬁi%ﬁ?@@ﬂM%@b&a) inhibitors, such as celecoxib and rofecoxib; and

miscellaneous agents such as, hydroxyurea, procarbazine, mitotane, hexamethylmelamine,

gold compounds, platinum coordination complexes, such as cisplatin, satraplatin, and

carboplatin.

[00277] In certain embodiments, the pharmaceutical compositions provided herein
further comprise a second antiviral agent as described herein. In one embodiment, the second
antiviral is selected from the group consisting of an interferon, ribavirin, an interleukin, an
NS3 protease inhibitor, a cysteine protease inhibitor, a phenanthrenequinone, a thiazolidine, a
benzanilide, a helicase inhibitor, a polymerase inhibitor, a nucleotide analogue, a gliotoxin, a
cerulenin, an antisense phosphorothioate oligodeoxynucleotide, an inhibitor of IRES-
dependent translation, and a ribozyme. In another embodiment, the second antiviral agent is
an interferon. In yet another embodiment, the t interferon is selected from the group
consisting of pegylated interferon alpha 2a, interferon alfacon-1, natural interferon,
ALBUFERON®, interferon beta-1a, omega interferon, interferon alpha, interferon gamma,

interferon tau, interferon delta, and interferon gamma-1b,

{00278] The compounds provided herein can also be provided as an article of
manufacture using packaging materials well knolwn to those of skill in the art. See, e g, U.S.
Pat. Nos. 5,323,907, 5,052,558;-2&16 5,033,252. Examples of pharmaceutical packaging
materials include, but are not limited to, blister packs, bottles, tubes, inhalers, pumps, bags,
vials, containers, syringes, and any packaging material suitabie for a selected formulation and

intended mode of administration and treatment,

[06279] Provided herein also are kits which, when used by the medical practitioner,
can simplify the administration of appropriate amounts of active ingredients to a subject. In
certain embodiments, the kit provided herein includes a container and a dosage form of 2
compound provided herein, including a single enantiomer, a racemic mixture, or a mixture of

diastereomers thereof, or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

[00280] In certain embodiments, the kit includes a container comprising a dosage form

of the compound provided herein, including a single enantiomer, a racemic mixture, or a



vinylcyclopropanecarboxylate 33. Under nitrogen, (11?7, 25)-ethyl 1-amino-2-
vinylcyclopropanecarboxylate tosylate salt (5 g, 1 eq.) and CDI (2.7 g, 1.1 eq.) were dissolved in THE
(50 mL) con{ginings hEAgL2-3 mL, 1.1 eq.). The reaction mixture was then pefluxed Qyghpight. The
solvent was removed under reduced pressure. The residue was dissolved in DCM, and washed twice
with watei[r.l iT{ﬁ?eOJQ Qis(felra&enre‘r’\é e'i‘léio d aver sodigcnewu%tégﬁte and tﬂ]ﬁ” ci)tnceﬂltar{?\teq. Tr}% éesidue was
purified by c)hromatograp%y on silica géPfo yie compoun& %Fﬁeé’sapaﬁesayél Sw omin 70% y%ld. 'H NMR
(DMSO-diber0f Midzpntking @odpriziag diz, @k)o1t. sthduithedas il agen®(H Zitseribed harda. (dd, = 5.43
and 8.28 Hz, 1H), 2.35 (q, = 8.54 Hz, 1H), 4.08-4.13 (q, Jr 7.11 Hz, WO
1713 a0 LT3, 1) B 7T (L 0 o T 56 (ot A e L1y Bae (o 2 M
.13 and 1,73 Hz, |H), 5.63-5.71 (m , 1.02 (s, 65 (s, .8.23 (s, 111), 9.31 (s ;
(ES+): nfS i8¢0 i*ga?]&.s 9?@5@?&&%&%%% %9&&%&2@51i!%é}ﬁb&%%iﬂqﬂs%ﬁngﬁf&&%propy|-
carbamoydss Infaatry ldiibl bapid aaathds ind ochd R34 THa das pisogied huethyhiodiseifti@dal, 4 eq.) was
added to a Islgl%isop ro; ﬁrgi%%%gn%% @e%c%v%qﬁ ipe 19%5'; (16 mL). The reaction mixture was stirred at
room temperaﬁure SOF I hIS The SoventWwas réfmoved tinder reduced pressure to yield compound 34
as yellow oil, which was used directly in the next step without further purification. Example 3
PreparatitiP$4-(4-isobibprmidesomsin can futiieddusdliianars uraliz aceemable yeudes H, 117" =
OCHS3, Rifa k48248 adthiR6ier e BV nio @ ide RBredhi3. 486 BEhpld, i146 scde R7' = OCHS3,
148' = F 43d: 125'=9,146'= H, 117' = OCH3, 128' = Cl 43e: 125' = OCH3, 126* = H, 117' = OCH3,
148 = H Pgredige is proyides 1o geeki fopm gt mpstbe Jeconplifited fopparengggladmpmistiationy g -
43h: 145'treitit46'cob il 'sea@E b AiR& sfBrsuitable vehicle in which the active ingredient can

be dissolved to form a particulate-free sterile solution that is suitabie for parenteral
administration. Examples of pharmaceutically acceptable vehicles include, but are not
limited to: aqueous vehicles, including, but not limited to, Water for Injection USP, Sodium
Chloride Injection, Ringer’s Injection, Dextrose Injection, Dextrose and Sodium Chioride
Injection, and Lactated Ringer’s Injection; water-miscible vehicles, including, but not Hmited
1o, ethyl alcohol, polyethylene glycol, and poiyprépyiene glycol; and non-agueous vehicles,
including, but not limited to, corn oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate,

isopropyl myristate, and benzyl benzoate.

[060283] The disclosure will be further understood by the following non-limiting
examples.

EXAMPLES
[00284] As used herein, the symbols and conventions used in these processes, schemes

and examples, regardless of whether a particular abbreviation is specifically defined, are
consistent with those used in the contemporary scientific literature, for example, the Journal
of the American Chemical Society or the Journal of Biological Chemistry. Specifically, but
without limitation, the following abbreviations may be used in the examples and throughout
the specification: g (grams); mg (milligrams); mL (milliliters); uL (microliters); mM
(millimolar), pM (micromolar); Hz (Hertz); MHz (megahertz); mmol (millimoles); eq.
(equivalent); hr or hrs (hours); min (minutes); MS (mass spectrometry); NMR (nuclear
magnetic resonance); ESI (electrospray ionization); ACN, (acetonitrile); CDCls (deuterated
chloroform); DCE (dichloroethane); DCM (dichloromethane); DMF (N,N-
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[00294]The syntheses of compounds 43 are shown in Schemes 7 to 9, where R5', 12.6, R7', and R8'
in compounds 39 to 42 and 45 to 47 are the same as defined in compounds 43. Method 1:

[00295]Step,A. I)i n of 1-bromo-3-methylbutan-2-one 35. To a solyi f 35/
methyl-2-bu‘gbh%¥1(%%(%}§.§g, 1 eq.) in ethanol (391 mL) was added bromi(?eg?gg.fg? L(})O.%éggeq.) under

nitrogen at 0C ovﬁeﬂr 30 min, The reaction mixture was stirred at 0C for 4 hrs _thenﬂuenched with 1M
aqueous SERFR RERARME MDE Fipahdsuirxdel RMSDstoidemerisd dimsthryfridekganic
layer wasbs@sbeel liwliaeevdit), was H 102 thalnh [IWiTerwitirehgotd faadty AIHE BOUBDNS bicarbonate, and
then brine. The organic, layer was dried gver sodiu 009/099596PCT/\US2009/000688 sulfate
and then‘?(izlcl)sn0 é%’f?%\ e}ghaﬁﬁg?)fe%%‘ge@ﬁe‘é%mge ri%Bp\)ﬁr/caju%é W’éasglpcg ﬁ%?jé%@éﬁ%%ﬁ% ion under vacuum

to yield céi Granbbod 5l disncdmadiels EDICinod B0/ (dlde thiv MMR (@R G Byrd@0ivtidy))-61.17 (d, J = 6.98
Hz, 6H), ). J.=.6 H . : m W soride):
%a?gogfﬁn)lgesjzlg%s %38]8%}1 rgg t&ﬁegﬁgfggztgﬁgﬁl%%%%?ﬁ%mug fluoride); TBTU

2009/099596PCT 00 0 00296]|Step
4-isopropifhtikeraherzzsdrboki il 36N sormeth druorwpo inwe Bsotdboreiek B dagthrle Ethylthioxamate

2.3.9, 1 egpi. ethan L)was. ) o : > reacti
(2.3 9, 1 ednyy, epAARQIHARM ;%8% hesliedha80 GiRbadisicand %ﬁg&@%g@p reaction

mixture was diluted with water tOAc, and then neutralized to p (28%). The aqueous

layer wasthaafeanavith ExoAtosy F?é%b@%ﬁ%%ﬁ’d?ﬁ@@%%@%%f@%ﬂ sodium sulfate and then
removed wﬂ'ﬁdsﬁx{@,@%ﬁz‘%ﬂi@ffﬂiﬁ%tel@ﬂ%%%%;ﬁﬂﬁﬁ%ﬁ?ﬂﬂﬁwmywaﬁ@gjﬁm to yield
compound 36 as yelloy oil in_quangitative yield.. NMR (DMSO-d6,.400 z): 8§1.25 (d, J=6.73 Hz,
6H), 1.31 t‘,nj"é"g?"yé‘i%ig: %%g%?%%%aﬁ%ggéqfF#“‘fﬂ%%‘%%a(éﬂﬁi%“%ﬂ%z@zﬁ 7.72 (s, 1H).
[00297]|StimEhselfaratybnlefsd pisgprohydtid ieie: Buthetioylic)atitridbjum salt 37. To a solution of
compound 36 (26 g, 1 eq.) in a mixture of MeOH (78 mL) and THF (260 mL), lithium hydroxide (2.8 g,
© 0.9 eq.) wagrgfled. Thereadian MHiMaNaRAHIEY abraan JRHRSHIHIG QMBI Mds.aelvents

were then removed under reduced pressure. The residue was triturated with petroleum ether (500

mL), filtra¥8aVR A HESHH B ifblaaATtctbe ahdizrte doirge Pihsstiin rifaterc 8BNS RTeES a beige

solid in 5@fé afiftelssed in °C (degrees Centigrade). All reactions conducted at room temperature
unless otherwise noted. Synthetic methodologies illustrated in Schemes 4 to 18 are intended
to exemplify the applicable chemistry through the use of specific examples and are not

indicative of the scope of the disclosure.

Examp__}e 1
Preparation of N-methvl-m-alkenvl-1-amine tosvlate salts 32

[00286] The synthesis of N-methyl-o-alkenyl-1-amine tosylate salts 32 are shown in
Scheme 5.

[00287] Step A: Preparation of 2,2,2-trifluoro-N-(hex-5-enyl)-N-methylacetamide 31a.
Sodium hydride (60% dispersion in mineral oil, 31.5 g, 1.28 eq.) was slowly added under
nitrogen atmosphere to a solution of N-methyl-2,2,2-trifluoroacetamide (100 g, 1.28 eq.) in
DMEF (500 mL) at 0 °C. The reaction mixture was stirred for 90 min at 0 °C, and then 6-
bromo-1-hexene (100 g, 1 eq.) was added dropwise over 45 min. The reaction mixture was

allowed to warm up to room temperature, and stirred for 3 days at room temperature. The
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IFINMR (DMSO-d6, 400 MHz): 5 1.21 (d, .1= 6.73 Hz, 6H), 2.95 (hep,../ = 6.73 Hz, 1H), 7.19 (s, IH).
[00298]Step D: Preparation of 4-isopropylthiazole-2-carbonyl chloride 38. Oxalyl chloride (2.9 g, 1.5
ed.) was added dropwise under nitrogen at OC to a suspension of compound 37(1.8 g, 1 eq.) in DCM
(25 mL) andWwWdRgB& 1S, The reaction mixture was stirred at 0 C for 30 iT AN t@AYaR0oom
temperature for additional 90 min. Lithium chloride salt was removed from the reaction mixture through
filtration. ThetkelvetwasviReherepoavelintodestte dud edtRiass e g eieoppornNdds as yellow oil in

guantitative yjeld, . which.was stored under nitrogen and used directly in the next step wjthout further
purificatior TG EH S IR S F RS 7Y BASA Rl BIREAU A SRBRE &S vader
Trichlorolredaned (difebsimeD T (B8 dnt wherpyitves tadiied dhopwasegtephisotusibnacfainetaanisidine 39a
(10g,1 ego)rjgoimg%qg 5@@&&'?&:&#9@@%@9?&@ 0-5 C over 1 hr. After stirred for 10 min at 0 C, ACN

(5.2 mL, 1.20 eq.) was added. Atter the reaction mixture was stirred for additional 1 hr at 0 C,

aluminiumt MR 2198 400 Nida) Pl dadfe bl | Hitel r6B tan AIMid B Wk (8RR, at 50 C for

16 hrs. Theoseactipsmiriyre Yas femcon! ,d;.@%rbagg& GiANd PIOPRA2:0f (B8 ML) was added over
10 mm, followed by addition of WO 2009/099596PC /U52009/000688 water (1120 mL) over 30 min.
The reaction mixture was heated to 50 C for 3 hrs. After cooling down to 0 C, aqueous solution of
sodium hydroxide (25%) was added. The aque&ekelagér was extracted with toluene (100 mL). The
combined organic layers were washed with NaOH (25 %), brine, and dried over sodium sulfate. The
solvent was removed to yield compound 404 as a yellow solid in 63 % yield. 1HNMR (CDCI3, 400
MHz): 6 2.52 (s, 2,130 s SF6.07 (I > @ng,qg’%g@.zw@vyfzmqg 98z, 1H), 6.43 (br
s, 2H), 7.63 (d, J= 8.98 Hz). [00300]Step F: Preparation of ; ]
1-(2-amino-3-methyl-4-methoxyphenypethanone 40b. Compound 40b wis synthesized from

~ 3-methoxy-2-methytasiline 39b as a yellow solid,in 23% yield, according to the procedure as described
for compound 40afg§;(‘ESI, f): =80 [MH+)T}003011Step G: Preparation of
1-(2-amino-4-chloro- -methoxy-phenyl)-etﬁhr‘one 40g. Compound 40g was synthesized from
3-chlor-4-methoxy-aniline 39g as a brédn solid in 50% yield, according to the procedure as described
for compound 40a. MS (ESI, Er): trz/z = 200 (MH+). [00302]Step H: Preparation of

N-(3,5-dirftigkRiRy -pherfyd)-8:isovepyithiazdlen2t -earboxaspise dile3Zo astisred ®oiptiamof,compound

370138 0. L MM NP (50 1L RIS NRDSNAS RddPA @ chioride (116,43 mmoD.

The reaction mixture was stir t'room temperature fo @ solution was under

nitrogen aAERTREHENWith DersarienfifisteossasAvsedrfaed dmierlfevsduenpisassiinn and the residue
was dissqlyrehiti HX@NG @ hdd Frme VDRI OXY ARG (A4 S o)) MilioxanR (Q48L) was added

dropwise. The reaction mixture was stirred at room temperature for 90 min. Solvent was removed

under redSelFD R SHirationaFed GRT A igl R SSTRIHRESED BhictRiBPAMIS B Sitcd g
(EtOACIDOMYMR gt comrunti4 & a8 white: sofisiin 909 Yield(q, NMR7QDCHIBIA0MEz) (5 1.35

(s, 3H), 1,37 (s,.3H),.3.14:3.17 (m, .82 (s, H), 6.97.(d, J.= 2.30 Hz, 2H), 7.19 (s,
1 MS (8 P e 508 (ot Y004 Ston I Fhelmtigs ap (o 1145243 ()

N-(2-acet§B-bnidthoxyBhehil Yd-isofropyihiadolg-25 carbexantidez4Z4), Bricdefonitr@gbn, a solution of
~~compound 40a(3 g, 1 eq.) in 1,4-dioxane (30 mL) was added at OC to a solution of compound 38 (4.1

9, 1.2 eq.)omép}-dioxage, the vegeionHnpdsiswasSHE e @hfOQ 1omPemiiis.AY8sHahts The solvent
was removed under reduced pressure and the residue was purified by chromatograﬁlhy on silica gel to
yield syntnesized from 7-bromo-heptene as a white solid in quantitative Yield, following the

procedure as described for compound 324.

"H NMR (CDCls, 400 MHz) 6 1.38 (q, / = 7.76 Hz, 2H), 1.71 (q, J = 7.76 Hz, 2H), 1.80 (q, J

= 0.98 Hz, 2H), 1.99 (g, / = 6.98 Hz, 2H), 2.38 (s, 3H), 2.70 (t, J = 5.17 Hz, 3H), 2.87-2.93

(m, 2H), 4.92-4.99 (m, 2H), 5.67-5.73 (m, 1H), 7.20 (d, J = 7.76 Hz, 2H), 7.75 (d, / = 7.76

Hz, 2H), 8.62 (br s, 2H).

[00290] Step D: N-Methyloct-5-en-1-amine tosylate salt 32¢. Compound 32¢ was
synthesized from 7-bromo-octene as a white powder in quantitative yield, following the

procedure as described for compound 32a.
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WO 2009/099596PCT/1JS2009/000688 compound as a beige solid 42a in 75% yield. 11-INMR
(CDC13, 400 MHz): 6 (ppm) 1.43 (d, J = 6.98 Hz, 6H), 2.65 (s, 3H), 3.26 (hep, J 6.98 Hz, 1H), 3.92 (s,
3H), 6.69 (dd, 1=2.59 and 8.80 Hz, 1H), 7.2 (d, 1=0.84, 1H), 7.87 (d, J 8.9 Hz, 1H), 8.58 (d, 1= 2.59
Hz, 1H), 13.3V®EWARSIMS (ESI, Er): m/z = 319 (MW). [00304]Step]: Prejfaratiapigpeocss
N-(6-acetyl-2-methyl-3-methoxyphenyl)-4- isopropylthiazole-2-carboxamide 42b. Compound 42b was
synthesiz&d WbfR éﬁ%buﬁﬁﬂ%ﬁ@rﬁlc&ﬁnpaﬂ Hd73l§ é&a%éige'/ﬂcﬂdg 6696 Yiel@Hicdsd intngio the

procedure_%sgg%%? c)g ;'% 5oy ENL g 73 H ’\;H;; £0913§3%%5

Preparation of oro oxy )-4- isopropy -ca oxarn de 42e

Compound W%M&@bﬁr&ﬂ&%@?ﬁr&ﬁ ﬂ@léh%miﬂﬂoﬁaﬁl-ﬁn’éilﬁaxyéﬁeﬁﬂp édhdrond ahd,
compoung{38-asafpejge-pokdin %% pRCEPFdIng to the procedure as described for compound
42a. MS (P i, Er): m/z = 337 (MW) [00306]Step L: Preparation of
N-(6-acetyl-2-chloro-3-methoxypheny1)-4- isopropylthiazole-2-carboxamide 42d. Compound 42d was
synthesized from 1-(2-amino-3- chloro 4- meth%pethanone and compound 38 as a beige solid
in 80% yieRteaareiti (he. s exasatiescripédvioyconi@aund d2Bam NMR-6EDEIZ A100 MHz) 8
(ppm) 1.47 (s, 3H), 1. 48 (s, 3H) 2.57 (s, 3H1) 34-3.41. t, 1= 6.90 Hz, 1H), 3.98 (s, 3H), 6.86 (d,
|I=8.48 Hz, 11-1), 7.64 (d, = 8.48 Hz 1H)%%§‘?Tﬁ%‘k%%%$l rn/z = 351 (ME); MS (PSI, Er): m/z =
353 (MW). [00307]Step Al: Preparatlon of N-(2-acetyl-3,5-dimethoxy-phenyl)-4-
isopropylthiazole-2-carboxamide 42e. To_éﬁuﬁj nsiop of Et2A1C1 (1.61 g, 12.04 mmol) in DCM at 0
C was added acetyl chloride (630 mg, 8.02 T mixture was stirred at 0C for 30 min.
Compound 41e (1.23 g, 4.01 mmol) was then ado%’cf J{we reaction mixture was stirred at 80 C for
90 min. The reaction was poured in ice and DCMava ddeﬁEtThe organic layers were separated,

. dried over Na2S04, filtered, and concentrated under reduced pressure. The crude product was
purified by chromatography on silica gel (EtOAc/DCM)% yield compound 42e as a white solid in 82%
yield. NMR (CDCI3, 400 MHz) .6 1.41 (s, 3H), 1.43(s, 3H), 2.63 (s, 3H), 3.20-3.27 (m, 1H), WO
2009/099596PCT/US2009/000688 3.89 (s, 3H), 3. 90 (s, 3H), 6.27 (d, 1=2.30, 1H), 7.19 (s, 1H), 8.12

(d, 3= 2300551 H)- [O0R08I4eR: N FTSPAEAEN QLR SB0m P £ IRi 0 scoghgyPhenyl)-4-

carbamoyl}-3-methyl-1 H-imidazoi-3-ium iodide 34 is shown in Scheme 6.

Scheme 6
TSO'HiNa_ oCOEE N\\:N .._._N+ NH
l CDI, . S "
g e, S Q Lo
” 133 7 w7
[00292] Step A: Preparation of (1R, 28)-ethyl 1-(1 H-imidazole-1-carboxamido)-2-

vinyleyclopropanecarboxylate 33. Under nitrogen, (1R, 25)-ethyl 1-amino-2-
vinyleyclopropanecarboxylate tosylate salt (5 g, 1 eq.) and CDI1 (2.7 g, 1.1 eq.) were
dissolved in THF (50 mL) containing TEA (2.3 mL, 1.1 eq.). The reaction mixture was then -
refluxed overnight. The solvent was removed under reduced pressure. The residue was
dissolved in DCM, and washed twice with water. The organic layer was dried over sodium
sulfate and then concentrated. The residue was purified by chromatography on silica gel to
vield compound 33 as pale yellow oil in 70% vield.

'"H NMR (DMSO-ds, 400 MHz): 6 1.13 (t,J=7.11 Hz, 3H), 1.54 (dd, /= 5.43 and 9.57 Hz,
1H), 1.74 (dd, J = 5.43 and 8.28 Hz, 1H}), 2.35 (q, /= 8.54 Hz, 1H), 4.08-4.13 (q, /=7.11 Hz,
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isopropylthiazole-2-carboxamide 42g. Compound 42g was synthesized from compounds 38 and 40g
as a beige solid in 69% vyield, according to the procedure as described for compound 42a. MS (ESI,
EC): ml: = 354 (MH+). [00309]Step 0: Preparation of 2-(4-isopropylthiazol-2-y0-7-methoxyquinolin-4-ol
43a. To a soWfignoefesispound 42a (4.312 g, 1 eq.) in /13u0H (60 mL) waSHUEE Y Hta8Sium
t-butoxide (3.8 g, 2.5 eq.) under nitrogen. The mixture was stirred at 70C for 16 hrs, and then cooled

down to Oy aﬁ“fﬁﬁel%c(*&%df““ﬁ‘o'\d?%h@%m %‘i‘-ﬂ %Cﬁ"‘s AL §mll7) 1?'&3@59"/?%""&’% removed

under reduced pressure_and the residye was triturated in a mixture of MeQH/wate solated by
fitration. SR MR Ao B o bids (551 oot 8 L it solt in 71%
yield. NMR%ME*@ d6, 400 MHz) 8 1.32 (d, 1=6.98 Hz, 6H), 3.14 (m, 1H), 3.89 (s, 31-0,7.06 (br s,
1H), 7.50-7, 66 (m, 3H), 8 (d, J = 9.05 Hz, 1H), 11.62 (br s, 1H); MS (ESI, Er): m/z -- 301 (MH+).

[00310]St9939Breparatiéh &f 2"@9%6%?8Nl%hié%rzé?ybﬁefhﬁf@trﬂmﬂgl)n%erﬁwwﬁraﬁmlb| 43b.
Compoung3mavils Syt sized finmyepmpon nshdRBas aacelﬂer«rsgad m&@%zytﬁ% (aomfd;ng to the

procedure as descri ddfé)r compoun 43a. MS g Er) ]8?\‘ g 01(1331161‘18 edp
Preparatlon %? ?’a(i |so€pr %yl%ﬁlazopf y%?luoro trh%ciqz)/dum 3 -olfl % eorrnpour?d 430 was
synthesizedxroavesrsipoehet 4@oasmyaHone Solid nrO0Pheyseldssiceasdimgotadhegeoosbiued as
described { ( nil; 9 MIT Preparation of

2-(4- |sopr%r8§ﬁ%at§og %rfyﬁ;? c? d g‘%ﬁag %(glglﬁo %%V]ho Q}r éfLO r?%}l)rt%néﬁ fﬁghﬁé‘ég’%%ﬁ? eslltgg tfrom
compoundiaher aurifigatiow solid in 60% yield, according to the procedures as described for compound
43a. 1H NMR (CDCI3, 400 MHz) 8 1.37 (s, 3H), 1.39 (s, 3H), 3.15-3.22 (m, 1H), 3.95 (s, 3H), 4.05 (s,
3H), 6,45 (s, 1H), 7.03 (s, 2H), 7.62 (brs, 1H), 8:B8uisie 3H); MS (PSI, Et) m/z -- 331(M1-14). WO

_ 2009/099596PCT/%SZOOQ/OOO? 8‘[100313 ;;;Stl?}ﬁ S: E K tbon tgtf

{ 7-chloro-2-(4-isopr as synthesized
from compound 42g as a yellow solid in 70%.yield, according to the procedures as described for
compound 43a. MS (ESI, Er): m/z = 335 (MH?). [0@@14]Step T Preparation of
8-bromo-7-methoxy-2-(4-isopropyl-thi& -

432: R =H,R" =H,R” =OCH,, R¥ =H
$3p:R¥ =8, R =H,R" =OCH,, ®¥ = CH;
43¢: R¥=H,R" =H,R" =OCH;, R¥ =F
43¢: R¥ =H,RY =H,R” = OCH,, R¥ =C)
43e: RY = OCH3, RY =H,R” = OCH;,R¥ =H
435: R¥ = H, R¥ = OCH;, R =H, R¥ = CH;
43g: B¥ =H,R¥ =OCH3, R" =CLR¥ =H
43k: R® =H,R® =H,R” = OCH;, R¥ = Br
[00294] The syntheses of compounds 43 are shown in Schemes 7 to 9, where R*, RY,

R”, and R* in compounds 39 to 42 and 45 to 47 are the same as defined in compounds 43,
Method 1:

100295] Step A: Preparation of 1-bromo-3-methylbutan-2-one 35. To a solution of 3-
methyl-2-butanone (40.7 g, 1 eq.) in ethanol (391 mL;) was added bromide (62.4 g, 0.83 eq.)
under nitrogen at 0°C over 30 miﬁ. The reaction mixture was stirred at 0°C for 4 hrs, then
guenched with 1M aqueous sodium metabisulfite (100 mL) and extracted with petroleum
ether (750 mL). The organic layer was washed twice with water {100 mL), twice with a cold

saturated aqueous bicarbonate, and then brine. The organic layer was dried over sodium
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quinolin-4-ol 43h. Compound 43h was synthesized according to the procedures as described for
compounds 42a and 43a and in WO 2007014919, the disclosure of which is incorporated herein by
reference in its entirety. MS (EST, Er): m/z = 380 (MH+). Method B: [00315]Step AA: Preparation of
4-isopropy|-2¥@iBeAsiERdmanyl-thiazole 44. To a stirred solution of 4-isopr8pyIFRaEI0r95, 71 mmol) in
anhydrous THF (100 mL) at -78 C was added nBuLi (40 mL, 99 mmol). The reaction was stirred for 1
hr and thedHapatdtike reachegadd GiddhedeadtigrsuduFhwarmtociecipurifiedand

- butylnehigride (3.9, 21 Mol s added e teagtion midye pas.sffged at room temperature
for 48 hrs" Water was added and Soent Was evaporate% Unhder reduced p?’essure. The residue was
pardoned BAWRERSEY a0d fiACs reApics wee driedyer HaRe04 fbaad, fng sarenirated
under reduced pressure to yield compound 44 as colorless oil in 55% yield. 1IHNMR{CDCI3, 400
MHz) c5 8188-1.62 (m, 27H), 1.40 (s, 3H), 1.42 (s, 3H), 3.17-3.24 (m, 1H). [00316]Step AB:
Preparation of 2,4,8-trichloro-7-methoxyquinolirgigag A mixture of 2-chloro-3-methoxyaniline
hydrochloride 39d (15 g, 1 eq ), malonic acid (12.06@, 1.5 eq.), and phosphorus oxochloride (80 mL)
was refiuxed for 16 hrs. The reaction mixture was slpwly poured into water and extracted with DCM.

The organic I%drigﬁ over Na2S04,Yiltersgy an cotncert;rated under reduced pressure. The
u = i

crude material oSt d, eluted with DCM, o yield c d d8Qilwhite solid in
74% yield. NNR (CPC13, 376 MHz) b 4.18(s, 3H), 7.43 (t, = 4.88 Nz, 2f1), 8.12 (d, J = 9.48 Hz, 1H).
[00317]Step AC: Preparation of 2,4-di hloro-8-methyl-?-meth%%?yquin5 ine 45b. Compound 45b was
synthesized from 2-methyl-3-methoxyantiiine hydrochloride 3% and maRnic acid as a white powder in
43% vyield, following the procedure as described for compound 45d. IH NMR (CDCI3, 376 MHz) 2.62
(s, 31-1), 4.03 (s, 3H), 7.34 (s, 1H), 7.37 (d, J = 9.02 Hz, 1H), 8.95 (d, .1 = 9.02 Hz, 1H). Scheme 9

. [00318]Step AD® reparation o£2,4-digidang-6-methoxy-8ynethyj-quinoline 451 A mixture of
4-methoxy-2-met iline;B9f (57y,-38t4%mmol), C agi

(5768 g, 54.67 mmol) in phosphorus
oxide trichlorideig36 mlglwas refluxed 316 hrs.-Fhe reactigh mixture was then poured dropwise into
cooled water (400 mL), extracted with ethyl acetate, was with brine, dried over Na2S0O4, filtered,
concentrated under reduced pressure, and purified by chromatography on silica gel (DCM) to yield
compound 451 as a beige solid in 43% yield. 1K MdR: CDC13, 400 MHz) (32.72 (s, 3H), 3.95 (s, 3H),
7.27-7.28 (m, 2H), 7.47 (s, 1H). [00319]Step AE: Preparation of
2,8-dichloro-7-methoxy-4-(4-methoxy-benzylo%y)- gfiinoline 46d. NaH (60% in oil) (670 mg, 1.2 eq.)
was added portionwise to a stirred RE

_ I. BCl
R 2. CH,CN O
¢
R 3. AlCH
R R7 NH

NH, N

. R 3

R® \ » . R O)\/‘
39 Cmpd 37 ! oS y s /

R? = NH .
r¥ )@/4
fe) =
\_/

41

tBuOK
i rTTE T

43
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WO 2009/099596PCT/US2009/000688 solution ofp-methoxybenzylalcohol (2.31 g, 1.2 eq.) and
15-crown-5 (3.32 mL, 1.2 eq.) in anhydrous DMF (10 mL). The mixture was stirred at room
temperature for 30 min. Compound 45d (3.66 g, 1 eq.) in anhydrous DMF (25 mL) was then added
and the reacth2Hideie&vas stirred at room temperature for 16 hrs. The REEHFESAPAINOFS was then
poured into water (300 mL), extracted with EtOAC, dried over Na2S0O4, filtered, and concentrated
under redié@8aressuref iie dhegermiatecidtvdstpssifiedythclrdeizicgbephine3ilisasgakigetroleum

her/DC ' 6d I lid.in,38% yield. IEIN 13, 376 MH
00 (o, R S A A S e 1)
7.42 (d, JeegsBME0 2 fooBrgdagtthen tagledii)) [OD3DIB] Steptiar nixgparatodipted with
2-chloro-grmethyd ernRINAY ek hBNGIIOR D e AZY ek inelas, 46l GTBRRUAJ A GR was

synthesized from compound 45b as a white powder in 50%yield, following the procedure as described

for compd&EHacEsI HRIAR(CERe I mbe e rEepnie by s were drisd pyenppdigm pyldatggndshes (s 2H),

6.69 (S, LT fitied Fedubdaiprestith. 7148 debidis Qa8 piidHDy Bifterkdiolra b brimidd118.02 (d, J =
8.57 Hz, 1H), 51 0321}J8te G: Pr parat'an of 2-chloro-6-methoxy-4-(4-methoxybenzyloxy)-8-

methyl-qufhOfifie 88k R ABTAS BYRBELBEE #5H-compound 451 as a white solid in 58%
. 280 O e B P e At 15
e L e T Lo s
Preparati -(4-iso -thiazol-2- T +(4- metl - -methylsquinoline
471 Comﬂf)bl%cﬁM (10‘8{%&0g%é%ﬁ%o%%%:}gﬁ%%ﬂ&ggﬁg%%%@%%?@ég %Zr%@g) ’,)%tn po%g‘ps{gi%m

| carbonatepr ey @ 9% sampRpi deddssed aabyelpous bR RO URcdniidib@&le radiations
- at 80C fopsd fnyrivanfipgdemavechunder veduaaeipreasyiaaiad s chude.matetiahwasurified by

chromatography on silica gel (Petroleum ether/DCM) to yield compound 47f as yellow powder in 63%
yield. 1H KRASIEEOEBEIMIEDS solvarsgrearipep smevesindetrycadyrosspres Bheassidys), 3.85 (s,

3H), 3.89%ss ftt)rded Ixieh BEhod9 fched TSOULREN BHhled, O {RedHitd pdrGRubledbr/ 284 (d, J=2.93

Hz, 1H), 7.49 (d, J= 9.10 Hz, 2H), 7.79 (s, 11-1). WO.2009/029596PCT/US2009/000688 [00323]Step
Al: Prepa%?8&1“6465%3393?&)}9ﬂa‘}ig%}%w%ﬁ%a%\%gﬁ%ﬁ%%&%gx/g-yée- iethyl-quinoline 43f.
Compourigy 4l 234 3-82 mm}{ﬁ‘?ﬁ?W!@ltfﬁiry@@%ié%g%)“ﬂ?@swm apd sediupyiodide (423
mg, 2.82 gll‘:g%) *q{jCN (26 mL) were stirred at 85 C for 1 hr. The mixture was then filtered through
celite and the ‘Solvent was evaporated. The brown solid obtained was suspended in water, pH was

adjusted picauith 1N MC), Ahe mpsiirnasexiacisiiithROM diisd 0ugs Na2304, filtgred,

concentrated under reduced pressure, and purified by chromatograophy on silica gel (petroleum

ether/DCRBAGEPL Bripdithesradded BRoRM SoRBdRT BETOgRAI0 “NIOR YESPRLISNA60 MHZ) 6 1.40
(d, J= 6.93iB0@id)32 8RB (8, BEY,) IUBEIRA MIBHMIIAAKS S8 )/ . Q8 Seabiddn hrdlndr whb, 7.55 (s,

H. 779 Gkl 00 A S0 Hk A G o R O Y g SRR 2
chloride salt was removed from the reaction mixture through filtration. The solvent was then
removed under reduced pressure to give compound 38 as yellow oil in quantitative yield,
which was stored under nitrogen and used directl-y in the next step without further

purification.

[00299] Step E: Preparation of 1-(2-amino-4-methoxyphenylethanone 40z.
Trichloroborane (1M} in DCM (82 mlL, 1 eq.) was added dropwise to a solution of meta-
anisidine 39a (10 g, 1 eq.) in toluene (56 mL) under nitrogen at 0-5 °C over | hr. After
stirred for 10 min at 0 °C, ACN (5.2 mL, 1.20 eq.) was added. After the reaction mixture was
stirred for additional | hr at 0 °C, aluminium(III) chioride (11.9 g, 1.1 eq.) was added at 0 °C.
The reaction mixture was stirred at 50 °C for 16 hrs. The reaction mixture was then cooled

down to 0 °C, and propan-2-ol (38 mL) was added over 10 min, followed by addition of
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56a: K5 = H, Re = H, It7 = OCH3, Rw = H 56b: K5= H, R6.= H, K7 = OCH3, K8 = CH3 56c: RIi, Re =
H, Kr= OCH3, 1t8'= F 56th K5 = H, = H, = OCH3, = CI 56e: R5 = 0033, R6 = H, Rr =0C113, = H 561:
Re = H, Rc = OCH3, Kr =H, R8 = CH3 56g: R5 = H, Re OCH3, =CIl, Re = H 56h: Re =H, = H, K7 =
OCH3, R8' M8 80422 Phe syntheses of macrocyclic compounds 56 areffisHEEE HSEheme 10,
where R5', R6', RT, and R8' in compounds 54 and 55 are the same as defined in compounds 56. WO
2009/099%e8P CTUS20067080688. SEheree On[60R2E] Staphaateddp Aatic oo (BS, 4R teert-butyl

2-(N-(hexzgaam l)i'mtb¥b,%96%99%%%5&9@8%&%@%8@%) was added. Th46 aqueous

carbamoy1l)-4-hydroxypyrrolidine-1-carboxylate 48. To a cold solution of cis-N-Boc-4-

hydroxy-Lase5IHis crogeEbyithoqivens 6tHEZ6l-1 -k RoRe e segrsdaygraropie Magwamidioborate
(TSUI' 15051 &3 o), )ind, GRaNBARER2addidR fifhd. etneiSoRMET {30 fahd santaiping DIPEA (29.4

mL, 3.9 eq.) was added dropwise under nitrogen at 0 C. The reaction mixture was stirred overnight at

room tem?fgf’é‘ﬁljr‘é‘,l 3%%@%%@%5%@1’%@ Watlldind extracted with diethyl ether. The organic layer
was washedhifh Peiey diigd piesMAsResiALsuiale angeancenirared urderiedugad pressure. The
residue was ur%g/I chromgt raphy on s7|I|ca el to yie d compound 487as a’rose powder in 95%
yield. 1H ?\lﬂfﬁ“( 156t 12b %ﬁé’)‘ B 1597103 Q%n:’ gﬁg?i‘z‘éh.ss (m, 4H), 1.70-1.80 (m, 1H),
1.97-2.12 ), 2.7%2,9%.( 15:3.40 H), 4 rs,.+1-1).4.504 4),
4.90-5.04[%?, 3H). 5.75’%".’8%’ ﬁe?lé%t%@éﬁ%% é?ﬁmaﬁ?é%%ﬁﬁ%e@%@amn of
(2S, 4R)-NomesuseAiln wehyrhepiredrfiethipyeibiivine-mahybontngi d8ug ayifliroedidie acid was
added drogwisg.a, %c%@l‘dﬂ%‘t@ﬁﬁ@%@éﬁ?ﬂe% @e%r?b@@f%%@%xﬂ@e@l—)- The reaction mixture was

stirred for 3 hrs at room temperature, and then trifluoroacetic acid was removed under reduced
_pressure Mib¢ESEIBUY: was -£qEvaperated with toluene to yield compound 49 as pale yellow oil in
. quantitative yield. MS (ESI+): m/z = 227 (MH+).

[00301] Step G: Preparation of 1-(2-amino-4-chloro-5-methoxy-phenyl)-ethanone
40g. Compound 406g was synthesized from 3-chlor-4-mcthoxy-aniiine 39¢g as a brown solid

in 50% yield, according to the procedure as described for compound 40a.

MS (ES], EIN): m/z = 200 (MH").

100302] Step H: Preparation of N-(3,5-dimethoxy-phenyl}-4-isopropylthiazole-2-
carboxamide 41e. To a stirred solution of compound 37 (1.38 g, 7.8 mmol) in DCM (50 mL)
under nitrogen was added oxalyl chloride {1.16 g, 9.1 mmol). The reaction mixture was
stirred at room temperature for 90 min. The solution was filtered under nitrogen and washed
with DCM. The filtrate was concentrated under reduced pressure and the residue was
dissolved in dioxane (20 mL). 3,5-Dimethoxyaniline (1 g, 6.5 mmol) in dioxane (9 mL) was
added dropwise. The reaction mixture was stirred at room temperature for 90 min. Solvent
was removed under reduced pressure and the crude material was purified by chromatography

on silica gel (EtOAc/DCM) to yield compound 41e as a white solid in 90% vield.

"H NMR (CDCls, 400 MHz) & 1.35 (5, 3H), 1.37 (s, 3H), 3.14-3.17 (m, 1H), 3.82 (s, 6H),
6.30 (brs, 1H), 6.97 (d, J = 2.30 Hz, 2H), 7.19 (s, 1H); MS (ESL EI) m/z = 307 (MH™).

[060303] Step I Preparation of N-(2-acetyl-5-methoxyphenyl}-4-isopropylthiazole-2-
carboxamide 42a. Under nitrogen, a solution of compound 40a (3 g, | eq.) in 1,4-dioxane
{30 mL) was added at 0 °C to a solution of compound 38 (4.1 g, 1.2 eq.) in [,4-dioxane. The
reaction mixture was stirred at room temperature overnight. The solvent was removed under

reduced pressure and the residue was purified by chromatography on silica gel to yield
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[00327]Step C: Preparation of (1R)-1-{[2(S)-(hex-5-enyl-methyl-carbarnoyl1)-4(R)-
hydroxy-pyrrolidine-N-carbonyllamino}-2(R)-vinyl-cyclopropanecarboxylic acid ethyl ester 50.
Triethylaming L 4Rbes3,£0.) Was added at room temperature under nitrogefQ-a0orisbusg of
compound 34(0.7 g, 1 eq.) and compound 49(1.2 g, 1 eq.) in DCM (15 mL). The reaction mixture was

stirred ovgrm%\r)&neg gg@e§m?§3 raelg?ga} g dSuenched with 1M aqueous hydrochloric acid. The

organic Iayer ried over sodium sulfate concentrated under reduced pressure. The residue
was purlfI@mMRm@U@xgog@nhmp siteshgeal 10 yield-comperndrd) as A Whins, sobid (Rep0yeyield. 11-1
NMR (D % 9@14?1 Ut 05%54‘&;1% 14 691310693 Han3hlh di Lp=lolel (Ty) HL H‘%&Z -1.30 (m,

114), 1.3 154-1.57 (m, 1A),. L.71-1.78,(m, 1H), 1 972 ,4H),
A

o T ST (g é%@s(dﬁl’i%{éafﬁ% i 0 b D M B s 28 [ OME 101 4 07
ot )zé?ﬁ%%fofymoi?a%{‘ PR ol T ARG A AT AR el 05206 (T 2

(ESD: m/ﬁ@mwmlq@@c}ﬂsﬁﬂw@ Rhepaemiprvot 42b was synthesized from compound 40b
(1R)'1'{[2$§9'c($}ﬁﬁo§n%§ RSB CARAMRYEA (R, WO AARR AR YRR Al 32Q0HRAAGES

tert-butyldimethylsilyloxy-pyrrolidine-N-carbony1}-amino}-2(R)-vinyl- cyclopropanecarboxylic acid ethyl
ester 51. tORAR n atmosphere, the tertbutyldimethylsilyl chloride was added to a solution of

compound 50 g, | eq. (537 uL, 1 eq.) in DCM (6 mL) The reaction mixture was stirred
overnightggg %éa%ﬁm r?atu)ggag u)enched with water. The organic layer was washed with brine,
dried on sodium sulfate, and concentrated under reduced pressure. The residue was purified by
chromatofi@Hhy on silivam&! tBrynasdomciet &Ltn-20ds oyl mathrivir¢mIs-d6, 400 MHz): 5

0.03 (s, 6083 1(Ga bl L A% dedRild 4de E09 N 2434 Hig %hémlzé‘alﬁ%%q(m Hdind.21-1.29 (m,
2H), 1.32-1 41 (n, 2H), 1.54-1.57 (M. 2H), 180186(m 2H), 1.91-2.09 (m, 4H) 75(s 1H), 2.97 (s,

2H), 3.06{B19%-thrmethyx ghousl bothanonping compend A8 o58 beisg LG w%p;w 966-4.71 (m, 1H),

4.90-5.063600 rdihplde Bhd Brocébuidds diestrindd e dmding 444), 5.51-5.61 (m, 1H), 5.75-5.83 (m, 1H),
7.12 (s, 11-1); MS (ESC): m/z = 522 (MH+). [00329]Step E: Preparation of

(2)-(4R,6B455E417 R)-2, Ak i BH3G- I8M-methy1-17-ten-
butyldimethylsilyloxy-1,3,13-triazatricyclo[13.3.0.0loctadec-7-ene-4-carboxylic acid ethyl ester 52. To a

solution O{fogg[m?ound e f OB AGala B8 4P REEEELQR (gg@gqglg%{%bﬂél Dby bubbling nitrogen),
e

the catalyst (Hoveyda-Grubbs Catal st 2nd generation) (6%) was added. The reaction mixture was
flushed Mfﬂﬁﬁﬂ?&ﬁéﬁ%@ﬁ%ﬁ%ﬁ?’ﬂﬁ’é@?% PAAFI A RS SRR RO WA LGB dwn to room

temdperat%@Q?M@%@?mgaﬂmfa&xa%@mfmmﬁ%@%@aﬁhﬁnw?yé:‘gmﬁmﬁhlg The ;
cruae proauct was rime ch alogra llica gel 10 yield compoun as a yellow powder
in 51% yué‘?& ew ﬁfs‘g %M&m}g ‘%‘gg? 6H), 0.85 (s, 9H), 1.01-1.07 (m, 1H), 1.11-1.15 (t,
J=7.29 Ec%il %6’5{&%&3 &ng%glz%‘;@ 3%@ 34§8?9 ﬁz%ﬁg)sﬂﬂfé i@?aﬂ“ 1H),

163177m2H 1.87:2.02 2.60"(m, | 2-3.05 (dd, = 9.67 and 2.97
Hz, 1H), BB 53 ¢ Y= hig 04 ¥nts bR, ﬁﬁﬁﬂ ﬂ)‘ éél:i@éiéh 164)(4 o0z 448 Hm 11Hy), 4.28-4.34

(td, | = 13520, nd 3y ﬂrﬂs'égéﬁ)zzéb R840 (), WS04 08 (ddy,), =13 200pth 3.04 Hz, 1H),
- 5.32-5.38 (m, 1H) 47°(m, 1H), 7.04 (s, 1H); MS (ESI, Er): m/z = 494 (MH+) [00330]Step F..

Preparati (4R,6S,15¢ 14-dj r, Y
methyl-1 ?éh%gflazatn‘gygl]l%f% gﬁ‘?ﬁgf’ %@%Zene cagﬁt%xfl&é Aid e%ﬁ{/‘l}ester 53. Under nitrogen
atmosphesepanpl ihipoh-tecaperstongs & 3o | Ufioa o6 FBABN dVERAIRR 1163 mll 224 mmol) in

DCM at 0 °C was added acetyl chloride (630 mg, 8.02 mmol). The mixture was stirred at
0°C for 30 min. Compound 41e (1.23 g, 4.01 mmol) was then added and the reaction mixture
was stirred at 80 °C for 90 min. The reaction was poured in ice and DCM was added. The
organic layers were separated, dried over Na;SOs, filtered, and concentrated under reduced
pressure. The crude product was purified by chromatography on silica gel (EtOA¢/DCM) to
yield compound 42e as a white solid in 82% yield.

'H NMR (CDCls, 400 MHz) 6 1.41 (s, 3H), 1.43 (s, 3H), 2.63 (s, 3H), 3.20-3.27 (m, 1H),
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ed.) was added dropwise to a solution of compound 52 (330 mg, 1 eq.) in TI-IF (2 mL). The reaction
mixture was stirred for 2 hrs at room temperature. The solvent was removed under reduced pressure.
The residue was dissolved in DCM, washed twice with brine, dried over WO _ ST
2009/09959BPCTIH323969/000688 sodium sulfate, and concentrated und® VESHIHIPHE residue was
purified by chromatography on silica gel to yield compound 53 as a brown solid in 94% yield. 1THNMR
(DM50-d6,%06.NH]z)3 .90 02-3D76(RY, Ky, L2 B2, 1LHE (,19.6618D:184 236)/E2030 2 72(fiIRH), 1.33-1.38
(m, 1H), 1.40-1.43 (dd, J = 4.50 and 4.76 Hz, 1H), 1.56-1.59 (del, J= 4.50 and 4.96 Hz, 1H), 1.65-1.69
IhD, 300 37 0 8 97 S 400 o T 00 5.0 (1 104 A5 (1114 76:4.33 (.

,J =4.97 apd 4.9 m, m, , 4.29-4.33 (m,
1H). 4.36asaa%r§rz§@1m5’}%3s%@rzﬁ%%&?ﬁ%.?s@g}l?a%é%szww%. 6‘?8‘?%‘2.%‘%"#?2}‘&%)?%32-5.37
(m, 1H), arD4Bekié Grbeibid soGPh E5% khe M SddoSling o thézprod8iufivid Hps[ORd3 FiStempBoRreparation
of (2)-(4R,68,15,9,175)- | 7-[8-fluoro-7-methoxy-2-(4-
isopropylt %‘zol-Z-yOquinoIin-4-y|oxy]-13-N-methyl-2,14-dioxo-1,3 ,13-triazatricyclo-
[13.3.0.O]Jgggggp-gﬂp%-g%rg)pa%f@?cid ethyl ester 54e. To a solution compound 53 (240 mg, 1 eq.),
compound 43c (201 Mg, 1 eq.), and tfiphenylphosphine (331 mg, 2 eq) in THF (60 mL) was added
dropwise DIAD (249 ulL, 2 eg.) under pitrogen at 0 C. The reactjon mixture was stirred at yoom
tomperat TN might S EH A Pt o EBT AR B B e TR AR Brome,
washed wigh. alNaHA QD satlvadgdsedutibn(d3d DgneeainithdBe®HA &pdilimssntiiehe solvent was

removed under reduced pressuyre the residue was putified.by chromatoqr. Qp silica gel to yield
ot By oriden B B i L A R v
(2)-(4R,68r1.58d #8) tdRddetoiky P2 and quenched with MeOH (10 mL) and acetic acid (2.5

Isopro py'&ﬁi?f%ﬂ%ﬂf‘%@}%%%}ﬂ] i&t@é”’é@@é@é’ %Ji‘gsg'ﬁlr'éjﬁ)éodge@e;iﬁﬁe was triturated in a

triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid ethyl ester 54a. Compound 54a was
synthesiZB s tdiapblinaies ispigted p lirrtian pisshad st i 18 bcthee B RAeER %S described
for compeyipgiadenfisutaab £ atpén b eAidMiry 1K03s31Step I: Preparation of
(2)-(4R,68,158,175)-1747-methoxy-8-methy1-2-(4-

isopropytH MR PO inatifo Wiky]- 13HR2n bty -6 I EHioNdI1 18] 43m, 1H), 3.89 (s, 3H),7.06
triazatricyglof 1 3-8,0.Gnctaslae; ArNS dacarboxdieracisigthylester H4br Campesna 54hwas
synthesized z%{gﬁompound 53 and compound 43b in 42% yield, following the procedure as described
for compoun c.

[00310] Step P: Preparation of 2-(4-isopropylthiazol-2-yl)-7-methoxy-8-

methylguinolin-4-ol 43b. Compound 43b was synthesized from compound 42b as a yellow

solid in 60% yield, according to the procedure as described for compound 43a.
 MS (ESL, EI'): m/z = 315 (MH").

[00311] Step (: Preparation of 2-(4-isopropylthiazol-2-y1}-8-fluoro-7-
methoxyquinolin-4-ol 43¢. Compound 43¢ was synthesized from compound 42¢ as a yellow

solid in 90% yield, according to the procedure as described for compound 43a.
MS (ESL, ET"): m/z = 319 (MH").

[00312] Step R: Preparation of 2~(4-iéopropyithiazol-?—yl)-S,7-dimethoxyquinoi'm--4~01
43e. Compound 43¢ was synthesized from compound 42e as a yellow solid in 60% yield,

according to the procedures as described for compound 43a.

TH NMR (CDCls, 400 MHz) 6 1.37 (s, 3H), 1.39 (s, 3H), 3.15-3.22 (m, 1H), 3.95 (s, 3H),
4.05 (s, 3H), 6.45 (s, 1H), 7.03 (s, 2H), 7.62 (brs, 1H), 9.55 (s, 1H); MS (ESL EI"): m/z =
331(MH™).
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MS (ESI, Er): tn/z = 676 (MW') [00334]Step J: Preparation of

(2)-(4R,68,158, 175) 17-[8-chloro-7-methoxy-2-(4-. -

isopropylthiazol-2- uinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatric cIo- WO
2009/099598%2?%}@%691000688 [13.3.0.0]octadec-7-ene-4- carboxyluc”&&ﬂfvé%ﬂ‘iﬂf‘é‘?@? 54d.
Compound 54d was synthe5|zed from cowound 53 and compound 43d in 48% yield, following the

procedurd 48 scribed st SoRTEBRiHH M TrchieresR-Erisamery BbEanh j00335]Step K: Preparation

of (2)- (4%%&5%%%)&74455 43HMEeBYYuRd(43g was synthesized from compound 42g as a yellow
|sopropylthj1 ;ﬁ yinolin-4- ong 13-N-meH@(1 -2,14-digxo- }]‘,3 ,13-triazatric cIo[13 3 0.0]octadec-7-

ene-4-carfit Bat |a§g? ° &5 HRISS %54%9\%%?‘%?/?% %ﬁpﬁﬁﬂqé fhpound 53 and
compoun%S %ﬁg@é@ E%OW the procedure as described for compound 54c. MS (ESI, Er):

rez = 693 te rep ratlon of (2)-(4R,6S,158,175)-1746-methoxy-8-methyl-2-(4-
isopropylthiazol-2- yOqumoIln -4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7-
ene-4-carlRyiid acid et Est%'ieB@?E‘“%ﬁf&ﬁﬁ@@4&%§%§hﬁw@si§@@%ﬁﬁb%§uﬁa 53 and

compounqzﬂﬁm/w@e:gs solighf @Q%MH&EJ@}M@QB&?30@6@&@1@%@1@@&6@&[@@@4@&&@&%“nd S4c.
MS (ESI =676 (M M: P
(Z\)S ((45 65{%@&% at?ﬂ)%QOBaH%St%% re()ol B%téort]he disclosure of which is incorporated

isopropy|theazolb2-ydjepsine! in-dsydaiyg el 3-N- methyl -2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7-
ene-4-carboxylic acid ethyl ester 54g. Compound 54g was synthesized from compound 53 and
compound83g sk BIWhite soR8Ar{M 7Y% yield, following the procedure as described for compound 54c.
MS (ESI, EV): tn/z = 696 (MH+). [00338]Step N: Preparation of

(2)-(4R,6848Rd B>)-1748-bromo-7-methoxy-2-(4-

~ isopropylthiazol-2- yl)quinolin -4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7-

ene-4-ca acid te 54h mpound 54h t eS|zedf und 53 and
compoun@%ﬁis ab;\%| |df|)n 5%1)?'6{5%"1[?0%0[%\{;’23 ‘S%(é)ﬂ 2 dure as dtesl%%%e%%o?liompound 54c.

MS (ESI, iyt $ﬂ52‘5ﬁ)f7¢ﬁ‘ﬁwpﬁf9ﬁ}’[@@33@l]fgt%|§ Ol Prapsdianienhytirous THF (100 mL) at -78 °C
(2)-(4R. 69 domidd PILIGAB RO GomaiRAXY Phaé4eaction was stirred for 1 hr and the temperature

reached -40 °C. The reaction mixture was cooled to -78°C and tri-n-butyltinchioride (23 g,
71 mmol) was added. The reaction mixture was stirred at room temperature for 48 hrs.
Water was added and solvent was evaporated under reduced pressure. The residue was
partioned between water and EtOAc. Organics were dried over Na,SQj, filtered, and

concentrated under reduced pressure to yield compound 44 as colorless oil in 55% yield.

'H NMR (CDCls, 400 MHz) & 0.88-1.62 (m, 27H), 1.40 (s, 3H), 1.42 (s, 3H), 3.17-3.24 (m,
1H),

[00316] Step AB: Preparation of 2,4 8-trichloro-7-methoxyquinoline 45d. A mixture
of 2-chloro-3-methoxyaniline hydrochloride 39d (15 g, 1 eq.), malonic acid (12.06 g, 1.5
eq.), and phosphorus oxochloride (80 mL) was refluxed for 16 hrs. The reaction mixture was
slowly poured into water and extracted with DCM. The organic layer was dried over
NaySOy, filtered, and concentrated under reduced pressure. The crude material was purified

on silica pad, eluted with DCM, to yield compound 45d as a white solid in 74% yield.

'"H NMR (CDCl, 376 MHz) 6 4.10 (s, 3H), 7.43 (t, J = 4.88 Hz, 2H), 8.12 (d, J = 9.48 Hz,
1H).

[00317] Step AC: Preparation of 2,4-dichloro-8-methyl-7-methoxyquinoline 45b.
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isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid 55c. A solution of compound 54¢c WO
2009/099596PCT/US2009/000688 (453 mg, 1 eq.) and LiOH (75.8 mg, 5 eq.) in water/THF was stirred
overnight at ¥8PteRBEature. THE was evaporated and the aqueous lay¢ W Heitfef topH=6
with 1M aqueous hydrochloric acid. The product was extracted three times with EtOAc. The combined
organic laffenspiaré 4Fhshedsyihdsizad fmiedmsgdimalhﬁa;enﬁnﬁ hoaeehinied Wnderdreduced
pressure. r rlfled ch ato on 5| eI to yield oynd 55c as a white
Powder LS e T R TR S R
(2)-(4R,68ABBRF@RIF-[7-methoxy-2-(4-

isopropylthiazol-2- quInO in-4- élB N-methyl-2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7-
ene-4-carbo M &M% B2 vk 10k Essi B fovh Eoibotidd G4al S99 He solid in
22% yieldipllewmgi tre-proceadiireras described for.compound 55¢. 1H NMR (CDC13, 400 MHz): 6
1.20-1.26 (m, 2H), 1.28-1.34 (m, 2H), 1.08 (d, .1=6.77 Hz, 6H), 1.55-1.62 (m, 2H), 1.81-1.86 (t,J=7.20
Hz, 1H), 1.90-1.93 (m, 1H), 2.23-2.37 (m, 2H), 2ca3nd,9J= 13.90 Hz, 1H), 2.82-2.90 (m, IH), 2.96-3.02
(m, 1H), 3.05 (s, 31-1), 3.18-3.25 (m, 1H), 3.79-3.83 (t, J = 7.79 Hz, 1H), 3.97 (s, 3H), 4.01-4.05 (t, J=
7.75 Hz, 1H),¥.59-4.65 (td, J= 143(1]@; 70 Hz, 1H), 4.89-4.92 (t, J= 10.50 Hz, 1H), 4.97-5.00 (m,
1H), 5.14 (8, 1K), 548-5.55 (M, 1H), 5 35 ,J=11.00 and 4.47 Hz, 1H), 7.07 (s, IH), 7.11-7.14
(dd, J= 926and240 Hz, 1H), 7.37 (ddS —240 Hz 1H), 7.55 (s, 1H), 8.01 (d, J=9.20 Hz, 1H); MS
(ESI, Er): m/z =634 (MIT). [00341]Step Q#Preparation of
(2)-(4R,68,158,175)-1747-methoxy-8-methyl-2-(4-
_isopropylthiazol-2-yDquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-

triazatricyclo[1 % 0. 0]octadec 7 -ene-4-ca OX)@IC aC|d 55b. Compound 55lﬁ/vascs/ynthe5|zed from

1H NMR (CD 4oo gt
1.40 (d, J;#69 ,,\@Ij),f b-

2.21-2.27 (m, 1]
(m, 1H), 3.46-3;1 (q J=6.85 Hz, 1H), 3, 78,,3 82 (t, J= 7.60 Hz, lH) 3.99 (s, 3Jg|) 4.59-4.65 (t =
13.29 Hz, 1H), 4.89-4.99 (m, 2H), 5.11 (s, 1H), 5.47-5.54 (m, IH), 5.63-5.69 (td, J = 5.54 and 4.45 Hz,
IH), 7.05 (s, IH), 7.23 (d, 1=9.20 Hz, 1H), 7.50 (s, | H), 7.98 (d, J =9.20 Hz, 1H); MS (ESI, Er): m/z =
648(MW). [00342]Step R: Prqparaggﬁl\@f (2)-(4R,6S,158,175)-1748-chlors-7-raethoxy-244-

isopropylthiazol-2-yOquinolin44-ylo} y] -13-N-methyl- &4 '8’%9 1,3,48- WO
2009/099598BE4/11US2009/p0068E Riazatricyclo[13: -7-e arbo ylic acid 55d.

Compound 55d was synthe d fro poun 54@16@9%%5 lidtn_15%. yietd, following the
procedure as described®or cdmpotind 58¢. R (CDC13, 400 MHz): § 1.26-1.34 ( ,
1.39-1.41 (d, J= 6.40 Hz, 6H)R*..55-1.615¢/ 6H),"1.82-1.90 (m, 2H), 2.23-2. 36,(m, TAY 2.63 (d, J=

14.03 Hz, 1H), 2.81-2.90 (M, 1H), 305 (s, 3H), 3.18-3.26 (m, 1H), 3.81-3.86 (f'1 =7.68 Hz, |
H),4.03-4.05 (m, 1H), 4.08 (s, 3H), 4.58-4.64 (td, J = 13.40 and 2.34 Hz, 1H), 4.89-4.95 (1,1 10.69 Hz,
“1H), 4.97-5.01 (dd, J = 5.01 and 4.01 Hz, | H), 5.15 (s, 1H), 5.50-5.57 (m, 1H), 5.63-5.70 (td, J = 10.81
and 4.47 [99318). 7.10 SnHP 7Prspumtipe of AgHdichiery-G-B5thoNy§- BBy (dgnokinedHz A H); MS

(ESI, Er): ﬂﬁm@ﬁ&%@xi@%ﬁﬁﬁl&e Regpaatidnuafmmol), malonic acid (5.68 g, 54.67
(2)-(4R,65,155,175)- 1745 7- dlmethox

isopro pylfﬁfﬁ?ﬁl HH%%WSW?}EL Ngerﬁ%eﬁﬁ%i v2s grdleret £0136 hrs. The reaction
triazatricymi@fil&&éh@ﬂ@ﬁtﬁdﬁ@d?dﬁcﬁﬁv&%ﬁ:&rﬂamﬁ,dleﬁw&ieoﬁﬂmpeuﬂdmseﬁﬁHMZ@d from

compoungv 5ﬁeedav§1§1 \é/rkillq[& 391'(1, é,%% az§|8|4(,j ‘ﬁfi flslr% g r;[peen AT duc{er redgcegcf gll%esguggré:ngn pound 55¢.

purified by chromatography on silica gel (DCM) to vield compound 45f as a beige solid in
43% yield.

"H NMR (CDCl, 400 MHz) & 2.72 (s, 3H), 3.95 (s, 3H), 7.27-7.28 (m, 2H), 7.47 (s, 1H).

[00319] Step AE: Preparation of 2,8-dichloro-7-methoxy-4-(4-methoxy-benzyloxy)-
quinoline 46d. NaH (60% in oil) (670 mg, 1.2 eq.) was added portionwise to a stirred
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MS (ES1, Er): m/z = 664 (MH+). [00344]Step T. Preparation of
(2)-(4R,63,155,175)-17-[6-methoxy-8-methyl-2-(4- isopropylthiazo1-2-ypq utholin-4-yloxy]
-13-N-methy1-2,14-dioxo-1,3,1 3- triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid 55f.
Compound 589\9/8$aittesized from compound 54f as a white solid in 1086%isitssligedng the
procedure as described for compound 55c. MS (ESI, Er): nilz = 648 (vai.). [00345]Step U: Preparation
of (Z)-(4Rs6ﬁttﬁ@9f?5)%éiﬁéiybhiﬂﬁda&mheﬂ{i@>@l 2:(B2 eq.) and 15- crown—S (3.32mL, 1.2eq.)in

isopropylthi -yl 3 N- meth [-2,14- |oxo
triazatricyclo Oioc?a(? ye?[:gg oxy c%ééfé OE{B era SOW%%%y%thesued from
com poun@@ﬂgﬁa@é%ﬁlﬁé 8611 ireg0%6 Mﬂdﬂ@ﬁbi&mg (Bé pﬁo)cwdutﬁeasdimmbﬁmcﬁm:u@ound 55¢.

MS (ESI, B ZafqB{dy E{"i)m[tgqgﬁ%&ﬁg VioP [%Rééa“ﬁ{é QJaction mixture was then poured
(2)-(4R,65,153, 1733j 1718-bromo-7-methoxy

|sopropylﬂ‘i‘?&z‘ﬂ‘ﬂ’u‘?r §Oirdin sxRA6567 ‘Ighl\ﬁ?ﬁ&éyif@qm@rdﬁ@ﬁ% fitered, and concentrated
triazatricychakl3e3:Qi0siades: / BRASHRAMIF G B CoyRR A QRIS SYIhesized from

compoun?8 54h as a belge olid in 90% vyield, followin c? the procedure as described for compound 55c.

WO 2009/BFEHEEBE PSS B Geapend 49 2spvsliRivpidaraisipidv: Preparation of

(f)3 (IﬁRm(Ssﬁll %iéﬁ (%(%4%%5 iaza n&fg oﬁ[ g?g (()l]ﬂ)( i’tg(? 5722e¥r5%;z%0 él’blm%)%n(gtk{yl
-cyclopromﬁ Jsulenahidb 256, Uridet hitrdyehd 2 (Solitdh>ofinriBouhassEe [Fomy Heetf)and CD1
(37.6 mg, 2 eq.) in THF (6 mL) was heated under microwaves radiations to 80 C for 50 min.

1-Methylqyooprppyisulfesaardept3daariont b etibang-RBhy L {3R3He,-2-efAh¥igsethen added under

nitrogen. Ther a%r}glxture as _heated under microwaves radiations to 80 C for additional 90 mm.
" The solve %PB?\& reRRBAYEAah RS RS Yas LR B HRE 4 1Y) 2 orEfography on
silica gel f@widddiaditfroviotll Yotlawiagvhitpraotiduie 220esyiehdd FaAchbivis (RIS -d6, 400 MHz): 50.86
(m, 2H), 1.09-1.12 (m, IH), 1.21-1.23 (m, 1H), 1.34 (d, J= 6.54 Hz, 6H), 1.39 (s, 3H), 1.45-1.58 (m,
5H), 1.83-H.38V(F QRS2 005203 2169)(2 B (m,3200)3 956,389, (1l S161)2H)78.66, GH),
2.75-2.80; 87.( AL ( , A =.6:87 H
3.49-3.53 &? é_?h%@?% 670 (52%19337‘2 ﬁ%yéi??g@ t%%ﬁgr{zuq Iﬂe 4%336?13 45%31}1%12 78H|dz§ && f
4.78-4.8378-3HIg UdHz, 1H), 4.91-4.95 (m, 114), 5.52-5.54 (m, 114), 5.65 (brs, 114), 7.57-7.60 (m,
314), 7.86-7.89 (d, .J = 9.52 Hz, 114), 11.70 (s, 114); MS (ESI, Er): m/z =769 (Mt). [00348]Step X:
Preparati(ﬁ‘OB)I(Z)-@R,S&Ejﬁlﬂﬁi.’lPﬁf)ﬁélrﬂﬁé’nméﬂqdﬁwﬂ-@methoxyn4-(4-methokybenzyloxy)—g-

methyl-quinoline 46f. Compound 46f was synthesized from compound 45f as a white solid

in 58% vield, following the procedure as described for compound 46a.

'"H NMR (CDCl;, 400 MHz) 6 2.68 (s, 3H), 3.80 (s, 3H), 3.83 (s, 3H), 5.11 (s, 2H), 6.72 (s,
1H), 6.97 (d, J = 9.03 Hz, 2H), 7.15 (dd, J= 3.01 Hz and J = 0.96 Hz, 1H), 7.20 (d, /= 3.00
Hz, 1H), 7.40 (d, J = 9.03 Hz, 2H).

[00322] Step AH: Preparation of 2-(4-isopropyl-thiazol-2-yl)-6-methoxy-4-(4-
methoxy-benzyloxy)-8-methyl-quinoline 47f. Compound 44 (100 mg, 0.29 mmol),
compound 46f (242 mg, .35 mmol), and potassium carbonate (48 mg, 0.35 mmo}) in
degassed anhydrous DMF were stirred under microwave radiations at 80°C for 1 hr. Solvent
was removed under reduced pressure and the crude material was purified by chromatography

on silica gel (Petroleum ether/DCM) to yield compound 471 as vellow powder in 63% vyield.

'H NMR (CDCls, 400 MHz) 6 1.40 (s, 3H), 1.42 (s, 3H), 2.80 (s, 3H), 3.17-3.24 (m, 1H),
3.85 (s, 3H), 3.89 (s, 3H), 5.31 (s, 2H), 6.99 (d, J = 9.10 Hz, 2H), 7.00 (s, 1H), 7.21 (m, 1H),
7.31 (d,J=2.93 Hz, 1H), 7.49 (d, /= 9.10 Hz, 2H), 7.79 (s, 1H).
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isopropylthiawl-2-yOquinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0,0]octadec-7-en-4-yl]carbonyl1(1-methyl-cyclopropyl)sulfonamide 56a. Compound 56a was
synthesized from compound 55a as a white solid in 20% yield, following the procedure as described
for compound ®8¢oPsiNMR (CDCI3, 400 MHz): 50.74 (m, 2H), 1.10-1.2P{#USH49/040688 (d, 1=6.51
Hz, 6H),1.53 (s, 3H), 1.50-1.64 (in, 6H), 1.73-1.85 (m, 2H), 2.14-2.19 (m, 114), 2.36-2.37 (m, 1H),
2.51-2.54[08328H), 2.7 52841 (nPrepidri07 b4 m;&&aﬂéémxoblyll}tﬁz&%&%’l)m rkab;03§89 (s, 3H),

5 55.5 e e VA AR A comttt e b g S Ralh it BB s e
8.64 Hz, mupli aggsediun Aydids@2S mErn: &%mmvsqulks (ﬁﬁosh@}&eqasww@péﬁa‘i%fpoﬂ

(2)-(4R,68,156hd Apdeltd \L?i%hﬁl‘ﬁél@drﬂﬁgﬁéla éefits and the solvent s evaporated. The brown
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13

triazatricyt L2 8B s@sgependsl nynesroRRyies- W&Wﬁ%ﬁ%&%n@?ﬁlm & mpound
56b was synthesizediDOMaTPOUner DRbSEs, Xvhie, sotddrrtddd wiald rfollewingdharpraggdure as

described for nd 56c. WO 200 /099 6PCT/U82 88 IH.N CD 400 MHz): 6
o.sz-o.sgp&ﬁ‘f‘:éﬁ?’?f&‘ﬁ‘(ﬁ“ig!a@ 0B Eﬁ"—’l?ei R AL ‘8%9@559‘7@ sl ‘T‘éf“i‘%% S ),
1.91-1.95Hmw2 kYli@ 2 F2R5ighl. 1H), 2.41-2.49 (m, 1H), 2.21-2.25 (m, 1H), 2.59-2.63 (d, 1=13.63 Hz,
1H) 2.70 (s, 3H),2.86 (d, J = 5.52 Hz, 1H), 2.90-3.03 (M, 2H), 3.06 (s, 3H), 3.21-3.24 (m, 1H),
3.75-3.79 H,NMR.M;% A9 Mide) 5 1 39)d4/60 4% 61a, 61513.80 IAHKS, W 8024 .68, (Ml)2H), 5.04 (s,
LL1) S92 40, 49,01 00 ] 0943 ), PG osR MR H): 7.04 (6 11

7.97-8.00 (d, 16 (s, IH); MS'(E I Er m/z = 765 (MH+). [00350]Step Z: Preparation

_of (2)-(4R,68,158,175)-[1 7-[8-chloro-7- methogé-z §41-

* isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-m =2, t4-dioxo-1,3,13- triazatricyc lo [13.3
.0.0]octadec-7-en-4-yl] carbony P{dpmeihyledpdiapsopytit Suttgroamis §66d. Compound 56d was
synthesized from compound 55d as a white solid in 15% yield, following the procedure as described
for compound 56¢. IH NMR (CDC13, 400 Hg}: 6 0.82 (m, 2H), 1.28 (s, 2H), 1.40 (d, J = 6.93 Hz, 6H),
1.57 (m, 8H), 1.87-1.93 (m, 2H), 2.22-2.24 (I, IH), 2.43-2.46 (m, 1H), 2.60 (d, J= 13.85 Hz, 1H),
2.84-2.90 (m, 1H), 2.97-3.00 (m, 1H)R3.0 R§20323 (m, 1H), 3.79-3.81 (m, 1H), 4.04-4.06 (m,
1H), 4.07 (s, 3H), 4.37 (d, J= 6.93 Hz, 1H), 45 -4.66 (t, J=13.85 Hz, 1H), 4.89-4.95 (m, 2H), 5.06 (s,
1H), 5.52-5.54 (m, 1H)564566(m1 : 1H), 7.21- 7.24 (d, J =9.70 Hz, IH), 7.59 (s, 1H),
8.05 (d, J=9.70 Hz, 1H), 11.13 (s, IHB‘* MS (ESI, E ): m/z = 785 (MI-"). [00351]Step AA: Preparation
of (2)-(4R,65,15S,175)41745,7-dimethoxy- opylthiazol-2/yOquino lin-4-yloxy]
-13-N-methy1-2,14-dioxo-1,3,13- triazatri€yclo [13.3 .0] mo\c?de%en -4- yllcarbony | (1-methy
I-cyclopropypsulfonamide 56e. Compourgd 56e was sygthegized from compound 55e as a white solid
in 48% vyield, following the procedure as described for compound 56¢. MS (ESI, Er): rn/z = 781 (MH+).

\\//
<R

/

56a: R =H,R® = H, R” = OCH3, R¥ = H
56b: RS = H, RY = H, R" = OCH,, R* = CH;
56c: RS =H, R =H,R” =OCH,, R¥ =F
56d: RS = H, R® = H, R” = OCH,, R¥ = C1
56e: R® = OCH;, R¥ =H,R” = OCH;, R¥ =H
56f: RS =H, R® = OCH,, R” = H,R¥ = CH;4
56g: R =H,RY =OCH;, R" =Ci,R¥ =R
56h: R¥ =H,R" = H,R” = OCH,, R¥ = Br

[060324] The syntheses of macrocyclic compounds 56 are illustrated in Scheme 10,
where R°, R®, R”, and R® in compounds 54 and 55 are the same as defined in compounds
56.
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[00352]Step AB: Preparation of (2)-(4R,65,155,175)417-[6-methoxy-8-methyl-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]octadec-7-en-4-yllcarbonyl(1-methyl-cyclopropyl)sulfonamide 56f. Compound
56f was synMesI?edrs#h compound 551 as a white solid in 23% yield, foleWiigtflfiidBedure as
described for compound 56¢. MS (ESI, Er): m/z = 765 (Mir). [00353]Step AC: Preparation of
(2)-(4R,65,15S,175)-[1747-chloro-6-methoxy-3¢deme 10
isopropylthiazol-2-yOquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13- WO
2009/099596PCT/US2Q9/000688 OH
triazatricyclo[13.3.0.0]o§tadec-7-en-4-ylJcarbdny1(1-methyl-cyclopropyl)sulfonamide 56g. Compound
56g was synthesized {fo commmnﬂ 55¢g aﬁkwhlte splid in 20% yield, folgpn\ggg_g the procedure as
6C.TRISEST, E mfz-5 785 (MR). [003 Bp ADE&FEParation of
={17- [8Bbromo -7-meffivky-2- (fti'lmc o=
thyl-2,14-dioxo-1,3;
-methyl-cyclopropypsulfonamide 56h. Compound
5611 was synthesized from compound 55h agsa white-solid in 18%yield, wing the procedure as
described for compound 56e. MS (ESI, Er): m/z = 831 (MW). Example 5 Preparation of Macromlic
Compounds 61 61 R5=H, R5 = H, RT = OChi3ppk8= F1 6113: R= H, K&gdisR7 OCH3, Ftw = CH3

6lc: R5=H, R5 % R = OCH3,=F 61d: R5 :&H, ft7 = OCH3, Rw = %
TROMSCI Catalyst

o:\f ' %NZ _COgEl :{ >/N f\COzEt Ojj*; 7/ Z

described for compou
(2)-(4R,68,158,1
isopropylthiazol-2-yDggtinolin-4-yloxy]-13-N-
triazatricyclo[13.3.0.0]octadec-7-en-4-yllcarbon

N

T =) >W

50 51 52
\

RE. R¥
g

O
e T o S
> 7”’“‘2&*’“

33

50

[00325] Step A: Preparation of (25,4R)-tert-butyl 2-(N-(hex-5-enyl}-N-methyl-
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6le: = OCHS3, K6=11,= OCH3,= H 61f: = H, K6'= 0CH3,H, ftW= CH3 6lg:= H, Re = OCH3, RT CI, Rw
= H 61h: R5 = H, == OCHS3,Br [00355)The syntheses of macrocyc c compounds 61 are illustrated with
compound 61d as shown in Scheme 11, where R5', R6', R7', and R8' in compounds 59 and 60 are
the same as*¥ReAREPI8I*€ompounds 61. The same procedures are also appRCaFH¥tEBHEr compounds
61. Scheme 11 6061 [003561Step A: Preparation of

(2)-(4R, 68158007 By42hydraioporidiflsmdthybddee 48. To a cold solution of cis-N-Boc-4-

nitrobenz -1, 3. 13-4 i6y6l0[13.3,0,9l08 180 e-/reRadsaP Ry, as! ter WO
2009/099%%%&%&?&%%9%8 g%é@'?ﬁ'@’%%%%%ggoﬁipon of coﬁgﬁ%&%ﬁ%‘%ﬂ?{h@&i eq.),
4-nitro-beafirerboRo0 ML . bSet), ahd afipleat phpepd e 430.ogy, 111260 R ¥ BAF (10 mL)

was add%@%&@aﬁ%? m@Ek%MrHﬂgﬁf@'&i&g’%@ ARG akpe 182NN MiXiPER ¥ras-stirmgg for 3 hrs at

room temperature and concentrated under reduced pressure. The crude material was purified by flash
chromatoffAHRY BIEHE 2 BRPtErSAety BNt RacsY FNPETT il AN B TEBENEPE DY LB M H4)
[00357]Sta BitRkenavationiahid MR, 69 5&dni S)avel 4l oxasted Mg 0yl 3idd over

methy1-1,3,13-triazatricyclo[13.3.0.0]octadec-7-eng-4-carboxylic acid ethyl ester 58,.A solution of
compound S {798 ﬁ%%eé%%%ﬂﬂcﬁ%ﬁ Esh @e,c%cgac.)”iﬁs%%?e rﬁﬁ Eé@é%‘ﬁ?ﬁe%“ 6{??83}% temperature
until the remchcentogascoompidien g4 ko wasdevaporatddins dhesagoecis ilayétagieitied to pH= 6 with

1M aquequs hydrochloric acid. The product was extracted three times with ethyl acetate. The

combined %rﬁ%@%@%@%ygﬁéﬁ WhRDlindBndtbridd dver S08Id s ifite. - §hErsdient was
removed USder. r2ducaH p 23EA & RO, thE i SsiduiA0dm péiHiiet 23 (bhsohiiohfaph§ ofmsilita, gel to give
compound 5@ 4 0% yig)ds MSs(ESImED M S @8O(MEA)= 327 (M.
| [00326] Step B: Preparation of (2, 4R)-N-(hex-5-enyl)-4-hydroxy-N-
methylpyrrolidine-2-carboxamide 49. Trifluoroacetic acid was added dropwise to a solution
of compound 48 (! g, 1 eq.) in DCM (10 mL). The reaction mixture was stirred for 3 hrs at
room temperature, and then trifluoroacetic acid was removed under reduced pressure. The
residue was co-evaporated with toluene to vield compound 49 as pale yellow oil in

guantitative vield. _
MS (ESI): m/z = 227 (MH),

[00327] Step C: Preparation of (1R)-1-{[2(S)-(hex-5-enyl-methyl-carbamoy!)-4(R)-
hydroxy-pyrrolidine-N-carbonyllamino} -2(R)-vinyl-cyclopropanecarboxylic acid ethyl ester
50. Triethylamire (1.3 mL, 3 eq.) was added at room temperature under nitrogen to a
mixture of compound 34 (0.7 g, 1 eq.) and compound 49 (1.2 g, | eq.) in DCM (15 mL). The
reaction mixture was stirred overnight at room temperature and then quenched with 1M
aqueous hydrochloric acid. The organic layer was dried over sodium sulfate and
concentrated under reduced pressure. The residue was purified by chromatography on silica

gel to yield compound 5§ as a white solid in 70% yield.

"H NMR (DMSO-dq, 400 MHz): 6 1.10-1.14 (td, J = 7.07 and 2.01 Hz, 3H), 1.15-1.17 (m,
1H), 1.22-1.30 (m, 1H), 1.33-1.41 (m, 2H), 1.42-1.50 (m, 1), 1.54-1,57 (m, 1H), 1.71-1.79
(m, 1H), 1.97-2.07 (m, 4H), 2.74 (s, 1H),2.97 (s, 2H), 3.11 (d, J = 10.24 Hz, 1H), 3.15-3.21
(m, 1H), 3.43-3.48 (m, 1H), 3.91-4.07 (m, 2H), 4.29-4.30 (m, 1H), 4.65-4.69 (d, /= 6.50 Hz,
1H), 4.90-4.96 (m, 3H), 5.00-5.06 (m, 2H), 5.19-5.25 (dd, J= 17.04 and 6.50 Hz, 1H), 5.51-
5.61 (m, 1H), 5.71-5.83 (m, 1H), 7.08 (s, 1H); MS (ESI"): m/z = 406 (MH).

[00328] Step D: Preparation of (1R)-1-{[2(S)-(hex-5-enyl-methyl-carbamoy!)-4(R)-
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[00358]Step C: Preparation of (2)-(4R,68,158, | 7R)-1718-chloro-7-methoxy-2-(4-
isopropylthiazol-2-ypq uinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid ethyl ester 59d. Compound 59d was
synthesized WERPEWAEGEIN 58 and compound 43d in 50% yield, followinBGHE FHISEHNE as described
for compound 54c. MS (ESI, El4): m/z = 696(MI-14). [00359]Step D: Preparation of

(2)-(4R, 6 AR KRR Bibore pFamedidhoxy V2 ¢dbonyl]-amino } -2(R)-vinyl-

isopropylthiazol-2- InQliR-4- -1.3-N-methyl- -diox0- .
triazatric;%{%%%%% #c% ehcc%&'((legn)%{ﬂl -(%J}g%[icwgég}%b%g%%r%gﬂou %e%%éh\?vé?synthesized from

compounbubddimsthyiaiive chtididn wensddedttora rolviientpecpropens § G 8 sepibeerfdPediipdund 55¢.

IHNMR (W$9ﬁd§’e§. QA (4 261 34 Peadtidh 3Rl ks sBrfQ e BlihiladddnpO (M, 3H),
1.82-1.90°(m, 2H),1.97-2.01 (m; 1H), 2.23-2.36 (m, 2H), 2.63 (d, J = 14.03 Hz, 2H), 2.96 (s, 3H),

3.12-3.15{mperpyraang guencg A et 1L i o1ganialagersvasyashed widprine. 4940 and 2.34
Hz,) | H), 4«;;&9161-951&& érQ)l-@Snbl&ltﬂdrBd 5;2151(&&@@; Més(zee. mrelbeﬁa}% Q&ﬂ;&(ﬂ}iﬁe?bjs, 1H), 7.54 (s,
1H), 7.56 (d, .1= 9.78, 1H), 8.17 (d,".1=9.78 Hz, IH); MS (ESI, Er): m/z = 668(MH+). WO
2009/099é5 PRHTBRIbT Hﬁéﬂg‘fbb’fg%g%%%oﬁ‘?“fv%b‘é (66"8%(’2)-(4&
5511531}%?\%31?%{%@@9{6?1@@%{%%‘6403 (5, 6FD, 0,83 (i_s, OH), 109:1.13 («d, /= 7.09 and 2.24
isopropylthiazol-2-y)quinohn-4-yloxy]-13-N-methyl-2,14-digxo-1,3,13-
triazatric %[%1%)310{&8;1@ (‘:41‘%&5—:1;1&%éﬁc%g%'hgﬁ)lIr#éfh;%c%’l’épéf’p%émfg% Mide! %fd?ﬁéompound
61d was dy¥ftriesizHY frdin26Mpouhid) 60d%as a White®ddid 3R S%5yieid, @HaRihg theptdéBdure as
described foy, somEQMESGED) | MR XDME 0BG, 4.66-KHz)n6 824 (90- 268, (f OBH), 391 §;53J257.50 Hz
i2H), 12364l 2805 Znd 340, T ,%#Zs.éﬁgm}-ﬁi),(&%ﬂézs%- -89 (MokDi8Rd.88 (t, J=
' 13.26 Hz, @%%6;2%(@%1]; 9.36 Hz, 1H), 2.22:2.24 (m, 1H), 2.56-2.60 (d, J= 13,26 Hz, 2H),
2.66-2.77(%1?% ¥ 3390 (MBH), 3.12-3.18 (m, 1H), 3.34-3.39 (q/ = 7.02 Hz, 1H), 3.67-3.70 (d, J=
10.94 HZ{édibﬁBl'&%?eé% PR a?ﬁ%@%@f_(%)%k’ﬁ,ﬁﬂ%)&‘ ffg%g-é§143-hkb>éb§%:%r4§eﬁl§ﬁ7léﬁﬁ Hz, 1H),

4.78-4.84 (t, J=9.80 Hz, 1H), 5.08-50 4 Hz, 1HJ, 5.52-5.54 (m, 1H), 5.66-5.68 (m, 1H), 7.52
(s, 1H), 7'msvidmretylilyiony H, | 3Hyiazatacpciafly, B qptades- 2 ene4-ranporyesadd £y ms (ESI,
Er): m/z =£854MH)e Exanmiia 6ReeRsatio s 0f Masiecy eho GonprynetsA2) @2g:dRG) bt 4R6' == 0013,
RE'=H 6r2nE)n |§315 L;b%%ﬁ]éln?;rzglgﬁ)tlgc:ca?a }l;'s,tsiégge.y:dgggubbs Catalyst 2nd generation) (6%) was

added. The reaction mixture was flushed with nitrogen for 15 min. After refluxed for 3 hrs,

the reaction mixture was cooled down to room temperature, and poured onto a silica pad and

eluted with EtOAc and then vw.'fith EtOAc/MeOH. The crude product was purified by

chromatography on silica gel to yield compound 52 as a yellow powder in 51% yield.

"H NMR (DMSO-ds, 400 MHz): & 1.05 (s, 6H), 0.85 (s, 9H}, 1.01-1.07 (m, 1H), 1.11-1.15 (¢,

J =729 Hz, 3H), 1.16-1.21 (m, 1H), 1.22-1.28 (m, 1H), 1.39-1.43 (m, 2H), 1.55-1.39 (m,

1H), 1.63-1.77 (m, 2H), 1.87-2.02 (m, 3H), 2.53-2.60 (m, 1H), 2.89 (s, 3H), 3.02-3.05 (dd, J

=9.67 and 2.97 Hz, 1H), 3.50-3.53 (dd, J = 10.04 and 6.01 Hz, 1H), 3.90-3.99 (m, 1H),4.00-

4.11 (m, 1H), 4.28-4.34 (1d, J = 13.20 and 3.04 Hz, 1H), 4.58-4.60 (m, 1H), 4.66-4.69 (dd,J

= 13.20 and 3.04 Hz, 11), 5.32-5.38 (m, 1H), 5.40-5.47 (m, 1H), 7.04 (s, 1H); MS (ESL EI'):

m/z = 494 (MHY. '

[00330] Step F: Preparation of (Z)-(4R,68,155,17R)-2,14-dioxo-17-hydroxy-13-N-

methyl-1,3,13-triazatricyclo[ 13.3.0.0]octadec-7-ene-4-carboxylic acid ethyl ester 53. Under

nitrogen atmosphere and at room temperature, a solution of TBAF (1M in THF, 1.3 mL, 2

eq.) was added dropwise to a solution of compound 52 (330 mg, 1 eq.) in THF (2 mL). The

reaction mixture was stirred for 2 hrs at room temperature. The solvent was removed under

reduced pressure. The residue was dissoived in DCM, washed twice with brine, dried over
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62c: R51=H, R6fr = H, R71 = OCH3, R81 = F 62d: R51 = H, 116' = H, R7' = OCH3, R8' = CI| 62e:
R5.= OCH3, R6'=H, B7= OCH3, R8P = H 621: R5' = H, R6.= OCHS3, ft7 H R8t = CH3 62g: Rs.= H,
R6'= OCH3,117 = Cl, 128' = H 62h: li5I=Il, 116' = H, ft7'= OCH3, 128' = _
2009/09959@5’(321’9@@?%9/000688 [00361]The syntheses of macrocyclic %S%B%Zﬂ%%mgf are illustrated
with compounds 62b, 62d, and 62f. The same procedures are also applicable to other compounds 62.
[00362]Steginn P3RS P ORI URIR. a5 s 3 acPya 1 A9 Friude WRB RWAHRA-BY (4-

isopropyltinazl:ecyayinelin:gd: Yol e\ -onaibiid shadioxenin3sdBd in 94% yield.
triazatricyclo[13.3. 0 OJoctadec-7-en-4-yl]carbonyl(cyclopropyl)sulfonamide 62b. Compound 62b was

synthesizéHfigiR dMBOLd BBOMIHA) cy dI6BroPAsaifdibrrid8-asl & Geiye &8dHin B iyadld, following
the proceﬂgw?ﬁsmﬁq@ﬁ@ JereenpeungoStes Mg, (ESk, 5o iniiz 76 T (M) 1[003631Bdep.B-:

P t 4 8 l 8- h lin-4
-yrligs]rallg- nr%t)ﬁ%l Zl%% ng é %Igéltlhgggrr?jcgi Xy%)%gl' 10'%9 e?i;&éﬂ - %25 gb%ctéljlw;(l)(lgycl
opropypsiifohdm? ¢& @é%%ﬁ&éﬁé@é@r%@ Hed ?r%gﬂdco’mﬁb%%a%
cycloprop/iiFasamidielastaddrHite olid .16 % it (follohing 3hd g ocadlire, dsﬁdéiséﬁllﬁ@@ for

compoundss6eaMS oz E@{)W@G(&UL%M bsh@@ﬁ%%@@@z PRePENaban- 347 (m, 1H),

(2)-(4R,6
isopropylt%l&a?zg)l- - I’)qmr?c%m-%hﬁ xy]zlm-%-h(u -2,14-dioxo-1,3,13-
tria7atricygie18-3.0. 0]@%ﬁ@?@&%&éﬁﬂ%@t@@glpmqmﬁauﬁwﬁwﬁeﬁaa‘et%mm d 62f was

synthesized from compound 551 and cycloprogylsulfonamlde as a Whlte solid in 370? yield, following
the proce@ﬁ?éoﬁgl@‘é%@]l@éﬂl}%‘PBBHﬁb%G’ﬁﬂ‘%& Mameiay gl ioxe-7sq | Quiragatricyc

[13.3.0.0}octadec-7-ene-4-carboxylic acid ethyl ester S4¢. To a solut:on compound 53 (240
mg, | eq.), compound 43¢ (201 mg, | eq.), and triphenylphosphine (331 mg, 2 eq) in THF
(60 mL) was added dropwise DIAD (249 pL, 2 eq.) under nitrogen at 0 °C. The reaction
mixture was stirred at room temperature overnight. The solvent was then evaporated. The
residue was dissolved in EtOAc, washed with a NaHCO; saturated solution and brine, and
dried on sodium sulfate. The solvent was removed under reduced pressure and the residue
was purified by chromatography on silica gel to yield compound S4¢ in 61% yield.

MS (ESL, EIN): m/z =680 (MH™).

[00332] Step H: Preparation of (Z2)-(4R,6S5,155,17S)-17-{7-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxe-1,3,13-
triazatricyclo[13.3.0.0Joctadec-7-ene-4-carboxylic acid ethyl ester 54a. Compound 54a was
synthesized from compound 53 and compound 43a in 68% yield, following the procedure as
described for compound S4e.

MS (ESI, ETM): m/z = 662 (MH™),

[00333] Step 1. Preparation of (Z)-(4R,65.1585,175)-17-[7-methoxy-8-methyl-2-(4-
isopropylthiazol-2-yl)quinolin-4-yioxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0Joctadec-7-ene-4-carboxylic acid ethyl ester 54b. Compound 54b was
synthesized from compound 53 and compound 43b in 42% yield, following the procedure as
described for compound 54c¢.

MS (ESL EIM): m/z = 676 (MH)

[00334] Step J. Preparation of (Z)-(4R,685,155,175)-17-[8-chloro-7-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy}-13-N-methyi-2,14-dioxo-1,3,13-triazatricyclo-
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WO 2009/099596PCT/US2009/000688 Example 7 Preparation of Macrocyclic Compound 63 63a: Rs'
=H, K6 =H, =0CH3, K8 =H 63b: =H, f26'H, = 0C113,= CH3 63c: 116'=H,=H, le = OCH3,=F
63d: 126'=H, 116'=H, le'

WO 2009/4995%6 PCT/US2089/060688
[13.3.0.0}octadec-7-ene-4-carboxylic acid ethyl ester 54d. Compound 54d was synthesized
from compound 53 and compound 434 in 48% yield, following the procedure as described

for compound 54e¢.
MS (ESL EI): m/z = 696 (MH").

[00335] Step K: Preparation of (Z)-(4R,6S5,155,175)-17-[5,7-dimethoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,1 3-triazatricyclo-
[13.3.0.0]Joctadec-7-ene-4-carboxylic acid ethy] ester 34e. Compound 54e was synthesized
from compound 53 and compound 43e in 89% yield, following the procedure as described for

compound 54¢.

MS (ESI, EI): m/z = 693 (MH™).

[00336] Step L. Preparation of (Z)-(4R,685,155,175)-17-[6-methoxy-8-methyl-2-(4-
isopropylthiazol-2-yl)quinolin-4-vloxy}-13-N-methyl-2,14-dioxo-1,3,1 3-triazatricyclo-
[13.3.0.0]octadec-7-ene-4-carboxylic acid ethyl ester 54f. Compound 54f was synthesized

from compound 53 and compound 43f as a beige solid in 60% yield, following the procedure

as described. for compound S4e¢.

MS (ESL EI): m/z = 676 (MH).

100337] Step M: Preparation of (£)-(4R,65,158,178)-17-{7-chioro-6-methoxy-2-(4-

isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2, 14-dioxo-1,3,13-triazatricyclo-

[13.3.0.0]octadec-7-ene-4-carboxylic acid ethyl ester 54g. Compound S4g was synthesized

from compound 53 and compound 43g as a white solid in 57% yield, following the procedure

as described for compound S4c.

MS (ESI, EI'): m/z = 696 (MH™).

[00338] Step N: Preparation of (Z}-(4R,68,155,175)-17-{&-bromo-7-methoxy-2-(4-

isopropylthiazol-2-yllquinolin-4-yloxy]-13-~V-methyl-2,14-dioxo-1,3,13-triazatricyclo-

[13.3.0.0Joctadec-7-ene-4-carboxylic acid ethyl ester 54h. Compound 54h was synthesized

from compound 53 and compound 43k as a beige solid in 80% yield, following the procedure
~ as described for compound 54c.

MS (ESI, EI): m/z = 740 (MH").

[00339] Step O: Preparation of (£)-(4R,6S,158,175)-17-[8-fluoro-7-methoxy-2-(4-

isopropylthiazol-2-yhquinolin-4-yloxy}-13-N-methy!-2,14-dioxo-1,3,13-

triazatricyclof13.3.0.0]Joctadec-7-ene-4-carboxylic acid 55¢. A solution of compound 54¢
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= 0C113, Rs' = Cl 63e: K5 = OCHS3, 116' = H, fel = OCH3, 118' = H 631: 116' = H, 116" = OCH3, K7 =
H, R8' = CH3 63¢g: 145' = H, R61= OCH3, K7 = Cl, le' =H 63h: R6'= H,= H, le' = OCH3, let = Br
[00365]The syntheses of macrocyclic compounds 63 are illustrated with compound 63b. The same
procedures &Y€ #l8yapiskcable to other compounds 63. [00366]Preparatidi B E2)HHURIGE 15S,1755-
1747-methoxy-8-methy1-2-(4- isopropylthiazol-2- yl)quinolin-4-yloxy] -13 -N-methyl-2,14-dioxo-1,3 ,13-
triazatricy@63 1i3:31.60) octdd6eEl {7816 4nyl]| caghon wanefifilulionamide G3bipEompeuwnd 63b was
synthesized from co nd 55b and methanesulfonamide as a white.solid iR,24% vield, following the
rocedur T gaLE o Ve BRI TSR AR B YIRERE iSRS
2009/099598R G T isxdDerRCo8BSEx anwdlsBw Ry eparalidrivt StursttwiduiMuitol ies 65 65a: =

TZ%%.Z? ;c%%ggd_tﬁg%c Ta%@ipéﬂgﬁvgsﬂd&{vh:bﬁhe,:&% R 282 G o acEhRE 4= OCHS,
under reduced pressure. The residue was purified by chromatography on silica gel to yield

compound $5¢ as a white powder in 44% yield.
MS (ESL, EI"): m/z =652 (MH").

{00340] Step P: Preparation of (Z2)-(4R,65,155,175)-17-[7-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0]octadcc—7~enc-4-cari30xylic acid 55a. Compound 55a was synthesized from
compound 54a as a white solid in 22% yield, following the procedure as described for
compound 55¢.
'H NMR (CDCls, 400 MHz): 6 1.20-1.26 (m, 2H), 1.28-1.34 (m, 2H), 1.08 (d, J = 6.77 Hz,
6H), 1.55-1.62 (m, 2H), 1.81-1.86 (t, /= 7.20 Hz, 1H), 1.90-1.93 (m, 1H), 2.23-2.37 (m, 2H),
2.63(d,J=13.90 Hz, 1H), 2.82-2.90 (m, 1H), 2.96-3.02 (m, 1H), 3.05 (s, 3H), 3.18-3.25 (m,
1H), 3.79-3.83 (t, /= 7.79 Hz, 1H}, 3.97 (s, 3H), 4.01-4.05 (1, /= 7.75 Hz, 1H), 4.59-4.65 (td,
J=14.00 and 2.70 Hz, 1H), 4.89-4.92 {1, /= 10.50 Hz, 1H), 4.97-5.00 (m, 1H), 5.14 (s, 1H),
5.48-5.55 (m, 1H), 5.63-5.69 (td, /= 11.00 and 4.47 Hz, 1H), 7.07 (s, 1H), 7.11-7.14 (dd, J =
9.20 and 2.40 Hz, 1H), 7.37 (dd, /= 2.40 Hz, 1H), 7.55 (s, 1H), §.01 (d, /= 9.20 Hz, 1H},
MS (ESL, EI'): m/z =634 (MH™).
[00341] Step . Preparation of (2)-(4R,65,158,175)-17-[7-methoxyv-8-methyl-2-(4-
isopropyithiazol-2-yDquinolin-4-yloxy]-13-N-methyi-2,14-dioxo-1,3,13-
triazatricyelof13.3.0.0Joctadec-7-ene-4-carboxylic acid 55b. Compound 55b was
synthesized from compound 54b as a white solid in 25% yield, following the procedure as
described for compound 55¢.
'H NMR (CDCl;, 400 MHz): 6 0.84-0.89 (m, 2H), 1.20-1.23 (t, J = 6.90 Hz, 2H), 1.28-1.34
(m, 2H), 1.40 (d, /= 6.93 Hz, 6H), 1.56-1.58 (m, 2H), 1.81-1.85 (t, /= 7.00 Hz, 1H), 1.86-
1.93 (m, 1H), 2.21-2.27 (m, 1H), 2.62 (d, /= 13.20 Hz, 1H), 2.70 (s, 3H), 2.82-2.90 {m, 1H),
3.04 (s, 3H), 3.17-3.24 (m, 1H), 3.46-3.51 (g, J=.6.85 Hz, 1H), 3.78-3.82 (t, J = 7.60 Hz, 1H),
3.99 (s, 3H), 4.59-4.65 (t, /= 13.29 Hz, 1H)}, 4.89-4.99 (m, 2H), 5.11 (s, 1H), 5.47-5.54 (m,
1H), 5.63-5.69 (td, J = 5.54 and 4.45 Hz, 1H), 7.05 (s, 1H), 7.23 (d, /= 9.20 Hz, 1H), 7.50 (s,
1H), 7.98 (d, J =9.20 Hz, 1H); MS (ESL EI'): m/z = 648(MH").
[00342] Step R: Preparation of (2)-(4R,65,158,17S}-17-[8-chloro-7-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
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654: R5t = H,-= H,= OCH3, R8' = Cl 65e: 115' = OCH3, Ft6' = H, tV = OCH3, R8' = H 65f: R5' =
H,OCH3, = Rw = CH3 65¢: = H, Ft6' = OCH3, Ftr = Cl, Rw = H 65h: Ftw = H, 116' = H, Rr = OCH3,=
Br [00367]The synthesis of substituted quinolines 65 are illustrated below with compounds 65b and
65d. The sam@progetRisss are also applicable to other compounds 65. TheE slisstgresitssin
intermediates 64 are the same as compounds 65. [00368]Preparation of

N-(6-acetytizzanethebsyt2- et iyl A rifgemyiaihylthsmnleengasboxasadassb. Compound 64b

was synthesized.from 4- (trifluoromethyl)-1,3-thiazqle-2- oxylic acid and

- H RGP RS M L Lt el P BTN the
proceduredascdestfiltedfgreemh f6aund 42a. 11-1 NMR (CDC13, 400 MHz) 82.15 (s, 3H), 2.58 (s, 3H),
3.94 (s, 3H), 6.82 ﬁ,d’ J =855 Hz, IH), 7.78 (d.J= 8.55 Hz, 1H), 8.01 (s, 1H), 11.25 (s, IH).

[00360]PreS A AR R MR, Thidhol 3hiBtnehphéfy1§1ald. /= 6.40 Hz, 6H), 1.55-1.61
trifluorométhyftjaz de-R Shiino Xaihid & B2BComdurdb6 4d, was €yeiiési2&l, 2db-2.90 (m, 1H),
(triflugrqmmsl(&;_lsﬁy,ﬂz/i.amaﬁﬁ,rbmyﬁss@@%@@M@@iﬁprﬁr}gm@sﬂrﬁmﬂm f&)@@){éﬁ@i 1anone
as a beige, sqli % Vi ollo e procediye escri c _
[00370]Pr§g’[§r§'t¢3n8§f%-n?é?ﬁéx@“—ﬁ%tﬁﬁtz%% LS, |F§§g§|¥§w}0%um&§f 441 ¢50.

Compound $58PHAL Lytn b et fr 6n P AR ek R yefidw poWdef ThiP30h 3neId. ¥okBwing the
procedurel &8, deKtfibeH fof .2@rh omel ABHz,\MD, Z08D{ 6,995 D BHRIE TAU 8200100 a8 (&SI, Et) nilz =
341 (MH+E1{0032 D Resnaviatign of 8-chloro-7-methoxy-2-(4-trifluoromethyl-thiazol-2-y1)- quinolin-4-ol
65d. Compound 65d was synthesized from compound 64d as a yellow powder in 70% vyield, following
the proced®@433 describedJofrepapoionc A9 -MWSHE SIS EDSMI Z-£536ditMitdyy-2-(4-
isopropylthiazol-2-ylquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricycio[13.3.0.0loctadec-7-ene-4-carboxylic acid 55¢. Compound 35¢ was synthesized
from compound 54e as a white solid in 36% yield, following the procedure as described for

compound 35¢.
MS (ESL EI'): m/z = 664 (MHY).

[00344] Step T: Preparation of (Z)-(4R,68,155,175)-17-[6-methoxy-8-methyl-2-(4-
isopropylthiazol-2-yquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0}octadec-7-ene-4-carboxylic acid 55f. Compound 55§ was synthesized
from compound 54f as a white solid in 10% yield, following the procedure as described for

compound 55¢.
MS (ESL ET): m/z = 648 (MH).

[00345} Step U: Preparation of (£)-(4R,65,158,178)-17-[7-chloro-6-methoxy-2-(4-
isopropylthiazol-2-yquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclof13.3.0.0]octadec-7-ene-4-carboxylic acid 55g. Compound 55g¢ was synthesized
from compound 54g as a white solid in 40% yield, following the procedure as described for

compound 55¢.

MS (ESL EI'): m/z = 668 (MH").

[00346] Step V: Preparation of (£)-(4R,65,158,175)-17-[8-bromo-7-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxyl-13-N-methyi-2, 14-dioxo-1,3,13-

triazatricyclof 13.3.0.0Joctadec-7-ene-4-carboxylic acid 55h. Compound 55h was

synthesized from compound 54h as a beige solid in 90% vyield, following the procedure as

described for compound 55c.
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Example 9 Preparation of Macrocyclic Compound 68 68a: Re = Re = H, 127 OCH3, Re = H 68b: R=
H, = H,R7 OCH3,= CH3 68c: Re = H, = H,R7 = OCH3,F 68cl:= H, Re = H, R7' = OCHS3, R8 = CI 68e:
= OCHS3,H, = OCH3,H 68f: = H,= OCH3, R7 H,= CH3 68g: = H,= OCH3,127 = CI, Re = H 68h: Re = H,
K6' = H,OCH® RE/PEPF00372]The synthesis of macrocyclic compoundd 68" 8r& IR d below with
compounds 68b and 68d, as shown in Scheme 12. The same procedures are also applicable to other
macrocyqlig ¢erIppds 68. Thewuhsjihients in intermediates 66 and 67 are the same as compounds
68. The same procedures are also applicable to other compounds 68. [00373]Step A: Preparation of
(2)-(4R,68)05871L7S)- (K7eprin eRpepay aBionethify 24(#;6S5,1 55, 175)-[ 1 7-[8-fluoro-7-methox y-2-(4-

trifl thythiazol-2- inglin-4-yl -13-N- I ~diox0o-1,3,1.3-

razatcy P B  B  bbi, Se A LS o nd 66 was
synthgsiz@ﬂmm}’cbrﬁ@ohﬁﬁ@@é@%@b%@wbﬁwﬁdH&W@%V@@?ﬁmlkv}fﬁga@ﬁ@pﬁﬁﬁedure as
deSCf'be%fI?JemmBsgﬁp% ?é%ﬁ'x}ﬁo@%%&mr{a;/'ss%ﬁ@&w+e)q.§5£@@911@1%0&5,4&%@9 iR Rfeparation of

(2)-(4R,6S,155,175)-[1718-chloro-7-methoxy-2-
(6 mL) was heated under microwaves radiations to 80 °C for 50 min. 1-Methyl-

cyclopropylsulfonamide (31.32 mg, 4 eq.) and DBU {35.3 mg, 2 eq.) were then added under
nitrogen. The reaction mixture was heated under microwaves radiations to 80 °C for
additional 90 min. The solvent was removed under reduced pressure and the residue was
purified by chromatography on silica gel to yield compound 56¢ as a white solid in 22%
yield.

'H NMR (DMSO-d;, 400 MHz): 6 0.86 (m, 2H), 1.09-1.12 (m, 1H), 1.21-1.23 (m, 1H), 1.34
(d, J=6.54 Hz, 6H), 1.39 (s, 3H), 1.45-1.58 (m, 5H), 1.83-1.85 (m, 1H), 2.00-2.03 (m, 1H),
2.26-2.25 (m, 2H), 2.55-2.59 (m, 1H), 2.71 (s, 1H}, 2.75-2.80 (m, 1H), 2.87 (s, 1H), 2.90-
2.95(m, 1H), 2.97 (s, 3H), 3.12-3.18 (m, J = 6.87 Hz, 1H), 3.49-3.53 (m, 1H), 4.00 (s, 3H),
4.08-4.12 (t, /= 8.20 Hz, 1H), 4.39-4.45 {t, J= 12.97 Hz, 1H), 4.78-4.83 (1, /= 10.45 Hz,
1H), 4.91-4.95 (m, 1H), 5.52-5.54 (m, 1H), 5.65 (brs, 1H), 7.57-7.60 (m, 3H), 7.86-7.89 (d, J
=9.52 Hz, 1H), 11.70 (s, 1H); MS (ES], ET'): m/z =769 (MH").

[00348] Step X Preparation of (Z}-(4R,68,158,178)-[17-] 7T-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0]octadec-7-en-4-yljcarbonyl(1-methyl-cyclopropyl)sulfonamide 56a. Compound
56a was synthesized from compound 55a as a white solid in 20% yield, following the
procedure as described for compound 56¢.

'H NMR (CDCls, 400 MHz): § 0.74 (m, 2H), 1.10-1.22 (m, 3H), 1.32(d, /= 6.51 Hz,
6H),1.53 (s, 3H), 1.50-1.64 (m, 6H), 1.73-1.85 (m, 2H), 2.14-2.19 (m, 1H), 2.36-2.37 (m, 1H),
2.51-2.54 (m, 1H), 2.77-2.81 (m, 1H), 2.97 (s, 3H), 3.13-3.15 (m, 1H), 3.69-3.71 (m, 1H),
3.89 (s, 3H), 3.92-3.97 (m, 1H), 4.51-4.58 (t, /= 13.51 Hz, 1H), 4.81-4.88 (m, 2H), 4.98 (s,
1H), 5.42-5.45 (m, 1H), 5.55-5.60 (m, 1H), 6.98 (s, 1H), 7.03-7.06 (d, J = 8.64 Hz, 1H}, 7.19
(s, 1H), 7.49 (s, 1H), 7.93 (d, J = 8.64 Hz, 1H), 11.08 (s, 1}); MS (ESL EI): m/z =751(MH").
[00349] Step Y. Preparation of (Z}-(4R,68,155,175)-[1 7-[7-methoxy-8-methyi-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy}-13-V-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]octadec-7-en-4-yl]carbonyl(1-methyi-cyclopropyl)sulfonamide 56b.
Compound 56b was synthesized from compound 55b as a white solid in 14% yield,

following the procedure as described for compound 56e.
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trifluoromethythiazol-2-yOquinolin-4-yloxy]-13-N-methyl-2,| 4-d ioxo-1,3,13-
triazatricyclo[13.3.0.0loctadec-7-en-4-yl] carboxylic acid ethyl ester 66d. Compound 66d was
synthesized from compounds 53 and 65d as a pink solid in 90% vyield, following the procedure as
described foweomigderids4c. MS (ESI, El+) nilz = 724 (MW). WO 2009/0895U58PETAYSP009/000688
[00375]Step C: Preparation of (2)44R,68,155,175)-[1717-methoxy-8-methy1-2-(4-

g:gl;g[rcl)(r:?/c 13.3.0.0 octz:ldelcﬁ:%);ri%r?1 465/?%/ éjr]g%%rc}%%ﬂgg} bMC%LrOn oér%%%)wlag:;s Snt}H zed from
b e)z]@@vm ot Ut B e e e A B R g 25c.
MS (ESI, Bt), A 2 87 4hidi) 2003761tk Blﬁééﬁha]tféh?o?@ (s, 3H),2.86 (d, J = 5.52 Hz,

(2)-(4R, 6515 5,95.3)0bL # 826h|0sond -ty R-(24 (m, 1H), 3. 75 3 79 (t, J =7.60 Hz, 1H), 4.00
trifluorom tc'}?t&g'% Zé&gwnqhnséﬁwblé Dy el 21 fi35.49.5.53 (

triazatricy¢lo[13.3.0.0] llcarboxyli 7d Com und B d was_s d from
compountFeEHLS SiTtelSond 1 B0 gﬁlfgmomg(m 5 odits A hbsdibed iy (fiound 55e.
MS (ESI,JEiffhifz Hze 04 ) MHS (00877} B8, Braparatiod st (MH).
(2)-(4R,6S,155,17S)-[17-[7-methoxy-8-meth

trlfluorommmazol 2%6m8fﬁ?ﬂr§ﬁ8§ﬁqé|@#ré§ﬂﬁ%11—”496%%{&0?1?? figEhnyddt13.3
.0. 0]OCtadﬁfp%p?lﬂhfb%]-QayDQﬁMéﬂwmQIBWPYG@Pf@@MQBaLmamx@eiﬁﬁb3Compou nd 68b was

following TEZBTSE a2 SR ARE TP R (AT B HRADSED, S8 (s v
1.10-1.21C(omRkk)d 5ABa8SyfrieiAy Trdrh (Bt 8361253 @mmsk) jid. %1-10(651@111, 1H), 1.71-1.76 (m,

1 H), 1.84 g%’“%ﬂﬁﬁﬁ% agﬁ? Il-lés%l-ls)cl,gbg.é}é%qt ﬁgﬁfg‘@HS .5 Hz, 1H), 2.36 (dd, 1=9.3 and 18.9 Hz,

- 1H), 2.53 5Hz, 1H 1(ddd, = 4.7, 12.4 and 17.1 Hz, |H),
2.90-2.96' (iR )¢ (2R8(s108H)z 3.7 8. §dd ) 2}7)\,01 ad S B3Hz Aba 3924933, 31961 (57dm,7.7, 1H),
484 (00, 5,3.9 899 33 (133 Do .84 (AT 181 A RIS, 6’0‘(5553@9 &9Hz8H), 5,106,
1H), 5.41 7.0Hz, 1H 5 58and108H H) 42 (s, 1H),
7.80 (s, 1%1%472&2 (B gl (% (iﬂrﬁ 11H939064@y 35@5% %&g? &?rﬁi)ﬁﬁz 3% (ESI, Er) m/z
=791 (M EIQ‘F)‘?{@)’OGWBHE%WW Fésfebwaﬁdﬁ 61 (242 @?@ 6@1’5@)1%?4%@8%@@ #orikeshidky-2-(4-
trifluoromegythiazek 243 606 odintAny B8y} 5l SsNmnekhy b 24.4-60§a; 13)13-10 (s, 1H), 7.21-

triazatric d y f ( c yhsulfq
zooglogé‘rg%?i %%"'—%"’z%%ﬁ 508 A Sltion oF Somporna &7 1Eba o, T ey ang EB%1 (200 m

l4eq)i 6M %) as stirred at room temperature for 16 hrs. DBU (445 mg, 4 eq.) and 1-

methyleyslgaapyisulfananide G2 ot sk aredosd added pddhesistiie ag;resumed for 16

hours. The crude materidal was purified by chromatography on SI ica gel to yield compound 68d as a

white solitsenr8pyihaarl-3o0 sromHNR ceHd B3Va0e M4z 4 d0%e:0.84 Im, 2H), 1.10-1.21 (m, 2H),
1.26- triazatricyclo{13.3.0.0Joctadec-7 -en-4-yljcarbonyl(1-methyi-cyclopropyl)sulfonamide 56e.

Compound 56e was synthesized from compound 55e as a white solid in 48% yield, following
the procedure as described for compound 56¢.

MS (BS], EI): m/z = 781 (MH").

[00352] Step AB. Preparation of (Z)-(4R,65,158,175)-[17-[6-methoxy-8-methyl-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy}-13-N-methyi-2,14-dioxo-1,3,13-
triazatricyclo{13.3.0.0Joctadec-7-en-4-yllcarbonyl(1-methyl-cyclopropyl)sulfonamide 56f.
Compound 36f was synthesized from compound 55f as a white solid in 23% yield, following
the procedure as described for compound 56¢.

MS (ESL EI"): m/z = 765 (MH).

[00353] Step AC: Preparation of (£)-(4R,65,155,175)-[17-[7-chloro-6-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]- 1 3-N-methyl-2,14-dioxo-1,3,13-
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1.34 (m, 2H), 1.45 (s, 3H), 1.42-1.46 (m, 1H), 1.57-1.65 (m, 1H), 1.72-1.76 (m, 1H), 1.86 (dd, J= 8.45
and 6.07 Hz, 2H), 2.13 (dt, J= 13.65 and 5.38 Hz, 1H), 2.36 (dd, J=19.27 and 9.31 Hz, 1H), 2.51-2.55
(m, 1H), 2.76-2.88 (m, 1H), 2.91-2.98 (m, | H), 2.99 (s, 3H), 3.76 (dd, J= 8.41 and 6.72 Hz, 1H), 3.97
(t,1= 7.80, 1HP BYPIE%H), 4.54 (dd, J= 13.75 and 2.63 Hz, 1H), 4.85 (tATIEH RN, 4.91 (dd,J=
8.91 and 5 Hz, 1H), 5.04 (s, 1H), 5.42- 5.49 (m, 1H), 5.57 (td, 1= 10.72 and 5.79 Hz, IH), 7.24 (d, J=
9.2 Hz, lHpzaBeyEel18).0.85¢desty -anod-ytcarboay Hmethy);cyeloprepylp msuES) 56&) m/z = 811
(MH+). W= = ‘ PGH/ .

Preparat T o R A e A e =
H,= 0013hRerecedprs godesrabedforgpmepauaddiéHi3 F 69d: Rs' = H, R61= H,= OCH3, R8' = Cl 69e:

Rs* = 00 =th= OCH3, Kr=H:691: Rs' = H, R6' = 0043,= H, R8' = CH3 69g: R5' = H, R6' =
OCH3,= giﬁ:r?&ﬁ"kﬂg: ﬁgg—&%ﬁg%HS R8' = Br [00380]The synthesis of macrocyclic compounds
69 are illysgrajed belovwith som 'éf%ﬁ*i&?l%}fEﬂﬁéﬁ,@h‘?l@[&?P%Ugﬁ{js%?@rﬁ@mﬁ?c@ﬁi?mhﬁr
macrocyclic compounds 69. [00381]Preparationof(Z)-(4R,68,158,1 S?l?47-methoxy-8-methy 1-2-(4-

trifluoromERRSRAMSBIZRY SHUHERALR-G oG Lh-3 Vet l2 14 di9%6:1:3, 13- triazatricyc [0 [13 .3
.0.0]octagesfranydoyiicarbonieyst areamy)sukionanti da68bl-Grmopaisidh &k wasi &ysesized from

compound 67b and cyclopropylsulfonamide as a white_solid in 49% vyield, fallowing, the procedure as
escribel FETESbRAG Bo AN RE T SETBo T EY® B 5508 il D) 6100.1 12 (m, 311
1.17-1.24dnoyBh) the Pootedirtms 4dsdibtBbddmnpoufiBend 8.5 Hz, 2H), 2.12 (dt"/ = 5.8 and 13.5 Hz,
11-1), 2.36 (dd, J = 9.3 and 19.2 Hz, 1H), 2.49-2.55 (m, 1H), 2.77-2.95 (m, 3H), 2.98 (s, 3H), 3.73 (m,
1H), 3.92M4$, @i}, Blob ot §al {M314:54 (dd, J = 2.8 and 13.9 Hz, 1H), 4.81-4.89 (m, 2H), 5.02 (s,
~1H), 5.42 (qt, 1= 7.0 Hz, 1H), 5.57 (td, J = 5.7 and 10.7.Hz, 1H), 7.19 (d, J = 9.3 Hz, 1H), 7.42 (s, 1H),
7.80 (s, 1H), 7.94 (d, 1=9.3 Hz, 1H), 11.13 (s, gﬁﬁ%&%—( ESI, Er) m/z = 777 (MI-r).
Preparation of Macrocyelic Compounds 61

61z: RY =H, RS =H,R" = QCH,;, R¥ = K
61b: RS =H,R® =H,R" = OCH;, R¥ =CH;
61c: R =H,R*=H,R" =0CH;,RY =F
61d: R¥ = H,RY =H,R" = OCH;, R¥ = CI
6le: R® =OCH;, R =H,R” =0CH3;,R¥ =H
61f: RS = H, RY = OCH,, R” = ¥, R¥ = CH;,
61g: R¥ =H,R® =OCH;,R" =CL,LR¥ =H
61h: R® =H,R% =H,R" = OCH3, R® = Br

{00355] The syntheses of macrocyclic compounds 61 are illustrated with compound
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WO 2009/099596PCT/US2009/000688 MS (ES1, Er) m/z = 777 (MEI). [00382]Preparation of
(2)-(4R,65,15S,175)-r1 748-chloro-7-methoxy-2-(4-
trifluoromethythiazol-2-yl)quinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-

triazatricyclof3 BO/@¥adec-7-en-4-yl] carbonyl(cyclopropyl)sulfonamid&@ge20Bhietid 69d was
synthesized from compound 67d and cyclopropylsulfonamide, following the procedure as described for
compounelii@8d. shb NMFS¢RDE 13, 40erd/Riz)REOF0-Ma & fnin thijibh06id 5Pt @i he3-1.31 (m,

3H), 1.35-1.54 H), 1.87-1.94 (m, 4H)5-1.9 = n 5 Hz,. t, J = 13.54 and
5.50 Hz, i‘i‘fﬁ,eéig%l%.‘g% %’rﬁ,&fhﬁ?ﬁ%fé&%g%%%&%?%gg?‘gﬁf%m%%wgﬁ%ﬁg,%%%tf(%.83 (dd, 1= 8.31
and 6.76 ¢dmpxRda 6105 (m, 1H), 4.09 (s, 3H), 4.57-4.65 (m, 1H), 4.89-4.94 (m, 1H), 4.95-4.98 (m,
IH), 5.05 (s, 1H), 5.53 (qt, J = 6.86 Hz, 1H), 5.65 (td, J= 10.75 and 5.65 Hz, 1H), 7.31 (d, J = 9.27 Hz,
1H), 7.57 (s, 7.92 (s, 1H), 8.09 (d, J = 9.27 Hz>¥994 1114 (s, 1H). Example 11 Preparation of
Macrocyclic Compounds 76 76a: n=1; 76b: n = 2. [003 e syntheses of macrocyclic compounds
76 are shown in Schepne 13, where R8', R8', R7', and R8tin compounds 74 and 75 are the same as
defined in compoun . [00384]Step A: Preparation AR)-tert-butyl 2-(/ rhept-6-eny1)-N-
methylcarbamoyl)- roxypyrr idine-1parpoxylate #0a,/Com our@nma was synthesized from
compound 32b cis- A:-ydroxXGEABrediNe Srange,oiNR g g Lﬁv!é%l'd, following the

Okt

procedure as desciiped for copipound 48. 1H NMR (DMSO-¢6, 400\MHZz) 8 1.29-1.3 (m, 9H),

).,

1.33-1.55 (m, 4H), 1.70-1.80 (M, LH), 1.97-2.12 (m, 4H), 2.77-2.97 (, 4H), 3.15-3.40 (m, 4H), 4.22 (br
s, 1H), 4.50-4.62 (myxF), 4.98:5484 (m, 3H), 5.71-5.83 (AT, 1H). ./
53 57

' | 3
oH |
H 7 RS' }/ N
o .y
SN H O
0'-\-4\«6‘ 7/N ‘”“N\H\OE{ Cmpd 43 6 SJ—'—”< LiOH
O A

DIAD/PPhy

0
N H lL
/ ¢] ‘-q.\i TN Lt Ot
58 N 4 Z}

[00356] Step A: Preparation of (Z)-(4R,GS,1 585,178)-2,14-dioxo-13-N-methyl-17-(4-

nitrobenzoyloxy)-1,3,13-triazatricyclo[13.3.0.0foctadec-7-ene-4-carboxylic acid ethyl ester
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WO 2009/099596PCT/US2009/000688 [00385]Step B: Preparation of (25,4R)-tert-butyl
2-(N-(oct-6-enyl)-N- methylcarbamoy1)-4-hydroxypyrrolidine-1-carboxylate 70b. Compound 70b was
synthesized from compound 32e and cis-N-Boc-4-hydroxy-L-proline as yellow oil in quantitative yield,
following the¥pPodetittedds described for compound 48. 11-1 NMR (DM50PE6/ 4300R/M439881 . 29-1.3 (m,
9H), 1.33-1.55 (m, 4H), 1.70-1.80 (m, 1H), 1.97-2.12 (m, 4H), 2.77-2.97 (m, 4H), 3.01-3.10 (m, 2H),
3.15-3.409M, BH) sdr22 GohsjobHy, ebmPetub I 508 nd,. 9@E)04-fivrperoid. 7di 5B (mg, 11D
[00386]Step.C; Preparati 3 4R)-2-N-(hept-6-enyl ﬁﬂy Xy N-
methylpyr% I?dﬁg-g%%aﬁ%%rgéé%%g%%gll%’pl%%%agﬂlax\#as sy Qe’gEz ??oar%dggrlr?pg&%g%a as yellow
oil in 35%ge b2 fellowndgrihirpeor atilte ademseriben TiKooepausiiTad fon S (EST, Bhsy rn/z = 241
(Mu%). [0038ARIeR iR ERRANAR 21 A8 R RS EE N 40N IRXNMT was purified b/yOb ’

as yellow

methylpyrrolidine-2-carboxamide 71b. Compound 71b was synthesized from compound

oil in 519 AdEhromRETERS proticrse! 48 HekbrparomddpddredeldMs (ESI, En rilz = 255 (MF1).
[00388]S : rati n_oé,ﬂ( - -§[2(S)-(hept-5-enyl-methyl-carbamoyl)-4(R)-
hydroxy-s%%(g?d%mc fon %&)ﬁﬁt -2(R)-vinyl-cyclopropanecarboxylic acid ethyl ester 72a.
Compound 72a was synthesized from compounds 34 and 71a as a beige solid in 38% yield, following

the procetiftEdds desciibgtifiodeeparssan @EENBR (EB SEA)HFZ L UdpXMIHEhj00869]Stép F:

Preparatigq. _(J_-lFfE),'}’LS’(i{?a&%)fféFféfo?ﬁy.lom Bdacarpafaoy Lt Rtic acid ethyl ester 58. A
hydroxy-pyrrovldlne-N-carbon;%amlno}-Z(R -vmyl-c&oﬁiﬁpanecarbox lic acid ethyl ester 72b.
£9

Compound d RSP EomsbUARRS T8 ngs 2eBeifevsdRd ThkgvasaerEdollowing
the procegisgoastelaperipad {tice paleRebRa MRl ENHN vz 438:0vint) n1AAR LSRRG
Preparatl?arlyé)l]‘ a(czi)_l(ée%’ ?osﬁ%iq——SGl\?n@_izl\’/%gc_;%!e%ﬁ%- ?&po%%ﬁgé%%é&l\l The product was extracted three

times with ethyl acetate. The combined organic layers were washed with brine and dried

over sodium sulfate. The solvent was removed under reduced pressure and the residue was

purified by chromatography on silica gel to give compound 58 in 70% yield.

MS (ESI, ET™): m/z = 380(MH™).

[00338] Step C: Preparation of (2)-(4R,68,155,17R)-17-[8-chloro-7-methoxy-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0}octadec-7-ene-4-carboxylic acid ethyl ester 59d. Compound 59d was
synthesized from compound 58 and compound 43d in 50% yield, following the procedure as

described for compound 54c¢.
MS (ESIL, ET): m/z = 696(MH™).

[60359] Step D: Preparation of (Z£)-(4R,65,155,17R)-17-[8-chioro-7-methoxy-2-(4~
isopropylthiazol-2-ylyquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-

triazatricycio[ 13.3.0.0]octadec-7-ene-4-carboxylic acid 66d. Compound 60d was
synthesized from compound 59d as a white solid in 40% yield, following the procedure as
described for compound 55c.

'H NMR (DMSO-d, 400 MHz): 6 1.26-1.34 (m, 4H), 1.33 (4, J = 6.40 Hz, 6H), 1.41-1.50 (m,
3H), 1.82-1.90 (m, 2H),1.97-2.01 (m, 1H), 2.23-2.36 (m, 2H), 2.63 (d, J= 14.03 Hz, 2H),
2.96 (s, 3H), 3.12-3.15 (m, 1H), 3.62-3.65 (d, /= 11.30 Hz, 1H),3.77-3.81 (m, 1H), 4.02 (s,
3H), 4.58-4.64 (1d, /= 13.40 and 2.34 Hz, 1H), 4.89-4.95 (t, /= 10.69 Hz, 1H), 5.25 (s, 1H),
5.44 (m, 1H), 5.65 (s, 1H), 7.51 (s, 1H), 7.54 (s, 1H), 7.56 (d,/=9.78, 1H), 8.17(d, /= 9.78
Hz, 1H): MS (ESL EI"): m/z = 668(MH ).
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methy1-1,3,14-tria7atricyclo[14.3.0.0]nonadec-7-ene-4-carboxylic acid ethyl ester 73a. Compound 73a
was synthesized from compound 72a as a white solid in 42% yield, following the procedure as
described for compound 52. WO 2009/099596PCT/US2009/000688 MS (ES!, Er) m/z = 394 (NE-O.
[00391]Step BHEFAFATION of (2)-(4R,68,178,191)-2,16-dioxo-19-hydroxy-4 BHy2z009/000688
methyl-1,3,15-triazatricyclo[15.3.0.0]eicos-7-ene-4-carboxylic acid ethyl ester 73b. Compound 73b was
synthesizi@366in comound. 7Rt pesati ovhot EblitIRNGE 1965 yid kD) folleldrieiy atve proeibdurela< described
for comp =5 : =4 rd. )\ p4l: . Praparagion of
(Z)-(4R,6%*?}%38?@%%‘?5?%@5%@5&? Iygfgv HEAyERIaRoRseRa Ry _
methy1-2tiazeopyeithidfiipajaigeinsimt Al pavi(Armesticy copropyl)sul fonamide 61d.
triazatricyslol143d AlaRRASAil6Rea4:6aT RoMdit AT EbathY L &AIRE {dRd oMmPoyRMi 74a was

synthesized from compounds 43b and_73a as a beige solid in 89% vyield, following the procedure as
described 30 ¢81E Jaupreesaurafs deserited) fp/semperrdies:). (00393]Step .I: Preparation of

(2)-(4R.6 ﬁﬁ{?{g@wﬁ]&ﬂi‘?@%}ﬁ;ﬂ *'?%?@??HB;% 1.06-1.09 (t.J = 7.50 Hz ,2H), 1.21-1.26
methyl-Zg(LIAfl-lsopr thiazol-2- qun>1'oin-4- 0X -i’S-N-‘meth ﬁ-’l,3 15-triazatricycio[15.3,0.0]
eicos-7-e%ki%%r%g§</§ﬁc%=ci’é'%¥ r 74 .{%’:3’ (]Jtﬁdlﬁ%)(\%é%g/ﬁtﬁés}z% g‘?‘lo}rﬁ igrﬁ ounds 43b
and 73b &fzalWihits KeRdh(@396idiel Hollbling b€ BldeedLirs, 3s5des 60 ke d/foridotfipbuidiMc. MS
(ESI, Er) tndg.2 7045 1. dO03 945N I<3 PeqRaratinn 0k-3.39 (g, /= 7.02 Hz, 1H), 3.67-3.70
(Z)'(4R’6%19§’}§BQ' zﬁﬁﬂ?ﬁ?}&%iﬁ%‘(ﬁﬁ} B 81 and 4,57 He. 1H), 4,02 (5. 3H), 4.39-4.45 (1,

methyl-2-(4-1sopropylthiazal-. uinolin-4-yloxy]-14-N-methyl-1,

triazatricyclbi t* .éi?).é}%ﬁa?&é@%ghef-ﬁ-%ﬁ%ﬁy% b(ﬁ@%gﬁé’) EB&%&Waé-é%?ﬁé‘sﬁ%d from
compoundtP4a.66& a68Hie $blidTH 329061 Hsld, SbiTeivind the PescBautélhs §8deribdd fot Eéinpound 55c.
-MS (ESI, &s3nyz 11862 (W4-{5, [093 %3S tes1 LE Pyepay atimes abri).
(2)-(4R,6S,178,19R)-2,16-diox0-1947-methoxy-8-
methyl-2-(4-isopropylthiazol-2-yOquinolin-4-ylBadused-methyl-1,3,15-

triazatricyclo[15.3.0.0]nonadec-};—l%ggféigﬁlr&%)ég%@%gégnf‘ggmﬁ%ad 75b was synthesized from
compound 74b as a white solid in o yield, Tollowing the proceduré as described for compound 55c.

WO 2009/099596PCT/US2009/000688

R7

62a: R¥=H, RS =H,R" = OCH;,R¥ =H
62b: RY = H,R® =H, R” = OCH,;, R¥ = CH;
62¢: R =H,R" =H,R" =OCH,, R¥ =F
620: RS =H,R¥ =H,R" = OCH,;, R¥ =l
62¢: RS = OCH;, RS =H,R” = OCH;, R¥ = H
621: RY = H, RS = OCH;, R" = H, R¥ = CH;
62g: R¥ =H, R = OCH;, R" =CL,R¥ =H
62h: R¥ =H,R® =H, R" = OCH,, R¥ =Br
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MS (ESI, Er) trt/z = 676 (mi.). [00396]Step M: Preparation of
(2)-(4R,65,165,18R)-[2,15-diox0-1847-methoxy-8-
methyl-2-(4-isopropylthiazol-2-yOquinolin-4-yloxy]-14-N-methyl-1,3,14-
triazatricycldV 1288/ P¥hadec-7-en-4-yllearbony1(1-methyl-cyclopropypSéifoREHid 484, compound
76a was synthesized from compound 75a and I-methyl-cyclopropylsulfonamide as a white solid in 12%

yield, folld0Adglihe prodbdurathssaestrstptorionmermndse? MsilRsrard wikicemppynda-it).

[00397]Sief N BreR@mi#on Rl (£aub4Robeidts e R apOrdianod Silerosiinnss 62.
methy1-2-(4-isopropylthiazol-2-yequinolin-4-yloxy] -15 -N-methyl-1,3,15- trlazatrlcyclo [15.3

sythosiz o comia 7R R e e oy Ao b B SRSl T4 2796 yied.
following m@mmmhmé—asmqsmmeddfqﬂ@qmpmsmlm%ﬂskmk {183 om-r). Example 12

Preparatl?n of Cﬁgcl (;ﬁn?d%aggful ona mflde §2y§ 12N1f°%‘[[g gggg%égﬁf%g}g%% 8 Compound

cyclopropanesu is Mustrated tep A: Preparation of

N-Boc-cy6Mpraparedeaiicad fide @rmoadstirbend oitioprep dyel brppiskesforiansielid(¥0.72 g, 88.6
mmol), T%Q%%%r@&l&ggﬁt Rl):eé{}fé @ Mg@dq@g@%gg@@g(@ 11 g, 9.07 nunol) in DCM (160

mL) was added dropwise a soI ion of Boc20 (21.88 g, 100.4 mmol) in DCM (100 mL) at O C over 30
min. The mixte, was alewedso wadrn.up to room temperature and stirred for 3 hrs. The mixture was
then washed with 1N HC1, water, and brine. Organics were dried over Na2S04, filtered, concentrated

under re’(\iﬁéﬂﬁé ressur, 0%1 iturated wit Qi R %K; as ite powder in 87%
yield. IH %3§D013§ o] Mﬁ %J ‘%% %‘}o(Pé @{é%q 5 ang)oJPF A Hz, 2H), 1. 4gey(s H), 1.59 WO
2009/099898REYIIS20090Q08REn-4-yloxy]-13-N-methyl-2,14-dioxo-1,3, 13-
triazatricycio[13.3.0.0}octadec-7-en-4-yljcarbonyl(cyclopropylysulfonamide 62d. Compound

62d was synthesized from compound 55d and cyclopropylsulfonamide as a white solid in

15% yield, following the procedure as described for compound 56¢.
MS (ESL, EI"): m/z = 771 (MH™).

[00364] Step C. Preparation of (Z)-(4R,68,155,175)-[17-[6-methoxy-§-methyl-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0}octadec-7-en-4-yljcarbonyl(cyclopropybsulfonamide 62f. Compound
62f was synthesized from compound 55f and cyclopropylsulfonamide as a white solid in 37% -

yield, foliowing the procedure as described for compound 5é¢.
MS (ESI, BI): m/z = 751 (MH).
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(td, 3 =1.72 and 6.40 Hz, 211), 1.95 (m, 2H). Scheme 14 777879 [00400]Step B: Preparation of
N-Boc-I-benzyloxy-cyclopropanesulfonamide 78. To a stirred solution of compound 77 (500 mg, 2.26
mmol) in anhydrous THF (5 mL) at -80C was added nBulLi (2.26 mL, 5.65 nunolmpwise. The
mixture was ¥R FEHPALYES C for 10 min and bromomethylbenzene (271 plESRG B Ws added
dropwise at -80 C. The mixture was then allowed to warm up to -30 C. Water was then slowly added
followed by EtOAc. Organics were dried over Na@Z8mDk filtered, concentrated under reduced pressure,

and purified by chromatography gp. '.g%gggmﬁgy@gglémdcggnpound 78 as a white powder in
30% yield. 11-1 NMR (CDC13, z) 61.04 (td, J=1. z and J = 6.40 Hz, 2H), 1.49 (s, 9H),
1.73 (td, J= 1.72 and 6.40 Hz, 2H), 3.78 (s, %‘;‘v'), 4.56 (s, 2H), 7.07 (brs, 1H),7.30-7.38 (m, 5H).

[00401]Step C: Preparation of N-Boc-I-hydrgxymethyl-cyclopropanesulfonamide 79. Compound 78 (2
g, 5.87 mmol) was reacted in a H-Cu;b@cipi ales R%echnology) with a PcUC 10% cartridge at 20 bars

and 50 C. The crude material was purified romatography on silica gel (EtOAc/DCM) to yield
compound 79 in 70% yield. NMR (CDC ) MHZz) 6 1.09 (t, J = 6.32 Hz, 2H), 1.49 (s, 9H), 1.61 (t,
J =6.32 Hz, 2H), 3.72 (s, 1H), 3.89 (g52H);38-23 (brs, 1H). [00402]Step D: Preparation of

mmol) in DCM (2 mL) was added pyridiniunr chigreChrqmad, (130 ¢
stirred at room temperature for 16 WO @09/099596P T/U?x 00900688 hrs and was filtered
through a silica gel column with DCM,{%}M organic sbiion was concentrated under reduced

pressure to yield compound 80 in 66% yiel

O o o
N H j \V/4
O \\\i@\ TN .“\\\\\ N / S \\
Z E H
N O

7

63a: R" =H,R® = H,R" =OCH3, R* = H
63b: RS =H,RY =H,R” = OCH,, R¥ = CH;
63c: R =H,R" =H,R” =OCH;,R¥ =F
63d: R¥ =H, R =H,R” = OCH;, R¥ =CI
63e: RY =QCH;, RV =H,R” =OCH,;,R¥ =H
63f: RS =H,R® =OCH;,R" =H,R¥ = CH;
63g: R® =K, RY = OCH;, R" =CL R¥ = H
63h: R¥ =H,RY = H,R” = OCH3, R¥ = Br

W

[00365] The syntheses of macrocyclic compounds 63 are illustrated with compound

63b. The same procedures are also applicable to other compounds 63.

[00366] Preparation of (2)-(4R,65.15S5,17S)- 17-[7-methoxy-8-methyl-2-(4-
isopropylthiazol-2-yDquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo]13.3.0.0]Joctadec-7-en-4-yljcarbonyl-methylsulfonamide 63b. Compound 63b
was synthesized from compound 55b and methanesulfonamide as a white solid in 24% yield,

following the procedure as described for compound 56¢.

MS (ESL, ET"): m/z = 725 (MH).
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IFINMR (CDC13, 400 MHz) 6 1.49 (s, 9H), 1.76 (m, 2H), 2.01 (m, 2H), 9.91 (s, 1H). [00403]Step E:
Preparation of N-Boc-l-ethynyl-cyclopropanesulfonamide 81. To a stirred solution of compound 80
(230 mg, 0.92 mmol) in MeOH (5 mL) at 0 C was added K2CO3 (255 mg, 1.84 mmol), and
Ohira-Bestmanmnfeagentd215 g, 110 mmol) (Tetr. Lett. 2008, 49, 4454). Tt msztopewess stirred at
room temperature for 16 hrs and was concentrated under reduced pressure. Water, EtOAc, and citric
acid were added to bring pH to 4-5. Organics Wwarghied over Na2S04, filtered, and concentrated
under reduced pressure to yield con I _*_ IFINMR_(CDCI3, 400 MHz) 8 1.50 (m,
2H), 1.53 (s, 9H), 1.92 (m, 2H), 2: B

S f TS —fooaodStep F: Preparation of
1-ethynyl-cyclopropanesulfonamide 82 A mlxture of compound 81 (200 mg, 0.81 mmol) and TFA (0 3
mL) in DCM (5 mL) was stirred at room temgeratuggifor 16 hrs. The reaction mixture was concentrated

/DCM) to yield compound 82 in 70% yie MR T&DCI3, 400 MHz) 8 1.43 (td, J= 2.90 and 4.80 Hz,
2H), 1.70 (td | =2.90 and 4.80 Hz 2H) ' , 2H). Example 13 Preparation of

8. H 83b: 115=H, R6'=H, RD =
OCH3, Rw = CH3 83e: R5' = H, R6 = R RQ{SL OCH3 R 83d: R5' = H, R6' H,= OCHS3, R8'r CI
83e: R5' = OCHS3, R6' = H,= OCH3, Rtr = H 831: R5i = H, R6' = OCH3,= H, R8' = CT-I3 83g: R5s H,
R6' = OCH3, RD = CI, R8' = H 83%kg RS-, fs=H, RD-0OfgH& R{' = Br [00405]The syntheses of
macrocyclic compounds 83 are ilkssin@tedvith cgnoupdi@skas shpwn in Scheme 15, where RS,
R6', R7', and R8' in compounds &3caré' thl, sdmnaaias’ defined, *'compounds 56. The same procedures
are also applicable to other comp&erkiS-88. lEGGﬂﬂiﬁ}ﬁFe?ﬁiatlﬁﬁ ofl

(2)-(4R,6S,158,175)-11717-metH6xyR8- = OCH; R® =H
; 651 R =H, R -—OCH3, R7 =H, R¥ = CH;

65g: R =H,R¥ =OCH;, R" =CL,R¥ =H
65h: RY = f, R® =, R” = OCH;, R® = Br

[00367] The synthesis of substituted quinolines 65 are illustrated below with
compounds 65b and 65d. The same procedures are also applicable to other compounds 65.

The substituents in intermediates 64 are the same as compounds 65.

[00368] Preparation of N-(6-acetyl-3-methoxy-2-methylphenyl)-4-
trifluoromethylthiazole-2-carboxamide 64b. Compound 64b was synthesized from 4-
(trifiuoromethyl)-1,3-thiazole-2-carboxylic acid and 1-(2-amino-4-methoxy-3-methylphenyl)-
ethanone as a beige solid in 74% yield, following the procedure as described for compound
42a.

"H NMR (CDCls, 400 MHz) 6 2.15 (s, 3H), 2.58 (s, 3H), 3.94 (s, 3H), 6.82 (d, /= 8.55 Hz,
1H), 7.78 (d, J = 8.55 Hz, 1H), 8.01 (s, 1H), 11.25 (s, 1H).

[00369] Preparation of N-(6-acetyl-2-chloro-3-methoxyphenyl)-4-
triftuoromethylithiazole-2-carboxamide 64d. Compound 64d was synthesized from 4-
(trifluoromethyl)-1,3-thiazole-2-carboxylic acid and 1-(2-amino-3-chloro-4-methoxyphenyl}-
ethanone as a beige solid in 65% yield, following the procedure as described for compound
42a.

[06370] Preparation of 7-methoxy-8-methyl-2-(4-trifluoromethyl-thiazol-2-yl}-
quinolin-4-0l 65b. Compound 65b was synthesized from compound 64b as a yellow powder

in 73% yield, following the procedure as described for compound 43a.
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isopropylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-d ioxo-1,3 ,13- triazatricyclo [13.3.0.0]
octadec-7-en-4-yl] carbonyl(1-ethynylcyclopropyl)sulfonamide 83b. Compound 83b was synthesized
from compounds 55b and 82 as a white solid in 30% yield, following the procedure as described for
compound 588.MF(BSK Et) 771/z = 775 (MI-r). WO 2009/099596P CM FLUHNTHOBEE38cheme 15
5556 Example 14 Preparation of Substituted Quinlines 88 OH 88a: Rw = Cl, A= CF3 88b: R8' =
CH3, A =NRY B8(; R8La/CH3¢4 AVERS 88d: Rw = ClI, A = /Pr [00407]The syntheses of substituted
quinolines are illustrated in Scheme 16, where R8' and A in compound 87 are the same as defined in

compoungls 88;)[00408131eR.AeLEeRAEAIIR. Phfefingxy-tafluerasRit:drMRiong-84. Fthylvinylether
quinolin-4-ol 65d. Compound 65d was synthesized from compound 644 as a yellow powder

in 70% vield, following the procedure as described for compound 43a.

MS (ESI, EI) m/z = 361 (MH").

Example 9
Preparation of Macrocyclic Compound 68

0
Q %
O‘Kwi )/N.A‘\“\\ N/
—N 0 . A
/,

68a: R¥ =H, R =H,R” =OCH3, R* = H
68b: RY = H, RY =H, R7 = OCH,, R¥ = CH;
68c: RY =H,R% =H,R" = OCH3, R¥ =F
68d: R¥ =B, RY = H, R” = OCH;, R¥ = CI
68e: RS = OCH,;, RS =H,R” =OCH;, R¥ = H
68f: RS =H,RY = OCH;, R" = H, R¥ = CH;

68g: RS =H,R® = OCH;, R" =CL,R¥ =H
68h: RY =H, R =H,R” = OCH;, R¥ = Br

e

{00372] The synthesis of macrocyclic compounds 68 are illustrated below with
compounds 68b and 68d, as shown in Scheme 12. The same procedures are also applicable
to other macrocyclic compounds 68. The substituents in intermediates 66 and 67 are the

same as compounds 68. The same procedures are also applicable to other compounds 68.

[00373] Step A: Preparation of (Z)-(4R,6S,158,178)-[17-[7-methoxy-8-methyl-2-(4-
trifluoromethythiazol-2-yl)quinolin-4-yloxy]-13-N-methy}-2,14-dioxo-1,3,13-
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(5 g, 1 eq.) was added dropwise at -10C and under nitrogen to a stirred solution of trifluoroacetic
anhydride (10 mL, 1.05 eq.) and 4-dimethylaminopyridine (80 mg, 0.06 eq.) in DCM (90 mL) The
reaction mixture was stirred at 0 C for 8 hrs and allowed to warm up at room temperature overnight.
The mixture WaSWEH38ured into cold aqueous NaHCO3 solution. The of§artc GBI separated,
washed with water and brine, dried over Na2S04, filtered, and concentrated under reduced pressure
to yield cmtapmﬂnyb&[ﬁﬁmmwwtedein’BWﬂwqheaﬁdﬁygiﬁ)9@5%%@53’@5&%9@@@6@@@@@ NMR
(CDC13, 400 M H .4.08-4. o z (d, J=12.40
F@%&%ﬁjﬁ)ﬂ ZC%LJ ;{?ogmd% %m&ﬁ%gé%%%%g :lsg’ll(fgixi] 60/2; Aéﬂa‘ fcgijovwng 0

Hz, 1H), %%SO Scheme 16 Cr 3NH2NHZ F3CNH -/ DMAP  8486a
procedure as described for compound S4c.

MS (ESI, BT m/z = 702 (MH™).

Scheme 12
Rr7
&' g
OH | f
RS./\(/\N
\

g
_Cmpdss % \>’ _LiOH,_
“DIAD/PPR; O
N
.

)
O‘%.&‘? & i\
N\ 7/ Z“"\ OEL
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R
RG‘\/%/RS'
1!
1
RY = !N
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67

[0G374] Step B: Preparation of (Z)-(4R,65,155,175)-[17-[8-chloro-7-methoxy-2-(4-
trifluoromethythiazol-2-yDquinolin-4-yloxyl]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo{13.3.0.0Joctadec-7-en-4-yl] carboxylic acid ethyl ester 66d. Compound 66d
was synthesized from compounds 53 and 65d as a pink solid in 90% yield, following the

procedure as described for compound 54c.

MS (ESL, EI") m/z = 724 (MHD).
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[00409]Step B: Preparation of 3-trifluoromethy1-1H-pyrazole 86a. To a stirred solution of hydrazine
monochloride (6.62 g, 1.6 eq.) in EtOH (300 mL) was added dropwise compound 84 (10.16 g, 1 eq.) in
EtOH (200 mL). The reaction mixture was refluxed for 6 hrs and evaporated to dryness. Water and
EtOAc were BEUR¥E%i8sresidue. The organic layer was washed with watSraHERHIEERed over
Na2S04, filtered, and concentrated under reduced pressure to yield compound 86a as a brown solid
in 86% yigdd315INMR (Z4pCL 3P p6riilz p 66766401631 23T 4,1 TH ) -métRofdi-8=n2BPIRz(41 1-1); 19F

R (COGH AL b4 50 OORORSORCISHaOlRQ0a 0ci0Stn

usrome
Preparation oP]fL-lale -methyl-pent-I-en-3-one ufan-2-one (2.5 g, 1 eq.) and
dimethylforaratricisididthyidOeeatqdeds n-41 Beathpyrdiccahishédl. aC eop @i b4 R4S to give compound

85 as ye”g%ﬂéé%‘dsf%i@&%M&%b%%@@wé%aﬁ&%@E@@}%‘M}@%&Hfl BlpHificatigndn the next
step. 11-1'NMR (DMS0- 4, 400 MHz) 80.94 (s, 3H), 0.95 (s, 3H), 2.52 (s, 1H), 2.74 (brs, 3H), 3.01

(brs, 3H),des08tefl frecpmpaupg 3384), 7.45 (d, J= 12.97 Hz, 1H). [00411]Step D: Preparation of

3-isopro%&%—§gr %2/8@6540 nd 85 (6.6 g, 1 eq.) was added dropwise to a stirred solution of
hydrazin rt f372 , 1eq.); sulfuric acid (1.13 mL) and H20 (6 mL). The reaction mixture

was stirred at 68 C for 2 hrs. The mixture was then neutralized with 1N NaOH and extracted with

diethyl ethé®3THe orgadier|&yePirpaaitacbb(Er-MEXSOA5flTéreld 7d8d-bbreehtretbaximéét reduced

pressure {99@81@&9&@%@9&6%@@&&!9@5%9@ims%"/w L21H NMR, (PWMSO-d6, 400 MHz) 6 1.17
(s, 3H), 1.19 (s, 3H), 2.87-2.93°(m, 114), 5.99 (S, 1H), 7.40 (s, 1H).1.39-1.43 (t, 1= 7.04 Hz, 3H),

4.08-4.137gzameyctn] 12 - Silossagdeccd-en4-vhlomshazyha 351699 (4 ommppy: V). [00412]Step E:

Preparatigm@feSra grony corepoay-g6 damneiawysbrazy|06%)e(8; following the procedure as
_trifluorom thy%}_{%gH_ yrazol-l-yéjgéguinoline 87a. To a stirred solution of compound 86a (821 mg, 1.1
)

~eq.) in anhyAf FRPIEyaf0C was added NaH (241 mg, 1.1 eq.) portionwise. After the reaction
mixture Wﬁé[% j 1hra perature, compound 46d (2g, 1 eq) was added and the mixture
was stirre a?%%%%(f)?rfz Zhrs&%%&g&#fgeaction mixture was cooled to room temperature, EtOAc was
added. The organic phase was washed with HO (2.5 N), dried over Na2S04, filtered, and
concentrated under reduced pressure. The crude material was purified by chromatography on silica

gel (petrol@0i Bther/DERP. 0/50FRGRABHFRUAE-684 &% K whitd d8misthstysymidnts (psi, El)
m/z = 46 SiM¥mIRALRIS P i) faiapratignef [ imathaxii-(imatbaxy-permyloxy)-8-methyl-2-(3-

and g6m (IATEHE HrocD e oL o R e S SR S e o, o
11-INMR (GREBI4EE) Miz 5 fRiG4itsd o366 tsnsd B)18:04 (ki) yB B3 oppulGfudd = 2.58
B L T g

NMR (CDCls, 400 MHz): 6 0.737 (m, 2H), 1.10-1.21 (m, 2H), 1.26-1.33 (m, 2H), 1.44 (s,

3H), 1.41-1.53 (m, 1H), 1.56-1.65 (m, 1H), 1.71-1.76 (m, 1H), 1.84 (dd, J = 6.2 and 8.1 Hz,

2H), 2.11 {dt, J = 5.7 and 13.5 Hz, 1H), 2.36 (dd, /= 9.3 and 18.9 Hz, 1H), 2.53 (dd, /= 3.0

and 13.5 Hz, 1H), 2.61 (s, 3H), 2.81 (ddd, J = 4.7, 12.4 and 17.1 Hz, 1H), 2.90-2.96 (m, 1H),

2.98 (s, 3H), 3.73 (dd, J = 7.0 and 8.3 Hz, 1H), 3.92 (s, 3H), 3.96 (1, J = 7.7, 1H), 4.54 (dd, J

= 2.6 and 13.7 Hz, 1H), 4.84 (¢, /=10.7 Hz, 1H), 4.89 (dd, J = 5.3 and 8.9 Hz, 1H), 5.10(s,

1H), 5.41 (g, J = 7.0 Hz, 1H), 5.36 (td, J = 5.8 and 10.8 Hz, 1H), 7.18 (d, J = 9.2 Hz, 1H),

7.42 (s, 1H), 7.80 (s, 1H), 7.94 (d, /= 9.2 Hz, 1H), 11.12 (s, 1H); MS (ESL, EI") m/z = 791

(MHY.

MS (ESL EIMY m/z = 791 (MH").

[00378] Step F: Preparation of (Z)-(4R,6S,158,175)-[17-[8-chloro-7-methoxy-2-(4-
trifluoromethythiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[ 13.3.0.0)octadec-7-en-4-y1] carbonyl(1-methylcyclopropyl)sulfonamide 684.
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[00414]Step G: Preparation of 8-chloro-4-hydroxy-7-methoxy-2-(3-trifluoromethy1-
1H-pyrazol-1-y1)-quinoline 88a. Compound 87(800 mg, 1 eq.), CeC13.7H20 (965 mg, 1.5 eq.) and Nal
(258 mg, 1 eq.) in ACN (10 mL) were stirred at 85C for 1 hr under microwave irradiation. Water was
added and thednafRfviredsias acidified with IN HCI to pH 5. The reaction miXitFelnada/entiasted with
diethyl ether. The organic layer was dried over Na2S0O4, filtered, and concentrated under reduced

pressure. A keletivd e fieatepainids sz chbylchyomat @paphyoomsilica ggl (M SOHIZBA) o give

compound 86 as a beige solid in 96% yield. 1H NMR -d6, 400 MHz),6 4.02 (s, 3H), 7.07 (s, IH),
7 o, 1B e R o S PRI el S s e ) Live <
343.9 (MImktiotsrhiStepy ldolfoepardtitiV d fughi droxyertiathedge8-ané thy In(Brésepropy -
pyrazol-1-y1)-quinqli A i 0 6b (480 mg,
6 eq.)in I\ﬁlé%ng(%?ggr?glg%%% (?%%WQ%a?sﬂﬁggt&gg&g%%%@e%%ﬁﬁ%%mo%e&%%#ﬁéw re was :
cooled to YsoRresrnpurdibbd ayatehitagoidded 7 Theelixture was extracted with EtOAc, dried over
Na2S04, filtered, and concentrated under reduced pressure. The crude material was purified by
chromatogapti on silitH JRIRRORCD.GHM) NReLrysaitisatRin(in, digshylethergaye zampasnd 88b as a

hite solid i, 49% yield. IHNMR (CRCI3, 376 35.(s, 3H). 1.36 (s.3H H), 3.97 (s,
\éVHI),eesi?c;c{'c;{lTL n:l%?élg g{?,%;lﬁ)%o %15’2:{:53 %éﬁ;ll%}ﬁa br@fﬁ??éffgéﬁl‘f’ﬁﬁggﬁ z, 1 H), 9.?31
(brs, 1H); M5 {ESI4Eandifz07 PESANEL+). (004 16)S@handPiciSaatiohpR2.36 (dd, J= 19.27 and
&-hydroxygTeingihoiy. 8 sefilia (Frififuncomati. ﬁ%:%{ﬁ@bég'éé{)l‘iﬂmﬂﬂ)?sg%ﬁ mixture of

compound 87¢ (885 ™g, 1.99 mmol), ammonium formaite (629 mg; 9.98 thmol); Pd/C (89 mg,

10%w) in B TBs nendia s BrutED, fHPT k. THd -Adadiibn WWks(thé iiteTé ddtholigh Téfitendnd
- concentrajert ypderedused pressurer T heesigiugiwas-digtedwithPGMyangavashey wish.water.

* Organics were dried over Na2S04, filtered, concentrated under reduced pressure, andéf)urified by

chromatoér%%ﬁ?’dﬁ%iﬁc%?dgf (ﬁgtﬂ&\garﬁnétﬁgﬁﬁéﬁww yaltfcdmpouiia 886 4s°8 hkEsolid in 93%

yield. IFINMR (N5 -0’ 5(H06=-Mz)-£2. 2184, (51 .851)5,31 84; (siS38 517 K16) (6l2)-—82 A8z ) 1H), 7.37- 7.40
(m, 2H), 8.02 (d, J = 9.18 Hz, 1H), 8.97 (s, 1H), 11.89 (s, 1H). WO 2009/099596PCT/US2009/000688
[00417]Steqy chg’lr’eﬂaf%ifgn__og ﬁ%gﬂ-hydroxy-7-methoxy-2-(3-isopropyI-Iii- pyrazol-1-y1)-quinoline
88d. A mixture of compound 46a (500°'mg, 1.37 mmol) and compound 86b (452 mg, 4.11 mmol) in
N-methylpyrrolidone (2 mL) was stirred at 200C for 30 min under microwave radiation. After the
reaction mixture was cooled to room temperature, water was added. The reaction mixture was then
extracted with EtOAc, dried over Na2S04, filtered, concentrated under reduced pressure, and purified
by chromatography on silica gel (DCM/EtOAc) to yield compound 88d as a white solid in 35% vyield.
IHNMR (DMSO-d6, 400 MHz) 1.26 (s, 3H),1.28 (s, 3H), 2.98-3.01 (m, 11-1), 4.00 (s, 3H), 6.46 (M,
1H), 7.16 (d, 9.32 Hz, 1H), 7.89 (d, J = 9.32 Hz, 1H), 8.05 (d, J = 10.85 Hz, 1H), 8.60 (m, 1H), 10.69
(s, 1H). Example 15 Preparation of Macrocyclic Compounds 91 91a: R8' =Cl, A=CF3, R'= CH3
911): R8' = CH3, Aa-- iPr, R"CH3 91c: 128'=CH3,A=CF3,R'=CH391d: RBI=CI, A=(Pr,R' =
CH3 '
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9le: 148'=CI,A=CF3,R'=H911: R8 =CH3, A= (Pr,R'"=H91g: 128'=CH3,A=CF3,R'=H
[00418]The syntheses of macrocyclic compounds 91 are illustrated in Scheme 17, where R8 and A in -
compounds 89 and 90 are the same as defined in compounds 91. WO
2009/099598H2F1#83009/000688 [00419]Step A: Preparation of PCT/US2009/000688
(2)-(4R,68,155,175)-1748-chloro-7-methoxy-2-(3-
trifluoromethy1-1H-pyrazol-1-y1)quinolin-4-yldaampiaiénethyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0jociadec- 7@@3&&@%&9@%@@&&3@&%@ Compound 89a was
synthesized from compounds 53 and 88a as a beige solid in 40% yield, following the procedure as
described for compound 54c. MS (ESI, Er) gz = 705 (MF1+). Scheme 17  [00420]Step B:
Preparation of (Z)-(4R,63,158,175)- 1748 m¢thy1 7-methoxy-2-(3-
isopropyl-IH-pyrazol-1-y1)quinolin-4- % ethy1-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]octadec-7-ene-4-ca |c acid ethyl ester 89b. Compound 89b was
synthesized from compounds 53 and 88b ite foam in 50% vyield, following the WO

aScribed for compound 54c. MS (ESI, Er) m/z = 659

(MH+), [00421]Step C: Preparation of (Z)-(4R; 58 17/&»17 [7-methoxy-8 methy1-2-(3-

S\}/Cﬁ
SN EY,

0‘-\\\_§\°‘\“ ?/ .Zg\\
N :;

69a: RS =H,R" =H,R" =OCH;, R¥ = H
69b: R = H, R® = H, R” = OCH3, R® = CH;
6%9c: R¥ =H, RS =H,R” =OCH;,R¥ =F
69d: R¥ = H, R =H, R” = OCH,;, R¥ = Ci
 69e: R =OCH;, RS =H,R” =OCH,, R¥=H

69f: R¥ =H, R® = OCH;, R7 = H, R¥ = CH;
69g: RY = H, R% = OCH,, R7 = CI, R¥ = H
69k: RS =H,RY =H,R” = OCH,, R¥ = Br

[00380] The synthesis of macrocyclic compounds 6% are illustrated below with
compound 69b. The same procedure is also applicable to other macrocyclic compounds 69.
[00381] Preparation of (D)-{4R.65,1558,178)-[17-[7-methoxy-8-methyl-2-(4-
triflusromethythiazol-2-yhguinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]Joctadec-7-en-4-yi] carbonyl{cyclopropyl)sulfonamide 69b.
Compound 69b was synthesized from compound 67b and cyclopropylsulfonamide as a white
solid in 49% yield, following the procedure as described for compound 68d. 'H NMR
(CDCls, 400 MHz): 6 0.78-0.90 (m, 2H), 0.99-1.12 (m, 3H), 1.17-1.24 (i, 3H), 1.26-1.62 (m,
4H), 1.87 (dd, J = 6.1 and 8.5 Hz, 2H), 2.12 (dt, /= 5.8 and 13.5 Hz, 1H), 2.36 (dd, /= 9.3
and 19.2 Hz, 1H), 2.49-2.55 (m, 1H), 2.77-2.95 (m, 3H), 2.98 (s, 3H), 3.73 (m, 1H), 3.92 (s,
3H), 3.96-4.01 (m, 1H), 4.54 (dd, /= 2.8 and 13.9 Hz, 1H), 4.81-4.85 (m, 2H), 5.02 (s, 1H),
542 (qt, J=7.0 Hz, 1H), 5.57 (td, J=5.7and 10.7 Hz, 1H), 7.19 (d, J= 9.3 Hz, 1H), 7.42 (s,
1H), 7.80 (s, 1H), 7.94 (d, J = 9.3 Hz, 1H), 11.13 (s, 1H); MS (ESI, EI") m/z = 777 (MH"),
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trifluoromethy1-1H-pyrazol-1-yl)quinol in-4-y loxy]-13 -N-methy1-2,14-dioxo-1,3,13- triazatricyclo]l
3.3.0.0]octadec-7-ene-4-carboxylic acid ethyl ester 89c. Compound 89c was synthesized from
compounds 53 and 88e as brown foam in 80% yield, following the procedure as described for
compound it it T@éﬁﬁ Er) tth = 685 (MI-r). [00422]Step D: Preparationngrf US2009/00068S
(2)-(4R,6S,158,17S)-17-[8-chloro-7-methoxy-2-(3-
isopropyl1-1H-pyrazol-1-y1)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.ﬂoctadec-?-ene-A-carboxyIic acid ethyl ester 89d. Compound 89d was
synthesiz%@f%%’gd ﬁgﬁﬁdggﬁ(% 88d as brown foam in 90% yield, following the procedure as
described for compound 54c. MS (ESI, Bo nilz = 679 (M/-1). [00423]Step E: Preparation of
(2)-(4R,68)0581 75)-1 Prépetiven-TL hbtagkgS2L 63 trifluDrorfedhyara Fpytaol-2-(§t)quinolin-4-y lox y]
13N melhyladasiounsho A3 pIaalHaLTIBI3. O PlRclaes etz £arbpyic acid S0a.

Compound 90a was Synthesized from compourid 89a as a white solid in 77% yield, following the

proceduréiagaiiiawipldd-fop-Blnaisdesd sat-Nib e s siorEopy D irnamide £241Step F: Preparation

of (2)-(AR:eRnBd €5d- L4 SymAtByLd ANaBONYRM367d and cyclopropylsulfonamide, following
isopropyl-IH-pyrazol-1-yl)quinolin-4-yloxy]-13-N-me

] thyl-2,14-dioxo-1,3,13-
ity B P e TB FHEL dB ATR AP BB S NI (b il BB A9 M2 o from
compoundgi89b.as B eflayesplid. i3 509 yelsiiolasing themrigpdwe-asdaacnbgdifos ¢adpound 55c.

MY e L RIS G e L e e

triazatricy(cio[ER. 2 ODb Ot tec HEIe0d-afbbx )RS Adit J6c8 Gbanddiing 9acl Wastsyfthesized WO

. 2009/099596P G/ %%910 /0006 ONHSOMPP c@sapaley sqlid in,18% pigld, following
~ the proce@ﬁ%@g (ggz-’scrl ’3@%9@%%6%@ 55¢. QI{I/% @SI&E}F) ﬁ%e :'g%%%\/lql—#%.@[%oi%] tep H:
Preparatién df(z). @R 253 7 8) s B-L b ol 7 snéthoxyH2-[8D), 7.31 (d, J=9.27 Hz, 1H),
isopropy 1 7 pyig ,O’raézy&gm;z'moé-wpymléﬁ{m@}i@ylza,.lé-ggwy.l,3,13- _
triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid 90d. Compound 90d was synthesized from
compound 89d as a pale yellow solid in 36% %’eld f?llrl)\fving the procedure as described for compound
55¢. txanhple I1

Preparation of Macrocvelic Compounds 76

OCH,

[00383] The syntheses of macrocyclic compounds 76 are shown in Scheme 13, where

R, R¥,R”, and RY in compounds 74 and 75 are the same as defined in compounds 76.

133



MS (ESI, Er) mh. = 650 (MI-14). [00427]Step |: Preparation of
(£)-(4R,68,158,175)117-[8-chloro-7-methoxy-2-(3- trifluoromethyl-1H-pyrazol-1-yOquinolin-4-yloxy]-13
-N-methyl-2,14-dioxo-1,3,13- triazatricyclo [13.3 .0.0]octadec-7-ene-4-yl]carbon 1(%1
-methylcycldBRBYBLIRShamide 91a. Compound 91a was synthesized frar COMPOURE 8% and
1-methylcyclopropylsulfonamide as a white solid in 12% yield, following the procedure as described for
compound 56¢. MS (ESL Er) m/z = 794 (MW)Stbee8[Step]: Preparation of
(Z)-(4R,68,155,173}-[1718-methyl-7-methoxyr:21-(3- OH

isopropyl-1H-pyrdzol-1-yOquinolin-4-yloxy]-13-N-methyl-2,14-dioxg~4,3,13-
triazatricyclo[13@]00@@1@@%mee-4-ylic bonyl(1-methylcycloprepyl)jsulforapide 91b. Compound
91b was synthes frorseepmpaund 906 &mefﬁﬂé’?cloprg%éu arnideyas a white solid in 30%
yield, followi e pi@cedure as descrik?e‘d\for cditipound 56e. MS\(ESI, Er)= 748 (MI-1+). [00429]Step
K: Preparation ojp(Z)-(4R,68,155,175)417-[/?‘- hoxy-8-methyl-2-(3-
trifluoromethyl-1H-pyrazol-1-yOquinolin-4-yloxy]- -N-methy1-2,14-c£i 0:1,3,13- triazatricyclo
[13.3.0.0]octadec-7-ene-4-yl]carbonyl(1-methylcycl pyl)sulfonantide 9k. Cempound 9k was
synthesized from compound 90e and 1-methylcyclopropylsulfonamide as a white solid in 9% vyield,
following the procedure as described for compound 56¢. MS (ESI, El+) m/z = 774 (M1-1").

[00430]Step L: Preparation of (Z)-(4R,65,155,178)41748-chloro-7-methoxy®2-(3-
isopropyl-lH-pyrazol-l-yOquinolin-4-yloxy]-13-N-methy1-2,14-dioxo-]33kl}l\ﬁvy@“'
2009/099596PGPUS2009/000688 o |
triazatricyclo[13.3.0.0]octadec-7-ene-4-yllc IBonyl(l-methylcyclopropyl S ide 91d. Compound
. 91d was synthesized from compqupd 90@ 1-methylcycl pr Bylsulfona ide as a6white olid in 28%
yield, following p@cedl{rgﬁ‘s_d‘e‘ﬁ‘ﬁbe, compound . SI, gl m/z = M
[00431]StEp'M: Pyeparatidh of (2)-(4R6€,158, ¥ hloro-7-methoxy-2-(3- S

trifluoromethy“l- H-pyrazal-1-yDquinolin-4+yloxy]-13-N-methy1-2,14-dioxo-1,3,13- trfazatricyclo [13
.3.0.0]octadec- -4-yl]lgarbonyl(cyclo ide 91e. ©empourg-9i \ O'st;(nthesized
from compound80a clopropylsulfonafide as™@ beige solid inaﬁ&) yigld, fellgwing the procedure

as described for compound 56e. MS (ESI, Er) nﬁz =780 (MW). [00432([%@34\% ration of
(2)-(4R,68,158,175)-[1748-methyl-7-methoxy-2-(3- W 74

fon

R” R

DN 4] Z\‘% N \
%
SO /
bogs L.
100384] Step A: Preparation of (25,4R)-tert-butyl 2-(7 ‘hept-6-enyl)-N-

methylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate 70a. Compound 702 was synthesized
from compound 32b and cis-N-Boc-4-hydroxy-L-proline as orange oil in quantitative yield,

following the procedure as described for compound 48.

'H NMR (DMSO-ds, 400 MHz) 6 1.29-1.3 (m, 9H), 1.33-1.55 (m, 4H), 1.70-1.80 (m, 1H),
1.97-2.12 (m, 4H), 2.77-2.97 (m, 4H), 3.15-3.40 (m, 4H), 4.22 (br s, 1H}), 4.50-4.62 (m, iH),
4,90-5.04 (m, 3H), 5.71-5.83 (m, 1H).
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isopropyl-1H-pyrazol-1-y1)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-

triazatricyclo[13.3.0.0]octadec-7-ene-4-yllcarbonyl(cyclopropyl)sulfonamide 911. Compound 911 was
synthesized from compound 90b and cyclopropylsulfonamide as a white solid in 30% yield, following
the procedu?@%%ﬁﬁ’gg%%ﬁ%d for compound 56¢. MS (ES| trtiz = 734 (MW) %HE%‘]@@@@SPreparatlon

of (2)-(4R,68,158,175)41747-methoxy-8-methy1-2-(3-
S oro ST oy St GO LA s -V ST B 3.

triazatricyﬁ&h&&&&@ﬂ@;ﬂmﬁmwm@@:o&m@m&%ﬂosoﬁﬁ@mdaw@agom pound 91g was

synthesized rom pound 9 ulfo |de hite soI in 4 /oyleld following
the proccUTR L LER AT g5 At GECT e 1 PR AL O

2009109@5&&9@%usmwm&agaaeﬁxamnwem d%sepmdtfomofriﬁamdm&hc Compounds 96 96a:
Rs'=H, R6'=H, R7' = OCH3, H8=96b: Rs' = H, Rs' = H, H7 OCH3, H8= CH3 96¢: Rs' = H, Rs' = H,
HT = OCHBNRYR MR 08 MHRY = R9RAmOBNI B 156 (masdHREE-O8HBLRE. = H, RT =

OCHS3, R§9‘? H ﬁﬁém RETT Th RS9 @x‘?'&iﬁ) R1=3hHle BR, Z@@ig@éﬁaﬁnw&ﬁ)s PHg R{gCl, R8'=H

96h: Rs' = H, R6 I, R7 = OCH3, RSI = Br'[00434]The syntheses of macrocyclic compounds 96 are
|IIustrated‘\ﬁ/ﬁ’r4'1§8rﬂBoUﬁ?j 668- é@%ﬁ&mﬁﬁﬁ &cHeti® 18, WHere R5', R8', R7', and R8' in compounds 92

to 96 are the same as defined in compounds 56. The same procedures are also applicable to other
compounde®iR][00435¥etap: ArErapetaliai D, AR{E:ad €y bt Hahigioddaptethoxyphenyl)-5-
methylpyrrolidine-2-carboxamide 71a. Compound 71a was synthesized from compound 76a

as yellow ol in 35% yield, following the procedure as described for compound 49.

MS (ESL, EI) m/z = 241 (MH").

[00387] Step D: Preparation of (25,4R)-2-N-(oct-6-enyl)-4-hydroxy-N-
methylpyrrolidine-2-carboxamide 71b. Compound 71b was synthesized from compound 70b

as yellow oil in 51% yield, following the procedure as described for compound 49.

MS (ESL EI') m/z = 255 (MH).

[GO388] Step E: Preparation of (1R)-1-{[2(S)-(hept-5-enyl-methyi-carbamoyl}-4(&)-
hydroxy-pyrrolidine-N-carbonylJamino} -2{R)-vinyl-cyclopropanecarboxylic acid ethyi ester
 72a. Compound 72z was synthesized from compounds 34 and 712 as a beige solid in 38%

vield, following the procedure as described for compound 50.

MS (ESI, EI") m/z = 422 (M.

[00389) Step F: Preparation of (1 R)-1-{{2(S)-(oct-5-enyl-methyl-carbamoyl)-4(R)}-
hydroxy-pyrrolidine-N-carbonyllamino }-2(R)-vinyl-cyclopropanecarboxylic acid ethyl ester
72b. Compound 72b was synthesized fromn compounds 34 and 71b as a beige solid in 48%

yield, following the procedure as described for compound 50.

MS (ESL ET") m/z = 436 (MH™).

[00390] Step G: Preparation of (£)-(4R,6S5,165,18R)-2,15-dioxo-18-hydroxy-14-N-
methyl-1,3,14-triazatricycio[14.3.0.0lnonadec-7-ene-4-carboxylic acid ethyl ester 73a.
Compound 73a was synthesized from compound 72a as a white solid in 42% yield, following

the procedure as described for compound 52.



isopropylisoxazole-3-carboxamide 92d. To a stirred solution of 5-isopropylisoxazole-3- carboxylic acid
(3.5 g, 22.6 mmol) in DCM (35 mL) was added anhydrous DMF (few drops) and oxalyl chloride (3.82

mL, 43.2 mmol) at OC under nitrogen. At the end of the gas escape, the reaction mixture was allowed
to warm up t8 Yo t&MKerature. The mixture was stirred at room temper&{tr&¥é1%4%%hd was
evaporated. Dioxane (70 mL) was added under nitrogen, followed by a solution of

1-(2-amM8§-E8hI &0 anetA84yiRenyl)-ethanone 40d (4.10 g, 20.6 mmol) in dioxane (15 mL). The
reaction mixture was stirred at room WO 2009/099596PCT/US2009/000688 temperature for 16 hrs.
NaHCOR)asa then adugdrT iFecpirdtite v PRIRBERITHIDG0AC-dXganighyRg diliedvover Na2SO4,

filtered, and concentrated und ced pressyre. The crude material was trityrated in Et20 to yield
compou B33 55 W EHAHFSHIEH 5001 G HRGIR (1S, OO HCTET 5o, 3. 148 (5 3H),
1.76 (br§ohkpidd 73 vak - tBe3dzed . A0rimothp uddIR sa SHYhEB6 [d, iy B.B3yktk],1H), 7.64 (d, J=
8.53 Hz 07 (s, 1H). Scheme 1. 436]Step B: Breparation of

8-ch|orofé1}él-‘l'§%ogp§cl)ép %g%ég%(%:?%ﬂ%%%%%%&o&%é232009/099596PCT/U52009/000688 quinolin-4-ol

93d. CompquRrd 839 was-syphepized from compound 92d as a white solid in quantitative yield,
following the procedure as described for compound 43a. FI NMR (CDCI3, 400 MHz) 6 1.39 (s, 3H),

1.41 (s, 3H 17-3.31 (m, 4.06 (s, , B. ~LH . s,.IH), 7.06.(d, J = 8.48 Hz, IH), 8.28
(d,J= 8.5@‘}%%3,% H), 9&(%”(%,?ﬁ%ﬁ?%ﬁ%@@ﬁ@%@@%ﬁigﬁ Sk [ ety

(2)-(4R 68BN UAGpdsF4Bythiarol 2yRtuino)lid-{SylisofropyV-methyl-1,3,14-

isoxazol-3- inolinz4:-yd -13-N-methyj- -di0XxQ-

st D B G5 R RO e bR ewes s, Compound 745 was

- synthesiathfromdtompeanas BR.aABOBY d3mabeifeizoidlin B vkl didhbarrigame procedure as

describ J@Jdﬁ%%@%%i@eﬁ?fd%%%ﬂn@@@“z = 680 (Mt). [00438]Step D: Preparation of
(2)-(4R,65,158,175)-17-[8-chloro-7-methoxy-2-(5-

isopropysseo EB-yHaunslinadfgoxyl-13-N-methyl-2,14-dioxo-1,3,13-

triazatricyclo[13.3.0.0Jocradec-7-ene-4-carboxylic acid 95d. Compound 95d was synthesized from
compou as a white sqlid in_10% vield, in rqcedure as, dgscri rcompound 55e.
PRI SRR S e R

(2)-(4R, 681852 #5isprropglbiiepb-Z-yatiaxknst(Bloxy]-15-N-methyl-1,3,15-

isopropylisoxazok R guingicdsWoxyd 3N Rttt ddsding-44p 13 ompound 74b was
tnazatncyclo[l;%.3.0.0]octadec-?-ene-4-yl|carbonyl(1-meth}llcyclo ropyl)sulfonamide 96d. Compound

96d waSEyhEse Semarrusuitbatd 23bah b AaliA 1evh st ddriRKg I procedure as
describegder e AeBbee fiY SotiSull siRZ = 769 (MW').

MS (ESL, EI') m/z = 704 (MH).

[00394] Step K. Preparation of (Z)-(4R,68,165,18R)-2,15-dioxo-18-[7-methoxy-8-
methy!-2-(4-isopropylthiazol-2-yl)quinolin-4-yloxy]-14-N-methyi-1,3,14-
triazatricyclo{14.3.0.0}nonadec-7-ene~-4-carboxylic acid 75a. Compound 75a was
synthesized from éompound 74a as a white solid in 32% yield, following the procedure as

described for compound 55¢.

MS (ESL EIN) m/z = 662 (MH™).

[00395] Step L: Preparation of (£)-(4R,65,175,19R)-2,16-dioxo-19-[7-methoxy-&-
methyl-2-(4-isopropylthiazol-2-ylquinolin-4-yloxy}-1 5-N-methyl-1,3,15- '
triazatricyclo[15.3.0.0]nonadec-7-ene-4-carboxylic acid 75b. Compound 75&) was
synthesized from compound 74b as a white solid in 36% yield, following the procedure as

described for compound 55¢.
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WO 2009/099596PCT/US2009/000688 Example 17 Preparation of Macrocvelic Compounds 101
101a: 115 =H, kW=H, R7' = 0CH3, R8=H 10113: 125 =H, R6 = H, 14= 0013, Rw' = CH3 101c: let=
H, R6'=H, R7'= OCH3,= F 101d: R5=H, R6' = H, R7' = 0CH3, RW = CI 10k: R5' = OCH3,= H, R7' =
OCH3, RW ¥P 1998 % H, R6' = 0043, 127' = H, le = 013 101g: 145.= HCEWZBENESL 1, 12.8 =
H 10th: RS = H, R6' = H, R7 = OCH3, ft8 = Br [00440]The syntheses of macrocyclic compounds 101
are ilustdENitRICOMBouAGEIDAE &s shown in Scheme 19, where R5', R6', R7', and Rg' in
compounds 92 to 96 are the same as defined in compounds 56. The same procedures are also

applicabjeqspether cofapoindarditaf6044 (I3 @ER ASRESPEB RN I0F-dioxo-18-[7-methoxy-8-

N-(6-acetyl-2- ro-3-methox nyl)-2- isopropylthiazole-4-car, ide 97d. To a stirred solution

of 2-isop%%'ﬁ% Q-‘Lﬁlo {8%@%3%@%%@%&1 %%E@%éﬁj érﬁﬁkn?’éﬂeiﬁﬁygg?ﬂaf%S nth) was added oxalyl

chloridet(ﬁmﬁrmy_qidb.@hm@dﬁl))mﬂacaﬁﬂv-ﬁm&ﬁ@iﬁﬁnhwfmmﬁlwmm@}fm}fenendd@f@@ escape, the

midure Wan ENCR I e R LIORBH SIRCIAN A A NER S0 A 5 T eRRon mixure
uce SO mL)-

was concentrated under re pressure an ubilized in dioxane {70 A solution of
1-(2-amftic ebiitorelid-méioxjckhdolprergdhe rrosolng s depcid® doresimpogrskape (15 mL) was
then slowly added. The mixture was stirred at room temperature for 16 hrs. NaHCO3 was added. The
mixture Was(EXfrdctedrith EREHiied over Na2S0O4, WO 2009/099596PCT/US2009/000688
filtered, and concentrated under reduced pressure. The crude material was triturated in diethyl ether to
yield corfip38Atl 97b if:e0%6 ReddardtidthoR(ATDIRLE, 10D Rz)2 .1 4di¢s o3H [ T-mstiiex8td), 2.57 (s, 3H),
3.34-34 g, J= 3. ; B _J=z 8 1H),4.64 (d, = 8,48 Hz, 1H), 8.07
&é&%’;ﬁl 1@&;8%&5%%& 398 4air3l-£-50,(0h- 15 FrdRebign 41

(s, 1H); MS
triazatricyclo[15.3.0.0nonadec-7-en-4-y1} carbonyl(i-methyl-cyclopropyl)sulfonamide 76b.

Compound 76b was synthesized from compound 75b and 1-methyl-cyclopropylsulfonamide

as a white solid in 27% yield, following the procedure as described for compound Sée.

MS (ESL EIN) m/z = 793 (MH).

Exampie 12
Preparation of Cvclopropanesulfonamide 82

0 0O =
\VEN=—
- S
H,N
82
[00398] The synthesis of cyclopropanesulfonamide 82 is illustrated in Scheme 14.
f00399] Step A: Preparation of N-Boc-cyclopropanesulfonamide 77. To a stirred

solution of cyclorpopanesulfonamide (10.72 g, 88.6 mmol), TEA (13.9 mL, 100.4 mmol),
and (4-dimethylamino)pyridiﬁe (1.11 g, 9.07 mmol) in DCM (160 mL) was added dropwise a
solution of Bocy O (21.88 g, 100.4 mmol) in DCM (100 mL) at 0 °C over 30 min. The
mixture was allowed to warm up to room temperature and stirred for 3 hrs, The mixture was
then washed with 1N HCI, water, and brine. Organics were dried over NaySOs, filtered,
concentrated under reduced pressure, and triturated with hexane to yield compound 77 as a

white powder in 87% yield.

'H NMR (CDCls, 400 MHz) 6 0.92 (td, J = 1.72 Hz and J = 6.40 Hz, 2H), 1.49 (s, 9H), 1.59
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Scheme 19 [00442]Step B: Preparation of 8-chloro-2-(2-isopropyl-thiazol-4-y1)-7-methoxy- WO
2009/099596PCT/US2009/000688 quinolin-4-ol 98d. Compound 97d (352 mg, 1 mmol) and potassium
tert-butoxide (236 mg, 2.1 mmol) in tert-butyl alcohol (10 mL) were stirred in a sealed vessel at 120 C
for 1 hr und&¥ AttP& RN radiations. The mixture was then poured into diéthyteisy *4¥tftfied with
2.5N HC1 to pH 5 and extracted with ethyl acetate, and concentrated under reduced pressure to yield
compoufid,98b i 8296 ¢idfdHel ZHNMRS @D&B, 400 MHz) 1.49 (s, 3H), 1.51 (s, 3H), 3.38-3.45
(quint, J = 6.90 Hz, 1H), 4.06 (s, 31-1), 6.70(brs, | H), 7.05 (d, J = 9.35 Hz, 11-1), 7.76 (s, 1H).
[00443]Step C: Preparation of (2)-(4R,68,155tK8d 748-chloro-7-methoxy-2-(2-
isopropythiazol-4-yl)quinolin-4-yloxy]-13-N-methy1-2, 1 -dioxo-1,3,13-
triazatricyclo[13.3,0.0]octadec-7-ene-4-carboxylic aci eth?F‘ester 99d. Compound was
synthe5|z@6°f{om fFompo nds 53 and 98d s \a w te oli |n %}"/Mteldﬁcr IIow@g he procedure as
described foHB rt mesz——zs :m:.» tion of
(2)-(4R,6S,155,175)-17-]8- cﬁ1&‘8- Oethoxy-2-(21

isopropythiazol-4-yl)quinolin-4-yloxy]-13-N- methyPZ 14-dioxo-1,3,13-

triazatricyclo[13.3 % Oloctadec-7-ene-4- carboxyllggamd 100d. Compound 100d v?%s synthesized from
compound 99d as a white sollgl in 47% yield, following the proc?.lre as described for}mpound 55c.
MS (ESI, Er) n”ZE;S%S %/IW 7 [00445]Step E: Prepara;l:on ofO
(2)-(4R,68 178y11748-chlgro thox 2-
|sopropyth|é.'1(‘z%§+4 yh)\)?qmﬁ e OZ SRR a(gen-t ,14{6
triazatricyclo[13.3.0.0]océhdec- -ene-4-yllcarbonyl1(1-methyl cge 101d. Compound
~101d was synthesized from compound 100d as a white solid in 38% yield, following the procedure as

- described for compound®6e. MS (ESI, Er) nilz = 785 (MH+$! WO 2009/099596P##/US2009/000688
Example 18 Preparation of Macrocyclic Compounds 110

[00400] Step B: Preparation of N-Boc-1-benzyloxy-cyclopropanesulfonamide 78. To
a stirred solution of compound 77 (500 mg, 2.26 mmol) in anhydrous THF {5 mL) at -80 °C
was added nBuLi (2.26 mL, 5.65 mmol) dropwise. The mixture was stirred at -80 °C for 10

min and bromomethylbenzene (271 pL, 3.39 mmol) was added dropwise at -80 °C. The
mixture was then allowed to warm up to -30 °C. Water was then slowly added followed by
EtOAc. Organics were dried over Na; SOy, filtered, concentrated under reduced pressure, and
purified by chromatography on silica gel (EtOAc/DCM) to yield compound 78 as a white
powder in 30% yield.

"H NMR. (CDCls, 400 MHz) § 1.04 (td, J = 1.72 Hz and J = 6.40 Hz, 2H}, 1.49 (s, 9H), 1.73
(td, /= 1.72 and 6.40 Hz, 2H), 3.78 (s, 2H), 4.56 (s, 2H), 7.07 (brs, 1H),7.30-7.38 {(m, 5H).

[00401] Step C: Preparation of N-Boc-1-hydroxymethyl-cyclopropanesulfonamide 79.
Compound 78 {2 g, 5.87 mmol) was reacted in a H-Cube® (Thales Technology) with a Pd/C
10% cartridge at 20 bars and 50 °C. The crude material was purified by chromatography on
silica gel (EtOAc/DCM) to yield compound 79 in 70% yield.

'H NMR (CDCh, 400 MHz) 8 1.09 (t, J = 6.32 Hz, 2H), 1.49 (s, 9H), 1.61 (1, J = 6.32 Hz,
2H), 3.72 (s, 1HD), 3.89 (s, 2H), 8.23 (brs, 1H).

[00402] Step D: Preparation of N-Boc-1-formyl-cyclopropanesulfonamide 80. To a
stirred solution of compound 79 (100 mg, 0.3% mmol) in DCM (2 mL) was added pyridinium

chlorochromate (130 mg, 0.60 mmol). The mixture was stirred at room temperature for 16
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110a: R5. = H,= H, fl7= OCH3, R8I = H 110b: Rs. = 14,H, R7 - OCH3, R8t = CH3 110c: R5' = H,
11.61= 14, 117 =OCI-13, fi8 = F 110d: R5' H, R6t = H, R7' = OCH3, R81= C| 110e: 115' = 0013, R6' =
H, R7' = 0CH3, R8' = 11 1101: Rs' = H, R6' = OCH3, R7' = H, fl8= CH3 110g: R5' = H,116' = OCH3,
11.7' = Cl, RVEPYIWAYRS' = H,= H,117 = OCH3, R8' = Br [00446]The s%% eEP I rocyclic
compounds 110 are illustrated with compound 110d as shown in Schemes 20nd 21 where R5', R', R7/,

and R8' mmwﬁﬁd@@dmmqm%QM@m%ﬁ@@% ewhthoargis SEoMeBARe procedures
are also gpplicalie;ta-giher LOMPANRds L0 9P 4 ARG Ao R RRaraLoR of

N-(2-chloro-3-methoxyphenyl)-2-hydroxyimino- acetamide 102d. To a stirred solution of sodium sulfate

(58.5 g, HAmrnedpawates (PR ypL)4vas added 7z salution, ofhial adidrede (9.360, 56.6 mmol) in
water (120 mL). Chloroanisidine 39d (10g, 51.5 mmol) was added followed by 37% HC1 (20 mL). A

solution oxylamine 5Q% in water, 4,7.mL . 154.5 mmol) in 50 mL was then added and the
reaction &i{l}%?lje wasqr%?ﬁjég %Pa%ur%%n{.) eﬂn%%slpegﬁﬁney? chﬁ?f ngaﬁﬁgﬁgang#}%%gf\jiv;s%gd with water

and ethewtiGrpoiitewereudripehod 80 NRisey Hiffteretiobnd bbriddrifrardd airtdr redaseigbressure to
yild corRgeI,3926:25 BHEN U MY S0RRRSEEIBRETILLLSPARARALBS,. R (DWSO-do.
86 (5, 3H), 6.8 (d (3= 8.07Hz, 1H), 7.61 (

400 MHz) 53. k (d,J=8.07 Hz, 1H), 7.31 (t,J z, 1H d, J=8.07 Hz, 1H),
7.66 (s, #HP8.F43Hs 41 HThe mipgyrs We) SIGEHbFAECOD RS ST 16 hiR3nREsOOCHS 127.1'fH2

concentrated under reduced pressure. Water, EtOAc, and citric acid were added to bring pH
to 4-5. Organics were dried over Na,SQq, filtered, and concentrated under reduced pressure

te yield compound 81 in 85 % yield.

"H NMR (CDCls, 400 MHz) & 1.50 (m, 2H), 1.53 (s, 9H), 1.92 (m, 2H), 2.37 (5, 1H), 7.15
(brs, 1H).

[00404] Step F. Preparation of 1-ethynyl-cyclopropanesulfonamide 82. A mixture of
compound 81 (200 mg, 0.81 mmol) and TFA (0.3 mL) in DCM (5 mL} was stirred at room
temperature for 16 hrs. The reaction mixture was concentrated under reduced pressure and
the crude material was purified by chromatography on silica gel (MeOH /DCM) to yield
compound 82 in 70% yield.

"H NMR (CDCls, 400 MHz) 6 1.43 (td, J = 2.90 and 4.80 Hz, 2H), 1.70 (td, J = 2.90 and 4.80
Hz, 2H), 2.38 (s, 1K), 4.79 (s, 2H).
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Cmpd 37 (CO2)C12 NH2 [00448]Step B: Preparation of 7-chloro-6-methoxy-1H-indole-2,3-dione
103d. Compound 102d (10.46 g, 45:74 mmol) was added portionwise to BF1Et20 at 40C. The mixture
was then heated at 90C for 3hrs. After cooling down to room temperature the reac jon mixture was
poured into OB ind extracted with EtOAC. Organics were dried over 5@ AP 0ﬁ;tgered
concentrated under reduced pressure, and purified by chromatography on silica gel (petroleum
ether/EtOAc). The compound obtained was r@éﬂ}%@éﬂﬁd from EtOH to yield compound 103d as a
brown solid in 63% yield. IHNMR-H2M 20 161460 Mtz ) Sohie «sdS&R), 6.79 (d, J=9.10 Hz, 1H), 7.52 (d,
1=9.10 Hz, 1H), 11.40 (s, 1H). [00449]Step C. Preparation of 2-amino-3-chloro-4-methoxy benzoic
acid 104d. A suspension of compound 1031 (6.03 g, 28.52 mmol), NaOH (1.25 g, 31.37 mmol), and
NaCl WO 2009/099596PCT/U82009/00688 (3.49 g, 59.89 mmol) in water (60 mL) was stirred at
room temperature for 30 min and ws thenice-cBbled. 1-1202 was added dropW|se The mixture was
stirred at 0 C for 20 min and at room t

9.05 Hz, 1H), 12 7 (brs 1H). [00450]StZep D Prepar lon gf 2-a no -3- chloro 4- methoxy ben20|c acid
methyl ester 105d. To a stirred solutj compound 104d (1.9 g, 9.6 mmol) in dry DMF (25 mL) was
added K2CO3 (1.32 g, 9.6 mmol) at yoom temperature. T eactlo ixture was stirred for 30 mm
and methyl iodide (0.77 mL, 1%4 Mo S aﬁded fter 24fs at fGom temperature, 5% aqueous citric
acid was added. The mixture was & xtracte W|th OAC, @rgan' ere washed with water, dried over
- Na2S04, filtered, concentrated undelr reduted p ure, Hind purlied by chromatography on silica gel
(petroleum ether/EtOAC) to yield compou 05d as @elge soild in 50% yield. NMR (CDCI3, 400
MHz) (ppm) 3.79 (s, 3H), 3.86 (s, 3F);6.23 (d, 3 Hz, 1H), 7.75 (d, Jr= 9.03 Hz, 1H).
[00451]Step E: Preparation of methyl 3-chloro-2-(4-isopropylthiazole-2-

83a: RY =H,R¥ = H,R" = OCH,;, R¥ =H

83b: BY = H, R® =H, R" = OCH;, R¥ = CH;

83 RS =H,R*=H,R” =OCH;, R¥ = F

83d: RS = H, R® = H, R” = OCH;, R¥ =1

83e: RY = OCH3, RS =H,RT =OCH3, R¥ = H

83: R = H,R® = OCH;, R” = H, R¥ = CH;

83g: RY =H,RY =OCH;, R" =CLRY =H

830: R =H,R® =H,R" =OCH;, R¥ =

[00405] The syntheses of macrocyclic compounds 83 are illustrated with compound
83b as shown in Scheme 15, where RS’, Ré’, R7’, and R¥ in compounds 83 are the same as

defined in compounds 56. The same procedures are also applicable to other compounds 83.

[00406] Preparation of (2)-(4R,65,155,178)-[17-] 7-methoxy-8-methyl-2-(4-
isopropylthiazol-2-yl)quinolin-4-yloxy]-13-~N-methyl-2,14-dioxo-1,3,13-
triazatricyclo{13.3.0.0}octadec-7-en-4-yl] carbonyl(1-ethynylcyclopropyl)sulfonamide 83b.
Compound 83b was synthesized from compounds $5b and 82 as a white solid in 30% yield,

following the procedure as described for compound 56¢.

MS (ESL EI") m/z = 775 (MH").
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carboxamido)-4-methoxybenzoate 106d. To a stirred solution of compound 37 (758 mg, 4.28 mrnol) in
dry DCM was added oxalyl chloride (720 ML, 8.56 mmol) and few drops of DMF at 0 C. The reaction
mixture was stirred at 0 C for 30 min and at room temperature for 2hrs. The mixture was filtered,
concentrated” (&Y t&dtted pressure, and dissolved in dioxane (3 mL) C%%f)%ﬁigﬁf'&%s (770 mg, 3
56 rnmol) in dioxane (6 mL) was then added. The reaction mixture was stirred at room temperature for
16 hrs. Solvent was evaporated. Water was ad8e#m® the mixture. The reaction mixture was extracted
with EtOAc. Organigg'were dried over Na2S0O4, filtered, concentrategtunder reduced pressure, and
purified by cr}{g)matgrap y- on silica gel (petroleum ether/EtOAc) to Yield cgmpound 106d as a pale
yellow solid in 92% yreld. 1H NMR (CDC13, 400 MHz) ,0 11§ o 68.63 Hz, 6H), 3.09-3.16 (m, 1H),
3.79 (s, 3H), 3.9 ), 6.82 (d, J=.9.02 Hz, 1H), 7.19 (s, 1H), , J=9.02 Hz, 1H), 9.97 (s, IH).
WO 2009/099596 P&T/US: 0
8-chloro-2-(4-isoprap I-thlazol- -y1)-7-methoxy- quinazolin-4-ol 107¢. To a stirred solution of
compound 106d¢1.327y, 3.58 [).im EtOH/H20 (1/1, 10 mL) was added L 0.3 /Mg, 4.29 rrunol).
The reaction mixture was stirted At 60 & for 2h#s; An aqueous sofution of citrig agjd (5%) was added
and the mixtur extractedowith EtOAc-Organjcwererdried oveirNa2S04, filtered, and
concentrated U redyced pressure. The reéidue s stirred withy formamiditje (?@ ﬁ%L) 50 C for
4hrs, andhedixturg-wais.alldweg) to coolxgiewn 1 m temgeratur ight>TheSmjgtdre was
poured int@ger, d exgracted with DCM. Organies were drigd ovef Na2594, fiitered, cgncentrated
under reduced pressure, andpurified by chromatography on silica gel (petroleum ether/Et0OAc) to yield
compound 107e.&S beige-solid in 58% yield. IFINMR (Dmso-é@mm)\%i.sz (d, I= 6.71 Hz, 6H),
3.09-3.15 (m, 11-1), 401 (s, 3H), 7.42 (d, J = 9.03 Hz, 1H), 7.67 (s, 1189, 8.11 (d, 1=9.03 Hz, 1H),
12.42 (s, 1H). [00453]Step G: Preparation of (2)-(4R,65,158,178)-1718-chloro-7-methoxy-2-(4-
isopropylthiazol-2-yOquinazolin-4-yloxy1-13- -methlyl-%,14-dioxo-1,3,13-
triazatricyclo[lB.3.0.0loetadec-?-ene-4-carb(§§§ﬁtt-"%ué-e& thyl ester 108d. Compound 108d was
synthesized from compounds 53f&n it af Yehoimeit K i66kinde 8B following the procedure as
described for compound 54e. MS (PSI, Er) nilz = 697 (M1-14). [00454]Step H: Preparation of
(2)-(4R,6S,158,175)-1748-chloro-7-methoxy-2-(4- oH
isopropylthiazol-2-yOquinazolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]octadec-7-ene-4-cartyaxylicasid 109d. Compound 109d was synthesized from
compound 108d as a white solid in 16%
MS (PSI, Er) m/z = 669 (MH+). [00455]%

Z,

A
isopropylthiazol-2-yl)quinazolin-4-yloxy]-13 @-methy1-2,14%>é>§,13-
triazatricyclo[ls.3.0.0]octadee-7-ene-4-yl]c§rbony1(1-methyc lopropyl)sulfonamide 110d. Compound
110d was synthesized from compound 1g9ck@as gywhite-g9lid in 16% yield, following the procedure as

described for compound 56¢. MS (PSI, gghniE = 86 {ai-p, WO 2009/099596PCT/US2009/000688
88c: R® = CH;, A = CF,
88d: RY = Cl, A= iPr
[00407] The syntheses of substituted quinolines are illustrated in Scheme 16, where R¥

and A in compound 87 are the same as defined in compounds 88.

[00408] Step A: Preparation of 4-ethoxy-trifluoro-but-3-en-2-one 84. Ethylvinylether
(5 g, 1 eq.) was added dropwise at -10 °C and under nitrogen to a stirred solution of
triflucroacetic anhydride (10 mL, 1.05 eq.) and 4-dimethylaminopyridine (80 mg, 0.06 eq.) in
DCM (90 ml.). The reaction mixture was stirred at 0 °C for 8 hrs and allowed to warm up at
room temperature overnight. The mixture was then poured into cold aqueous NaHCO;
solution. The organic layer was separated, washed with water and brine, dried over Na;SO,,

filtered, and concentrated under reduced pressure to vield compound 84 as brown oil in 87%
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Example 19 Preparation of Macrocyclic Compound 91e 91e [00456]The synthesis of macrocyclic
compound 91e is illustrated in Scheme 22 [00457]Step A: Preparation of (25,45)-1-tert-butyl 2-methyl
4-(8-chloro-7-methoxy-

2-(3-(trif|uor8Vr9 (Vf?%/fli?ﬁpyrazol-l-yl)quinoIin-4-y|oxy)pyrro|idine-1,2-dic§r %%S/ g?gmlgf?SCompound
112 was synthesized from N-Boc-trans-4-hydroxy-L-proline-methyl ester 111 and compound 88a as
beige foaliFif-00% yield, following the procedure as described for compound 54c. MS (ESI, El+)m/z =

571(MH+) 8 B; ration.of (28,4S)-1-(tet-bu carhony1)-4-(8- ro-7-
methoxy-ﬁ%ﬁl@gﬁﬁé%@{% Cy%/?la'?z’%l-fﬁ?/ﬁq%iné;ﬁr{ ?I?g%ﬁ?lfr)%o%%éqz&?aié%(%% gé% 113.Toa
stirred sofugiéidof corpidunz, 112, (690 (whg/ 4 13.46mial) ihl)THE (12 mL) was added LiOH (82 mg, 3.41
mmol) and water. The reaction mixture was stirred at room temperature for 16 his and was acidified

with IN HO to pH 5-6. Aqueous layer was extraskangith EtOAc. Organics were dried over Na2S04,
filtered, and concentrated under reduced pressure to yield compound 113 as a pink solid in 95% yield.

MS (ES!, El+) m/z = 558 (Mlr[00429]Step C: Preggration o@@tert-butyl N
4-(8-ch|oro-7-n@ﬂ?@¢$(3w09?596§$§ﬂ@@9 ri ethyH-1H-pyrazol- |
-yl)quinolin-4-yloxy)-2-(hex-5- enyl(methylycarbamoyl)pyrrolidine- | -carboxylat 4. Compound 114
was synthesized from comp %ds 32a and 113 a&white foam in 87% yield, fo¥ewing the procedure as

described for compound 48. ES1, Er) m/z = 653 (Mt). Scheme 22 [00460]Step D. Preparation of
(2S,4S)-4-(8-chl ro-7-metho§/O (3-trifluoromethyl)- | N

- ™~
1H-pyrazol-1- in-4-ytoxyiEiTex-a-enyh- hylpyﬁmg&z-ca T_J 115.
O 8s 86b
PMB
PMB N -~
— N
= 86
— e - N
S h -
CH;0 N CH;0 N U’A
. RS' e
R? 87
46
OH
CCClg, 7H20, Nai n it
ar "
NH,COOH, Pd/C . ZA N

CH,;0 N7 N
RS’ ey

&8

[00409] Step B: Preparation of 3-trifluoromethyl-1 H-pyrazole 86a. To a stirred
solution of hydrazine monochloride (6.62 g, 1.6 eq.} in EtOH (300 mL) was added dropwise
compound 84 (10.16 g, 1 eq.) in EtOH (200 mL). The reaction mixture was refluxed for 6
hrs and evaporated to dryness. Water and EtOAc were added to the residue. The organic
layer was washed with water and brine, dried over Na;SOy, filtered, and concentrated under

reduced pressure to yield compound 862 as a brown solid in 86% yield.

'H NMR (CDCl, 376 MHz) § 6.66 (d, J =2.30 Hz, 1H), 7.72 (d, J = 2.30 Hz, 1H);
F NMR (CDCls, MHZ) 6 61.41 (s, 3F).
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WO 2009/099596PCT/US2009/000688 Compound 115 was synthesized from compound 114 as a
white solid in quantitative yield, following the procedure as described for compound 82. MS (ESI, Er)
m/z = 553 (MH+ .OI[Z‘OO461]Step E: Preparation of (1R,25)-ethyl 14(2S,48)-4-(8-chloro-7-methoxy-2-(3-
(trifluorometmgq ?B%Pa?zm- | -yl)quinolin-4-yloxy)-2-(hex-5- pc(mfsz{%g%oag&
enyl(metfg}l&carbamoyl yrrolidine-l-carboxamido)-2-vinylcyclopropanecarboxylate 116. Compound

116 was $9Af8Sized 1rofp Conpermaoss bl hylaninfitsBetiyy irpeob-§TsrroRABTving the

procedure Rehgas R QUM 20d MiséhSlfonmidz #ABH MW (J0B2]Stert) Preparation
of (I R,25)-14(25,48)-4-(8-¢chloro-7-methoxy-2-(3- . oMoy
(trifluoronxzéffﬁ/ﬁ}qilkﬁﬁfnja@ol- %ifq%ﬁ%ﬁ%ﬂkﬁﬁgé%gﬁy&?e%ﬁs yellow viscous ol in 80% yield.
enyl(methyhidrbamoyd pireotidinédicaafuoando)ilavimylo ybtopripaee carboxylic acid 117. Compound
117 was synthesized from compound 116 as a white solid in 60% yield, following the procedure as

described FoNadRRROS 8. WS BRI, 294 (08 -2, (085B 3SR (s G Iprepit &tisn Bi).

(2S,4S)-43(§rqplQrafymeipexy 2 @B grftporometydid, 7 = 12.97 Hz 1H)
1H-pyrazol-1-yOquinolin-4-yloxy)-NI-((IR,2S)-1-(cyclopropylsulfonylcarbamoy1)-2-

vinylcyclopropy1)-N2-(hex-5-enqyl)-N2-methylpyrroliding-1,2-dicarbgxamide 118. nd,118 was
synthesiz Qp@oli com&% 1%6)8?\%%%% %3%%&?3?%’3%%%9[8%%%‘(1 no%?‘%l?/fgegg] dﬁ:%?vling the
procedure@s Weseadireitifop eine poa ptrbGeoMB P& hhamie me0scildidy (JOD464 step H: Preparation
of (2)-(4R,6S.,15S,1 748:-chlore-Z-methoxy2-(3- trifluorometh : o

-1H-pyrazgo- ﬁ)ﬁ%%@#inﬁ&ﬁ?%%mg?ﬁ%f’rfel A Foé(%_?é[’%ﬁ_%as stirred at 68 °C for 2 hrs.

triazatricy€hs{ 18:810:0)0cttide aduanidzadyihris iyaRYciog wisiassulondgrdig gisshare hstirred solution
*of compoypd, 118,35 mg. 07 SR Sslegsser DEE-(68 kel 05 Was,adfisr. Zhan s catalyst (1

mg, 2% mol). After the reaction mixture was stlrored,for 1 hrat40 a second batch of Zhan IB catalyst
(0.5 mg) Wisddremarpunst Sothes ehegsmHkin & radtirred for 1 hr at 60 C, a third batch of Zhan 1B

catalyst (0.5m s added. The reactijon mixtyre was stirred.a r 16 hrs. ixture was
concentrglléd%\%%\g}g}\é{% Cat %Q(Q.Eﬁ{lﬁ@ ér}dlg]ﬁfll%lg)&i%%r?ﬁ%gr%%]%égr{%ﬂlgﬁgga(%gg m
ether/EtOAc)tosyieinl. 1181 2000Q/ 039398 P& T A3 2008400 688/ conipbHnrd2¢ e ase(delgeldotitl in 40%
yield. MS 1(59{15*}/%_307{%9}'\4\{9@%@%%20 Preparation of Substituted Quinolines 88

[60412] Step E: Preparation of 8-chloro-7-methoxy-4-(4-methoxy-benzyloxy})-2-(3-
triflucromethyl-1 H-pyrazol-1-y1)-quinoline 87a. To a stirred solution of compound 86a (821
mg, 1.1 eq.) in anhydrous DMF (20 mL) at 0 °C was added NaH (241 mg, 1.1 eq.)
portionwise. Afier the reaction mixture was stirred for 1 hr at room temperature, compound
464 (2g, 1 eq) was added and the mixture was stirred at 90 °C for 16 hrs. After the reaction
mixture was cooled to room temperature, EtOAc was added. The organic phase was washed
with HCI (2.5 N), dried over NaxSQy, filtered, and concentrated under reduced pressure. The
crude material was purified by chromatography on silica gel (petroleum ether/DCM, 50/50)

to give compound 65a as a white solid in 51% yield.

MS (ESL, EI) m/z = 461.9 (MH),

[00413} Step F: Prepaiation of 7-methoxy-4-(4-methoxy-benzyloxy)-8-methyl-2-(3-
trifluoromethyi-1 H-pyrazol-1-yl)-quinoline 87¢. Compound 87¢ was synthesized from
compounds 46b and 86a following the procedure as described for compound 864, as a white
solid in 19% yield.

*H NMR (CDCl3, 400 MHz) 6 2.64 (s, 3H), 3.86 (s, 3H), 3.99 (s, 3H), 5.33 (s, 2H), 6.75 (d, J
=2.58 Hz, 1H), 6.98 (d, /= 8.78 Hz, 2H), 7.20 (d, J = 9.22 Hz, 1H), 7.48 (d, /= 8.78 Hz,
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OH 88a: 118 =CH3, A=CF388b: K8 =CI, A=CF388c: REr=Cl, A=88cl: R8l = CH3, A= (Pr
[00465]The syntheses of substituted quinolines are illustrated in Scheme 23 where R.8" and A in
compound 119 are the same as defined in compound 88. 45119 OH 88 {,0()466 Step A: Synthesis
of 4,8-dichlotbl A EtROXY-2-(3-(trifluoromethyl)-1H- PCT/US2005/000688

7H), 7.57 (s, 1H), 8.07 (d, J = 9.08 Hz, 1H), 8.88 (s, 1H).

[00414] Step G: Preparation of 8-chloro-4-hydroxy-7-methoxy-2-(3-trifluoromethyi-
1 H-pyrazol-1-yl)-quinoline 88a. Compound 87(800 mg, 1 eq.), CeCl3-7H,O (965 mg, 1.5
eq.) and Nal (258 mg, | eq.) in ACN (10 mL) were stirred at 85°C for 1 hr under microwave
irradiation. Water was added and the mixture was acidified with IN HCI to pH 5. The
reaction mixture was extracted with diethy! ether. The organic layer was dried over Na;SOa,
filtered, and concentrated under reduced pressure. The crude material was purified by
chromatography on silica gel (MeOH/DCM) to give compound 86 as a beige solid in 96%
yield.

'"H NMR (DMSO-ds, 400 MHz) & 4.02 (s, 3H), 7.07 (s, 1H), 7.43 (s, 1H), 7.51 (d, J = 9.11
Hz, 1H), 8.11 (d, J=9.11 Hz, 1H), 8.88 (s, 1H); MS (ESL EI') m/z = 343.9 (MH").

[00415] Step H. Preparation of 4-hydroxy-7-methoxy-8-methyl-2-(3-isopropyl-
pyrazol-1-yl)-quinoline 88b. A solution of compound 86b (350 mg, 1 eq.) and compound
46b (480 mg, 6 eq.) in N-methylpyrrolidone (5 mL) was heated at 200°C for 30 min. After
the reaction mixture was cooled to room temperature, water was added. The mixture was
extracted with EtOAc, dried over Na,8Q,, filtered, and conecentrated under reduced pressure.
The crude material was purified by chromatography on silica gel (BtOAc/DCM).
Recrystallisation in diethylether gave compound 88b as a white solid in 49% yield.

'H NMR (CDCls, 376 MHz) 6 1.35 (s, 3H), 1.36 (s, 3H), 2.85 (5, 3H), 3.97 (s, 3H), 6.40 (d, J
=2.65 Hz, 2H}, 7.01 (4, J = 9.00 Hz, 1H), 8.00 (brs, 1H), 8.23 (d, /= 9.00 Hz, iH), 9.8] (brs,
1H); MS (ESL, EIN) m/z = 298 (MH").

100416] Step I Preparation of 4-hydroxy~7—meth0xy~8-methyl»2-(3-triﬂuoromethyl-—

1 H-pyrazol-1-yl)-quinoline 88c. A mixture of compound 87¢ (885 mg, 1.99 mmol),
ammonium formate (629 mg, 9.98 mmol), and Pd/C (89 mg, 10%w) in EtOH (16 mL) was
refluxed for I hr. The reaction was then filtered though celite and concentrated under
reduced pressure. The residue was diluted with DCM and washed with water. Organics were
dried over Nay;SO,, fiitered, concentrated under reduced pressure, and purified by
chromatography on silica gel (petroleum ether/EtOAc) to yield compound 88¢ as a white
solid in 93% yield. |

'} NMR (DMSO-ds, 400 MHz) & 2.54 (s, 3H), 3.94 (s, 3H), 7.06 (d, J = 2.48 Hz, 1H), 7.37-
7.40 (m, 2H), 8.02 (d, J = 9.18 Hz, 1H), 8.97 (s, 1H), 11.89 (s, 1 H).
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pyrazol-1-yl)quinoline 119b. A mixture of compound 45d (5 g, 19 mmol) and 3- trifiuoromethylpyrazole
86a (7.76 g, 57 mmol) was heated at 120C for 4-6 hrs and the reaction was followed by LCMS and
TLC. The rea?ction mixture was purified by silica gel column (mono and digx@%glga\é\fﬁ& eparated)
using DCM 3}%%’?8%?3?153%3 mobile phase to yield compound 119b (3.5g) In tos yield. WO
2009/099596PCT/US20091000688 [Q0467]s§te@?l§):zgxnthesis of
c 10

8-chloro-T90Ethbxy-2-@egrfiubrenrstitrft<p MBI 888 9P RY SN of
compoungﬁé&b-(@@hmg&dgdalgﬁoQ;ﬁmt;}kwa%tmﬁﬂfzﬁ@ﬁ@iﬁ@@g}nmmw@ eq.). The )
reaction mixture was he to 140 C for 4 hrs, After cooled o RT, water (1 mL) wa to the
enction TSI hadPedih g S A PRI AR Sk ound 686
@n >80% yieldxinlamacmepababevagacﬁ&iatimmenfﬁeeqleafeﬁzldaﬁ:ﬁ@wawa&amﬂgzdhe reaation was completed
macroey o ESRERE  TRaao or maa ai  s MES ER
(|R,25_)-1{(vertb£mmyo‘armdymﬂnmmed/m;dwmdm%amemm mqaiéiqdlm.d@@mmogrmaMO (51 g)
was dissolyedhin, THRSERR/ME),ah HQRIPEBRRIAHES SO UmNUAINIOR Hsvajengl-47 eq. in 170 mL)

was added. The reaction mixture was stirred at room temperature for 15 hrs, warmed to 50 C for 1.5

hrs, and themweprlaoisig neytiatizing with @M EIG 1 d\ftenpeutradizing yith13M kIGL thesrgaction
mixture was extracted with DCM. The organic la er was washmvi%\f;@ter:a_fd br'gie, dried over
Sodium SORATar ok M didd HROEH A Ba A 7 P odn B AL (A7 5§ 2% tHitk, yellow oi

in 99% yisldo MO POOBIRPIEIBRC T/US2009/000688 Scheme 24 120121

Example 15
Preparation of Macrocvelic Compounds 91

OCH;

91a: R¥ =CL A =CF;, R'=CH;
91b: RY = CH;, A = iPr, R' = CH;
91c: R¥ =CH,, A=CF;, R' =CH;
91d: R¥ = Cl, A = iPr, R' = CHj
91ie: R¥ =CLA=CFy, R'=H

91f: RY =CH;, A=iPr,R'=H
91g: R¥ = CH;3;, A=CFy, R'=H

[00418] The syntheses of macrocyclic compounds 91 are illustrated in Scheme 17,

where R® and A in compounds 89 and 96 are the same as defined in compounds 91.



122123 [00470]Step B: Synthesis of ten-butyl (1R,2S)-1-(1-methylcyclopropylsulfonyl-
carbamoyl)-2-vinylcyclopropylcarbamate 122. Compound 121 (104.6 g) was dissolved in THF (1.0 L)
at room temperature under argon. CDI (1.5 eq.) was added and the reaction mixture was refluxed for
20 min. AftePMREFEAEEH mixture was cooled to 4-6 C, sulfonamide (1.5 &) HHEEERE followed by
the addition of DBU (2 eq.). After stirring at room temperature for 64 hrs, the reaction mixture was

diluted wi#PBCM, neutbédizdd Richaraimnof bAd Whehdd WS sl Hatekltrinemeibpry-2FGk organics

were dried; gyt sadin sulfateAnd SopsaAted 18,91 AR offawbite selidir.10§ 4g. Crystallization
from methanol/water gave compound 122 (919) as a white solid in 77% yield. [(30471é8tep C:
Synthesidtisetresyl] Jahfifokadesntanadyerspespiitstrdiyl 2siiiiay Gopmeparbaiobsamide
hydrochl%éiﬂﬁlés%’edqmﬂﬁb&g@s@a%@m% suspendad i aetharel, (H0 Wik Asolution of acetyl

chloride (3 eq.) in methangl was added to the suspension. The reaction mixture was heated at 50 C for

3 hrs. ThE'RSSLBE PRARASFP GO CEMPRAMG 4%t 45-50 C and co-evaporated with DCM to give
compoug%ég@é4ﬁfl.f§6as_ g wder in 102% vyield due to DCM. WO
2009/09 Ir 6§%§ cheme 25 68b 129 [00472]Step D: Synthesis of
(25,48)-1-tert-butyl 2-methyl 4-(7-methoxy-8-mgihyl-2(4-(trifluoromethypthiazol-2-y Dquinol in-4-y
loxy)pyrro lidine-1,2-dicarboxylate 124. Triphenylphosphine (1.5 eq.) was dissolved in 180 mL of
tetrahydrofuran under argon. The solution was cooled down X ;5 C. DIAD (1.5 eq.) was slowly added
over a period of 15- 20 min. Compound 65b (20 g, 1 eq.) was a doﬂll over 5-10 min at the temperature
of 0-5 C. Compound 111 (17.6 g, 1.2 eq.) was added, and lon mixture was warmed to room

E d

temperature. One houater, the reaction mixture was cong ted under vacuum at 40-45 WO
: 2009/099596PCT/U%%)WOOOGSB Z N

|
/\/L N
MN_ O H ([}J\ 0 NN
O Na Cmpd 88 ;
N\ 7r ¢ 0B == —LOH,
DIAD/PPh,
% p N l

3 . H \\\k
k\i TNK“ Ot
O

7

o
O

53 N

(00420} Step B: Preparation of (Z)-(4R,65,158,175)-17-{8-methyl-7-methoxy-2-(3-
isopropyl-1H-pyrazol-1-ylquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0}octadec-7-ene-4-carboxylic acid ethyi ester §9b. Compound 89b was
synthesized from compounds 53 and 88b as white foam in 50% yield, following the
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C and the crude was triturated with MeOH, TBME, and heptane to yield compound 124 (22.24 g) as a
white powder in 67% yield and 98.7 % purity. MS: m/z (EST') = 568.27 [M+H], 100%; m/z (EST) =
626.50 [M+0Acf, 100%. [00473]Step E. Synthesis of
(28,48)-1-(té¥968?3’>9%%? onyl)-4-(7-methoxy-8-methy1-
2-(4-(trifluoromethypthiazol-2-yOquinolin-4-yloxy)pyrrolidine-2-carboxylic acid 125. Compound 124
(22.24 g)PRsS HIESBIASITLTH FO{66THRCPAE RISm temperature. Water (66 mL) was added, followed by
lithium hydroxide (5 eq.).in one portipn. The reaction mixture was heated at 40 C for 3 hrs, cooled,
acidified MM%M;&%? %%Q&%&Mﬁﬂlith DCM. The organic phase was dried over Na2S0O4 and
concentrated under vacuum to give compound 125 (21.33 g) as an off-white powder in 92% yield (7.5

W% of THE041d 99% Starity: MSsnanatiteT §2-684654 fii4 iHy)-1809%methorB S metisg £97{M-H], 100%.

[00474]SteR S99 28 A0 eRiM2 (hxn-envAtmethylsaramyt) 3 3-
(7-metho%ﬁg%%wﬁﬁéﬁ%ﬁgigﬁﬁﬁ%é;ﬁ%y )%%inolinga%/%gg)pyrrol idintg-lcarboxylate 126.

-2-(4
Compountezasiealef3 ) AAoBIRSBIEET HRRYSFONS BN ALY 86 foorammieats s
0-(Benzoljaarkitaulg-hhNdNipRriat smath gktranbrowe et onctanatr i 2hieaihyvwas added at room

temperature and the reaction, mixture was stirred for 10 min. Compound 3213 (1.1 eq.) was added and
the reactiBhRSFIRFG WS herEiPTSPRRARSHAT 40-15 mm. After cooling to 5 C, diisopropylethylarnine (3
eg.) was warming. t temperature for 1 hr, the reaction mixture was diluted with ethyl
acetate, %@%%géﬁ Q\r%%nog:]ium chloride, dried over Na2S04, and concentrated under
vacuum to give crude 126 (22.09 g) as an orange foam. The crude product was crystallized from ethyl
acetate amg‘h’éﬂtane tSGRE BRI 963 B e adar bl ke et MedPtield-and 99%
guritsr/l- M$ (%95%)@@?6&@15%;&&%@%@@415\‘811%%11'?137,-511&%8@;89]3&00%- [00475]Step G:
- Synthesis of (25,48)-N-(hex-5-eny1)-4-(7-methoxy-8-methyl-2-(4-
(trifIuororffé%ﬁ%‘é)?&-%%%'alﬁﬁfﬂﬂ‘?-c4?y?8§%iﬁ?f?ﬁgﬂ%?p ﬁﬁﬁseqﬁt?éagl%ddxgﬁrflopé) &%.s?fjo‘r’ﬁaﬁound 126
(19.92 g) washslispehead smpohyds 3miBRdns bih a0 fokjrLindrasged. &b Hosrmgehtperature.
Separatil%ac tyl chlgride.éBdig,é)ggas ggrgde to anhydrous methanol (60 mL) at 10-20 C. This solution
was added 16 ecaé’m%sc?ﬁlng Solttion a % C. The reaction mixture was heated at 40 C for 3-4 hrs.
After the ﬁ@gﬂ@g}i %@%%t&'ﬁ-{ﬂ)".e reaction mixture was concentrated under vacuum and then
co-evaporated with 200 mL of anhydrous dichloromethane. The product was then dried in a vacuum

oven at 40-45 C. WO 2009/099596PCT/US2009/0 27 (18.3 as,recovered as
a yellow fO9HH quantﬁfﬁv@%@ﬁ%&%ﬁ%’gg&gﬁl@?@?gﬁ@qﬁ;ﬁéﬁ i %@%ﬁl@+ H]+, 100%;
m/z (ESF 1666 MHFAp)raB09%-0Q4in6]Btdpy xSy hfdsisedfyl-2,14-dioxe-1,3,13-
(2S,48)-N-(hex-5-e -1-(11.1-imidazple-1-c )-4- . :

(7-meth(|)\>%g- %%18 ﬁ?f?’éé} tri ﬂ%{r%ﬁr%é ﬁ&f/ et'hié%gﬁgg{;%q%ﬁ#ogﬁ%4S?&%%Sh%?ﬁﬁg;rsrjc{_)rliitdhiﬁsé%gc-icarboxam
ide 128. Compounb Uy §9:8:8% yhivasadid soEd iridhHpdoviagibaprorediratedesyriptd fider argon.
1,1'-Carbg&;@rﬁ$ilm'kp§gele (2 eq.) was added at room temperature. The reaction mixture was stirred for
40 min. The mixture was diluted with DCM, washed with water, dried over Na2S04, and concentrated
under vaquene$Eonpopnd=128 (39189.9) was recovered as a pale yellow foam in 99% yield over two

¢ steps and in 98% purity (HPLC). MS: tn/z (EST): 701.63 [M+0Acf, 100%. [00477]Step |: Synthesis of

(2S,45)-N2- -5-enyl)-4-(7- -8- -(4- 17-18-m ea Va3
(ituoron QS Blasol Py O J O N Ty Sy 7 methos 2
methylcychopropyidufonyieatbamisyindivitigeibpropymsiirbididediozedichifoxamide 129.
Compoungls 128-(18,89 &) AR 2R Were nixeskatrom AaNvper attye Ja el ous acetonitrile (76 mL)

and heated at 65 C until the reaction was complete. The reaotctio, m'%ﬁ;re was then concentrated under
vacuum t8¥alerEaT S segrream s B 2 5l ipReshlist ‘I’béﬂﬁ/\?’é@‘big ?\‘ﬂé‘&gﬁiﬁéﬁcﬁ%ﬁé‘lﬁeatedly
washed wjthdpiiae seiriedpvanie®S04, and concentrated under vacuum to give a second orange
foam (25.08 g). Compound 129 (12.2 g) was crystallized from a solution of the second orange foam in
DCM, ethMB¢ESIE Bnd/heptaheMElg white solid in 50.8% yield and 98% purity. MS: m/z (ESTE) =
819.54 [M+H]+, 100%; rn/z (EST-) = 817.60 [M-H]',.100%.

[00425] Step G: Preparation of (Z)-(4R,6S,158,175)-17-[7-methoxy-8 methyl-2-(3-
trifluoromethyl-1 H-pyrazoi-1-yl)quinolin-4-yloxyl-13-N-methyi-2,14-dioxo-1,3,13-

PCT/US2009/000688

triazatricyclof13.3.0.0]octadec-7-ene-4-carboxylic acid 90¢. Compound $0c was synthesized
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[00478]Step J: Synthesis of 1-methyl-cyclopropanesulfonic acid ((Z)- (4R,68,158,1
7S)-1747-methoxy-8-methy1-2-(4-trifi uoromethyl-thiazol-2-y1)-g uinol i n-4- ylo
xy]-13-methyl-2,14-dioxo-1,3,13-triaza-tricyclo [13.3 .0.0s4,6*] octadec-7-ene-4- carbonyl}-amide 68b.
Compound %8 %194 as dissolved in dichloroethane (980 mL) under K dPra8i%@hiperature. The
solution was degassed with argon and then heated at 73- 77 C. Zhan 1B catalyst (1%) in
dichloroetfameorarosisiy aefdesals sdreselidrisbiitioreAtfeBaningdhothesetirottdessabigst in DCE
was addeg,Ip,ipfal.R4%f the catalyst was added over 4 hrs and 20 min. The reaction mixture was
treated with 2-mercaptonicotinic acid ("MNA") (1 g). The reaction mixture was cooled down to room
temperatuyes ERICEMyated=\387 2080/099596PCT/US2009/000688 under vacuum to -100 mL, and
then washed with 0.5M aqueous NaHCO3. To the separated organic phase was added MNA (I g) and

the mixtur, stirred . reo- | XL, ice with
aque(;)ljsu g)‘ﬁ? : aﬁco%‘égﬁw\%}g%p I@gé%ggﬁ%é(n%? T?I%?rg%’ag é?ggag(l- 111%50?\33\7%?;?%583? %h(;N (I)rganic

solution aﬁ;@m’ﬁ?@}fhMﬁ]%%ﬁé%ﬂi@@@ibﬁhﬁéﬁ?ﬁé@fﬁ@@ﬂ@%ﬁsﬁ@ﬁ@-ﬁaﬁ(h}re was concentrated

under vaciim g ;19745 5. B&M@&@%ﬂ%@%@ﬁéﬂ@%@%&h@&ﬂgﬁ%&pﬂd&f\c@aﬁstritu_rated in warm
methanol to give compound 68b (1.1 %) as an off-white solid in SO%g;fld and 98% purity. MS: rn/z

(ESI+) = Fyitbesiper g erivponng fans2 pae wetlpvi-seb drinoty mieidh Rl oy ine B REGHBE
Macrocyclis feampaung &ggpm[@&z}?gnhe synthesis of macrocyclic compound 62d is illustrated in
Schemes 26 and 27. [00480]Step A: Synthesis of tert-butyl
(1R,2S)-1MSydI8prepylsitfensdaaviidioyl)-2- vinylcyclopropylcarbamate 130. Compound 121 (47.75
g) was dissolved in THF (480 mL) at room temperature. CDI (1.3 eq.) was added and the reaction

- mixture waspigflpxed fof 30miteAligr dhe feaciondRixiureWRS100QRAIR20-meanioramide (1.5 eq.)
- was addeg?)follgjwed %Iy{t e addit%{n (;f DBU ZEequter?zgﬁﬁ Cg% room tempeerature ftc?r 15 hrs, the

reaction nidurERab &R A XY SRS ﬂﬁ@l&ﬁ@@%&h&%@ﬁé‘&\mﬁéaturated brine to
pH 7. Theigsganissvereidriethoaesodivpusyifeierand(consgniaiadagivpanaimdyteisolid in 65 g.

Crystallizgtion fro ethanol/water e compound Oé% .17 g).as a white solid in 87% yield. WO
0001090 LS E I8 b S8 TONB T SHE AER Gk ey oprey o fonirnide’
(1R,28)-1 mmiwinitdsftidcio paspytsitfofo)ibwa g/ihy leyckepnepanizsaribo) dovidentyyenat faride 131.
Compound 130 (1 g) was suspended in methanol (2.5 mL) A solution of acetyl chloride (3 eq.) in
methanol WadEHdBH enthe J94p@ABIon. The reaction mixture was heated at 50 C for 3 hrs. The
reaction mixture was concentrated at 45-50C and co-evaporated with DCM to give compound 131

(833 mg) exéreihite fosran - 102%myitilch dieAp(BICHA, 1 55,175)-[17-[8-methyl-7-methoxy-2-(3-
isopropyl-1H-pyrazol-1-yl)quinolin-4-yloxy]-13-NM-methyl-2,14-dioxo-1,3,13-
triazatricyclof13.3 .().0]octadec-7-ene-4—yl]carb6nyl(I -methylcyclopropyl)sulfonamide 91b.
Compound 91b was synthesized from compound 90b and 1-methylcyclopropylsulfonamide

as a white solid in 30% yield, following the procedure as described for compound Séc.

MS (ESL EI'Y) m/z = 748 (MH).

[60429] Step K. Preparation of (Z)-(4R,65,158,178)-[17-[7-methoxy-8-methyl-2-(3-
trifiuoromethyl-1H-pyrazol- 1 -yhquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]octadec-7-ene-4-yl]carbonyl(1-methylcyclopropyl)sulfonamide 91¢.
Compound 91e¢ was synthesized from compound 90¢ and 1-methyleyclopropylsulfonamide as

a white solid in 9% yield, following the procedure as described for compound S6¢.

MS (ESL, EI") m/z = 774 (MB).

[004306] Step L: Preparation of (Z)-(4R,65,155,175)-[17-[8-chloro-7-methoxy-2-(3-
isopropyl- 1 H-pyrazol-1-yDquinolin-4-yloxy]-13-N-methyi-2, 1 4-dioxo-1,3,13-
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Scheme 26 121130131 [00482]Step C: Synthesis of (2S,45)-1-tert-butyl 2-methyl 4-(8-chloro-2-(4-
isopropylthiazol-2-y1)-7-methoxyquinolin-4-yloxy)pyrrolidine-1,2-dicarboxylate 132.
Triphenylphosphine (1.5 eq.) was dissolved in 250 mL of tetrahydrofuran under argon. The solution
was cooled YB298°€. DIAD (1.5 eq.) was slowly added over a period’%?’f%g(‘ﬁgﬂf‘ngCompound
56d (25 g, 1 eq.) was added over 5-10 mm at the temperature of 0-5 C. Compound 111 (22.48 g, 1.2
eq.) was Héraiktpthe 30 estndestlraihy Nrarhosa d Toehyievsisaramresutioraaidfd dater, the

reaction MHieN@S PRES ARG WARLYACHHRR G4 2.0 @nﬂe@ﬂ@%ﬁw@m&%@%@dwith MeOH,
TBME, and heptane to yield compound 132 (30 g) as a white powder in 70% yield and 98.7% purity.

( ! (309 /
MS: m/z @STE 535138 JRTepicdoiYlo B the Trassdiresesiasrrkesey commewns! f%0Ac], 100%,
622.55 [M+ : .[004 .Synthesis of (28,4S)-1-(tert-butoxycarbony1)-4-(8-chloro-2-(4-
isopropymgggéﬁﬁqﬁ%%gtﬁégs guinaolin-4-yloxy)pyrrolidine-2-carboxylic acid 133. Compound 132 (20
g) was dissolved in THF (66 mL) at room temperature Water (66 mL) was added, followed by lithium

hydroxidd§848d}) in onépiofdor rapreaiéa abnidRifs Wa's HSaEd 38 4blordof-Befhox30diet, acidified

with 5M H%u@ﬂﬁr@&l%qtﬁdpwélﬂdﬂ@ )Jﬁﬁo@?&@@%ﬁ?ﬁ?@-wf%ﬁe%kﬂdzg@&;'b'ﬁ?—%@‘iﬁ”d conce_ntrated
under vacuum to give compound 133 (20.57 gﬁ&s a yellow form in 99% yield and 96-97% purity. Ms:

y (
nvz (Esr) Baag187clR 13 O {0pskdss saerfaviisarees (ryslqeenyswignagida He: wo
2009/0995 966 BRONH OGRS AA0T61DAS TR (M ba3Boc RIbRBIR RHI fo A8 d8Ts [90484]Step E:

Synthesis af (2S,45)-tert-buty1 4-(8-chloro-2-(4-i thiazol-2-
y%)%-?ﬁé%?%&é}&uﬁ%%?iiﬁ?-étgg’/r%i{%ﬁ- éﬁgggﬁ Ie%)] rﬁ%%%%ﬁ%%ﬁ%%mﬁeq&-carboxylate 134.
i5)5;})1)'%'\@57 j a@ﬁejj in anhydrous DMF (48 mL) at room temperature.

ia :

Compour}g@?s?g
- 0-(Benzotriazol-1ty NcAP-tetramethyluronium tetrafluoroborate (1.25 eq.) was added at room

~ temperature and the reaction mixture was stirred for 10 min. Compound 32b (1.1 eq.) was added and

the reactidiffidure waBtYre HRAIRR SR A LG A S, 155, 175)-[17-[8-methyl-7-methoxy-2-(3-
isopropyl-1 H-pyrazol-1-yhgquinolin-4-yloxyl-13-N-methyl-2, 1 4-dioxo-1,3,13-

triazatricyclof13.3.0.0)octadec-7-ene-4-yljcarbonyl{cyclopropyl)sulfonamide 911,
Compound 91f was synthesized from compound 90b and cyclopropyisulfonamide as a white

solid in 30% yield, following the procedure as described for compound 56¢.

MS (ESL EIN) m/z = 734 (MH").

[00433] Step Q. Preparation of (£)-(4R,65,158,178)-[17-[7-methoxy-8-methyl-2-(3-
trifiuvoromethyl-1 F-pyrazol-i-yhquinolin-4-yloxyj-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3 .0.0]octadec-7-ene-4~yljcarbonyl(cyciopropyl)sulfonamide 9ig.
Compound 91g was synthesized from compound $0¢ and cyclopropylsulfonamide as a white

solid in 46% yield, following the procedure as described for compound 56¢.

MS (ESI, EI") m/z = 760 (MH").
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WO 2009/099596PCT/US2009/000688 min. After cooling to 5 C, diisopropylethylamine (3 eq.) was
added. After warming to room temperature for 1 hr, the reaction mixture was diluted with ethyl acetate,
washed with brine and ammonium chloride, dried over Na2S04, and concentrated under vacuum to
give crude 194 @9909°§%s an orange foam. The crude product was crystillZeF81HP¥tHy| acetate
and heptane to give compound 134 (20.55 g) as a white powder in 92%yield and 98% purity. MS: m/z
(ESI') = 643.48 [M+H]+, 100%, 645.48, [M+Hr, 35%; tn/z (EST-) = 701.74 [M+0Ac]', 100%, 703.71
[M+0Ac], 35%. [00485]Step F: Synthesis of (ZMchIoro-2-(4-isopropyIthiazoI-Z-yl)-?-
methoxyquinolin-4-yloxy)-N-(hexp eyt hNmathybeytrlidingpdearbegamide hydrochloride 135.
Compound 134 (20.37 g) was suspended in anhydrous methanol (120 mL) under argon at room
temperature. Separately acetyl chloride (3 eg,) was added to anhydrous methanol (70 mL) at 10-20 C.
This solution was added to the compound 134 solution at 5 C. The reaction mixture was heated at 40
C for 3-4 hrs. After the completion of Ris stion, e reaction mixture was concentrated under
vacuum and then co-evaporated with 100 anhydrous dichloromethane. The product was then
dried in a vacuum oven at 40-45 C. Co L35 (19.81 g) was recovered as a yellow foam in

(28,4S)-4-(8-chloro-2-(4-isopropylthiazol-g<y1)-
methoxyquinolin-4-yloxy)-N-(hex-5-eny1):1-(1H-imidazgle-I-¢arbonyl)-Nmethylpyrrolidine-2-carboxami
de 136. Compound 135 (10 g) was dissolved in anhydrous%ichloromethane (20 mL) under argon.
1,I'-Carbonyldiimidazole (2 eq.) was added at room temperatyrepThe reaction mixture was stirred for
45 min. The mixture was diluted with PCM,washgd w;{ﬁ&atg S/ﬁrie over Na2S04, and concentrated
under vacuum. Compound 136 (9.9\9\1 was refoverdg‘as an off- oam in 99% yield and in 98%
%), 63956, [M+§-11+, 35%. [00487]Step H:

hiazol-/%yl)-?- methoxyquinolin-4-yloxy)-N'-((1 R

purity (HPLC). MS: In/z (ESC) = 637284 [M+Id]., 10C
Synthesis of (25,4S)-4-(8-chloro-2-(4-jsopra
,25)-1-(cyclopropylsulfonylcarbamoy1)-
vinylcyclopropy1)-W2-(hex-5-enyl)-N2-methylpyrrolidine-1,2-dicarboxamide 137. Compounds 136 (7.2
g) and 131 were mixed at room tepspatdtdre ®Y anhydronsmcrtonirile (29 mL) and heated at 65 C until
the reaction was complete. The re#tidi riixRife Was theAHWRS 2009/099596PCT/US2009/000688
concentrated under vacuum to yie?d%‘?f;s?t"ér%‘b@@fﬁ%%ﬁ&d‘gg)’. Fhe first foam was dissolved in DCM
and repeatedly washed with brine #igl GyENaIsOZ %f@g%f%ﬁt@ted under vacuum to give a

e: R = : Ai =R = El = .
second orange foam (9.63 g). Corppouad ggif?(: (g@{g)]zwggic;{yg gllized from a solution of the second

xd

orange foam in acetone and TBMbsgspa WhHItRsSOHehi) ﬁ@%;ngqumé 98% purity. A second crop gave
an additional 554 mg compound 1&#; ttius khestetal yieldmasiB5%-MS: m/z (ESTI) = 799.61 [M-FfI]*,
100%, 801.57, [M+H]', 35%; m/z (ESP) = 797.72 [M+0Acf, 100%, 799.71 [M+0Acf, 35%, [00488]Step
I: Synthesis of Cyclopropanesulfonic acid {(Z)-(4R,6S,158,17S)-1748- _
ch|oro-2-(m@&éﬂ}opymrﬁ%ﬁéwwoﬁmma%ﬁﬁ@ﬁm%#i@-h%‘éﬁﬁ&ﬂt%!fﬁl&ie&@mﬂ%-maza-mcy
clo[13.3.00g a8 dlestadegdiane 7k CatRen vE)-aige 621 ICOMRBHMb Ui (B odsastHissehéed in

. dichloroethane, (1.375 mL) under Ar at room temperature. The solytion was degassed with argon and
then heat@H9 7871 COTWRHIHS Toital (6t THT6)AIP RLFTSH SERRARU LRENY FHALPBRRE fSaction
solution. A&625 mm, another 1% of the catalyst in DCE was added. At 45 mm, 2-mercaptonicotinic acid
(0.5 eq.) was added. The reaction mixture was cooled down to room temperature, concentrated under

vacuum a3, andhon wased w0 aquRoEARCORTa ecsparated organic phase

was added MNA (0.5 eq.) and the mixture was stirred at room tegg)er_ature for 55-65 min. The mixture
was washERPERRYE SRRFEAGUEsUS O:amidea13E O B0 asiTs\ i Nionsoa-ispramaireetartoal (5.5 g)

was addeéhi@oﬁﬂﬂi@&?cﬂ{@é%ﬂi@@ ﬁﬁﬂoﬂb@n@@M@SWﬁ&?@éﬁ??cﬁieﬁD%ﬁﬁwh mlwe{ftlm &%ﬁiﬁ- Tge
mixture was_concentrated under vacuyum to -10-15 mL and filtered through a silica plug. The crude
solid W%W%@?@é@%ét@@iﬁaﬁgﬁﬁﬁﬁ%ﬁ Yo GRS HERR R ééég(efg; @%%S %%\/hite solid in
54% yieldearapO 8% pattiyn Mok prodiscil ivasdhiamatl sintl askynircim heditteat@lio giverdBwang of a
white solid.. Thus, the total yield w %. MS: tn/z (ES1+) = 741.54 H]+,.100%, /7 [M+H]+,
3556, iz (B T TR0 B RO 10008 5 B AL g0 Ty W e
2009/0995'@@@#@1&2@%@0@8@@;@%p{@%linoﬁ-chioro-4~methoxy»pheny1)-ethanone 40d

{4.10 g, 20.6 mmol) in dioxane (15 mL). The reaction mixture was stirred at room




Preparation of Macrocyclic Compounds Gia,Ga a,nd G4 OC R8 ./1\T S-1-= 000"/NO wi V.Gl : Rs =
C,R=H G2:R8=CI,R"=CH3 G3: R8 =CH3, R'=H C4: R8 = CH3, = CH3 [00489]The synthesis
of macrocyclic compounds Gl, G2,, G3, and G4 is shown in Schemes 28 and 29. [00490]Step A:
Synthesis of KE@EHAERN2-chloro-3-methoxypheny1)-4- bromothiazole-2-&&rHERAMTTEAT Oxalyl
chloride (6.77 g, 1.4 eq.) was added dropwise under nitrogen at OC to a suspension of

4-bromotiamsiatare dpb dRyiie. abidh (O Goves theneefiiied DEMB1Omvpseimwd BIsROAThe reaction
mixture wgsaHIEedakQr a0 NnRHY fiehal 1peuiemparaiuRda additepal I Mifyd he solvent

was then removed under reduced pressure to give acid chloride used directly in the next step without
further puFTHESERHEUA &S itBGEH 18 SHtho i coeergkndctag e: 8- i8Rk 5Y; 1 eq.) in
1,4-dioxa as t 0C 10 a splutjon_ of acid chloride in ].4-digxane. The reaction
mixture wﬁ@ﬁ&@%ﬁiﬁéﬁﬁr@%& § hl’sﬁgﬁﬁa{%gst%%’%gb?egﬁ%ﬁﬁeﬁ@;% duced
pressure.3T4e(nesid)e iRy dritlt gted dn(& theriafil itae hH, iSograh ylack ety Vielddbinipddiid Al in
14% yield. '"H NMR (CDC13, 400 MHz): 6 (ppm) 2.59 (s, 3H), 4 (s, 3H), 6.91 (d, J= 8.78Hz, 1H), 7.54
(s, 1H), 7.72 (d, J= 8,78 Hz, 1H), 10.28 (s, 1H)g MR2009/099596PCT/US2009/000688 Scheme 28
[00491]Step B: Synthesis of N-(6-acetyl1-2-chloro-3-methoxyphenyl)-4-(2-
trimethylsilypethynypthiazole-2-carboxamide B1. Cgmpound Al (3 g, leq.), ethynyltrimethylsilane (1.6
mL, 15 eq.), diigdprdgpylamine (12 mL), tr{i{phen Iphasphine (0.081 g, 4%), ceppetl) iodide (0.059 mg,
4%), CI2 1183997 2%) were mi ether and stirred at 9@ C gyernight. After cooled
down to roonyj temperature, diisogropy! eth |
washed wjt dii yl ether and pentafie. THe solfll was solubilized in"dick6ro afe arid washed
~ with water. Thegprganic layer was dried over I\Fﬁg;éél@ngpre/d@nd concentrdted undergiminished
pressure to give compound 131 as a brown solid in 93%6 ;c/)'eld. H NMR (CDC13; 400 MHz) 80.29 (s,

9H), 2.57 (s, 3H), 4 (s, 3H), 6.91 (d, J = 8.91 Hz, 1114),“(8‘, J=8.65Hz, 1H), 7.73 (s, 1H); MS (ESI, Er)
in/z = 407 (MH).
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[00436] Step B: Preparation of 8-chloro-2(5-isopropyl-isoxazol-3-yl)-7-methoxy-
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WO 2009/099596PCT/US2009/000688 Scheme 29 CI, R'=EIF1: R8 = CIG2: Rs = Cl, R'= CH3 F2
R8 = CH3C3: R8 = CH3, U = H C4: R8 = C113, R' = CH3 [00492]Step C: Synthesis of
8-chloro-7-methoxy:2-(4-ethynylthiazol-2-yl)quinolin-4- ol Cl. To a solutio MRoeEB1 (2949, 1
eq.) in tert-?ﬁ%r%l%@%(]_) was added potassium tert-butoxide (1.7 g, 2.19805{)8%nd the mixture was
stirred at 9QC for 2 hrs, Tenbutanol was evaporated.in vacuo and water added before acidification to
o 5 by SRR 1IN, CREEREL B3, A R AR RS AAE FHAURAE yor was
dried oveguda@iad4, kR gd]llanrihgehe pritateaeundis ciitidishedpresadréda he residue was triturated
in diisopropyl ether and filtered off The filtrate was purified by chromatography on silica gel column
(methandWMBroEEha ke tollisld LG podht.B ¥ agsadtbranye 5aldin 48%4/ids BINIMR (CDCI3,
400 MHz) 83,26 {5, 1) 4.9 S?%’%&’ﬁ'&? 8 48 N A8l(F 91852V 9.42 (s, 11).
2(109/095'5%96(I§CﬁSZOOg(%OO%éSB 1H),’7.72 (s, 1H), 8.57 (d, S =9.15Hz, TH), 5.84 (tg?s, 131); MS (ES1,
Er) m/z = 316.92 (M1-1"). [00493]Step D: Synthesis of (2)- 6S,155,17R)-2,1
4-dioxo-1PH5dloxy-133K ety R Y%A g@'ﬁ&eﬁ[ié%éﬁ&%‘t%%—"ﬁé Q5RNKC acid methy
ester D. Gomppyind D £beige pavdin- ek syhtilesizeeiiollaviingithepddédure as described for

compound,53. IH ( 13, 400.MHz) 51.23 (t,.J= 7,02 Hz, 1H),.1.29-1.38 (m,.IH),1.49-1.56 (m,
2H), 1.64‘?86?%@’%{%%61%5@8‘2{3%?" P Fﬁ&ﬁ_fi{ﬂ}%’k}%ﬁ@f‘?}’igﬁ})&%ﬁh%’,{{f‘é{ﬁ%@@“@ﬁn, 11-1),

2.34-2 . A2ymhddPp 2Bt 2:68 (ound HI3 2r7B92B4s (mheldd)sBi0 In(86 B BISD lovarp 18271 (s, 3H), 4.10
(hrs, 1H)%§)b%éfée6a% e '@d%o?l&hgoﬂdﬁs%ﬁz' IH), 5.45 (t, J= 10.69 Hz, IH), 5.63 (td, J= 10.76 and

5.64 Hz, .32 (s, 1H). [00494]|Step E: Synthesis of

(2)-(4R 65387 B AI8-chigtoavEmTgthoxy-2-(4-
ethynyithiazol-2-yOquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-

triazatric 3.0.0]qctadec~/-ene-4-car ic,Acl tey Bi, Compound Et, admixture of
diasteregt(él(g%r%glls (bro%%e%%; v}\/¥<'§1e & %8@@#@@@%@%&% 7%05?@[?’ S%H? asﬁ% %%nmpound D
(850 mg, itopeppftifondny-theprovetioré-abdestidedthdohigotndsis. MS (ESI, Er) m/z = 664.13
(sill-r). [0 : is.0f (Z)-(AR 6 . hlegg:ds -2_(4-
Sl T R R s R
triazatricyaiiesized Bpseteripornsh¥td 25 ndxigic A ditO B anskbploming iR SSKEESE synthesized
from crudg.compernd &hjndkPesdeld over two steps, following the procedure as described for
compound 55c (purification by HPLC). LH NMR (CDC13, 400MHz) 8 1.26-1.33 (m, 2H), 1.43-1.47 (m,
2H), 1.54nM 5% 61 F2H k. #9650 8816y, 1H), 1.87-1.93 (m, | H), 2.2-2.32 (m, 21-1), 2.62 (d, J= 13.64
Hz, 1H), 2.79-2.87 (m, 1H), 2.99-3.04 (in, 1H), 3.05 (s, 3H), 3.23 (s, 1H), 3.81-3.85 (m, 1H), 4.05-4.08
(M. 1K), 49457 SH). 460 4 phand AREE Yk I @5 38KLA a9 09 hioko H0y 245 4.94-4 98
(m, I H), 5.39-5:45 (m, 1H), 5.46.Fs, 1H), 5.64 (td, J= 10.77 Hz and J= 4.68Hz, 1H), ¥.29 (d, J=9.30
Hz, | H), Fosreaylisgxares () apyolins rhowlk B Jgmsthy}s, 1 4-dioxo-1,3,13-

triazatricyclof13.3.0.0Joctadec- 7-ene-4-yljcarbonyl(1-methylcyclopropylysulfonamide 96d.
Compound 96d was synthesized from compound 95d as a white solid in 16% yield,

following the procedure as described for compound 56¢.

MS (ESL, EI") m/z = 769 (MH).
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[00496]Step G: Synthesis of (Z)-(4R,68,158,175)41748-chloro-7-methoxy-2-(4-
ethynylthiazol-2-yequinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7-e
n‘-4-ylicarbow&(2:|)bg} | I(;cyclopropyl)suIfonamide G2. Under WO 2009/%@3&%%%009/000688
nitrogen, a solution of compound F1 (140 mg, 1 eq.) and EDCI (82 mg, 2 eq.) in dry dichloromethane
(5 mL) was stirred at room temperature for 2 hrs. 1-Methylcyclopropylsulfonarnide (116 mg, 4 eq.) and
DBU (130 mg, 2 eq.) were then added under M&%&%ﬂd the reaction mixture was stirred for
additional 20 hrs. Dichlorometh@asaatonattiiaete dibancthdstivil layers separated. The organic
layer was washed with water (three times) and brine, then dried over Na2S04, filtered, and
concentrated under reduced pressure. The tesidue was purified by chromatography on silica gel to
yield compound G2 as a beige solid in 33%]yield. 1I8;| NMR (CDCI3, 400 MHz): 60.80-0.84 (m, 2H),
0.86-0.90 (m, 1H), 1.24-1.33 (m, 1H)R% 37442 (p} 2H), 1.50-1.55 (m, 5H), 1.79-1.84 (m, 1H),

/ (m, 1H), 2.57-2.63 (m, 1H), 2.82-2.92 (m, 11-1),
2,99-3.06 (m, 1H), 3.05 (s, 3H), 3.24 (s, AH 30-3.84 (En, 1H), 4.03-4.07 (m, 1H), 4.08 (s, 3H), 4.61
(td, J = 13.77 and 2.56 Hz, 1H), 4.89%.97 (i, 2H),F‘5.19 (s, 1H), 5.43-5.49 (m, 1H), 5.64 (td, 1= 10.73
and 5.78 Hz, 1H), 7.29 (dd, J = 9.24 Hz, 1H),7.60s, 1H)x7.69 (§/ 1H), 8.05 (dd, J = 9.24 Hz, 1H),
11.14 (hrs, IH); MS (ESL1, Er): m/z =7667 ovih=C. [0C 7]§epiSynthesis of '
N-(6-acetyl-3-methoxy-2-methylphenyl)-#4- bromothiazele-2¢carboxamide A2. Compound A2 (beige
solid) was synthesized from 4- bromothiazsle-2-carboxylic Acid (59,1eq.) and
6-acetyl-3-methoxy-2-methyl aniline (3,58 ¢, 1 eq.) in 6%% yieldefollowing the procedure as described

for compound Al. 1I-1 NMR (CDGJ3, 460 13 (g 3H)\ .59 (8, 3H), 3.93 (s, 3H), 6.81 (d, J =
A1 18Y(br s ¥H); MS (ESI, Els): miz = 392 (MNC).

8.73 Hz, 1H), 7.50 (s, 1H), 7.77 (d, I\ 8.73 Hiz, 1
- [00498]Step I: Synthesis of N-(6-acetyi-3-methox nethylphenyl-4-(2-
trimethylsilypethynypthiazole-2-carboxami Comppund By (yellow solid) was synthesized from
compound A2 (3.9 g, 1 eq.) and ethynykrimethylsi .2mL, 1.5 eq.) in 98% vyield, following the
procedure as described for compound Bi. NMR (CDC13, 400 MHz): 60.29 (s, 9H), 2.13 (s, 3H), 2.58
(s, 3H), 3.93 (s, 3H), 6.81 (d, J = 83 RFZ:-&H?‘%.B%(;' = D787 6@, J= 8.73 Hz, 1H), 11.05 (br s, 1H);
MS (ESI, El): m/z = 409 (MNa+). [00&35]Stb#] =Sy RfieSitof ¥-methoxy-8-methyl
-2-(4-ethynylthiazol-2-yOquinolin- #1617 B8mpSuid T $hlid) was synthesized from
compound By (3.81g,1eq.)in 2 ’f%}yg d: q% _'Hgig"%rmoggﬁu"rkgé}_"s'pescribed for compound CI. WO
2009/099596PCT/US2009/00068 Gzlﬂﬁl\z_l , %gﬂg& %@?’%4 (s, 3H), 3.25 (s, 1H), 3.98 (s,
3H), 6.77 (s, 1H), 7.03 (d, J = 9.05 iz ki) RFQ (Scil Y7 8 25 K8l ~JF 9.05 Hz, 1H), 9.39 (br s, 1H); MS
(ESI, Er): m/z = 297 (MI-). [005008te{RK = ByRtheBiROE OCH;, RY = Br
(2)-(4R,65,15S,175)-17[7-methoxy-8-methy1-2-(4-
ethynylthiazol-2-yequinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13- o
triazatricyE8f1813.0.0]oERs FeBthesR e LmrsmaBKsAiE sprprretsyt Ester Bsedrosth 4P IiLiure of
diastereoispraerssiyeiow Rarmhwes syrtbesized frm samouncbHBad608 ai0l9eaqr:and compound D

. (768 mg, g.a%%.%g(gilé yx‘a’z‘e’&%é%%x&%%%ﬁ su %%.a%}%essa%lg }eagogzgcrlgr%gn g%?s% gg;(a:l'icable to other

compounds 101,

[00441] Step A: Preparation of N-(6-acetyl-2-chloro-3-methoxyphenyl)-2-
isopropylthiazole-4-carboxamide 97d. To a stirred solution of 2-isopropyi-1,3-thiazol-4-
carboxylic acid (3.5 g, 20.4 mmol) in DCM (35 mL) was added oxalyl chloride (3.46 mL,
40.9 mmol} with a few drop of anhydrous DMF at 0 °C. At the end of gas escape, the
mixture was allowed to warm up at room temperature and then stirred for 2 hrs. The reaction
mixture was concentrated under reduced pressure and solubilized in dioxane (70 mL). A
solution of 1-{2-aminc-3-chloro-4-methoxy-phenyl)-ethanone 4Gd (3.71 g, 18.6 mmol) in
dioxane (15 mL) was then sioiwly added. The mixture was stirred at room temperature for 16

hrs. NaHCO; was added. The mixture was extracted with EtOAc, dried over Na;SO4,
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MS (ES1, Er): m/z = 644 (MH*). [00501]Step L: Synthesis of
(£)-(4R,65,153,175)-17[7-methoxy-8-methyl-2-(4-
ethynylthiazol-2-yOquinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-

triazatricyclofi3 8%/t etadec-7-ene-4-carboxylic acid F2. Compound F2XhHE?4GH )"\?\?ﬁs
synthesized from compound E2 (2.08 g, 1 eq.) following the procedure as described for compound
55¢c. IH KieredCma taiat00aimd andeireduded 2raysusH) TRe1gw@omyterialma i guaies itm, 1H), 2.54-2.64
(m, 2H), cﬁeﬁ@l(étl%'r"?m ;lgﬁ-gog%g&dlgl)b 2003 04 (M, 1H), 3.05 (s, 1H), 3.79- 3.83 (m, IH), 3.99 (s,
3E1), 4-4.09°(m, 1H), 4.57-4.65 (m, 1H), 4.89-4.98 (m, 2H), 5.21 (s, 1H), 5.39-5.46 (m, 1H), 5.62-5.69
(m, 1H),'6198Mr, LHICE, 20¢dvidiz) B2, 4H), 7190 (a1814) 376669 GHIHY. 984 JH 9q@intiz,<LH); MS

55)8345%)3(’%,1% %%)ﬁ%ogéiéﬁy@%gheﬂﬁ O‘I 64 (d, /= 8.48 Hz, 1H), 8.07 (s, 1H).

ethynylthisz (52; B uiro kn3 4 1y{iai]y 1 3-N-methyl-2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7-e
n-4-yl]carbonyl (cyclopropyl)sulfonamide Gl. Compound Gl (cream solid) was synthesized from
compound F2 (63 mg, 1 eq.) and cyclopropylgyifgganide (47 mg, 4 eq.) in 75% yield, following the
procedure as described for compound G2 (purification of the desired compound by HPLC). 1I-1 NMR
(CDC13 400 MHZ): .6 0.90-0.97 (m 1H) 1.06-1.20 (m, 2H) 1.21-1.35 (mIH) 1.37-1.43 (|n | H)

1,. .2(m,

: 78:3. 3, ] . anq26 Hz 1H),
4.89-4.98"(m, H) 22 (s, 1H), 5.40- 5 A7 (m;1H)| 5.64 (td, J= 10.79 &nd 3 70‘f—|z x 28 (dd,J =
9.25 Hz, 1H),#.57 (s, 1H), 7.70 WO 2009/0 9%9%?’@&32@9/000688 (§ 1H), 8.0 d J=9.25 Hz,
1H), 11.21 (brs, 1H); MS (ESI, Er): rn/z =753 (MH+). 03]Step N: Synthesi&®of
(2)-(4R,6S,158,178)-[1747-methoxy-8-methyl-2-(4- ethynylthiazol-2-yl)quinol in-4-yloxy]- |
3-N-methyl-2,14-dioxo-1,3 ,13 -triazatri cyclo[13.3.0.0]octadec-7-en-4-yl]carbonyl
(cyclopropypsulfonamide G3. Compound G3 (beige, SO|I ) was, synthesized from compound F2 (120

mg, 1 eq ) and cyclopropylsulfonamide (91 mg, 4 eq: % Yyield, following the procedure as
described for com%i;: G2, 11-1 NMR (CDC13, 40 : Q.76-1.72 (m, 10H), 1.94 (dd, J = 8.45

and 6.04 Hz, 2H), 2.45-2.22 (m, 1H), 2.39-2.46 (MX'LH).5.¢

2H), 3.05 (s, 3H), 3.221s, 1H), 3)76-3.80 (m, 1H), 3.99(S _4.04 (M, 1H), 4.61 (td, J13.45 and
2.65 Hz, IH), 40689:4 9% H),J 06 (s, i) 9%5.39-5. 4?6 (m, IH), b. J 1Q5%8 and 5.77 Hz, 1H),
7.24 (d, 3= 9.25 Hy, IH)/7.51(s, 175} 7.88%8PEH), 7:98,(d, J= 9.25°Hz, 1H), 11,17 (br s, 1H); MS (ESI,

Er): m/z = 733 (MHK+). 504]St§p 0: Synthe5|s of( ﬁ4R 68 158,178)-[1717-methoxy-8-methyl-2-(4-
ethynylthiazol-2-yOgtinolin- xy]-13-N- methy *2,14- ox%’?T&ﬂnazatncyclo[lS .3.0.0]octadec-7-e

n-4-yllcarbonyl (1-methyityclopropyl)sulfonamid Cempound Go (white solid) was synthesized

from compound F2 (150 mg, 1 eg.) and 1-methymmpy4}u?amide (138 mg, 4 eq.) in 8% vyield,
following the procedure as described for compound G2, $HN (CDC13, 400 MHz): 0.82-1.38 (in,
414), 1.53 (s, 3H), 1.55-1.84 (m, 5H), 1.90-1.95 (m, 2H), 2.15-2.21 (m, 1H), 2.41-2.48 (m, 1H),

©2.57-2.63 (in, 1H), 2.68 (s, 3H), 2.83-2.93 (m, 1H), 2.99-3.04 (&, 1H), 3.05 (s, 3H), 3.22 (s, 1H),
3.77-3.81 (m, 1KY, 3.99 (sz3H), 4-4.04 (m, 1H), 4.58-4.654n, 1H), 4,89-4.96 (m, 2H), 5.07 (s, 1H),
5.39-5.46 (M, 1H),5.6155.68 (M, 1H), 7.24 (d, J= 9.17 Hz, TH), 752 (s, 1H), 7.66 (s, 1H), 7.99 (d, J=
9.17 Hz, 1H), 11, 1H); MS (ES!, Er): vz = 747.2} X

100 101

(00442} Step B: Preparation of 8~chioro-2-(2-isopropyl-thiazol-4-y1)-7-methoxy-
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WO 2009/099596PCT/US2009/000688 Example 24 Preparation of Macrocyclic Compounds

Ob 9441,and 04 01:R8=CI,R"=H2:R8=CI,R'=CH33: R8=CH3,R"=H4: R8 =CH3,R =
CH3 [OOSOSéi,Fhe synthesis of macrocyclic compounds 01, 02, 03, and 04 is shown in Schemes 30 and
31. [00506] gng&. @Wﬂ‘fesis of 2-(trifluoromethylthiazole)-4-carboxylic aé’.‘&%?ﬁ%\‘"é’é‘l%"rﬁﬁ A solution of
2,2,2-trifluoroacetamide (14.24 g, 1 eq.) and Lawesson's reagent (30.6 g, 0.6 eq.) in THF (120 mL)
was stirrettEetafefdtd s hrsmaditieod aechans bang pressspyrigvabaioredn (23 &) was

added angl the-spstionrailwietiiovaekany wEhestpactionwascopled) avaperatesin yacuum, and

the resulting crude material extracted with dichloromethane and washed with water, The organic layer
was driedBYENEIEEE, FEALRantESHEHTH JBYRSYRANEH BHAIE R Sther GIFREparied by
chromatopsapHY b piSiicadek(peted et eyt neiciorameshang)4edialdee erdpesistddsin40% yield.

1HNMR (DMSO-d6, 400 MEz): 6.1.32 (t, J = 7.10 Hz, 31-1), 4.34 (g, J-= 7.10 Hz, 2H), 8.9 (s, 1H): 19F
NMR (Dp%%%%?@?%’%%%ﬁﬁ%ﬁ%é“%éf%&f%ﬁ%); MS (ESL, EI-): m/z = 225.9 (MH¥). [00507]Step B:
SymheS'SI—?NW(&]%C(H}wd@rﬂ?ﬁgh%/gf)%%%ﬂ'fﬂﬁbﬁﬂﬁﬁeﬂ '3%-%@@?'#31%[ (Rink splid) que)sécribe dfor

synthesized from compound H (1 eq.)in 75% yield, following the procedure as

compoun® &7 sMEESIOFy: Wzl,é?.@éégd'(m HH)3 W@ 20097089B96RET/US2009/000688 Scheme 30

[00443] Step C: Preparation of (£)-(4R,65,158,175)-17-[8-chloro-7-methoxy-2-(2-
1sopropythiazol-4-yl)quinolin-4-yloxy}-13-V-methyl-2,14-dioxo-1,3,13-
triazatricyclof13.3.0.0)octadec-7-ene-4-carboxylic acid ethyl ester 99d. Compound 99d wasg
synthesized from compounds 53 and 98d as a white solid in 31% yield, following the

procedure as described for compound 54e.

MS (ESL EI') m/z = 696 (MH").

[00444] Step D Preparation of (£)-(4R,65,155,17S5)-17-[8-chloro-7-methoxy-2-(2-
isopropythiazol-4-ylquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]Joctadec-7-ene-4-carboxylic acid 100d. Compound 100d was
synthesized from compound 99d as a white solid in 47% yield, following the procedure as

described for compound 55¢.

MS (ESL EI') m/z = 668 (MH").

[00445] Step E. Prepafation of (Z)-(4R,65,155,175)-[17-[8-chloro-7-methoxy-2-(2-
isopropythiazol-4-yl)quinolin-4-yloxy]-13-N-methyl-2, 14-dioxo-1,3,13-
triazatricyclof13.3.0.0]octadec-7-ene-4-yljcarbonyl(1-methylcyclopropyl)sulfonamide 101d.
Compound 101d was synthesized from compound 100d as a white solid in 38% yield,

following the procedure as described for compound 56¢.

MS (ESL EIY) m/z = 785 (ME".
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OH Li: R8 = Cl L2 : R8 = CH3 [00508]Step C: Synthesis of N-(6-acetyl-2-chloro-3-methoxypheny1)-2-
(trifluoromethypthiazole-4-carboxamide Kl. Oxalyl chloride (1.9 mL, 1.4 eq.) was added dropwise
under nitro suspension of compound 1 (4 g,1.2eq.)inD DMF (few
drops). Th%%%l%ﬂgr%%gﬂe was stirred at 0 C for 30 mm-and then at ro%%%%%t%or additional
3 hrs. The solid was removed by filtration under nitrogen and the filtrate was evaporated to give a
yellow oil. This oil was solubilised in dioxane (gmgé#d added under nitrogen to a solution of
6-acetyl-2-chloro-3-methoxy anitia@af3ieh af My di:é-Juxpaend@d niL). The reaction mixture was
stirred at room temperature for 3 days. The solvent was removed under reduced pressure, the residue
was solubilised in dichloromethane, Washeggwith water, dried over Na2SO4 and concentrated in
vacuum. The crude oil was triturated in MeQH/Et20 mlxture to give the compound Ki as a white solid in
WO 2009/099:396PCT/US2009/000888 69%6-yieleR*11-1 NMR (CDC13, 400 MI-Iz): 5 2.59 (s, 3H), 4 (s,
3H), 6.90 (d J=8.75 Hz, lH) 7.70 (d, = 7 lH) 8.44 (s 11- 1) 10 28 (s lH) 19F NMR (CDCI3,

synthe5|zed from compound K1 (1 g, 1 egl’) in 2€ follawing the procedure as descrlbed for
compound 1H NMR (CDC13, 400 MHz): 3 (ppm) 4.07 ¢
8.14 (s, 1H), 8.30 (d, J=9.13 Hz, 1H), @s 11-1); 19F NMR (CDCl3, 376 MHz): -61.14

\//

<R

1102: RS =H,R® =H,R” = OCH;, R¥ =H
110b: R” = H, R® = H, R” = OCH;, R = CH;
110c: R¥ = H, R =H,R" = OCH,;, R¥ =F
110d: RS = H, RS = H, R” = OCH,, R¥ =i
110e: R¥ = OCH;, R =H,R” = OCH3, R =}
1101: RS = H, RY = OCH,, R7 = H, R¥ = CH,
110g: R® = H,R® = OCH,, R" =CL,R¥ =H
110h: R¥ =H,RY = H, R” = OCH;, R = Br

[00446] The syntheses of macrocyclic compounds 110 are illustrated with compound
110d as shown in Schemes 20nd 21 where R®, RG', RT, and R¥ in compounds 102 to 110 are
the same as defined in compounds 56. The same procedures are also applicable to other

compounds 116.

[00447] Step A: Preparation of N-(2-chloro-3-methoxyphenyl)-2-hydroxyimino-
acetamide 162d. To a stirred solution of sodium sulfate (58.5 g, 412 mmol) in water (100
mL) was added a solution of chloralhydrate (9.36 g, 56.6 mmol) in water (120 mL).
Chloroanisidine 3%d (10g, 51.5 mmol) was added followed by 37% HCI1 {20 mL). A solution
of hydroxylamine (50% in water, 4.7 mL, 154.5 mmol) in 50 ml, was then added and the
reaction mixture was refluxed for 90 min. The suspended solid was filtered off, and washed
with water and ether. Organics were dried over Na,SQO,, filtered, and concentrated under

reduced pressure to yield compound 1024 as a brown solid.
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WO 2009/099596PCT/US2009/000688 (s. 3F); MS (ESI, Er): rn/z.= 360.91 (MH+). [00510]Step E:
Synthesis of (Z)-(4R,65,155,175)-17[8-chloro-7-methoxy-2-(2-
trifluoromethylthiazol-4-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclOMB 88t adec-7-ene-4-carboxylic acid ethyl ester MI. CEMPESHENAT Enixture of
diastereoisomers, was synthesized from compound LI (570 mg, 1 eq.) and compound 53 (600 mg, 1

eq.), folloWing\Re(Pldsstdreta8 NBde)ibddfotscofipb 98d b de RIEY (B} B 7ld 572864 (Mt).
005111S4gp FirByhosisyol (B @R ORLE%A TN ATIB e arhmothoy rfp-
trifluorometRylthiazol-4-yDquinolin-4-yloxyj-13-N-methy1-2,14-dioxo-1,3,13-
trizatzatricyclo[li%.3.O.O]octadec-7-ene-4-carbox>§é]c1 acig} I. Compound NI was synthesized from
compound MI (1 eq.), following the procedure 3%'8&&cttbed for compound 55¢. 1H NMR (CDC13, 400
MHz): 61.27-1.60 (m, 6H), 1.81-1.93 (m, 1H), 2.21-2.26 (m, 1H), 2.28-2.35 (m, IH), 2.59-2.64 (m, 1H),
2.81-2.88 (m, 1HY} 3-3.07 (m, 1H), 3.05 (s, 3#), 3,833.87 (m, 1H), 4.02-4.07 (mR1H), 4.09 (s, 3H),
4.57-4.64 (m, 1H), 4.89-4.94 (m, 1H), #.99- 5,02 (m, 1H), 5.22 (s, IH), 5.58%5.52(m, ¥H), 5.65 (td, J=
10.75 and 4.7 H), 7.28%1 = 9.25 ), M, 1H)28.0Q (d, 1 @ 1H),8.73 (br s,
1H); 19F NMRYCPS13 378MHY): 6 -60- ~RE)MSABS|, En): m/z = 693:98 fH4). [00512]Step
G: Synthesis of (g)-(4|5%5,158,175)1f7-[8- h_IoroE{%-methoxy-??’(Z- . %
trifluoromethylthi%\zol-4-y0quinolin-4-y|oxy]-5§-N-methy1-2,14-dioxo-1,3,13-tria§atricyc|o[13.3.0.0]octa
dec-7-en-4-ylJcathonykcyclopropypsulfonamide &8. Compound 01 (white solid) wés synthesized from
compound NI (115 mg, 1 eq.) 5 21% yield, following the procedure as described for compound G2. 1H
NMR (CDC13, 400 MHZ%5'6O'89'0'9(:60§?11’ 1H), 1.06-1.17 (m, 1%? ]C.22-1.29 (m, 2H), 1.38-1.43 (m,

- 2H), 1.45-1.52 (in, 1H), I.55<1 8941, F), 1.88-1.9 “17223 (n, 1H),.2.39-2.46 (m, 1H),

| 2.57-2.63 (m, H22-80-2.89 (m, 1H). 2.89-285¢m | -3.03 (m, 1%& 3H), 3.60-3.69 (m,
1H), 3.80-3.84 (in, 1H), 42‘4.0I H), 4.08 (S, 3H)§7'4.5i4.64P(H; 1H), 4.é (Et, 1= 10.69 Hz, 1H), 4.96
(dd, 1=8.75 and 5 10 Hz, 1H),#5.15 (s, 1H), 5.49-5.55 (n, #H), 5.64 (td, J= 10.71 and 5.65 Hz, 1H),
7.28 (d, J = 9.20 Hz, | H), 7.594s, 1H), 8.08 (d, | = 9.20 Hg, 114), 8.72 (s, 1H), 11.18 (br s, IH); 19F
NMR (CDC13, 376 MHz): 6-60.89 (s, 3F); MS (ESI, Er): in/z = 797.02 (ME1+). [00513]Step H:
Synthesis of (Z)-(4R,6%.158%175)417-[8-chloro-7-methoxy-2-(gs W

2009/099596P CHIL.1S2Q0 0688 tri . RS
fluoromethylthiazol- -yoquinoh%-4-yloxy]-lB-Nf-ﬁ?ﬁethxl-Z,1
octadec-7-en-4-ylj 7(1-methy Icyclopxapyisuylfongmitie 82, P?e&u?w d 02 (white solid) was
synthesized from compound;NT (80 mg, 1 eq.) in 19% yield, following the pfocedure as described for
compound Gz. NMRP(QBéI\afi z): 6 0.77-0.84(m, 2H), 1.18-1.26 (m, 2H), 1.33-1.43 (m, 2H),
1.49-1.56 (m, 1H), 1.52 (s, 3H),% 64-1.7 (m, 1H), 1.79-1.83 (m, 1H), 1.86-1.94 (m, 2H), 2. 17-2.24
(m, 1H), 2.41-2.48 (m, 1H¥s2.58-2.63 (m, 1H), 2.83-2.92 (m, 1H), 2.96-3.04 (m, 1H), 3.05 (s, 3H),
3.80-3.84 (m, 1H), 4-4.04 (m, 1H), 4.08 (s, 3H), 4.58-4.65 (m, 1H), 4.91 (t, J = 10.71 Hz, 1H), 4.98 (dd,
J=8.86 and 5.07 Hz, 1H), 5.10 (s, 1H), 5.50-5.56 (m, 1H), 5.64 (td, .1= 10.77 and 5,68 Hz, 1H), 7.28
(d, 1=9.2009%48H), 7684 B1HYeBar@n a7 ecbipiab-methgrpalfs indnlerd. rdigme 4 026k Ms (ESI, Er):
m/z = 811cQA (M2 dORPISte ik Py nthasisatk M@ npsstybhaxmetboxy; s tivphenyhd-(2-
trifluoromethyl)thiazole-4-carboxamide K2, Compound K2 (white solid) was synthesized from
compoun VRS e Bepie 6?8 el Pr- A thBR) O HREAN It Y AT PERR S B296 yield,
following teg:fisaceicuie: amdpsartdad:tocoonap dtighiexidaDiMRADNIEDNA 6 O4thMH=r32: 24 (s, 3H),

3.90 (s, 3H), 7. , +=8.81 Hz, 1H), 7.81 (d, J = 8.81 Hz, 1H), 8.82. : MS (ES1, Ern: m/z = 381
(e, BT T e S At R B o ey SO inoin-s-o
L2. CompousitdaZ¢bipstrolsotit stk siziedctrop sodnpneindd{8 reergstal g ro82% yield,
following e, ArRcRdy E-as0661654 19-G00RP Lt & £895 Rygrnight),

'H NMR (DMSO-ds, 400 MHz) & 3.96 (s, 3H), 6.79 {d, J=9.10 Hz, 1H), 7.52 (d, J =9.10 Hz,
1H), 11.40 (s, 1H). |

=0

Xp-1,3i13-triazatri cyclo[13.3 .0.0]

[00449] Step C: Preparation of 2-amino—%chloro#»methoxy benzoic acid 104d. A
suspension of compound 1034 (6.03 g, 28.52 mmol), NaOH (1.25 g, 31.37 mmol), and NaCl
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NMR (CDC13, 400 MHz): 32.42 (s, 3H), 3.98 (s, 3H), 6.72 (s, 1H), 7.04 (d, J = 9.02 Hz, 11-1), 8.10 (s,
1H), 8.25 (d, J = 9.02 Hz, 1H), 9.45 (br s, 1H); MS (ESI, Er): nz/z = 341.06 [00516]Step K: Synthesis of
(2)-(4R,65,155,17 52-17 7-methoxy-8-methyl-2-(2-

trifluorometh¥/fthia% ‘f—%%ﬁquinolin-4-yloxy]-13-N-methyl-2, 14-dioxo-1,3,13-CT/US2009/000688
azatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid methyl ester M2. Compound M2, a mixture of
diasterecid&hérs Afddnpathusrae mtonis sHeibat Isomigmpaayaier AShapsdrd 1E400 mg, 1
eq.) in 64%%yirld fellawvingdhe.pragashreapssiesaiRedifanconmRaund LA MSIER o) aka/z = 688
(ar). WO 2009/099596PCT/US2009/000688 [00517]Step L: Synthesis of = |

(2)~( 4R 6% i%%ﬁ%%%ﬁ%%%yﬁf’efﬁ?ﬁg??@mms was quénched with glacial AcOH,
trifluoromgiaydt)iad® vd o6 withlinady | THe sb3rd\bbisitted sl disdioned 1303V, dried over
triazatricxfg%%%?B .0 cta%ec-?-ene-4acar 0X I(ijc acdd N2. Co ounddNZ was Féntsheusljﬁ%% from
compoun ¢! g I qc.‘inlﬁeﬂg%eyig? ,eFoITO\‘/lvclrelg%eessﬁfgbe Uré as describe q‘oPcompound 55c
(purification dhyarhaarmadgrap kificn giiidMyate QH) MR DO R8O D0HE) 28 Dr2asge. 8difm, 1H),
1.38-1.4?1!{(?1 #H)e}-52-1.69 (m, 2H), 1.82 (dd, 1=8.12 and 6.26 Hz, 1H), 1.84-1.94 (m, 1H), 2.23 (td, J
=13.52 an %%g Hz, 1H), 2.29-2.36 (m, 1H), 2.61 (td, J= 13.52 and 3.32 Hz, | H), 2.70 (s, 3H),
2.82-2.89 (gD R R0 M) 394435311, 3,803 84010 B, 31984 P26, 2, BRI (s, 3H),
4.61 (td, Jr 13.63 and 2.73 Hz, 1H), 4.91 (t, J' 10.70 Hz, 1H), 4.98 (dd, 1=8.97 and 5.22 Hz, 1H), 5.14
(s, | H), 5475 890z 1) 5185 @595 We.85 and 4.81 Hz, 1H), 7.24 (d, 1= 9.25 Hz, 1H), 7.52 (s,
11-1), 8 (d, J=9.25 Hz, 1H), 8.59 (s, 1H); MS (ESI, Er): m/z = 674 (MH+). [00518]Step M. Synthesis of
(2)-(4R,68)058)17S)-[ 15t<fy inecthapaya8amefiBrar@i(@-3 -chloro-4-methoxy benzoic acid methyl
trifluoromeghyliii ~4- Inolin-4-yl -13-N- 4-dipx0-1.3 . I3t eyel .3.0.0]octa
dec-7-en-ej%¥] égﬁ){bﬁmg)%%%gg éy %Olﬁf%ﬁ%rrr%i%%%a%%%&rm%%ﬁ&%i 'g%sag{%) Was%ggr%%iized from
compounda 244gK+igO1 @Y an% TR GHyrausrRPSTAEN T2 The Ieedipn mistros YRIGTHbwing the
procedurg.as ¢les4iRetior AARRALALS 2.1 HINWMRAGH GASa 402 Mktz): 8:88 %t (M, 1H), 1.07-1.15
(m, 2H), 1.21-1.29 (m, 2H), 1.33-1.41 (m, 2H), 1,44-1.51 (m, 1H), 1.53-1.72 (m, 2H), 1.87-1.95 (m,
2H), 2.15ISTRSARIe 1o SN e 251G Wessrideso The MEfur 851 &¥geRes BN 2H), 2.97 (s,
3H). 3.74c% &hid0wkH)nw3s88dA0R (Marcd i ddaS 4. 64,00, 14l ret S Ofirtned2biYeb2Bubeti3 (M, 1H),
5.44-5.52 (m, 1H), 5,59-5.67 (m, 1H), 7.20-7.24 (m, 1H), 7,49-7 54 (m, 1 .98-8.02 (m, 1H),
8.55-8.59¥’§ﬁ?ﬁ‘irﬁr)?‘1d1¥’i‘§?ﬁf‘§? ﬁQS?‘%‘éE%ﬁﬁy(éﬁ&%ﬁ AT -881.%%‘%(‘5(?’5%?3\3’? SI, Er): miz =
777 (rvu-go(onke ]St &N bSyatiekisros §Z) R 68,158,175)-(1 747-metho xy-8-methy1-2-(2-
trifluoromethyl thiazol-4-yequinolin-4-y loxy]-13-N-methy1-2,14-dio x0-1,3,13-triazatricyclo[13.3
.0.0]octad BcNMEW (@D et BBAFHAL S o) KeYRIGpASPY b fortiided4d CompBaktEodwhite solid)
was syntheﬁgz&dﬁ%gz@mpgypd N2 (80 mg, 1 eq.) and (1-methylcyclopropyl)- sulfonamide (64 mg, 4
ed. ) in 24% yleid, following the procedure as described for compound G2. 1H NMR (CDC13, 400

MHz): 8 -0 84(m, .86-0.90(m, 1 20-1, 4H). 1.52 H).,1.65-1.73 (m, 2H),
1.7§-)1.8 ﬁro%%ﬁ),(rfgg?%? ‘(%?%ﬁ?,%ﬁ%&%‘ﬁ‘%qm% %i‘i@i%/g%ﬁﬁfé’&tgé%%%uszooé%ooe)as
2.40-2.48ambok ki@ bF-B8RcxmbditpaR: 1048, 3id)a tigtdsoiiton afpoRmesuBiGY (981, 335 (s, 3H),

- 3.77-38 . 400 ( 4.66 | ol ), 4.96
PR A R N e e g e b ey

7.23 (d, 306, 2The seapkignTrgys W) sBro @ 0F°S BpA0Hpinany 8 5[ e e thParsi H); 'oF
NMR (CDf3 n348 ML) #0488t hitdd Srlfes he bt e peessd 21 dMIdidsoived in dioxane (3

mL). Compound 165d (770 mg, 3.56 mmol) in dioxane (6 mL} was then added. The reaction

mixture was stirred at room temperature for 16 hrs. Soivent was evaporated. Water was

added to the mixture. The reaction mixture was extracted with EtOAc. Organics were dried

over Na;SQy, filtered, concentrated under reduced pressure, and purified by chromatography

on silica gel (petroleum ether/EtOAc) to yield compound 106d as a pale yellow solid in 92%

yield.

' NMR (CDCls, 400 MHz) § 1.19 (d, J = 6.63 Hz, 6H), 3.09-3.16 (m, 1H), 3.79 (s, 3H),
3.91 (s, 3H), 6.82 (d, J = 9.02 Hz, 1H), 7.19 (s, 1H), 7.82 (d, J = 9.02 Hz, 1H), 9.97 (s, 1H).
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‘Example 25 Preparation of Macrocvclic Compounds Tt and T7 OCH3 [00520]The synthesis of
macrocyclic compounds T1 and T2 is shown in Scheme 32. [00521]Step A. Synthesis of
2-(4-bromothiazol-2-y1)-8-chloro-7-methoxy-quinolin-4- ol P. Compound P (yellow solid) was
synthesized FOREEABYNd AL (2 g, 1 eq.) in 92% vield, following the prdc¢edliré’44 §&&¥ibed for
compound AE (80C overnight). 1H NMR (CDCI3, 400 MHz) 64.06 (s, 3H), 6.73 (s, 1H), 7.07 (d, J =
9.10 Hz,[9¥52146 (s, dten Y -shrgpgaation of Bochipra-2-(4;isopmpy-iarp- Mg ESetherim/z = 372.90

(MH+). [Qﬁ‘ﬁg%lﬁgi@ & I%Y@th%@ er?é@'@!%ﬂt%‘(ﬁ”@é’ﬁﬁ@&%@mk@mlﬁ? methaxyayinolin-4- ol Q. The
compound P(286 mg, 1 eq.) in degazed dimethylacetamide (10 mL nd Zn (4.5 mg, 0.09 eq.),

Zn(CN)Z(EH BB kol §, PhbBR et i1 08 -ddne ér%ﬁdwap 51’%@6&1)‘Wrwéated at
110C ungatdiiereweves:for80 Minglan, m&%m&m@s@ldtmrﬁmt&tedfdﬁﬁm@ andidissolved in

ethyl acetate, dried, and centr ted ynder vag Ther urified by chromatography on
a silica g‘@?st(?’ﬁf\?@t I s 2PN %B ’%\? 9§ %%%rﬁa@%§%ﬁf§%ﬁtﬁg§§%ﬁ{81% yield.
IHNMR é@dﬂﬁ‘élﬂ;péﬁtﬁﬂb’ll-mhet#e@mﬁs v&d)stﬁr@@Mphk@nﬂcﬁl&((dﬁmﬂlﬂi B0 16 ¥o848s(wniH), 8.28 (d,
1=9.11 Hz, 1H), 9.7 H EST. Er); m/z =318.15 (WE). [00523]Step C: Synthesis of
(2)-(4R élge Eg%&%\)vﬁkg C :!Ei)rc% %i égt toigﬁm {emperaturs vem} g{ig %%e m1xpu1% wsa¥
cyanoth@Q@ﬂeQinlt)qmt@ImM@k@ay)e@Bmhrﬁéihﬁll Dreardioxeere 8ricdiwiszavdoyolo[fiRe8:0.0)octadec-7-en

e-4- CarbQ&YJE}IQ*&igdrU%@Ir&ﬁI%%r&Qﬁ?Q%ﬂ B £ R HEC o0 4 @%agrspmﬂﬁas eige solid), was

synthesized from compound Omg, 1 and compound D(299'mg, 1 eq following the

procedu@%@@é%ﬁ%@ﬁﬁ&?é@ﬁﬁd&ﬂ@ W%@(ﬁgﬂ By %FZSQEB"GQ é&l%/)”@ heme 32 OCH3

'H NMR (DMSO-ds, 400 MHz) § 1.32 (d, J = 6.71 Hz, 6H), 3.09-3.15 (m, 1H), 4.01 (s, 3H),
7.42 (d, J=9.03 Hz, 1H), 7.67 (s, 1H), 8.11 (d, /=9.03 Hz, 1H), 12.42 (s, 1H).

[00453] Step G: Preparation of (Z)-(4R,68,155,175)-17-[8-chloro-7-methoxy-2-(4-
isopropylthiazol-2-yl)quinazolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13~
triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid ethyl ester 108d. Compound 108d
was synthesized from compounds 53 and 1074 as yellow oil in 16% yieid, following the

procedure as described for compound 54c¢.

MS (ESL, EI') m/z = 697 (MH ).

[00454; Step H: Preparation of (Z}»(4R,65',153,17S)~I 7-[8-chloro-7-methoxy-2-(4-
isopropyithiazol-2-yl)quinazolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo{13.3.0.0]Joctadec-7-ene-4-carboxylic acid 109d. Compound 1094 was
synthesized from compound 108d as a white solid in 16% yield, following the procedure as

described for compound 55¢.

MS (ESL, EI") m/z = 669 (MH™).

[00455] Step I: Preparation of (Z}-(4R,68,158,178)-[17-{8-chloro-7-methoxy-2-(4-
isopropylthiazol-2-yl)quinazolin-4-yloxy]-13-N-methyl-2,14-dioxeo-1,3,13-

~ triazatricycio[ 13.3.0.0]octadec-7-ene-4-yl]carbonyl( 1-methylcyclopropyi)sulfonamide 110d.
Compound 118d was synthesized from compound 109d as a white solid in 16% yield,

following the procedure as described for compound 56¢.

MS (ESL ET) m/z = 786 (MH™).
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DEDCITDCMJ-CN 2)DBU H2N-NICS",n 0121 cy, NN;, FtiV ---N 0 TI:121:-14 : W CH3
[00524]Step D. Synthesis of (2)-(4R,6S,155,175)-17[8-chloro-7-methoxy-2-(4- WO
2009/099596PCF/US2009/000688 ]
cyanothiazowmm??gﬁﬁ-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13- PCT/US2009/000688
triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid S. Compound S (white solid) was synthesized
from crude compound R following the proceduéiggng@edcribed for compound 55c. 11-1 NMR (CDCI3,
400 MHz) 0.83-1.60 (m, 8H), 2.21-2.27 (m, 1H), 2.29-2.36 (m,,1H), 2.58-2.64 (m, IH), 2.80-2.88 (m,
1H), 3.02-3.10 (in, 1H), 3.06 (s, 3H), 3.87-3.91 (m, 1H), 4.024.09 (m, 1H), 4.09 (s, 3H), 4.56-4.64 (m,
1H), 4.92 (t"I = 10.80 Hz, 1H), 5.02 (dd, J = 8.95 and 4#Q B 17 (s, 1H), 5.46-5.52 (n, 1H), 5.66
(td, J=10.81 and 4.38;Hz, 1H), 7.33 (d, 1= 9.26 Hz, 1H), , 1H), 8.09 (d, J = 9.26 Hz, 1H), 8.14

(s, 1H); MS (ES1, En? m/z = 651.29 (Ivan. [00525]Step, k- ig of

(£)-(4R,65,155,17 48-chloro-7-methoxy-2-(2-
cyanothiazol-4-yl)quinglin-4-yloxyf?13-N-methyl-2,14-diox <tri icyclo{13.3.0.0]octadec-7-en-
4-ylicarbonyl-¢ prop ] L{de T1. Gexhpound T1{yellow solid) w4s synthesized from
compound S (80 mg, 1 €.) in AY% y?@fd, follawireg;the procedure as described for compound 62. 11-1
NMR (Acetone-86; 400 MHz) 0783-1.74 (m, 16H), 2.59-2.66/(m, 2H), 3713 (s, 3H), 3.13-3.24 (m, 2H),
3.84-3.94 (m, 1H),W(?3W0-4.30 (m, 1H),w‘-4.69\§?\1§§% -2-09 (m, 1H), 5.51-5.62 (m,
1H), 5.73-5.83 (m, 1H), 7465 (d,"19.35 Hz, IH), 7.74 (s, {H), 827 (d/1=9.35"Hz, IH), 8.80 (s, 1H); MS
(ESI, E1+): m/z = 754.39 (MW). [00526]Step F: Synthesis of %
(2)-(4R,68,15S,175)417-[8-chloro-7-methoxy-2-(2- Yy
cyanothiazol-4-yOquinglin-4-yloxy]-13-N-methyl-2, 14-dioxo-1,84 3-triazatricyclo[13.3.0.0)octadec-7-en
! -4-y|]carbonyl-(l-metHiS/IcycIopropyI)suIfonamide T2. Compound T2 (‘%\Tlhite solid) was synthesized from
compound S (484 ¥in 11% vyield, following the procedute as.described for compound G2.
11-INMR (CDCIS, 4 2.48 (m, 2H), 2.57-2.63 (m,
2H), 2.85-2.90 (31H), .2 H)4- 4.04 (m, 1H), 4.09 (s, 3H),
4.57-4.65 (m, 1H), 4.0-4.M), 4.98-5.02 (n, 1H), 5.03 (s, 1H),/5.4645.53 (m, 1H), 5.61-5.68 (n,
1H), 7.33 (d, 1=9.2¢ , . , 11.05 (br s, 1H); MS

(ESIl,m/z = 768.06 aviEn. y.
O S
0
N H ) l
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WO 2009/099596PCT/US2009/000688 Example 26 Preparation of Macrocyclic Compounds AC1
AC2,and AC2 AC1:A=cPr,R"'=HAC2:A=cBu, R =HAC3:A=cBu, R=CH3[00527]The
synthesis of macrocyclic compounds AC], AC2, and AC3 is shown in Scheme 33#%0528#Step A:
Synthesis oW%%"”.‘t%@clopropylethanone 111. To a stirred ice- cooled §31btH B &EFopropy!
methyl ketone (21 g, 1 eq.) in methanol (150 mL) was added dropwise bromine (12.9 ml, 1 eq.). The
reaction was allowed to proceed (decolorizatid¥pE@lsi? 0 C. Stirring was continued at room
temperature for 1 hr before addipgwales{ 67 Mhorodiigi-an-additignal 45 mm, the mixture was diluted
with water (225 mL) and extracted with ethyl ether (two times). Ether layers were washed with 10%
Na2CO3 solution and brine. Dried organic Ia(y&[Is were evaporated in vacuo to yield a crude orange oil,
purified by distillation to yield compound U] &s a *colorless oil in 52% yield. NMR (CDC13, 400 MHz):
ci 0.98-1.02 (m, 2H), 1.09-1.13 (m, 2H), 2,}5-2.2 %‘n 1H), 4 (s, 2H). [00529]Step B: Synthesis of
4-cyclopropylthiazole-2-carboxylic acid et er VI. Compound VI (brown oil) was synthesized from
compound U] (10 g, 1.25 eq.) in 73% yields g the procedure as descrlbed for compound 36.

2009/099596PCT/U52009/000688 Schense 33 [00530]Step’C: Syhthesis of Lithium

2.13-2.20 (m, 1H) 4.34 (q, J 7. 10 Hz 2 ; s WESI Elf) rtz/z— 198 (MIT) WO
4-cyclopropylthiazole-2-carboxylate WI. O

\\Jf

O“\“i 7// “\
N ?ﬁ ;
W
Gle
r00456] The synthesis of macrocyclic compound 91e is illustrated in Scheme 22
[004577 Step A: Preparation of (28,45)-1-ters-butyl 2-methyl 4-(8-chloro-7-methoxy-

2-(3-(trifivoromethyl)-1 H-pyrazol-1-yl)quinolin-4-yloxy)pyrrolidine-1,2-dicarboxylate 112.
Compound 112 was synthesized from N-Boc-trans-4-hydroxy-L-proline-methyl ester 111
and compound 88a as beige foam in 90% yield, following the procedure as described for

compound S4¢.

MS (ESI, EI") m/z = S7T1(MH").

100458} Step B: Preparation of (25,45)-1-(tert-butoxycarbonyl)-4-(8-chloro-7-
methoxy-2-(3-(trifluoromethyl)-1 H-pyrazol-1-yl)quinolin-4-yloxy)pyrroiidine-2-carboxylic
acid 113, To a stirred solution of compound 112 (650 mg, 1.13 mmol) in THF (12 mL) was
added LiOH (82 mg, 3.41 mmol) and water. The reaction mixture was stirred at room
temperature for 16 hrs and was acidified with IN HCl to pH 5-6. Aqueous layer was
extracted with EtOAc. Organics were dried over Na;SOy, filtered, and concentrated under

reduced pressure to yield compound 113 as a pink solid in 95% yield.

MS (ESI, EI') m/z = 558 (MH™).

[00459] Step C: Preparation of (25,48)-tert-butyl 4-(8-chloro-7-methoxy-2-(3-
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Compound Wi (brown solid) was synthesized from compound Vi (6 g, 1 eq.) in 91% yield, WO
2009/099596PCT/U52009/000688 following the procedure as described for compound 37. 1H NMR
(DMSO-d6, 400 MHzg)g:_g‘.q?SO-O.SO (m, 2H), 0.81-0.84 (m, 2H), 1.95-2.01 gg,f]]t@gggw% 1H).
[00531]Stepvf5)f @%’%hebsls of 4-cyclopropylthiazole-2-carbonyl chloride XI. Compoun (brown solid)
was synthesized from compound WI (3 g, 1 eq.) in quantitative yield, following the procedure as
described e UARIENGT SH RISAEIS Y R AN 05321 Step E: Synthesis of
N-(6-acetylyRredilgmgcarbasib@yprendih-4-cyblptaryl hiaZdlemBocatpkpmideyvihdsizedsbiiiion of

compound X %(3.4 2e i in dioxane (60 m s.added, 6-acetyl-2-chloro-3-metho niline (3.01
o 1 o) FPRTESE ST AR AL SR BT i e QAT A e and the
mixture wias extiaeted 48ith ethyl acetate. The organic layer was dried over Na2S04, filtered, and
concentrated under vacuum. The residue was purified by chromatography on silica gel (petroleum
ether/ethy1&dEBdITo AitIc 66mPdENY VI as a brown solid in 66% yield. -1 NMR (CDC13, 400 MHz):
51-1.06 (m, 4H), 2.08-2.15 (m, 1H), 2.58 (s, 3H), 3.99 (s, 3H), 6.87 (d, 1=8.78 Hz, 1H), 7.16 (s, 1H),
7.67 (d, J =8.78 Hz, 1H), 10.27 (br s, 1H); MSS(@S’P : rn/z = 351 (MW). [00533]Step F: Synthesis of
8-chloro-7-methoxy-2-(4-cyclopropylthiazol-2- yl)quinolin-4-ol Z. Compound Z1 (orange solid) was
synthesized from compound VI (3.50 g,51 eq ) in"8: %.yield, followi g}th p ¢edure as described for
compound AE (80C overnight). 1149 5;6?[‘3{ 400 M%) D7™(m, 4H), 2.13-2.18 (m, IH),
4.06 (s, 3H), 6.75 (5, 1H), 7.06 (d, J = , IH), 7.09 (s, 1 2#1(d, J =9.10 Hz, 1H), 9.92 (br s,
1H); MS (ESI, Er); n¥/z = 333:L3s§MW), [00534]Step G;spynthesis of, Crpd 328
(2)-(4R,6S,158,17S)17]8-chlereei,-methoxyx2-(4-
cyclopropylthfaz -Z%gk@ﬂolin-4-y|0xy]-1@-methyl-2,14-dioxo-@13-
- triazatricyclo[13.3.,0]octadec-7-ene- boxylic acid ethyl estescAA yGompound AA1, a mixture of
diastereoisomers (cream solid), was synthesized ffom compound 53 42)€r1fg, 1 eq.), compound ZI
(300 mg, 1 eq.), and supported triphenylphesphine (1.08 g, 2.2 eq.) in 95% yield, following the
procedure as descfibed for@lgpund 54c. MS (ESI, Er): m/z = 694,{MW). WO

2009/099596BC 0688 [00535]Step.H; Synthesis of; -

(Z)-(4R168115511 'Ch|0r0-zﬁ nethigx -(4r. #CF, CHLO

N
v A e
O ¢ 9
{ O Cmpd 34 ;
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Boc —————
N
O== o=\ )’N”.»\.\\cooat
. P et ~
3
14 115 \ e\

C /_(,-->‘-~ g ﬂ O/
CF
CHO N N\N/ CFs CH3G N N\N/ 3 /gﬁ(c}

O’
Y

7

1

! S oy i Sy A
| 3
LA P ﬁ\g/\N
o
¥ ¢ Znnpca NN er
DCE
Q - o Q NH O\\\O%é?‘*{? o ‘“‘Q}—'ﬁ «i ?\S/A
O::\\N O%N%COOH W\N o% ET:[E, m;\N o Z N'%
/ \\\ ' / \ N K/
r ) 118 A 9le
[00460] Step D: Preparation of (25,45)-4-(8-chloro-7-methoxy-2-(3-(trifiluoromethyl)-

1 H-pyrazol-1-yl)quinolin-4-yloxy)-N-(hex-5-enyl)-N-methylpyrrolidine-2-carboxamide 115,

162



cyclopropylthiazol-2-yl)quinolin-4-yloxyl-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.01octadec-7-ene-4-carboxylic acid AB,. Compound AB, (white solid) was
synthesized from compound AA, (599 mg, 1 eq.) in 15% yield, following the procedure as described for
compound B0 WL Phse, the pure diastereocisomer was purified by chPOQﬁMPgBHV%CM/MeOH).
MS (ESI, Er): m/z = 666 (MH4). [OQSB%{iﬂtfp I. Synthesis of ] o S
(Z)-(4R,6§9P§@!‘7§}4§?%—W§?w unnd 114 as a white solid in quantitative yield,
cyclopropyiiiazel Beysrsninaiind et 3N unaHavind 424 -dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-
7-en-4-ylicarbonykcyclopropyl)sulfonamide AC1. Compound AC, (yellow solid) was synthesized from
compounMABESBE Mgt eqspasiEyslopropylsulfonamide (64 mg, 4 eq.) in 51% yield, following the
procedure as described for compound G2 (purification by HPLC). 11-INMR (CDCI3, 400 MHz):
50.93-0.30 4 iH)’ 1-3,04 gmp Ar&igﬁﬁlf-élﬁ(%u% 1%%(25?4&%4!@-81&!&&-%%&% 0. &H),
1.55-1.69 (m, 4H), 1.87-1.96 (m, 2H), 2.14-2.59 (m, 2H), 2.38-2.45 (m, 114), 2.58-2.63 (m, 1H),
2.90-3.0 X ERuorgmesiydl s Hapyyaz0tg enuine st AW r 84beySH), 4.01-4.05 (m, 2H), 4.07 (s, 3H),
078 A T Ty 753 (0 h B DR [0 2 0LaE s 1),
.78 and 5.78 Hz, 1H), 7 (s, ,J=9.30 Hz, IH), 7.53 (s, IH), 8.04 (d, J = 9.30 Hz, IH),
1122 (br%%m%ﬁél(%gﬂséﬁ}fhﬁﬁi@%@%&ﬂ!ﬂ@f&ﬁ%ﬁ%l}ﬁsé%&Wéﬁ?& %ﬂlé;lﬂ ér‘%slfeif
-cyclobutyiylethageireptdde ipenzalsncived (el mpiwmiait synthesized from cyclobutyl methyl ketone
(22 g, 1 eq.) and bromine (11.5 mL, 1 eq.) in 60 % yield, following the procedure as described for
compouniHRMFEIODE 3 2BO(MHZ): 6 1.75-1.84 (m, 1H), 1.89-2 (m, 111), 2.10-2.27 (m, 4H), 3.49-
3.57 (m, 1H), 3.82 (s, 2H). [00538]Step K. Synthesis of 4-cyclobutylthiazole-2-carboxylic acid ethyl
~ ester V2.(Goypppund \fyglloproillwas syntremzad fromaompainied2-Laidkg2led.) and ethyl
- thiooxamate (21.41 g, 1 eq.) in 64% yield, following the procedure as described for compound 36.
NMR (DMEEUIEH Wﬁ%‘:i’é’rf@é'&f,YQG?%‘_f‘?‘H‘z‘f‘?ﬁBX,@.‘ézﬁf’éé‘(m, 1H), 1.92-2.02 (in, 1H), 2.15-2.33
(m, 4H), 3H8Retdy(i0arbabhod 136y (eplilind- [-2drit 2} d &) 16 ety L reih b prane dakdxMs 458!, Er): rn/z =

212 (ME"), 2009/0 6PCT/US2009/000688 [005 ep L: thesis of Lithiu
4-cyc|oblﬁyl/?{x%%%ﬁ%qﬁ?gaigo%%@%%? ecgmgﬁ&ﬁ%rdﬁﬁu(b%ﬂgé Es%ﬁdﬁ}/v%ss @f/énsfﬁésbi%eﬁ]%%’m compound

V2 (17.5 Glib ey thedn¥esdetd, dollowitpdHerpravedund 88cdescribed for compound 37. 1H NMR
(DM50-d6, 400 MHz): 8 1.73-1.8%@, 1H), 1.88-2 (m, IH), 2.18-2.24 (m, 4H), 3.50-3.61 (m, 1H), 7.14
(s, 11-1); MSESSEEN Rz Z068MbI21-n. [00540]Step Al: Synthesis of 4-cyclobutylthiazole-2-carbonyl
chloride X2. Compound X2 was synthesized from compound W2 (5 g, 1 eq.), following the procedure
as descrip@aEiédi compSipd38P MfBrEhESh oF (}:StHE-4-1D8hivik)- el St€h (it Bymonesty O
N-(6-acety Z%&?Q%Sfﬂ'-%if&%tﬁ‘&ﬁmh 8¥%?:ﬂ’? -((1R,28)-1-(cyclopropylsulfonylcarbamoyl)-2-

vinyleyclopropyl)-N2-(hex-5-enyl}-NZ2-methylpyrrolidine-1,2-dicarboxamide 118.

Compound 118 was synthesized from compound 117 and cyclopropylamine as a white sohid

in 40% yield, following the procedure as described for compound S6¢.

MS (ESL EIN) m/z = 809 (MH™).

[00464] Step H: Preparation of (Z£)-(4R,6S5,155,17S)-[17-[8-chloro-7-methoxy-2-(3-
trifluoromethyl-1 H-pyrazol-1-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,1 3~
triazatricyclo{13.3.0.0Joctadec-7-ene-4-yl]carbonyl{cyclopropyl)sulfonamide %1e. To a
stirred solution of compound 118 (55 mg, 0.07 mmol) in degassed DCE (68 mi) at 40 °C was
added Zhan IB catalyst (1 mg, 2% mol). Afier the reaction mixture was stirred for 1 hrat 40
°C, a second batch of Zhan IB catalyst {0.5 mg)} was added. After the reaction mixture was
stirred for 1 hr at 60 °C, a third batch of Zhan IB catalyst (0.5 mg) was added. The reaction
mixture was stirred at 60 °C for 16 hrs. The mixture was concentrated under reduced

pressure and purified by chromatography on silica gel (petroleum ether/EtOAc) to yield
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cyclobutylthiazole-2-carboxamide Y2. Compound Y2 (white solid) was synthesized from compound X2
(5.48 g, 1.2 eq.) in 70% vyield, following the procedure as described for compound 111 NMR (CDCIS3,
400 MHz): 8 1.96-2.12 (m, 2H), 2.34-2.44 (m, 4H), 2.59 (s, 3H), 3.70-3.78 (m, 1H), 3.99 (s, 3H), 6.88
(d, J= 8.82 YO/ PHGYs, IH), 7.68 (d, J= 8.76 Hz, 1H), 10.33 (br s, IH)PVE YL EPHEH/z = 365
(MH+). [00542]Step 0: Synthesis of 8-chloro-7-methoxy-2-(4-cyclobutylthiazol-2- yl)quinolin-4-ol Z2.
Compounch@@dsidd sefid)oaias syindhesigtdyirddn compound Y2 (5.68 g, 1 eq.) in 84% yield, following
the procedure as described for compound AE (80C overnight). IFINMR (DM50-d6, 400 MHz): 8
1.87-1.95N (BB, Bl 9@z 67780 (WHHT), 2.23-2.35 (m, 4H), 3.67-3.76 (m, 1H), 4.02 (s, 3H), 7.51 (s,
1H), 7.53 (d, J = 9.30 Hz, 1H), 7.63 (s, 1H), 8.11 (d, 1= 9.30 Hz, 1H), 11.89 (hr s, 1H); MS (ESI, EF):
m/z = 347 (ME). [00543]Step?: Synthe5|s of (M@SS 17S)-17[8-chloro-7-methoxy-2-(4-
cyclobutylthiazol-2-yl)quinolin-4- yf}ox h Lo -1,3.13-
triazatricyclo[13.3.0.0]octadec-7-emne=2 ' iyt ester-AA2. Compound AA2, a mixture of
dlastere0|somers was synthe5|zed from compound Z (365 mg, 1 eq.) and compound 53 (400 mg, 1
d for compound 54c. MS (ESI, Er): m/z = 708
7S)-17[8-chIoro-7-methoxy-2-(4- WO

(MH+). [00544]Step Q. Synthesis of (Z)-(4R @

-N-methy1-2,14-dioxo-1 ,3,13- triazatrgyeto[$373 8,Qfoc </-ene-4- carboxyllc acid A332.
Compound AB2 (off-white solid) was synthesizgd from cqmp in# AA2 in 35% yield, following the
procedure as described for compound 55c. 1H NMR (CDC13, 400 MHz): 5 1.22-L33 (m, 2H),
1.38-1.42 (m, 2H), 1.52-1.63 (m, 2H), 1.81- 1@4@@ ]A—L_)CJFSSZ(m 2H), 2.03-2.14 (m, 1H), 2.22-2.36
~(m, 4H), 2.40-2.48 (m, 2H), 2.59-2.64 (mgsi,l-ﬁa*zgp@v;&?wp m, 1H), 2.97-3.04 (m, | H), 3.04 (s, 3H),

- 3.72-3.83 (m, 2H), 4.03-4.07 (m, 1H), 4.Q¥.(853H);, Aﬁzﬁ(td J=13.46 and 2.20 Hz, 1H), 4.91 (t, 1=
10.65 Hz, 1H), 4.98 (dd, J= 8.96 and 4.9&&H 2 Hdy,mE9%s, 1H), 5.49-5.55 (m, 1H), 5.65 (td, J= 10.65
and 4.55 Hz, 1H), 7.14 (s, 1H), 7.26 (d, J = 9.25 Hz, | H), 7.58 (s, 1H), 805(d J=9.25 Hz, 1H) MS
(ESI, Er): [#7465680. 23Tt K1t {ESS546] StbpiRtSynthebiseofare illustrated in Scheme 23 where RS
(2)-(4R,68,158, &17%%33'{?%%9 e #ded in compoung 88
cyclobutylthiazol-2-yljquinolin-4-yloxy)-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7
-en-4-ylicarbonyl-(cyclopropyl)sulfonamide AC2cKsampdund AC2 (off-white solid) was synthesized
from compound AB2 (120 mg, 1 eq.) in 24% yield, following the procedure as described for compound
G2. 114 NMR (CDCI3, 400 MHZ) 50.86-0.9 ,éih ) 0.91-0.97 (m | H) éi 06-1.19 (m, 211),

(m, 2H), 2.41-2.46 ( m, 111), 3.05 (s, 3H)

3.74-3.82 (m, 2H 02407 (h H)ﬁ-@?*(s—S‘Hj-A—Sa’465(m J=10.79 Hz, 1H), 4.94

(dd, J = 8.95 ar#S.40 | iz, 1), 5.08 (s, IH), 5.48-5.55 (m, IRY:6:64 (1d, I290.74amy 566 Hz, IN),

7.14 (s, 114), 7.26 (d, ¥= 9.24 Hz, 114), 7.59 (s, 1H), 8.05 (d, J = 9.B4 Hz, IH) (br s, 1H); MS

(ESI, Er): m/z = 783.24 (M14). [00546]Step S: Synthesis of

(£)-(4R,68,155,175)11748-chloro-7-methoxy-2-(4-

- cyclobutylthiazol-2-yDquinolin-4-yloxyl-13-N-met A -2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7
-en-4-yl]carbonyl-(1- methylcyclopropyl)sulfonarn|e AC3. Compound AC3 (off-white solid) was

synthesized from comp&eid AB2 (95 mg, 4

compound G2. H NMR (CDCI3, 700 MHz

88

[00466] Step A: Syuthesis of 4,8-dichioro-7-methoxy-2-(3-(trifluoromethyl)-1H-
pyrazol-1-yl)quinoline 1195, A mixture of compound 45d (5 g, 19 mmol) and 3-
influoromethylpyrazole 86a (7.76 g, 57 mmol) was heated at 120 °C for 4-6 hrs and the
reaction was followed by LCMS and TLC. The reaction mixture was purified by silica gel
column (mono and dipyrazole were separated) using DCM and heptane as mobile phase to

yield compound 119b (3.5¢) in 51% yield.
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0.86-0.90 (m, 1H), 1.22-1.41 (m, 3H), 1.52 (s, 3H), 1.49-1.75 (m, 3H), 1.80-1.83 (m, 1H), 1.89-2.01 (m,
2H), 2.05-2.15 (m, 1H), 2.17-2.24 (m, 11-1), 2.29-2.34 (m, 2H), 2.39-2.48 (m, 3H), 2.58-2.63 (m, 1H),
2.82-2.92 (m, 1H), 2.95-3.04 (m, 1H), 3.05 (s, 3H), 3.73-3.82 (m, 2H), 403406§m 1H), 4.07 (s, 3H),
4.61 WO 2089/4998H5RIT/US2009/000688 (td, J- 13.71 and 2.41 Hz, 11D G0 90.72 Hz,

1H), 4.96 (dd, J= 8.85 and 5.24 Hz, 1H), 5.14 (s, 1H), 5.47-5.54 (m, 1H), 5.64 (td, 1= 10.80 and 5.79
Hz, 1H), 10045, 1H), P28 &, Synthess Mﬁ—mmprv—m@hqmzaww@umzﬁlﬂ)zl@erﬂqﬁ (hr s, 1H);

MS (ESI, Bl qiigoTid 9 stMin, EXampla 87 SpbaiatianntMacierych A ARRAR
[00547]The syntheS|s of macrocyclic compound AH is shown in Scheme 34. [0 548]Ste A: Synthesis

of N-(6- aéé@?ﬁzcaﬁ%%ﬁ%’eftﬁléx‘gyﬁﬁ‘éﬁ%fﬂ&v%ﬂ??é’i‘@%@%&ﬁ%ﬁﬁ%%@ 14056idaBA ¥Bcompound

Al (2.10 gxﬂta%@e&itmhqty\lm&yl(%@)%aga&d%mm@ Mmmaim@agmmbubbnng
nitrogen during 15 min. Then, triphen os h|ne Omg 4% Y sadgﬁ g itrogen and the
et e

reaction Mt PR AL FEh ARG #57E 6 { 58’5“?? 1éf’itrated under
diminishegpaessti @ tﬁ&ﬁ%ﬁdyem;trm@ﬁtmhwnﬁ&cdléthyéaﬂm toyialchplempoundiG as a beige
powder in 88% yield. NMR (CDC13, 400 MHz): S 2.60 (s, 3H), 4 (s, 3H), 5.5 (dd, | = 10.85 and 1.24
Hz, 1H), 6.24 (dd, J= 17.26 and 1.24 Hz, 1H),1§,79flch] = 17.34 and 10.78 Hz, 1H), 6.90 (d, J = 8.74
Hz, 1H), 7.40 (s, IH), 7.71 (d, J= 8.74 Hz, 1H), 10.45br's, 1H). [00549]Step B: Synthesis of
8-chloro-7-methoxy-2-(4-vinyith ZreparatimliNsgroevslic Compound 68b

68b
[00468] The synthesis of macrocyclic compound 68b is illustrated in Schemes 24 and
25.
[00469) Step A: Synthesis of (1R,25)-1-(ferf-butoxycarbonylamino)-2-

vinylcyclopropanecarboxylic acid 121. Compound 120 (51 g) was dissolved in THF (170
mL) at room temperature. Sodium hydroxide in water (1.47 eq. in 170 mL) was added. The
reaction mixture was stirred at room temperature for 15 hrs, warmed to 50 °C for 1.5 hrs, and
then cooled before neutralizing with 5SM HCI. After neutralizing with 5M HCI, the reaction
mixture was extracted with DCM. The organic layer was washed with water and brine, dried
over sodium sulfate, and concentrated under vacuum to yield compound 121 (47.7 g)asa

thick, vellow oil in 99% yieid.



- AE. Potassium tert-butoxide (2.13 g, 2.2 eg.) was added to a suspension of compound AD (2.91 g, 1
eg.) in tert-butanol (30 mL). The reaction mixture was heated to 100C for 5 hrs. WO
2009/099596PCT/US2009/000688 After one night at room temperature, the mixture was diluted with
diethyl ethervgﬂ&%?éa?ﬂ’qe‘)éipitate filtered, washed with diethyl ether, and saiuBZay P wWe %r, The pH
was adjusted to 6-7 by addition of IN HCI and the precipitate was filtered, washed with water, and
triturated with diethyl ether to yield compound 2&%#%365 yield. iHNMR (CDCI3, 400 MHz): 84.06 (s,
3H), 5.54 (d, J =10.82 Hz, 1H), 6.25 (d, J= 17.31 Hz, 1H), 6.74 (s, 1H), 6.79 (dd, J = 17.31 and 10.82
Hz, 1H), 7.06 (d, J- 9.10 Hz j1H), 72 (s, 1H), 8.28 (d, J= 10 HA1H), 9.97 (hr s, 1H). Scheme 34
AG [00550]Step C: Synthesis};afﬂ%) Bp@S,lS&l?S)-i%i—(%mﬁg- hoxy-2-(4-
vinylthiazol-2-yl)quinolin=4-ytoxy]-13<N-methyl-2,14-diq 13-
triazatricyclo[13.3.0.0]octadec-7-efe-4-carboxytit acid methyl ester AF. Compound AF, a WO
2009/099596PCTI1JS2009/000688 mixture of diastereoisomers ghhite powder), was synthesized from
compound D (2.80 g, 1.2 eq.) and compound AE (2 g, 1 eq. ) in 43% yield, following the procedure as
described for compound 54c. MG £ SI, Er): m/z = 666.37 (m-r).{§0551]Step D: Synthesis of
(2)-(4R,63,153,175)-17[8-chloro-7-methoxy-2-(4-
vinylthiazol-2-yOquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-

triazatricyclo[13.3.0.0]octa c-7-e|me-4-c>\arb ylic acid AG. Compouand Acgs was synthesized from
compound AF (1.62 g, 1 eq- in}jﬁ}S ' k{,‘@owing the prasgqie #s-fdescri for compound 55c.
NMR (CDC13, 400 MHZz).-6+1.24- gﬁmeZ ), 1.40-1.44 (m, 2I2—I)," 511.88 (m, 21-1), 1.80 (dd, J =
8.16 and 6.33 Hz, 1H), ¥.83-1.91{m, 1H), 2.2-2.32(mr; 2H), 2.58-4.63 (m, 1H), 2.95-3.01 (m, 1H), 3.03
(s, 3H), 3.81 (dd, J=8.53 and 6.88 Hz, 1H), 4.02-4.06 (m, 1H), 4.97 (s, 3H), 4.59 (td, J = 13.50 and
2.70 Hz, IH), 4.89-4.96 (m, 2H), 5.33 (s, 1H), 5.44 (dd, J = 10.82 and 1.44 Hz, 1H). 5.45-5.51 (m, 1H),
5.63 (td, J =10.82 and 4 72 Hz43#l), 6.16 (dd, J = 17.34 and 1.3323z, 1H), 6.81 (dd, J = 17.34 and
10.90 Hz, 1H), 7.26 (d, J = 9.29 Hz, 1H), 7.33 (s, 1H), 7.61 (s, 1H), 8.04 (d, J = 9.29 Hz, 1H); MS (PSI,
(Ezr))_ (TIQZ, 6_ ML) 47(5|\)/|ZI|.-| ﬁ&éq’?sg%l‘?r;gﬁsg g[)ﬁ g%g%ﬁiﬁp}g,%')- 1-(1-methylcyciopropylsulfonyl-

-chloro
carbamoyl)-2-vinyicyclopropylcarbamate 122. Compound 121 (104.6 g) was dissolved in

THF (1.0 L) at room temperature under argon. CDI (1.5 eq.) was added and the reaction
mixture was refluxed for 20 min. Afier the reaction mixture was cooled to 4-6 °C,
sulfonamide (1.5 eq.) was added, followed by the addition of DBU (2 eq.). After stirring at
room temperature for 64 hrs, the reaction mixture was diluted with DCM, neutralized with
IM HCI, and washed with saturated brine to pH 7. The organics were dried over sodium
sulfate and concentrated to give an off-white solid in 106.4 g. Crystallization from

methanol/water gave compound 122 (91g) as a white solid in 77% yield.

[00471] Step C: Synthesis of (1R,25)-1-amino-N-(1-methylcyclopropylsulfonyl)-2-
vinyleyclopropanecarboxamide hydrochloride 123, Compound 122 (51.5 g) was suspended
in methanol (150 mL). A solution of acetyl chloride (3 eq.) in methanol was added to the
suspension. The reaction mixture was heated at 50 °C for 3 hrs. The reaction mixture was
concentrated at 45-50 °C and co-evaporated with DCM to give compound 123 (424 g)as a
white powder in 102% yield due to DCM.
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vinylthiazol-2-yOquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo[13.3.0.0]octadec-7-en-4
-yl]jcarbony1(1-methyl-cyclopropyl)sulfonamide AH. Compound All (white powder) was synthesized
from compound AG (160 mg, 1 eq.) and 1-methylcyclopropylsulfonamide (133 mg, 4 e%.) in 13% vyield,
following the@&@%ﬁﬁ?%s described for compound G2. 1H NMR (CDCI3; gf%]ﬁ&?%{?og %9-0.85 (m,
2H), 1.19-1.26 (m, 1H), 1.33-1.41 (m, 2H), 1.53-1.60 (m, 5H), 1.62-1.72 (m, 2H), 1.81-1.85 (m, 1H),
1.92-1.95 (m, 1H), 2.19-2.25 (m, IH), 2.40-2.47 (m, 1H), 2.58-2.63 (m, 1H), 2.82-2.93 (m, 1H),
2.96-3.04 (m, 1H), 3.05 (s, 3H), 3.79-3.83 (m, THFBEGT-4.05 (m, IH), 4.08 (s, 3H), 4.58-4.65 (m, 1H),
4.92 (t,J =10.77 Hz, 1H), 4.97 (dd, J=8.93 and 5.12 Hz, 1H), 5.06 (s, 1H), 5.46 (dd, 1= 10.80 and
1.21 Hz, 1 H), 5.47-5.54 (m, 1H), 5.61-%£8 (m, 1H), 6.19 (dd%% 17.36 and 1.24 Hz, 1NH °%8.83 (dd, J
= 17.36 and 10.87 Hz, 1H), 7:8 (d, 3=(9 Hz, 1H).7.38 (s, IH), ¥.64 (s, 1H),8.06°(dy J-7 925 Hz, 1H),
11.12 (brs, 1H); MS (ES* P .26 (MH+(3. 9R99596PCT/U520009/0P0688 Example
28 Preparation of Matrocy pound-AN AN he synthesis of ma focyclic compound AN
is shown m@%@heFR%CSS. Scheme@b WO 2009/099596P€IMS2009/000688 [005545tep A: Synthesis
of 4-(4-methoxyllp§enzyloxy)-2,8-(35ichIoro-7- methoxyquinngTne Al. Sodium hydride (2.74 g, 1.2 eq.) was
added portionwise to a solution Gf p-methoxybenzy] aleohdP{8.55 mL, 1.2 eq.)apg T8%Fown-5 (13.6
mL, 1.2 eq.) in 35 mL of DMF. The mixture was allowed tg stir at room temperature fgr 30 min, and
then added to a solution of 2,4,8-trichloro-7-methoxyquinoline (15 g, 1 eq.) in DMF (75 mL) via canula.
After 18 lu-s of stirring at room temperature, the mixture was p@éred on 500 mL of wateic&nd NH4C1
aqueous. Ethyl acetate (200 mL) wascagdded and theMgrecipi ’Egﬁwas filtered. The filtr 'e\&vas purified
gel toryigld compdtift i s67syield. 1HRTA , 2700 MHz)
(d, J =8.64 Hz, 23 (d, J=9.25 Hz,
8 (d, J=9.25 Hz, IH); MS (ESLm/z = 386.1 (MN&+). [00555]Step B..
Synthesis of 4=(4-mmethoxybenz oxy)-8-chtoro—7-methox>%‘é,ﬁ- methWFﬁazol-Z-yl)@woli@AJ. Toa
solution of compound Al (1 gl,:{ggq.) and 2- (tributylstanny¥j-4-rfethylthiazole (1.287g, 112 €q.) in DMF
(14 mL) were added PdC12(RPK&)2 (193 mg, 10%) dffdnOtassium carbonate 1458 heg” 1.2 eq.) and
the resulting mixture was stﬁlged at 90 C overnight. DMF\NaS\i;ncentrated under W and water
and dichloromethane Wer%eéMaqueous layer was extracted with dichloromethase and the
combined organic layers wash&d with water and brine, drietFover Na2504, filtered,#hd concentrated.
The residue was purified by chromatography on a silica gel to yield compound AJ as a white solid in
65% yield. NMR (CDCI3, 400 MHz) 6 2.57 (s, 3H), 3.86 (s, 3H), 4.06 (s, 3H), 5.33 (s, 2H), 6.98 (d, J
= 8.64 Hz, 2H), 7.08 (s, 1H), 7.25 d?J =9.25 Hz, 1H), 7.46 (d, J = 8.64 5§,F32H), 7.74 (s, 1H), 8,12 (d,
J' 9.25 Hz, 1H); MRLES Erh)i 4 427.1 (MH+). [00556]Step € Sl\ynt 1esyjs of
8-chloro-7-methoxy-2- j@ ethylthiazol-2-yOquinolin-4- ol KK ~con poundsAJ (750 mg, 1 eq.) in
trifluoroacetic acid (5 mL) was stirred at room temperature for X mifi” Then, the acid was evaporated,
ethyl acetatévadéfed and cong tratechagain in diminished pressure?.The residue was triturated in
diethyl ether to give the compg TC(”A’ -8 White solid in quantitativ@lpldn -5
© AN R

by chromatography on sili
c53.85 (s, 3H), 4.05 (¥° .
1H), 7.41 (dg7;9,64 Hz, )

Me., Ay O Me.

\/w%/

129

N&O o]

68b

[00472] Step D Synthesis of (25,48)-1-tert-butyl 2-methyl 4-(7-methoxy-8-methyl-2-
(4-(trifluoromethyl)thiazol-2-yl)quinolin-4-yloxy)pyrrolidine-1,2-dicarboxylate 124.
Triphenylphosphine (1.5 eq.) was dissolved in 180 mL of tetrahydrofuran under argon. The
solution was cooled down to 0-5 °C. DIAD (1 .'5 eq.) was slowly added over a period of 15-
20 min. Compound 65b (20 g, 1 eq.) was added over 5-10 min at the temperature of 0-5 °C.
Compound 111 (17.6 g, 1.2 eq.) was added, and the reaction mixture was warmed to room

temperature. One hour later, the reaction mixture was concentrated under vacuum at 40-45

167



IFI NMR (CDC13, 400 MHz) 6 2.59 (d, J= 0.81 Hz, 3H), 4.10 (s, 3H), 7.19 (d, J = 9.25 Hz, 1H), 7.22
(d, J=0.81 Hz, 1H), 7.25 (s, 1H), 8.36 (d, J=9.25 Hz, IH), 10.51 (br s, 1H) ; MS (ESI, Er): m/z = 306.93
(MH+) [00557]Step D: Synthesis of (Z)-(4R,68,158,17S)-17[8-ch|oro-7-metho>éy-2- 4- WO

2009/09959 81%9?6%9/000688 . PCT/US2009/000688
methylthiazol-2-yOquinolin-4-yloxy]-13-N-methy1-2,14-dioxo-1,3,13-
triazatricyloTBtBernide tigeiturad wigh eiic dtteand bentanato pelhpoundunt, i24mixture of

diatereoisomess,)wWas aibpsized frosnwamnownd Al 6365g. 1 eq.) and compound 53 (450 mg, 1
ed.) in 40% vyield, following the procedure as described for compound 54e. MS (ESI, Er): m/z = 668.08

e RS e AR BT

triazatricyclo[13.3.0.0]octadec-7-ene-4-carboxylic acid AM. Compound AM was synthesized from

compountPBt73320 mgsrered.) Senthessadi R Sdiovimigriien provesabrayisdesarbeeriof topipdund 55c,

NMR (CDﬁh%ﬂﬁ@%ﬂﬁ%zﬁ%@gﬂwk&a&@r&x%ﬁémoﬁhi%elz%ﬂm%zmdid)zz%.17-2-28 (m, 2H),
2.53 (s, 3H), 2.56-2.63 (m. 1H), 2.76-2.84 (m, 1H); 2.97-3.05 (m, 1H), 3.0Z (s, 3H), 3.76-3.80 (m, 1H),
4.06 (s, 3HMPHES A %&{%-aﬁs) yeudissevad I hHE @b mlggisposHsneparetara 7 Watetii6 5 56-5.62 (m,
1H), 7.08r8.) W}, aldk) (dollew@ @ ByHhilin) hdebxige 153q 8. Bbot, pirQed5 e ddddtiMSH{RBkeEr): M/z =

640.06 (MW), [00559] E: Synthesi Z)-(4R 68,155, 1718-chloro-7- -2-(4-
methylthigvzac%bk?fléqa%i%)ﬁ%—&%%ﬁ-%%ﬁ%ﬁ%%ﬁ%fﬁd%ﬁlﬁ%, -?ﬁ%fg{%?%%%%%ﬁctadec-?-e
-4-yl] carbagayicyiciop rapyisedfonamiass BNard ampennatAiNniddritagoiid Yovas syathesine d 20
gom%ocuaggﬁf\%ﬁég%, _\gﬂit%‘r)l%&gglo ronyl .Iflg ; mgg/(giﬁgégﬁ q, jﬁ;’fy ieId,foIIowing]the

_ procedure as d cribed for comBounJ@Z%I%Kﬁ récrg 13,4 Mﬂlz% 0.‘8%%%6 (m, 1H), 1.07-1.17
" (m, 2H), MRL79(E8IGH)s L4STHLRE-L, 009247 2624 (B 55013 72186:8:4100%, 1H), 2.53-2.57 (m, 3H),

2.57-2.62 (m, 1H), 2.81-3 (m, 3H), 3.02-3.05 (m, 3H), 3.75-3.80 (m, 11-1), 4.05-4.12 (m, 4H),
4.56-4.64[00178H), 4.8B:4p08: (Ry2eyi S0 T2HAS)- et tpubU -GS0 (renylid) e B B B 167 Em] 44), 7.08-7.09

(. 10, F2AT QOB TOM B B AR O DL S MS (b = 74912

(MI-11). Example 29 Synthésis of DArPhin Catalysts |( he DAr alysts, such as AP, AQ,
AR, and ATtbrefatpiebareamiswihitfethdd iagetisalreddmanbysronsPMB Eheme)38. WO

2009/099R36PEerh AehagR09609B82-H8INE AR N, N, V' N'-tetramethyluronium tetrafluoroborate

(1.25 eq.) was added at room temperature and the reaction mixture was stirred for 10 min.
Compound 32b (1.1 eq.) was added and the reaction mixture was stirred for additional 10-15
min. Afier cooling to 5 °C, diisopropylethylamine (3 eq.) was added. After warming to room
temperature for 1 hr, the reaction mixture was diluted with ethyl acetate, washed with brine
and ammonium chloride, dried over Na;SO4, and concentrated under vacuum to give crude
126 (22.09 g) as an orange foam. The crude product was crystallized from ethyl acetate and
heptane to give compound 126 (20.8 g} as an off-white powder in 90% yield and 99% purity.

MS: m/z (ESI") = 649.43 [M+H]", 100%; m/z (EST") = 707.57 [M+0Ac], 100%.

[00475] Step : Synthesis of {25,45)-N-(hex-5-enyl)-4-(7-methoxy-8-methyl-2-(4~
{trifluoromethyl)thiazol-2-yhquinolin-4-yloxy)-N-methylpyrrolidine-2-carboxamide 127.
Compound 126 (19.92 g) was suspended in anhydrous methanol (120 mL) under argon at
room temperature. Separately acetyl chloride (3 eq.) was added to anhydrous methanol (60
mL) at 10-20 °C. This solution was added to the compound 126 solution at 5 °C. The
reaction mixture was heated at 40 °C for 3-4 hrs. After the completion of the reaction, the
reaction mixture was concentrated under vacuum and then co-evaporated with 200 mL of

anhydrous dichloromethane, The product was then dried in a vacuum oven at 40-45 °C.
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Compound 127 (18.35 g) was recovered as a yellow foam in quantitative yield and 100%
purity (HPLC).

MS: m/z (ESIT) = 549.31 [M+H]", 100%; m/z (ESI) = 607.50 [M+OAcT, 100%.

[00476] Step H: Synthesis of (28,45)-N-(hex-5-enyl)-1-(1 H-imidazole- 1 -carbonyl)-4-
(7-methoxy-8-methyl-2-(4-(trifluoromethylthiazol-2-yhquinolin-4-yloxy)-N-
methylpyrrolidine-2-carboxamide 128. Compound 127 (18.35 g) was dissolved in anhydrous
dichloromethane (37 mL) under argon. 1,1’-Carbonylidiimidazole (2 eq.) was added at room
temperature., The reaction mixture was stirred for 40 min. The mixture was diluted with
DCM, washed with water, dried over Na;S0y4, and concentrated under vacuum, Compound
128 (19.39 g) was recovered as a pale yellow foam in 99% yield over two steps and in 98%
purity (HPLC).

MS: m/z (ESI): 701.63 [M+OAc], 100%.

[00477] Step I Synthesis of (28,48)-N*~(hex-53-enyl)-4-(7-methoxy-8-methyl-2-(4-
(triﬂuoromethyl)thiazoi«2—yi)quinelin-4-yloxy)—N2 -methyi-N L((1R28)-1-(1-
methyleyclopropylsulfonylcarbamoyl}-2-vinyleyclopropyi)pyrrolidine-1,2-dicarboxamide
129, Compounds 128 (18.89 g) and 123 were mixed at room temperature in anhydrous
acetonitrile {76 mL) and heated at 65 °C until the reaction was complete. The reaction
mixture was then concentrated under vacuum to vield a first orange foam (36.21 g). The first
foam was dissolved in DCM and repeatedly washed with brine, dried over Na;SOQy, and
concentrated under vacuum to give a second orange foam (25.08 g). Compound 129 (12.2 g)
was crystallized from a solution of the second orange foam in DCM, ethyl acetate, and

heptane as a white solid in 50.8% vield and 98% purity.
MS: m/z (ESI) = 819.54 [M+H]", 100%; m/z (EST") = 817.60 [M-H]", 100%.

[00478] Step J. Synthesis of 1-methyl-cyclopropanesulfonic acid {(Z)-
(4R,65,158,175)-17-{7-methoxy-8-methyl-2-(4-trifluoromethyl-thiazol-2-yl)-quinolin-4-
yloxy}-13-methvi-2,14-dioxo-1,3,13-triaza-tricyclo[13.3.0.0*4,6 ¥ Joctadec-7-ene-4-
carbonyl}-amide 68b. Compound 129 (3.91 g) was dissolved in dichioroethane (980 mL)
under Ar at room temperature. The solution was degassed with argon and then heated at 73-
77 °C. Zhan 1B catalyst (1%) in dichloroethane was slowly added to the reaction solution.

At 25 min, another 1% of the catalyst in DCE was added. In total, 8% of the catalyst was
added over 4 hrs and 20 min. The reactton mi)&turé was treated with 2-mercaptonicotinic acid

(“MNA™) (1 g). The reaction mixture was cooled down to room temperature, concentrated
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under vacuum to ~100 mL, and then washed with 0.5M aqueous NaHCOs. To the separated
organic phase was added MNA (1 g) and the mixture was stirred at room temperature for 55-
65 min. The mixture was washed twice with agueous 0.5M NaHCOQ;, dried over Na;SOy,
and filtered. Charcoal (11 g) was added to the organic solution and the mixture was stirred at
room temperature for 15 hrs. The mixture was concentrated under vacuum to ~10-15 mL and
filtered through a sitica plug. The crude solid was triturated in warm methano! to give

compound 68b (1.1 g) as an off-white solid in 30% yield and 98% purity.
MS: m/z (ESI") = 791.47 [M+H]", 100%; m/z (ESI) = 789.57 [M-H], 100%.

Example 22

Preparation of Macrocyclic Compound 62d

OCH;4

62d
(00479} The synthesis of macrocyclic compound 624 is illustrated in Schemes 26 and
27.
100480} Step A: Synthesis of tert-butyl (1R,2S)-1-(cyclopropylsulfonyl-carbamoyl)-2-

vinyleyclopropylcarbamate 136. Compound 121 (47.75 g) was dissolved in THF (480 mL) at
room temperature. CDI (1.3 eq.) was added and the reaction mixture was refluxed for 30
min. After the reaction mixture was cooled to 20 °C, sulfonamide (1.5 eq.) was added,
followed by the addition of DBU (2 eq.). After stirring at room temperature for 15 hrs, the
reaction mixture was diluted with DCM, neutralized with 5M HCI, and washed with saturated
brine to pH 7. The organics were dried over sodium sulfate and concentrated to give an off-
white solid in 65 g. Crystallization from methanol/water gave compound 130 (60.17 g) as a

white solid in 87% yield.
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R20R3RI=R3=H; R2=CF3:AP=R3=H;R2=F:ARRI=R3=CF,;R2=H:ATRI=R2=R3=
H: A4 [00561]Step A: Synthesis of 5-bromo-2-isopropoxybenzaldehyde AX. To a suspension of

potassium carg(z[g}gyg)@ L4 g, 249 mmol) and cesium carbonate (16.2 g, S0P oss
dimethylforrnamide were added 5-bromosalicaldehyde (25.0 g, 124 mmol) and 2- |odopropane (25.0

mL, 249 The su S stir m tem ture over at 70 C for 4 hrs. The
volatiles giemove I t%&rrteﬁseﬂﬁg%\re@@%gfgfﬁd%‘aﬁ FESPFRBHY ﬁ@%&@%iher and water. The
agueous iayﬂnyuhg:mgaactad:mﬂmuﬂeﬂrwdmunimﬁdmmrﬁoﬁnpm e @oamcpipasésiitere washed
with wate id rn Qver magnesium su ncentration to
dryness a (?qne ghr%/g%%ﬁ(n 3 I%%é) 5388?;% %a?e yellow o)ll1 gg/a%/leld J@ EIF\%&?CDCB, 400
MHz): (5 Jug@ieioo= 618 rqzctma)nw@sf(swheam@a@ 17 CL Ry, Bise (ah@re@c@qaznmewe@ (dd, J=9.0
and 2.7 F%né&llra%%%t(gs%of?c7ah@c&'é &Qrg’cgd(%&rrﬁcm 1@@%0&@% §3%f

4-bromo-1-isopropoxy-2-vinyloenzene AY. To a suspension of meth trrphenylp osphonrum bromide
(41.1 g, 1B feR iR Tk igd JuowEdR4-70 C, was added n-butyllithium (123 mmol, 2.5 M in
hexanes). The mixture was stirred for a further 10 min, and then allowed to warm up to 0 C and stir at
this temperature WO 2009/099596PCT/US2083/&80888 for 10 min. The reaction mixture is then
cooled again at -50 C, and 5-bromo-2- isopropoxybehzaldehyde (20.0 g, 82.2 mmol) in solution in THF
(5 mL) was added. Tie mixture was stirred for 10 gin, éhen llowed to warm up tg,roop temperature

An ammoniumichiprige gglution was added-andt thi reat ixture was dilyted %1 “ re methyl
t-butylethe%hefane', iltered through celi dh{h n driedl over magnesiun srfl'f‘a . Thecsolvent was
removed in‘vacuo tq afford compbund AY (18.9g}as a pale yellow-6itin 95% yield.

4 / /
121 130 131
[00482] Step C: Synthesis of (25,45)-1-tert-butyl 2-methyl 4-(8-chioro-2-(4-

isopropylthiazol-2-yl)-7-methoxyquinolin-4-yloxy)pyrrolidine-1,2-dicarboxylate 132.
Triphenylphosphine (1.5 eq.) was dissolved in 250 mL of tetrahydrofuran under argon. The
solution was cooled down to 0-5 °C. DIAD (1.5 eq.) was slowly added over a period of 15-
20 min. Compound 564 (25 g, 1 eq.) was added over 5-10 min at the temperature of 0-5 °C.
Compound 111 (22,48 g, 1.2 eq.) was added, and the reaction mixture was warmed to room
temperature, Three hours later, the reaction mixture was concentrated under vacuum at 40-45
°C and the crude was triturated with MeOH, TBME, and heptane to yield compound 132 (30
g) as a white powder in 70% vield and 98.7% purity.

MS: m/z (ESI) = 562.35 [M+H]", 100%, 564.31, [M+H]", 35%; m/z (ESI") = 620.55
[M+OAc], 100%, 622.55 [M+OAcT, 35%.

[004831 Step D, Synthesis of (25,45)-1-(tert-butoxycarbonyl)-4-(8-chloro-2-(4-
isopropylthiazol-2-yl)-7-methoxyquinolin-4-yloxy)pyrrolidine-2-carboxylic acid 133.
Compound 132 (20 g) was dissoived in THF (66 mL) at room temperature. Water (66 mL)
was added, followed by lithium hydroxide (5 eq.) in one portion, The reaction mixture was
heated at 40 °C for 3 hrs, cooled, acidified with 5M HCI, and extracted with DCM. The
organic phase was dried over Na;SO4 and concentrated under vacuum to give compound 133

(20.57 g) as a yellow form in 99% yield and 96-97% purity.

MS: m/z (ESIT) = 548.37 [M+H], 100%, 550.33, [M+H]", 35%; m/z (EST) = 546.49 [M-HT,
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IHNMR (CDC13, 400 MHz): 1.34 (d, J = 6.0 Hz, 6H), 4.50 (sept., J = 6.0 Hz, IH), 5.27 (dd, | = 11.0
and 1.1 Hz, 1H), 5.71 (dd, J = 17.9 and 1.2 Hz, 1H), 6.75 (d, J = 8.7 Hz, 1H), 6.97 (dd, J= 17.7 and
11.2 Hz, 1H), 7.28 (dd, J= 8.7 and 2.5 Hz, IH), 7.57 (d"/ = 2.5 Hz, 1H). [00563é8te C: Synthesis of
ethyl 4-(triflu %mg?f?ﬁfﬁ%ﬁenylphosphinate AZ1. To a degassed solution of 44 a%aé)%lﬂg%%fluoride
(4.70g9. 172 mmrg%i anilinium hypophosphite (3.51 g, 22.1 mmol), and 3-aminopropyl triethoxysilane
(4.88 g, 2200tk BdtRbrdeacetonitrile (110 mL) were added palladium acetate (82.5 mg, 0.367
mmol, 2 mol%) and 1,3- bis(diphenylphosphino)propane (167 mg, 0.404 mol, 2.2 mol%). The mixture
was heated under reflux for 32 his, then coole®dswr &ty room temperature, diluted with ethyl acetate
and hydrochloric acid (1M) and partitioned. The aqueous layer was further extracted with ethyl acetate,
and the combined extracts were washed with aqueous sodium Rggdrogen carbonate and brgrg and

dried over magnesium sulfateC'The solvéht was remowed in \na\:\go and the residge was puyified by
column chromat graphyﬁy@in@to 100% ethyMa@ eum ethelef tgation by
distillation affor%q compou ./1.1§f g) in 28% NMR (CDC13, 40 »6 1.35-1.43 (m,
31-1), 4.12-4.2Hwagc2H), 7.63°(d;7J = 570.8'Hz, 1H), 7.7557.80 (m, 2H), 7.90-7.94 (3, 2H). 3 NMR
(CDC13, 8998 MHz): a 22.6. [00864]Step D: Synthesis of ethyl :
[4-(trifluoromethy)pheny1]-{4-(isepropoxy)-3- vinylphenﬁagggsphinate BAl. Toa d_%?i@sed solution of
ethyl 4-(trifluoromethyl)- phenylphosphinate (1.00 ¢f¢@2920 mmol) and HOOC

4-bromo-1-isopropoxy-2-vinylbenzene (921 mg, 3.81 mmbP in DMF (40 mL) were adfded the
triethylamine (1.1 mL, 7.62 mmol) and tris(dibenzylideneaceton@F)Bdipalladium (698 mg, 0,£62 mmol).
The mixture was warmed at 70 C oveEpight. The volgjiles were(removed in vaguo andythe residue was
purified by column chromatggraphmuglﬁg 5 to 1802 yladetate in petreleurethertoafford
. compound BA! (130 mg).as en oil in 8.6%_yield.) WO 20091099596P£LT LUS2009/000688
11-1INMR (CDC13, 400
4.63 (sept., 1=83°Hz, 1H),
(dd, J=8.6 and 3.1 Hz, 1H), 6.9 (dd, .1= 17.3 and 10.8 Mz;Nthl), 7.59- 7.66 (m, 1H)¥: ) (m,
2H), 7.87-7.96 (m, 3H). 31P LMGQCDCIB, 161.8 MHEY. SQC}?. [00565]Step E: @y, Lﬁ%scs of
1,3-bis(2,4,6-trimethylpheﬁﬁ‘)-f,‘%-dihydroimidazol-2- ylideng[2-(i-propoxy-5-(4-triluorgmethylphenyl
ethylphosphite))phenyllmgthylenerathenium (I1) dichloride AP. grubbs' 2nd generation ¢atalyst (277
mg, 0.326 mmol) and copper (xghloride were charged in a;gchlenk tube and degasfged)\ degassed
solution of ethyl [4-(trifluoromethyl)pheny1]-{4-(isopropoxy)-3-vinylphenyl}phosphinate (130 mg, 0.326
mmol) in anhydrous dichloromethane (17 mL) was transferred via carmula to the solids, and the
mixture was heated at 30 C for 70 pfin. The solvent was removed in vacuo.gnd the residue was
purified by column chrorfiatogra ﬁgusing 20 to 66% ethyl acetate in pefraleum ether to afford
compound AP (1154 Ysgreen powder in 41% yield. Mt 3G13, 400 MHz): 5 1.26 (d, J =
6.0 Hz, 6H), 1.39 (t, J =& , 3H), 2.38 (br s) and 2.45 (br s 4.07-4;16 (m, 2H), 4.19 (br s,
4H), 4.93 (sept-13d = 6.0 Hz,d1H), 6.88 (hr dd, J = 8.5 and 2.0 Hz, 1151), 7.05 (br s, 4H), 7.27-7.47 (m,
3H), 7.86-7-99(m,31-1), 16. br sl PAIMR (CDT13, 161.8 MHy): 529.0. @9@6]Step F:
-~ Synthesis of ethyl phenyl-{4-(iSopyopt yFLS‘é)vinylphenyl}phosphinate 3 Fosa ffegassed mixture of
* ethyl phenylphosphinate ¥%:87%g, 41. mmol) and 4-bromo-|isoprmpgx§geg<&/in enzene (2.43 g, 10.0
mmol) in acetonitrile (66 mL ded the triethylamine (3.1 mL,22,Q mmabl), palladium acetate
(112 mg, 0.5 mmol), and 1,1'- bis(diphenylphosphirto)ferrocene (277 mg, 0.5 mmol). The mixture was
further degassed and heated at 61§7C for 24 hrs. The volatiles were remo%&d in vacuo, and the crude
was purified by column chromatography using 50 to 80% ethyl acetate in petroleum ether to afford
compound BA4 (3.74 g) in 87% yield. 11-1 NMR s_CDClS, 400 MHz): 6 1.36 (d, J = 5.7 Hz, 6H), 1.37
t, J = 6.9[0%84)) 4 151708 (FISRES B IISERN 1 DB HA SO S (b ORr eRYSURRP TS H, 1H),
5.78 (dd, 17 Lhdttansduihdiia-4b)ioR:D 12 (dekbxl 5~ Endiradity3d) Catbamids)) B-901dlde ) e Bk dag 11.4 Hz, |

H), 7.41-7, , 2H), 7.47- , 1H),.7.63 (ddd, 1 = 11.7, 2.0Hz, 1H), 7.79 (dd, J 12.3
and 1.4 zé%&}]o?%%?gﬁ%%zﬁ%gn‘ﬁai% %Vfﬁg)?%%ff ,SJB g@?{%ﬁ%&%"ﬁf’z‘%lm. e
2009/099&aGR TS5 ZBR0H6RB01- 1 -y])-N, N, N’ N'-tetramethyluronium tetrafluoroborate (1.25

eq.) was added at room temperature and the reaction mixture was stirred for 10 min.

7 :/5
.31 (dd, 1=11.2 and 1.1 Hz, #H), 5.79 (dd,-1=17.7 a’ A1 Ijz,\lH), 6.92

Compound 32b (1.1 eq.) was added and the reaction mixture was stirred for additional 10-15
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31P NMR (CDCI3, 161.8 MHz): 6 32.61. [00567]Step G: Synthesis of
1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2- ylidene[2-(i-propoxy-5-(phenyl
ethylphosphitg )phenyllmethylenemthenium (1) dichloride AQ. Grubbs' second generation catalyst
(2.00 g, 2.3Mr£%3/‘é¥?%]gﬁopper (1) chloride (233 mg, 2.36 mmol) were chgfgéﬁ%ﬁg@é’ﬁfgnk tube and
degassed. A degassed _solutiorl of ethyl phenyl-{4-(isopropoxy)-3-vinylphenyl}phosphinate (778 mg,
2.36 mmaniin arsdiEgien oforABMRRFRPYISYIAMINGAS 6anErRTdAa ALISANTATTBIIBASHIRE, and the

mixture wag,peatert 2301 (ae RAmih hhewevapinasd onp e/ iniaskowRdda e Tasiime Was
purified by column c,hromato%raph,y gsing 40 to 100% eth¥l acetate in petroleum ether to afford

compounPAETASHBF AT, STt OYEN NRPOCBIE £ARSOE HAGHPE 1 27412 BYF FiR8H), 1.37 (t,
J =7 .0 H233K)2 288) (o :8) @2 . fbarhr She tokd), S8t Wao ory Rkd}iz4dlBdinresh dHyethi8@3ufdept., J =
6.0 Hz, 1H), 6.87 (d,,J =7.2 Hz, 11-1), 7. 4H),.7,32 (d,.= 11 9 Hz -7.57.(m, 3H), 7.77
(id, 22 159 E S BRI Rl R O St i SR R A i e 6
30.79. [008681BL(E H Sy Atietid MHaihy| WGk rdpHEnPhBShifkierAZE ST a delgaésed mixture of
4-fluoro-I+i z 2 . sanilinium hypophosphite (21.5 g, 135.1 mmol) and
3-aminop%?%ﬂh%@@aéégg?Zij%%:g'%?%)jm%ﬁol) in anhydrous acetonitrile (750 mL) were added
palladium acetate (560 mg, 2.48 mmaol) and 1.3- bis(diphenylphasphino)propane (1.02 g, 2.48 mmol).
The mixtdffa4 heate‘&%’n@éﬁ?’é‘ﬁ%ﬁ@’ﬁ@r@ﬁ%“ “Egﬁ% G eeihigaerdiute, and the
volatiles wesidderqoreditnivaon)-Mghsesidue Wastdiliie gywith ateyb asetatewantt hydrochloric acid (1M)
and partitjoned.. The . aqyeous layer urther.extracted with ethyl acetate and the ined extracts
tvere wad T A e T P A P DTS Thoved
-vacuo, thaimmdesiu‘g@wa&pmﬁawwmrﬁq:ammmau@g\rhqziﬂyruﬁr@ @ﬁwmémyl acetate in
Pt o RelageomRLId 462 e L ghes daikarenag lbindadh s, 1 MR

(CDCI3, 400'MHz): 6 1.84 (t, J = 7.1 Hz, 3H), 4.08-4.24 (m, 2H), 7.20 (td, J = 8.7 and 2.5 Hz, 2H), 7.58
(d, J = 568Bpn A1)’ G. 70hy mactinn ZHY GV ANIRECPICIB  C621S ML) 60 65 PEBEE®S Hz).

[00569]SignHe thesim Ot dlarorasrshiddriseriapevicduinyiphesy toRhasphirate BA2. To
a degassed mixture of 4-f|uoro-pheré¥j§hosph|nate 2.07 g, 11.0 mmol) WO

3005 00O BB O TS RGBS SHRIREOHTER A P ARER AR (LA AYED mimol) in

acetonitrile 4664tQ. s psidRd FethyIamine 48 tkotterd@ ) avenbhwitalladivquasetaies($ikkimg, 0 5
mmol), andciL ]?;6 is diFh&%(i‘ osphino)ferrocene (277 mg, 0.5 mmol). The mixture was heated at 68
C for 24 KRS TRY LB e removed in vacuo, and the residue was purified by column
chromatolyfapyz (BBIG)40545 SOVt atebate SATRRr G tiRl ethEYotonafii812.84¢ cfcompound BA2 in

82% yield, R 1Hz7): (d, J = 6.0 Hz, 6H), 1.38 (t,./ - 7.1 Hz, 3H), 4.02-4.15
(m, 2H), i%%%t@%%@é%%@éﬁéﬁ%z 11.2 and 1.1 Hz, | H), 5.78 (dd, J = 17.7 and 1.4 Hz,
1H), 6.91 (dd, J= 8.7 and 3.0 Hz, 1H), 6.99 (dd, J=17.4 and 10.9 Hz, 1H), 7.12 (td, 1=8.8 and 2.5 Hz,
21 7 01 LHES) = 11 518 b TS e 1S, ST B PSR 3Hg B TR 2 it 1. iz, 114),
31P NMRu{£ihzi3uifali8 M BA0(Hax [DebyR] Sieprdmbypnisiesiscafbonyl)-N-

1,3-bis(2,4,6-tri e}:[lhy.l Lheriyl -21’65-dih dic_z)gni azol-2- XI%%%&TE@-@O%o>%§5-g4-flur{)nr%-phenyl}

: ethylphos%ﬁwéﬁ%ﬁreonﬁ rfﬁefﬁy en’%ﬁggnlum Bntlu‘fgﬁfbri & AR, ©ribbs8econ ULg%n ration catalyst

' (2.00 g, 2c06 b (ppan) (i) dblorigen(2B3 FigsRAAdTimithaver & sivarged ideSatienk tube and
fegassedmleanssosaulion oh siuANer e Roaronoy e iabe DAIORRLRI® (822 Mo

2.36 mmol) in anhydrous dichloromethane (120 mL) was transferred via cannula to the solids, and the

mixture wa§Meatathed 3UCHeles drskh o Terd Boffananhsorsersvaeri yndss e AR the Tesigs was

purified bygptam )CJOEQ%@é%f@epwmﬁﬁ@f@&%ﬁ@%%ﬁ%%mw@% etiegitoafford
compound AR (552 ) in 29% Eiield. 1HNhAOR CDC13, 400 MHz): 5 1.27 (d, J = 6.1 Hz, 6H), 1.37 (t,

J=7.0 sz’@l*i)’”/?@@{ r:s§?a7n64 tﬂr sﬁ(ﬁé’ ?%.%W%?éo , 4.19 (hr s, 4H), 4.93 (sept., = 6.0
Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 7.05 (br s, 4H), 7.15 (dt, J = 8.6 and 2.2 Hz, 2H), 7.29 (d, J= 11.9 Hz,
1H), 7.72i9088 T, 2115/¢p 91 - 3 9OHEnisIFRSIE4-(8; chitros R NMR (D DI B8 fMHzZ): 529.94.

methoxyquinolin-4-yloxy)-N'-((1R,25}-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropyl)-N-(hex-5-enyl)-N*-methylpyrrolidine-1,2-dicarboxamide 137.
Compounds 136 (7.2 g) and 131 were mixed at room temperature in anhydrous acetonitrile

(29 mL) and heated at 65 °C until the reaction was complete. The reaction mixture was then
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[00571]Step K: Synthesis of ethyl 3,5-bis(trifluoromethyl)phenylphosphinate AZ3. To a degassed
solution of 1-iodo-3,5-bistrifluoromethylbenzene (10.0 g, 29.4 mmol), anilinium hypophosphite (5.62 g,
35.3 mmol) and 3-aminopropyl triethoxysilane (7.81 g, 35.3 mmol) in anhydrous acetonitrile (200 mL)
were added PANAeItAE%aetate (132 mg, 0.588 mmol, 2 mol%) and 1,3-bis{HibHEHAHISHhino)propane
(267 mg, 0.647 mol, 2.2 mol%). The mixture was heated under reflux overnight, then cooled down to
room tempsresuiateode0p8e9 506 REIT B S2000/90 0688 (dhted Wity tist/fetetats and hydrochloric

acid (1M) 404 partitienad-ahhe AaMeaysiaR VA Hiheexiasiad it thyliacsiainand the

combined extracts were washed with aqueous sodium hydrogen carbonate and brine, and dried over
sodium sUIEEE VIREILIARES HEserdntves TRAAERE Bid Heeposied d 044 pRighiedby column

ChffmgtOGﬂiﬁéﬂﬁllgzbﬁﬁﬁnl?%t@m%%?’gﬁbg@%&t%%&ﬂ@t@%ﬂﬁh @H&&fn@@ﬁwgms @@wﬁté\z&ie(ﬁl-%zg)) as
a cloudy oi in05 % yie -1 NMR (CDC13, 400 MHz): 6 145 (t, J =.7.1 Hz, 3H), 4,18-4.35 (m, 2H),
7.69 (d, J'2 %%.%1%?&1&%%@@%%1 Fryegosd @?&ﬁ%?ﬁ@}%ﬂéﬁéﬂﬁw e MHz): 0
19.59 (J 3t306t4 kiz)d [08572step L. Synthesis of ethyl

[3,5-bis(trifluoro pt {4 (isQpr Y35 Vi hepnyl sphi BA degassed
solution oS 3 LR DR R b s S0 P8 o b
4-bromo-FdoprépbxiPR%ihehidhe8¢333hY,. 13.8 mmol) in DMF (25 mL) were added the

triethylamine (3.85 mL, 27.6 mmol) and tris(dibenzylideneacetone)dipalladium (2.53 g, 2.76 nunol).

The mixtyisyeds heategkip anihinaths afF (9 Goprspiighiticdhie ¥alatles-werggesmyed.imvacuo and the
mixture was purified_bgl colu ,chroma(ﬁo raphy with 20 }o 70% ethy| acetate in ﬁet oleum ether to
ens :

afford coriH8tRdBASRrEBY R 48 e Bir TR B i A P IR D &P UR G A2 %938 (dd, J= 6.1

and 1.4 Hy3a8)averdappicig] 1341 (167 Jbdtai 3+ ) e AeddhBbiyh) -2 )i AT, (Sepbpdmdb 1B HZ, 1H),

1 5.33(dd, J.=11.2 Hz.and 1.4 Hz, 11-1)..5.80 (dg, = 17.9 and 1.2 Hz, 11-1), 6.96 (dd, 1= 8.6 and 3.0
iy et A A RO B 8 ol BB S 0 T

7.90 (dd, Soiutionand@dssdd WiH)az@0a(s] the, 18:20d(s TH)78Q254ba HB, GLEYNMRA(CODC13, 161.8

MH2): 828:59 I30REISEP MRy IIESR Ofl 3aRiRiE Biitiimetnphenydistne:ddydreimidazol-2-

ylidene[2-(i-propoxy-5-(3,5-bis(trifluoromethyl)phenyl ethylpho‘sphl.te))phen lImethyleneruthenium (11)
dichloridecARFLyS iiBS Tswes radgen ératid mERtAITSIEaPOHAS OIS ALt (hé yaritiae sgpet (i ’hloride (38

mg, 0.384xunel) WREe-ERAr0ed InaiSeh iRk dubeRpertlagasepdeArsteg asaed welutin oot eyl
[3,5-bis(trifluoromethyl)pheny1]-{4- isopropoxy@ﬁlphen I}-phos%hinate (179 mg, 0.384 mmol) in
anhydrou@ o Bt I NVAREAHS o CAMUTSPRIRITE SEARTEC BREFth&Fhixture was
heated atadded faNAQ g haddvenikwas wamaied in vaauoansktherefid 68-6fasipurified by column

chromatography with 20 to 80% ethyl acetate j ether.to afford cqmpo AT, (185 mg) as a
areen W UBE M OO S SO DR NG st St L KNI (e BLE 00 Wiz, 5
1.26 (dd, Che&®ald.4.9) Mas 6Efed 14 3hit org@niciel B, @d th¢onsramd2sittadsit (081M), 4.07-4.25 (m,
2H) OVEV'@QHEI&%%%P&§h%&'%&%%t@g%s%&n@e&tﬂ?ed%&h&%&9&’f& = A aad %4qHz, 1H), 7.06

(hrs, 4H), 7.29 (dd, J' 11.9 and 1.7 Hz, IH), 8.02 (hr s, 1H), 8.03 gg 1H), 8.20 (s, 1H), 8.23 (s, 1H),
16.40 (s, EHgregthroygire (Siive piig1 6Hhe qnd e solimeas cexsihprd Som hot methanol and DCE to

give compound 62d (2.87 g) as a white solid in 54% yield and 98% purity. More product
was obtained similarly from the filtrate to give 487 mg of a white solid. Thus, the total yield
was 63%. :

MS: m/z (ESIT) = 771.54 [M+H]", 100%, 773.79, [M+H]", 35%; m/z (ESI') = 769.54
IM+0OAc]", 100%, 771.61 [M+0OAc], 35%.
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Ring Closure Metathesis [00574]Catalytic activity AP, AQ, AR, and AT, along with AO and AS, as
shown in Scheme 37, were evaluated using olefin substrates as shown in Scheme 38. Scheme 37 \\

MesN,Nr7NMesMesN,NMes Cite, ?Cl.,' : Ru-Ru- Cle 1,0Cie t Il/ S-N -KO I\ ---<\ AOA Al'
WO 2009/099596 PCT!LSZE)G!)/(]{)%B&

Example 23
Preparation of Macrocvelic Compounds &y, Gy, G, and Gy

OCH,4

N

L )=
ORI

O’ | ,\//

:\N O Z R?V

G :R'=CLR' =H
Gy: R¥=CL R = CH;,
G;:R¥*=CH,,R'=H
Gy R¥=CH4, R' =CH;,

[00489] The synthesis of macrocyclic compounds Gy, Gz, G3, and Gq is shown in

Schemes 28 and 29,

[00450} Step A: Synthesis of N-(6-acetyl-2-chloro-3-methoxyphenyl)-4-
bromothiazole-2-carboxamide Ay, Oxalyl chloride (6.77 g, 1.4 eq.) was added dropwise
under nitrogen at ¢ °C to a suspension of 4-bromothiazole-2-carboxylic acid (9.52 g, 1.2 eq.)
in DCM (310 mL) and DMF (315 pL). The reaction mixture was stirred at 0 °C for 30 min
and then at room temperature for additional 90 min. The solvent was then removed under
Tteduced pressure to give acid chloride used directly in the next step without further
purification. Under nitrogen, a solution of 6-acetyl-2-chloro-3-methoxy aniline (7.6 g, 1 eq.)
in 1,4-dioxane (310 mL) was added at 0 °C 1o a solution of acid chloride in 1,4-dioxane. The
reaction mixture was stirred at room temperature for 2.5 hrs and the solvent was removed
under reduced pressure. The residue was triturated in ether and then in isopropylacetate to
yield compound A, in 14% yield.

"H NMR (CDCls, 400 MHz): 6 (ppm) 2.59 (s, 3H), 4 (s, 3H), 6.91 (d, J = 8.78Hz, 1H), 7.54
(s, 1H), 7.72 (d, J = 8.78 Hz, 1H), 10.28 (s, 1H).



AR AQ AT WO 2009/099596PCT/US2009/000688 Scheme 38 DC E catalyst OR, HO --N 0 2, 05E2
Ri=H; R2 = Me: BR = PNB; 122 = Et: BI R, H; R2 = Me: D = PINE; R2 = Et: BJ

WO 2009/099596 : PCT/US2009/000688
Scheme 28
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CILO tBuOH R PN
..........“m......__b..
3 j{(\ CH;0 N\ g
e
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Bz R® = CH; Cy:R¥=CH;
[00491] Step B: Synthesis of N-(6-acetyi-Z-chloro-3-methoxypheny!)-4-(2-

trimethylsilyl)ethynyl)thiazole-2-carboxamide B;. Compound A, (3 g, leq.),
ethynylirimethylsilane (1.6 mL, 1.5 eq.), diisopropylamine (12 mL), triphenylphosphine
(0.081 g, 4%), copper(D) 1odide (0.059 mg, 4%, Cl,Pd(PPh3)n (0.113 g, 2%) were mixed
together and stirred at 90 °C overnight. After cooled down to room temperature, diisopropyl
ether was added. The precipitate was collected by filtration, washed with diisopropyl ether
and pentane. The solid was solubilized in dichloromethane and washed with water. The
organic layer was dried over Na,30,, filtered, and concenirated under diminished pressure to
give compound B; as a brown solid in 93% yield.

"H NMR (CDCls, 400 MHz) 6 0.29 (s, 9H), 2.57 (s, 3H), 4 (s, 3H), 6.91 (d, J=8.91 Hz, 1H),
(d, J=8.65Hz, 1H), 7.73 (s, 1H); MS (ESL EI') m/z = 407 (MH").
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R OMe: BK R NHSO2kI: BM R = OMe: BL R = NHS021 : 68b Synthesis of Substrates Syntheses of
Compounds BR and BI [00575]Compound Bl was synthesized according to Scheme 39.
[00576]Preparation o\x%3R,55)- Bl. To a solution of 4-nitrobenzoic acid (3,1 g, 1.5 e% in CH2C12 (61
mL) were ad88F U 3.1 mL oxalyl chloride (3 eq), followed by 60 !II?%%IE?&P% f&&%tion mixture
was stirred at room temperature for 2 hrs and concentrated in vacuo. A solution of the resulting solid in
CH2C12 (30 mL) was added dropwise to a solatiomef2Z8ompound 50(5.0 g, 1 eq) and triethylamine (3.4
mL, 2 eq) in CH2C12 (30 mL). The reaction mixture was stirred at room temperature for 2 lirs, and
then washed with water and a saturated eous solution ofX¥&tlium carbonate. The aqueous layer
was extracted with CH2C12. The combirfe organ@ phasessvereRdried on sodium sulphate, filtered,
and concentrated to dryness. Regry isati it WO 2 )199596PCT/US2009/000688 TBME

CH2C12/MeOH agn eluany-affording d\w‘réﬂ“of@;élz g of campo bnd 181 in 93% yield. 1H NMR
(CDC13, ¢89a\IHZ). 1.83 (. 3H), 1.36-161 (B, 5H),1.69 @n, 1F), 166 pid; 5.1 agor8 Hz, IH),

250 (m, 21i), BQp@and 3.15 (2 vtamers, 3AY, 3.21 and 3.80 (ZM, rotamers,
A, 1H), 4.09 (m, 2H), 4.21 (m, 1H),4.94r5.08(m, 11-1), 5.05 (br d,J= 10.3 Hz,

2H), 5.10 (dd, J= 1.30 §nd 10.2 Hz, 1H), 5.27(d, J =4%D Hz,};rﬁjﬁ 584 (m, 3H), 8.20 (d, )= 8.8
Hz, 2H), 8.31 (d, J=8.8 Hz, 2H). —~N 0 .
/’:
C:RE=CI E;:Ré=CI
C,: R =CH; E,: R¥=CH,

1) EDCI

———e i

2) DBU

Sulfonamide
G :RE=CLR'=H
G;: RE=CL R = CH;
G RE=CH,, R'=H
Gy R¥=CH;, R' = CH;,
[00492} Step C. Synthesis of §-chloro-7-methoxy-2-(4-ethynylthiazol-2-yl)quinolin-4-

ol C;. To a solution of compound B; (2.94 g, 1 eq.) in terf-butanol (15 mL) was added
potassium tert-butoxide (1.7 g, 2.1 eq.) and the mixture was stirred at 90 °C for 2 hrs. Tert-
butanol was evaporated in vacuo and water added before acidification to pH 5 by addition of
IN HCL The product was extracted with dichloromethane. The organic layer was dried over
NaySQ,, filtered, and concentrated under diminished pressure. The residue was triturated in
diisopropy! ether and filtered off. The filirate was purified by chromatography on silica gel
column (methanol/dichloromethane) to yield compound B; as an orange solid in 48% yield.
'H NMR (CDCls, 400 MHz) 8 3.26 (s, 1H), 4.06 (s, 3H), 6.75 (s, 1H), 7.07 (d, /= 9.15Hz,
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[00577)Compound BH (white powder) was synthesized using the same procedure as compound 50.
1H NMR (CDC13, 400 MHz) 5 1.34-1.46 (m, 2H), 1.49-1.57 (m, 3H), 1.70 (s, 2H), 1.86 (td, .1 = 8.0
and 5.4 Hz, 1H), 2.03-2.28 (m, 6H), 2.92 and 3.11 (2s, rotamers, 3H), 3.27-3.44 (m, 2H), 3.69 (s,
31-1), 3.79 (O 28N 4.5 Hz, IH), 4.71 (or s, 1H), 4.90-4.97 (m, IH) EEEHSEIAGH 14) 500
(dd, J=10.3 and 1.5 Hz, 1H), 5.20 (hr s, 1H), 5.27 (dd. J = 17.1 and 1.0 Hz, 1H), 5.67-5.85 (m, 2H).
Synthesestdt @&ﬂéohﬂbsﬁ'@i& @nd Bﬁ/l1f@%?@)@%ﬁﬁ@&ﬁdﬁ%@@%@@émé"dfe%fzaccord|ng to
Scheme gﬁ&;heme 40 [00579]Step A: Preparation of (I R,2S)-methyl 14(2S,4S)-2-(hex-5-
enyhmethypcarbamoyl)-4-(7-methoxy-8-methyl-2-(4-(trifluoromethypthiazol-2-yl)quinolin4-yloxy)pyrroli

ymoss il Bhg the SKRG OIS S A T AT R oSSR TTA and 65, 1H
NMR (CDx8B8yl408, MHei){firlc ¢ 8l M53(M) Wik dbod B-dn53-raxbok it 814 n@hiies ¥ 2.05 WO
267 (5. STPounE B RGN e Sabi ey bl A anedol it tita ol S0 T

3.33-3.42am@Swd3.58 (2m, rotamers, 1E1), 3.71 (s, 31-1), 3.92 (td, J = 10.1 and 3.8 Hz, 1H), 3.98

and 3.99 (@sigk & 31@60%@%‘&?@&%%@% 98r(m.23), 3%819(9512'%@1551@ mtH), 5.14 (dd,
J=103and 1.2 5.21 (s, 11-1), 5.26-5.34 (m, 1H), 5.40-5.46 (m, 1H), 5.585 O(m 2H),

7.24-7.28%, hl’lﬁ(%ﬁcﬁ 3_1—37@3-&2 )1 g6 08 1p (0B, 5858 PHEm At - s4R S0 En miz =
Zlg 2 (M;dﬁ) 1[@}35&&%@1@@% ?f@pgrgtmef(ﬂa Fhmﬁ)zl;ré(zwt}mmex §te{ayt@q)<elwct)g@maynoyl)

met thy. tr rQ yht -2- -4- ol i dine-1-
carboxanﬁti’ci/) 5 mﬁc%é’bfoﬂgée e?rlor% é aé%ﬁé %8)% nﬁ%@l é% t 1I @htgj) vf Synthesized
in quantitaiiye ijetdst g, conigothshB K. 64. 82,0, Heq. 3 a0 1HOH (290 mg, 2 eq.), following the
procedure as described for compound AC. MS (ESI, Er) m/z = 702.4 (MH). [00581]Step C: Preparation

of (25,45 ex-5-egyl) -G metRen PWE‘% ’.‘@17 8 b oroT-methou (4.
(trlfluoror)rgg}%h?/%]thmwl@z %l)qu%yohn 4Y? @Zﬁ,{lgz “methyl-M- (IR SC- (_Jro_ methoxy-2-{
1y

methylcy SiSgrSEYieMotyRaraHBY LY Ry &ostypp rijéﬂiﬂ?hé 31’123 dicarboxamide 129.
Compoungk28i (e §Q||@DW@&§N@m@§bZ$szme)QQfﬁ@w&6tﬁﬁ| dde2Z 0, Cempaid By, a

0
methylcyclopiopY IS (25 uh o) IaatclIpkonng the progechs a5 dpggroed o
and compound D (850 mg, 1 eq.) following the procedure as described for compound 54c.

MS (ESL EI') m/z = 664.13 (MH".

[00495] Step F: Synthests of (£)-(4R,68,158,175)-17{8-chloro-7-methoxy-2-(4-
ethynylthiazol-2-yhquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclof13.3.0.0]Joctadec-7-ene-4-carboxylic acid F;. Compound Fy (white solid) was
synthesized from crude compound E; in 16% yield over two steps, following the procedure
as described for compound 55¢ (purification by HPLC).

'H NMR (CDCls, 400MHz) § 1.26-1.33 (m, 2H), 1.43-1.47 (i, 2H), 1.54-1.56 (m, 2H), 1.79-
1.83 (m, [H), 1.87-1.93 (m, 1H), 2.2-2.32 (m, 2H), 2.62 (d, /= 13.64 Hz, 1H), 2.79-2.87 {m,
1H), 2.99-3.04 (m, 1H), 3.05 (s, 3H), 3.23 (s, 1H), 3.81-3.85 (m, 1H)}, 4.05-4.08 (m, 1H), 4.09
(s, 3H), 4.60 (td, /= 13.56Hz and J = 2.38Hz, 1H), 4.91 (t, /= 10.69 Hz, 1 H), 4.94-4.98 (m,
1H), 5.39-5.45 (m, 1H), 5.46 (s, 1H), 5.64 (td, /= 10.77 Hz and /= 4.68Hz, 1H), 7.29 (d, /=
9.30 Hz, 1H), 7.55 (s, 1H), 7.68 (s, 1H), 8.05 (d, /= 9.30 Hz, 1H).

[60496] Step G: Synthesis of (Z)-(4R.65,1585,175)-{17-[8-chioro-7-methoxy-2-(4-
ethynylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,1 3-triazatricyclo-
{13.3.0.0]octadec-7-en-4-yljcarbonyl(1-methyl-cyclopropyl)sulfonamide G,. Under
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IFINMR (CDC13, 400 MHz) 60.74-0.86 (m, 2H), 1.11-1.21 (m, 2H), 1.30-1.40 (m, 3H), 1.50 (s, 3H),
1.60-1.68 (in, 3H), 1.78 (g, .1= 6.0 Hz, | H), 1.88-1.94 (m, 1H), 2.00-2.08 (m, 11-1), 2.22 (q, J= 8.7 Hz,
1H), 2.33 (dd, 1= 14.0 and 2.1 Hz, 1H), 2.67 (s, 3H), 2.78-2.82 (m, 1H), 2.87 and 2.97 (2s, rotamers,
3H), 3.15-3. 38 #*4449°% 58-3.68 (m, 1H), 3.90-4.01(m, 5H), 4.82-4.91 (A" THPHELEB1(m, 2H),
- 5.11 (d, 1= 10.2 Hz, 1H), 5.25-5.35 (in, 2H), 5.46-5.51 (m, | H), 5.54-5.76 (m, 2H), 7.25-7.30 (m, 1H),
7.46 (d, JEFoeeTs 213qlution P{SomRgURe l(g}ﬁoﬁlﬁ@.llemi,amﬁ (Ban=d sArkie §Y9.2 (MEI). Ring
bCl?)ngre Mﬁhﬁﬁ}iﬁiﬁtﬁ%@?ﬂrﬁﬂ) r@ﬁ%ﬁﬂ’édﬂé@%(ﬁﬂ@ﬁﬁ&ﬂﬁﬁek&gigﬁloﬂolil%slﬁ at 0.005 M vvlith N|2
ubbling through the reaction mixture. For the s t epicted in Scheme 38, the typical scale of
the reactiofF RESBYE: B@aﬁﬂ@g}gﬁﬁﬁ%l ﬁﬁ&&%@?ﬁ@@&f&éﬁwﬁfﬁm% Tfé%%%%e pre-heated
reaction mivtge abldeteorueisiombittine wtaritivge dnfatexiali vas faldwe dlVighi Mthethane and
20091099596 CT/US2009/000688 T . andior HBLG: Proguets are sglaledafier o,
chromatography (no e. compound %Sa%as Stirred with charcoal and filtered on celite prior to
purificatidthrd©0688] Thé eupe thee did deveht NafSCaudijticeslcivily forthaatidaradar cadalssts are listed in
fables 1 {9 o 8oPRRNEMu(A0REAR R EP BhRTARIR By B2 4R8P0 M compound G, as

6-hydroxy-9-methy1-3, loxo- 1a,2,3,5,6,7,7a,8,9,1 2,13,15a-tetradecahydro-1H-cycl opropa
[m]pyrro Ytz jid méffinyisddclotetradecine-la-carboxylate D. TABLE 1. Compound D Entry
Catalyst Tamperaieecataly Nrieading sotatedyielth T ime M50 (m, 1H), 1.24-1.33 (m, 1H),

1.37-1.42 (m, 2H), 1.50-1.55 (m, SH), 1.79-1.84 (m, 1H), 1.90-1.94 (m, 2H), 2.15-2.22 (m,
1H), 2.40-2.46 (m, 1H), 2.57-2.63 (m, 1H), 2.82-2.92 (m, 1H), 2.99-3.06 (m, 1H), 3.05 (s,
3H), 3.24 (s, 1H), 3.80-3.84 (i, 1H), 4.03-4.07 (m, 1H), 4.08 (s, 3H), 4.61 (id, J = 13.77 and
2.56 Hz, 1H), 4.89-4.97 (m, 2H), 5.19 (s, 1H), 5.43-5.49 (m, 1H), 5.64 (td, J = 10.73 and 5.78
Hz, 1H), 7.29 (dd, J = 9.24 Hz, 1H), 7.60 (s, 1H), 7.6 (s, 1H), 8.05 (dd, J = 9.24 Hz, 1H),
11.14 (br s, 1H); MS (ESL EI'): m/z =766.97 (MH"), |

[00497] Step H: Synthesis of N-(6-acetyl-3-methoxy-2-methylphenyl)-4-
bromothiazole-2-carboxamide A,. -Compound As (beige solid) was synthesized from 4-
bromothiazole-2-carboxylic acid (5 g, 1 eq.) and 6-acetyl-3-methoxy-2-methyl aniline (3.58
g, 1 eq.) in 61% yield, following the procedure as described for compound A;.

'H NMR (CDCls, 400 MHz): 6 2.13 (s, 3H), 2.59 (s, 3H), 3.93 (s, 3H), 6.81 (d, /= 8.73 Hz,
1H), 7.50 (s, 1H), 7.77 (d, J = 8.73 Hz, 1H), 11.18 (br s, 1H); MS (ESL EI"): mz =392
(MNa".

[00498] Step I Synthesis of N-(6-acetyl-3-methoxy-2-methylphenyl)-4-(2-
trimethylsilyi)ethyny})thiazolé-2~carboxamfde B,. Compound B (veliow solid) was
synthesized from compound Az (3.9 g, 1 eq.) and ethynyltrimethylsilane (2.2 mL, 1.5 eq.} in
98% yield, following the procedure as described for compound B,.

"H NMR (CDCls, 400 MHz): 6 0.29 (s, 9H), 2.13 (s, 3H), 2.58 (s, 3H), 3.93 (s, 3H), 6.81 (d,J
= 8.73 Hz, 1H), 7.69 (s, 1H), 7.76 (d, J = 8.73 Hz, 1F), 11.05 (br s, 1H); MS (ESL EI'): m/z

= 409 (MNa").

[00499] Step J: Synthesié of 7-methoxy-8-methyl -2-(4-ethynylthiazol-2-yl)quinolin-
4-o01 C,. Compound C; (white solid) was synthesized from compound B; (3.81 g, 1 eq.)in

21% yield, following the procedure as described for compound C;.
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AO 80C 2% + 1%(1.5 hr) 51% 2.5 2 Al' 80 C 2% + 2%(1hr) 44% 3.0 AQ 80C 2% 1%(1.5 hr) 56% 2.5 4
AR 80C

WO 2009/099396 POTAIS2009/000688

"H NMR (CDCls, 400 MHz): 6 2.44 (s, 3H), 3.25 (s, 1H), 3.98 (s, 3H), 6.77 (s, 1H), 7.03 (d, J
=9.05 Hz, 1H), 7.70 (s, 1H), 8.25 (d, J = 9.05 Hz, 1H), 9.39 (br s, LH); MS (ESL, EI): m/z =
297 (MH™).

[00500] Srep K: Synthesis of (£)-(4R,65,158,175)-17[7-methoxy-8-methyl-2-(4-
ethynylthiazol-2-yhquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-

triazatricyclof 13.3.0.0]octadec-7-ene-4-carboxylic acid methyl ester E;. Compound Ea,
mixture of diastereoisomers (yellow foam) was synthesized from compound C; (600 mg, 1
eq.) and compound D (768 mg, 1 eq.) following the procedure as described for compound
Sde.

MS (ESI, ET™): m/z = 644 (MH").

[00501} Step L. Synthesis of (2)-(4R,65,155,178)-17[7-methoxy-8-methyl-2-(4-
ethynylthiazol-2-yl)quinolin-4-yloxyl-13-N-methyi-2.14-dioxo-1,3,13-

" triazatricyclof13.3.0 0]octadec-7-ene-4-carboxylic acid F;. Compound F; (white solid) was
synthesized from compound E, (2.08 g, | eq.) following the procedure as described for
compound 55¢.

'"H NMR (CDCls, 400 MHz): 6 1.27-1.92 (m, 8H), 2.19-2.25 (m, 1H), 2.28-2.35 (m, 1H),
2.54-2.64 (m, 2H), 2.68 (s, 3H), 2.83-2.89 (m, 1H), 2.94-3.04 (m, 1H), 3.05 (s, 1H), 3.79-
3.83 (m, 1H), 3.99 (s, 3H), 4-4.09 (m, 1H), 4.57-4.65 {m, 1H), 4.89-4.98 (m, 2H), 5.21 {5,
IH), 5.39-5.46 (m, 1H), 5.62-5.69 (m, 1H), 6.99 (s, 1H), 7.25 (d, /= Hz, 1H}, 7.50 (s, 1H),
7.66 (s, 1H), 7.98 (d, J=9.25 Hz, 1H); MS (ESL EI'): m/z = 630 (MH").

[00562] Step M. Synthesis of (£)-(4R,65,155,178)-{17-{8-chloro-7-methoxy-2-(4-
ethynylthiazol-2-yDquinolin-4-yloxy}-13-N-methyl-2, 1 4-dioxo-1,3,1 3-triazatricyclo-
[13.3.0.0]octadec-7-en-4-yl]carbonyi (cyclopropyl)sulfonamide Gy. Compound Gy {cream
solid) was synthesized from compound ¥, (63 mg, 1 eq.) and cyclopropylsulfonamide (47
mg, 4 eq.) in 75% yield, following the procedure as described for compound G, (purification
of the desired compound by HPLC).

"H NMR (CDCls, 400 MHz): 6 0.90-0.97 (m, 1H), 1.06-1.20 (m, 2H), 1.21-1.35 (m, 1H),
1.37-1.43 (m, 1H), 1.46-1.53 (m, 1H)}, 1.53-1.73 (m, 4H), 1.86-1.93 (m, 1H), 1.94 (dd, /=
8.48 and 6.05 Hz, 1H), 2.15-2.21 (m, 1H), 2.37-2.45 (m, 1H), 2.57-2.62 (m, 1H), 2.90-2.97
(m, 1H), 3-3.03 (m, 1H}, 3.04 (s, 3H), 3.23 (s, 1H}), 3.78-3.82 (m, 1H), 4.02-4.06 (m, 1H),
4.08 (s, 3H), 4.60 (td, /= 13.68 and 2.60 Hz, 1H), 4.89-4.94 (m, 2H]}, 5.22 (s, 1H)}, 5.40-5.47
(m, 1H), 5.64 (td, J= 10.79 and 5.70 Hz, 1H), 7.28 (dd, J = 9.25 Hz, 1H), 7.57 (s, 1H), 7.70
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2% + 19%(1.5 hr) 47% 2.5 5 AS 80 C 2% + 1%(1.5 hr) 50% 2.5 6 AT 80 C 2% + 2%(1.5 hr) 53% 3.0
[00585]Synthesis of (1aR,6R,7a,S,15aS,Z)-methyl 9-methy1-6-(4-nitrobenzoyloxy)-3,8-
dioxo-la,2,3,5,6,7,7a,8,9,10,11,12,13,15a—tetradecahydro-lH-cycIopropa[gé }%golo 1.2-¢c
[1,3,6]triazady B384 &8 ne-1a-carboxy late BJ. II-1 NMR (CDCI3, 400 M )pr 1OSA0LO8E= 7 1 Hz,
3H), 1.27-1.35 (m, 1H), 1.37-1.47 (m, 1H), 1.49-1.62 (m, IH), 1.66-1.79 (r, 3H), 1.87 (br t, J= 13.2 Hz,
1H), 2.26(2. 48, 2HYid2 50 QRS dHA T HB. 51K, (biety, BHOSNES BBHL BB (@23-F B IV 1L H), 3.94 (dd, J =
9.8 and 5.3 Hz, IH), 4.06-4.16 (m, | H), 4.18-4.27 (m, 1H), 4.57 (td, J = 13.2 and 3.0 Hz, | H), 5.00 (s,
3H), 5.00¢5e883M, 1H)shAR (tsmHlis d1721kdr 56055, 685400 LithrRedkhresmebh)1829-(d, = 8.8 Hz,
2H). 8'31eiﬂ&%ﬁt%i§z‘5‘l§2»%zﬁ%fuinolin-4-yioxy]- 13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-

[13.3.0.0}octadec-7-en-4-yljcarbonyl {cyclopropyl)sulfonamide G;. Compound G; (beige

solid) was synthesized from compound F; (120 mg, 1 eq.) and cyclopropylsulfonamide (91

mg, 4 eq.) in 35% yield, following the procedure as described for compound Ga.

'H NMR (CDCls, 400 MHz): 6 0.76-1.72 (m, 10H), 1.94 (dd, J = 8.45 and 6.04 Hz, 2H),

2.15-2.22 {m, 1), 2.39-2.46 (m, 1H), 2.57-2.63 (m, 1H), 2.68 (s, 3H), 2.84-3.04 (m, 2H),

3.05 (s, 3H), 3.22 (s, 1H), 3.76-3.80 (m, 1H), 3.99 (s, 3H), 3.99-4.04 (m, 1H}, 4.61 (td, J=

13.45 and 2.65 Hz, 1H), 4.89-4.94 (m, 2H), 5.06 (s, 1H), 5.39-5.46 (m, 1H), 5.64 (td, J =

10.78 and 5.77 Hz, 1H), 7.24 (d, J= 9.25 Hz, 1H), 7.51 (s, 1H), 7.66 (s, 1H), 7.98 (d, J =

9.25 Hz, 1H), 11.17 (br s, 1H); MS (ESI, EI"): m/z = 733 (MH").

1005041 Siep O: Synthesis of (2)-(4R,65,158,178)-[17-[7-methoxy-8-methyi-2-(4-
ethynylthiazol-2-yDquinolin-4-yloxy]-1 3 -N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0]octadec-7-en-4-ylicarbonyl (1-methylcyclopropyl)suifonamide G4 Compound Gy
(white solid) was synthesized from compound Fz (150 mg, 1 eq.) and 1-methylcyclopropyl-
sulfonamide (138 mg, 4 eq.) in 8% vield, following the procedure as described for compound
G

'H NMR (CDCl;, 400 MHz): 6 0.82-1.38 (m, 4H), 1.53 (s, 3H), 1.55-1.84 (m, 5H), 1.90-1.95
(m, 2H), 2.15-2.21 (m, 1H), 2.41-2.48 (m, iH), 2.57-2.63 (m, 1H), 2.68 (s, 3H), 2.83-2.93
(m, 1H), 2.99-3.04 (m, 1H), 3.05 (s, 3H), 3.22 (s, 1H), 3.77-3.81 (m, 1H), 3.99 (s, 3H), 4-4.04
(m, 1H), 4.58-4.65 (m, 1H), 4.89-4.96 (m, 2H), 5.07 (s, 1H), 5.39-5.46 (m, 1H), 5.61-5.68
(m, 1H), 7.24 (d, /= 9.17 Hz, 1H), 7.52 (s, 1H), 7.66 (s, 1H), 7.99 (d, /= 9.17 Hz, 1H}, 11.12
(brs, 1H); MS (ESI, ETY): m/z = 747.21 (MH).
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TABLE 2. Compound BJ Entry Catalyst Temperature Catalyst loading Isolated yield Time (hr) AO 80
C 2% + 2%(20 min) 65% 0.67 2 Al' 80 C 2% + 2%(20 min) + 1% (40 min) 78% 1.0

WO 2009/0995%96 PCT/US2009/060688

Example 24
Preparation of Macrocyclic Compounds G, ©O,. O, and Oy

OCH,

O:RE=CLR'=H

O, :R¥=CLR' =CH;
03:R8:CH3,R‘=H
O :R*=CH, R'=CH;,

[00505)] The synthesis éf macrocyclic compounds Gy, Os, O3, and Oy is shown in
Schemes 30 and 31,

[00506] Step A: Synthesis of 2-(trifluoromethylthiazole)-4-carboxylic acid ethyl ester
H. A solution of 2,2,2-trifluoroacetamide (14.24 g, 1 eq.) and Lawesson’s reagent (30.6 g,
0.6 eq.) in THF (120 mL) was stirred at reflux for 18 hrs. The mixture was cooled, ethyl
bromopyruvate (16 mL, | eq.) was added and the reaction refluxed for weekend, The
reaction was cooled, evaporated in vacuum, and the resulting crude materiai extracted with
dichloromethane and washed with water. The organic layer was dried over Na,SQOy, filtered,
and concentrated to give an orange oil. The oil was purified by chromatography on a silica
gel (petroleum ether/dichloromethane} to yield compound H in 40% yield.

'"HNMR (DMSO-dg, 400 MHz): § 1.32 (t, J= 7.10 Hz, 3H), 4.34 (q, J = 7.10 Hz, 2H), 8.9 (s,
1H); F NMR (DMSO-d;, 376 MHz): 6 -60.29 (s, 3F); MS (ESI, EIN): m/z = 225.9 (MH").

[00507] Step B: Synthesis of lithium 2-(trifluoromethyl)thiazole-4-carboxylate I.
Compound I (pink solid) was synthesized from compound H (12.14 g, 1 eq.) in 75% yield,
following the procedure as described for compound 37,

MS (ESL, EIM): m/z = 198 (MH™).
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AT 80 C 2% + 2%(20 min) 75% 0.67 [00586]Synthesis of (1aR,68,7aS,15aS,Z)-methyl

6-(7-methoxy-8-methyl-2-(4- WO 2009/099596PCT/US2009/000688
(trifluorome thlazol 2-yl)quinolin-4-yloxy)-9-methy1-3,8-dioxola,2,3,5,6
radecahydro I zgygfgﬁﬁ a[m]pyrrolo[1,2- cl [1,3,61triazacyclotetradecin

7,7a,8,9,10,11,12,13,15a-tet

ETH SISO 51 11 NVIR

(CDC13, 400 MHz): (5 1.29-1.44 (m, 2H), 1.50-1.62 (m, 2H), 1.66 (s, 1H), 1.68-1.78 (m, 2H), 1.88 (td,J

= 13.5 and 2.5 Hz, | H), 2.15-2.23 (m, 1H), 2.48cfebehel38 9.9 and 9.5 Hz,

IH), 2.58 (td, 1= 13.7 and 3.5

Hz, 1H), 2.68 (s, 3H), 2.97 (td, J = 13.3 and 8.4 Hz, 1H), 3.04 (s, 3H), 3.74 (s, 3H), 3.74-3.80 (m, 1H),

3.99 (s, 3H), 4.07 (t, J 7.5 Hz, 1H), 4.62 (td, J 13.4 and 2.9 H
1H), 5.41-5.53(m, 2H), 5.65 (s, ./ =- 5.4 Hz, 1H), 7.25 (d,N=

8.02(d,J= g/m\Hz 1H) 1N @Bk FEkgamz =
Temperatiye Catatisst fcradn‘rg-rsoiated—b

B3y, 4.95 (br t, J = 6.7 Hz Ch4l), 5.07 (s,

.1 Hz, 1H), 7.51 (s, 1HY;

)&BLE@* Compo;gi@j B
www»

87 (s, 1H),
Catalyst

O ¢]
BT/YKO/\
0 H
1
RE CF;
(coch s Cﬂaowz RE g N
Jo g
CH2Clh/DMF NN T omo Nm/lw
e - S
gjrgxane O
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O
J Ki:R¥=Cl
K;:REP=CH;
CF;
tBUOK R® N¢<
JBUOH_ cHs0 NeoAxS
P
OH
L :RE=Cl
L,: R®=CH;,
[00508] Step C: Synthesis of N-(6-acetyl-2-chloro-3-methoxyphenyl)-2-

(trifluoromethylthiazole-4-carboxamide K;. Oxalyl chioride (1.9 mL,

dropwise under nitrogen at 0 °C to a suspension of compound £ (4 g, 1

1.4 eq.) was added

2 eq.)yin DCM (120

mL) and DMF (few drops). The reaction mixture was stirred at 0 °C for 30 min and then at

room temperature for additional 3 hrs. The solid was removed by filtration under nitrogen

and the filtrate was evaporated to give a yellow oil. This oil was solubilised in dioxane (30

mL} and added under nitroge:ﬂ to a solution of 6-acetyl-2-chloro-3-methoxy aniline (3.26 g, 1

eq.) in 1,4-dioxane (60 mL). The reaction mixture was stirred at room temperature for 3

days. The solvent was removed under reduced pressure, the residue was solubilised in

dichloromethane, washed with water, dried over Na;SQ, and concentrated in vacuum. The

crude oil was triturated in MeOH/E«O mixture to give the compound K; as a white solid in
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yield Time (hr) 1 AO 80C 2% + 2%(l hr) + 2%(2 In) 51% 3.5 2 AP 80C 2% + 2%(1 hr) + 2%(2 hr) 49%
3.5 AQ 80 C 2% + 29%(1 hr) + 2%(2 lir) 49% 3.5

WO 2009/099596 PCT/US2009/060688

69% yield.
'H NMR (CDCl;, 400 MHz): 6 2.59 (s, 3H), 4 (s, 3H), 6.90 (d, /= 8.75 Hz, 1H), 7.70 (d, J =
8.75 Hz, 1H), 8.44 (s, 1H), 10.28 (s, 1H); '°F NMR (CDCls, 376 MHzj): 6 -61.08 (s, 3F).

Scheme 31
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[00509] Step D: Synthesis of §-chloro-2-(2-(trifluoromethyl)thiazoi-4-yl)-7-
methoxyquinolin-4-ol L;. Compound L; (white solid) was synthesized from compound K;
(1g,1eq.}in26% yield, following the procedure as described for compound Cj.

"H NMR (CDCl;, 400 MHz): 6 (ppm) 4.07 (s, 3H), 6.78 (s, 1H), 7.09 (d, J = 9.13 Hz, 1H),

8.14 (s, 1H), 8.30 (d, J = 9.13 Hz, 1H), 9.93 (s, 1H); '°F NMR (CDCls, 376 MHz): 6 -61.14
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4 AR 80 C 2% + 2%(l hr) + 2%(2 hr) 48% 3.5 5 AS 80 C 2% 4- 2%(l hr) + 2%(2 hr) 49% 3.5 6 AT 80C
2% + 2%( | hr) + 2%(2 11r) 49% 3.5 [00587]Synthesis of

(2)-(4R,6S,15S,175)-[17-[7-methoxy-8-methy1-2-(4-
WO 2009/099596 PCT/US2009/000688

(s, 3F); MS (ESL ET™): m/z = 360.91 (MH™).

[00510] Step E: Synthesis of (£)-(4R,68,158,175)-17{8-chloro-7-methoxy-2-(2-
trifluoromethylthiazol-4-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0}octadec-7-ene-4-carboxylic acid ethyl ester M. Compound My, a
mixture of diastereoisomers, was synthesized from compound L; (570 mg, 1 eq.) and
compound 53 (600 mg, 1 eq.), following the procedure as described for compound 54¢.

- MS (ESL EIM): m/z = 722.04 (MH™).

[00511] Step F: Synthesis of (Z)-(4R.,685,158,175)-17[8-chloro-7-methoxy-2-(2-
trifluoromethylthiazol-4-y1)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-

triazatricyclo[ 13.3.0.0]Joctadec-7-ene-4-carboxylic acid Ny. Compound N; was synthesized
from compound M; (1 eq.), following the procedure as described for compound 53¢.

'H NMR (CDCl;, 400 MHz): 6 1.27-1.60 (m, 6H), 1.81-1.93 (m, 1H), 2.21-2.26 (m, 1H),
2.28-2.35 (m, 1H), 2.55-2.64 (m, 1H}, 2.81-2.88 (m, 1H), 3-3.07 (m, 1H), 3.05 (s, 3H), 3.83-
3.87 (m, 1H), 4.02-4.07 (m, 11), 4.09 (s, 3H), 4.57-4.64 (m, 1H), 4.89-4.94 (m, 1H), 4.99-
5.02 (m, 1H), 5.22 (s, 1H), 5.50-5.57 (m, 1H), 5.65 (td, /= 10.75 and 4.70 Hz, 1H), 7.29(d, J
=925 Hz, 1H), 7.60 (br s, 1H), 8.09 (d, /=9.25 Hz, 1H), 8.73 (br s, 1H); F NMR (CDCls,
376 MHz): & -60.90 (s, 3F); MS (ESL EI'): m/z = 693.98 (MH").

[00512] Step G Synthesis of (Z)-(4R,65,158,17S5)-[17-[8-chloro-7-methoxy-2-(2-
trifluoromethylthiazol-4-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0]octadec-7-en-4-ylcarbonyl-(cyclopropylsulfonamide ©;. Compound G; (white
solid) was synthesized from compound N; (115 mg, 1 eq.) in 21% yield, following the
procedure as described for compound Ga.

'H NMR (CDCls, 400 MHz): § 0.89-0.96 (m, 1H), 1.06-1.17 (m, 1H), 1.22-1.29 (m, 2H),
1.38-1.43 (m, 2H), 1.45-1.52 (m, 1H), 1.55-1.69 (m, 1H), 1.88-1.96 (m, 2H), 2. 17-2.23 (m,
1H), 2.39-2.46 (m, 1H), 2.57-2.63 (m, 1H)}, 2.80-2.89 (m, 1H), 2.89-2.95 (m, 1H), 2.97-3.03
{m, 1H), 3.05 (s, 3H), 3.60-3.69 (m, 1H), 3.80-3.84 (m, 1H), 4-4.04 (m, 1H), 4.08 (5, 3H),
4.58-4.64 (m, 1H), 4.91 (t, J= 10.69 Hz, 1H), 4.96 (dd, /= 8.75 and 5.10 Hz, {H), 5.15 (s,
1H), 5.49-5.55 (m, 1H), 5.64 (id, /= 10.71 and 5.65 Hz, 1H), 7.28 (d, J= 9.20 Hz, 1H), 7.59
(s, 1H), 8.08 (d, J = 9.20 Hz, 1H), 8.72 (s, 1H), 11.18 (br s, 1H); '°F NMR (CDCh, 376
MHz): 6 -60.89 (s, 3F); MS (ESI, EI'): m/z = 797.02 (MH).

[00513] Step H: Synthesis of (£)-(4R,65,155,178)-[17-}8-chloro-7-methoxy-2-(2-



trifluoromethythiazol-2-y Oquinolin-4-yloxyl- 1 3-N-methyl-2,14-dio x0-1,3,13-
triazatricyclo[13.3.0.0)octadec-7-en-4-yli carbony1(1-methylcyclopropyl)sulfonamide 68b. TABLE 4.
Compound 68b Enrtr Catalyst Temperature Catalyst loading Isolated yield Tirqe h!r) AO 60 C 2% +
2%(45m)+ 29I RY5%.0 2 AP 60 C 2 %+ 2%(45m)+ 2%(2h) + 29%(3h) A50k52009/000688

trifluoromethylthiazol-4-yl)quinolin-4-yloxy]-13-N-methyl-2, 14-dioxo-1,3,13-triazatricyclo-

{13.3.0.0}octadec-7-en-4-yljcarbonyl-(1-methylicyclopropylsuifonamide O,. Compound O,

(white solid) was synthesized from compound Ny (80 mg, 1 eq.) in 19% yield, following the

procedure as described for compound G;.

'H NMR (CDCl;, 400 MHz): 8 0.77-0.84 (m, 2H), 1.18-1.26 (m, 2H), 1.33-1.43 (m, 2H),

1.45-1.56 (m, 1H), 1.52 (s, 3H), 1.64-1.74 (m, 1H), 1.79-1.83 (m, 1H), 1.86-1.94 (m, 2H), 2.

17-2.24 (m, 1H), 2.41-2.48 (m, 1H), 2.58-2.63 (m, 1H), 2.83-2.92 (m, 1H), 2.96-3.04 (m,

1H), 3.05 (s, 3H), 3.80-3.84 (m, 1H), 4-4.04 (m, 1H), 4.08 (s, 3H), 4.58-4.65 (m, 1H), 4.91 (4,

J=10.71 Hz, 1H), 4,98 (dd, J = 8.86 and 5.07 Hz, 1H), 5.10 (s, 1H}, 5.50-5.56 (m, 1H), 5.64

(td, J=10.77 and 5.68 Hz, 1H), 7.28 (d, /= 9.20 Hz, 1H), 7.60 (s, 1H), 8.09 (d, J = 9.20 Hz,

1H), 8.72 (s, 1H), 11.16 (br s, 1H); MS (ESL, EIN): m/z = 811.03 (MH").

[00514] Step I. Synthesis of N-(6-acetyl-3-methoxy-2-methylphenyl)-4-(2-
triflucromethyljthiazole-4-carboxamide K. Compound Ko (white solid) was synthesized
from compound § (5.2 g, 1.2 eq.) and 6-acetyl-3-methoxy-2-methyl aniline (3.6 g, 1 eq.) in
52% yield, following the procedure as described for compound K.

"H NMR (DMSO-ds, 400 MHz): 6 2.01 (s, 3H), 3.90 (s, 3H), 7.02 (d, J = 8.81 Hz, 1H), 7.81
(d, /= 8.81 Hz, 1H), 8.82 (s, 1H); MS (ESL EI'): m/z = 381 (MNa").

[00515] Step J: Synthesis of 7-methoxy-8-methyl -2-(2-trifluoromethyl-thiazol-4-
yhquinolin-4-ol L,. Compound L, (brown solid) was synthesized from compound K, (3.76
g, | eq.) in 52% vyield, following the procedure as described for compound C; (80°C
overnight).

'H NMR (CDCls, 400 MHz): 6 2.42 (s, 3H), 3.98 (s, 3H), 6.72 (s, 1H), 7.04 (d, J = 9.02 Hz,
1H), 8.10 (s, 1H), 8.25 (d, /= 9.02 Hz, 1H), 9.45 (br s, 1H); MS (ESL, EI"): m/z = 341.06
(MH").

{00516} Step K: Synthesis of (Z£)-(4R,68,155,178)-17[7-methoxy-8-methyl-2-(2-
trifluoromethylthiazol-4-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclof13.3.0.0]Joctadec-7-ene-4-carboxylic acid methyl ester M. Compound M3, a
mixture of diastereoiosmers, was synthesized from compound L3 (359 mg, 1 eq.) and
compound B (400 mg, | eq.) in 64% yield, following the procedure as described for
compound 54c.

MS (ESL EI): m/z = 688 (MH).
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24.0 AQ 60 C 2 Yo+ 2%(45m)+ 2%(2h) + 2%(3h) 63% 24.0 4 AR 60 C 2 %+ 2%(45m) + 2%(2h)+
296(3h) 30% 24.0 5 AS 60C 2 A+ 2%(45m)+ 2%(2h)+ 2%(3h) 60% 24,0 6

WO 2009/099596 BPCT/US2009/000688

[00517] Step L: Synthesis of (Z)-(4R,685,155,178)-17[ 7-methoxy-8-methyl-2-(2-
triﬂuoromethylthiazol~4~y1)quinolin—4-yi0xy]- 13-N-methyi-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]Joctadec-7-ene-4-carboxylic acid N;. Compound N; was synthesized
from compound M; (460 mg, 1 eq.) in 40% yield, following the procedure as described for
compound 35¢ (purification by chromatography on a silica gel).

'"H NMR (CDCl;, 400 MHz): 6 1.26-1.34 (m, 1H), 1.38-1.43 (m, 2H), 1.52-1.69 (m, 2H),
1.82 (dd,J=28.12 and 6.26 Hz, 1H), 1.84-1.94 (m, 1H), 2.23 (td, J=13.52 and 5.65 Hz, 1H),
2.29-2.36 (m, 1H), 2.61 (xd, J=13.52 and 3.32 Hz, 1H), 2.70 (s, 3H), 2.82-2.89 (m, 1H),
2.97-3.04 (m, 1H), 3.04 (s, 3H), 3.80-3.84 (m, 1H), 3.98-4.02 (m, 1H), 3.99 (s, 3H), 4.61 (td,
J=13.63 and 2.73 Hz, 1H), 4.91 (t, /= 10.70 Hz, 1H), 4.98 (dd, /= 8.97 and 5.22 Hz, 1H),
5.14 (s, 1H), 5.47-5.53 (m, 1H}, 5.65 (td, J=10.85 and 4.81 Hz, 1H), 7.24 (d, J = 9.25 Hz,
1H), 7.52 (s, 1H), 8 (d, J=9.25 Hz, 1H), 8.59 (s, 1H); MS (ESL EI'): m/z = 674 (MH").

[00518] Step M: Synthesis of (Z2)-(4R,68,155,178)-[17-17-methoxy-8-methyl-2-(2-
trifluoromethylthiazol-4-ylquinolin-4-yloxy]j-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0]0ctadec~7-en-4-yl]carbony1-(cyc10pr6pyl)sulfonamide 0. Compound O3 (white
solid} was synthesized from compound N2 (100 mg, 1 eq.) and cyclopropylsulfonamide (72
meg, 4 eq. ) in 27% vield, following the procedure as described for compound G,.

'H NMR (CDCl3, 400 MHz): § 0.88-0.94 (m, 1H), 1.07-1.15 (m, 2H), 1.21-1.29 (m, 2H),
1.33-1.41 (m, 2H), 1.44-1.51 (m, 1H), 1.53-1.72 (m, 2H), 1.87-1.95 (m, 2H), 2.15-2.20 (m,
1H), 2.38-2.46 (m, 1H), 2.56-2.62 (m, 1H), 2.69 (s, 3H), 2.82-3.63 (m, 2H), 2.97 (s, 3H),
3.74-3.81 (m, 1H), 3.95-4.02 (m, 4H), 4.58-4.64 (m, 1H), 4.88-4.95 (m, 2H), 5.10-5.13 (m,
1H), 5.44-5.52 (m, 1H), 5.59-5.67 (m, 1H), 7.20-7.24 (m, 1H), 7.49-7.54 (m, 1H), 7.98-8.02
(m, 1H), 8.55-8.59 (m, 1H), 11.16 (br s, 1H); 'F NMR (CDCl;, 376 MHz): 6 -60.88 (s, 3F);
MS (ESL EIM): m/z = 777 (MH™).

00519} Step N: Synthesis of (Z2)-(4R,68,155,178)-{17-[7-methoxy-8-methyl-2-(2-
trifluoromethylthiazol-4-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0Joctadec-7-en-4-yljcarbonyl-(1-methyleyciopropyl)sulfonamide O4. Compound Q4
(white solid) was synthesized from compound N3 (80 mg, 1 eq.) and (1-methylcyclopropyl)-
sulfonamide (64 mg, 4 eq. ) in 24% yield, following the procedure as described for compound
Gs.

'"H NMR (CDCl;, 400 MHz): & 0.79-0.84 (m, 1H), 0.86-0.90 (m, 1H), 1.20-1.43 (m, 4H),
1.52 (s, 3H), 1.65-1.73 ({m, 2H), 1.78-1.83 (m, 1H), 1.90-1.93 (m, 2H)}, 2.17-2.22 (m, {H),

J
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AT 60 C 2 %+ 2%(45m) + 2%(2h) + 2%(3h) 53% 24.0 WO 2009/099596PCT/U52009/000688
Example 31 HCV Protease Assay [00588]General procedure: Measurement of the inhibitory effect of
compounds ':El)%\//o% lease activity was performed with the SensoLyte ddoRiptease Assay
kit from AnaSpec, Inc. (San Jose, CA) under conditions described by the supplier using 1.2 nM HCV

NS3-NS4A protease, whic ained accordin remj et al. (Prote] lence,, 1998,
7,2143-2%25@5 gﬁfj%omognﬁﬁg@eigh %é) g%a%é&y%%@cg:%%Wa%(iglﬁfsﬁi'é%é?gd%?%f}e tontaining a
final DMS@ £ ¢ GENtratiGrs af 5%, REpctivohssyadie, alRivkd ténprdBeect $H4680 fin BtjobM temperature
and fluores measu n e coL ith aTe nfip ctrefluorimetes. .Fhe 1IC50
values Wéreﬁ? dge%gﬁrzﬁﬁr?e% ?regﬁd?ﬂw&z);)v—éggﬁ% dlil%gﬁ ?Ve?r% sgt?(?n}éérﬂ# ’t%%%dé't%%g? hg@’s%?;gmidal
non-lineafttedred8ionh andalydisHrad&tl, G2 (d. gar AaétHrs With T824n Mig8IRin(8oftmard4 Bxample 32
HCV Repli '\ rahprosedier 4 C injin | omic
replicon ?loﬁ 4%'%(?;% lggﬁquﬂr%v@rﬁﬁ%%}fbegco's Mk(?g%‘%é’ %i%gige@ﬂl:\iﬂ%(;?ur%o E%)%: sécléﬂ%ﬁéﬁggl?rﬁlénted with
10% fetaFBoviéE se Qr‘n(i‘{iﬁgS}), 2 mM L-glutamine, 110 mg/L sodium pyruvate, IX nonessential amino
acids, 100 U/mL penicillin- streptomycin, and 0.5 mg/mL 0418 (Invitrogen). For dose-response testing,
the cells were seeded in 96-well plates at 7.5 Ex3pgeli§/well in a volume of 50 1s1_, and incubated at
37 C/5% CO2. Three hours after platin iL of ten 2 fold serial dilutiops of compounds (highest
concentration, 75 MM) Were%r & ,%‘OH Sk Combelt Sal[c‘i d C/5% CO2 in the presence
of 0.5% DMSO Alternatively, compounds were tested at a single concentration of 15 MM. In all cases,
Huh-7 cells lacking the HCV replicon served 9 gative control. The cells were incubated in the
presence of compounds for 72 hr after whi tey-were monitored for expression of the NS4A protein
- by enzyme-linked immunosorbent assay ( ). For this, the plates were then fixed for 1 min with
acetone/methanol (1:1, v/v), washed twice Wit phasphate-buffered saline (PBS), 0.1% Tween 20,
blocked for 1 hr at room temperature with TNE bufiér containing 10% FBS and then incubated for 2 hr
at 37 C with the anti-NS4A mouse monoclaial alboiroGen) diluted in the same buffer.
After washing three times with PBS, 0.1% Iween 20, the-¢ells were incubated 1 hr at 37 C with
anti-mouse immunoglobulin G- peroxidase canjugate ig, T , 40% FBS. After washing as described
above, the reaction was developed éNQ 09 96I§]’]§T %82009/000688 with 0-phenylenediamine
(Zymed). The reaction was stopped aftey 30 with:2 N#? Wnd absorbance was read at 492
nm using Sunrise Teen spectrophoto r. E€50 es vverﬁ- determined from the % inhibition versus
concentration data using a sigmoidal %@v@g@n analysis based on four parameters with
Tecan Magellan software. When screening at a singte€ concentration, the results were expressed as %
inhibition at 15 RM. [00590]For cytotoxicity evzillqzi{tjo:q{ GS4.1 cells were treated with compounds as
described above and cellular viability was mom';@teeL gsing the Cell Titer 96 AQ",", One Solution Cell
Proliferation Assay (Promega). CC50 values were determined from the % cytotoxicity versus

ConcentrefHBQZ%?ta With[’k-ll-g g}grﬂhl\élsqggy %Qagz%fct:\{/va{g c%‘?’n%gﬁﬁgsp %‘? a%tzlof? is shown in Scheme 32.

[00521] Step A: Synthésis of 2-(4-bromothiazol-2-yl}-8-chlore-7-methoxy-quinolin-4-
ol P. Compound P (vellow solid) was synthesized from compound A; (2 g, 1 eq.) in 92% |
yield, following the procedure as described for compound AE (80°C overnight).

'H NMR (CDCls, 400 MHz) 6 4.06 (s, 3H), 6.73 (s, 1H), 7.07 (d, /= 9.10 Hz, 1H), 7.46 (s,
1H), 8.27 (d, J = 9.10 Hz, 1H), 9.74 (br s, 1H); MS (ESL, EI): m/z = 372.90 (MH").

[060522] Step B: Synthesis of 8-chloro-2-(4-cyanothiazol-2-yl)-7-methoxy-quinolin-4-
ol Q. The compound P (286 mg, 1 eq.) in degazed dimethylacetamide (10 mL), and Zn (4.5
mg, 0.09 eq.), Zn(CN), (84 mg, 0.6 eq.), Pdydba; (21 mg, 0.03 eq.), and dppf (26 mg, 0.06
eq.) were heated at 110°C under microwaves for 30 min. Then, water was added, the
precipitate filtered and dissolved in ethyl acetate, dried, and concentrated under vacuum. The

residue was purified by chromatography on a silica gel to give compound Q as a yellow solid

188



[00591]The biological results are summarized in Table 5, wherein A represents a value smaller than 1
MM, and B represents a value between 1 MM to 10 MM, C represents a value between 10 MM to 75
MM and D represents a value greater than 75 RM. TABLE 5 Compound 1C50 N 0))ECso (FLAY')

CCso (PM) ROXB28b A A D 56c A PCT7 /0GRS

in 81% yield.
'H NMR (CDCls, 400 MHz) 6 4.07 (s, 3H), 6.79 (br s, 1H), 7.08 (d, J=9.11 Hz, 1H), 8.19 (s,
1H), 8.28 (d, J=9.11 Hz, 1H), 9.74 (br s, 1H); MS (ESL, EI): m/z = 318.15 (MH").

[00523] Step C: Synthesis of (Z)—(4R,66",1 58,17S)-17[8-chloro-7-methoxy-2-(4-
cyanothiazol-2-yhquinolin-4-yloxy]-13-NM-methyl-2,14-dioxo-1,3,13-triazatricyclo-

[13.3.0.0)octadec-7-ene-4-carboxylic acid methy! ester R. Compound R, a mixture of
diastereoisomers (beige solid), was synthesized from compound Q (250 mg, 1 eq.) and
compound D (299 mg, 1 eq.), following the procedure as described for compound S4e.

MS (ESI, EI): m/z = 665 (MH™).

Scheme 32
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[00524)] Step D: Synthesis of (Z)-(4R,68,158,175)-17[8-chloro-7-methoxy-2-(4-
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cyanothiazol-2-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0Joctadec-7-ene-4-carboxylic acid . Compound § (white solid) was
synthesized from crude compound R following the procedure as described for compound
55¢.

- "H NMR (CDCls, 400 MHz) 6 0.83-1,60 (m, 8H), 2.21-2.27 (m, 1H), 2.29-2.36 (m, 1H),
2.58-2.64 (m, 1H), 2.80-2.88 (m, 1H), 3.02-3.10 (m, 1H), 3.06 (s, 3H), 3.87-3.91 (m, 1H),
4.02-4.09 (m, 1H), 4.09 (s, 3H), 4.56-4.64 (m, 1H), 4.92 (t, /= 10.80 Hz, 1H), 5.02 (dd, J =
8.95and 4.79 Hz, 1H), 5.17 (s, 1H), 5.46-5.52 (m, 1H), 5.66 (td, /= 10.81 and 4.38 Hz, 1H),
7.33(d,J=9.26 Hz, 1H), 7.53 (s, 1H), 8.09 (d, J = 9.26 Hz, 1H), 8.14 (s, 1H); MS (ESI,
EI: m/z = 651.29 (MH").

1005253 Step £ Synthesis of (Z)-(4R,65,158,175)-[17-[§-chloro-7-methoxy-2-(2-
cyanothiazol-4-y1)quinoiin«4-§loxy]- 13-N-methyl-2,14-dioxo-1,3,1 3-triazatricyclo-
[13.3.0.0]octadec-7-en-4-yl]carbonyi-(cyclopropyl)sulfonamide Ty. Compound T (vellow
solid) was synthesized from compound S (80 mg, 1 eq.) in 17% vield, following the
procedure as described for compound G,.

"H NMR (Acetone-ds, 400 MHz) 6 0.83-1.74 (m, 16H), 2.59-2.66 (m, 2H), 3.13 (s, 3H),
3.13-3.24 (m, 2H), 3.84-3.94 (m, 1H), 4.15 (s, 3H), 4.20-4.30 (m, 1H), 4.61-4.69 (m, 1H),
5.03-5.09 (m, 1H), 5.51-5.62 (m, 1H), 5.73-5.83 (m, 1H), 7.65 (d, J= 9.35 Hz, 1H), 7.74 (s,
1H), 8.27 (d, J=9.35 Hz, 1H}, 8.80 (s, 1H); MS (ESL EI"): m/z = 754.39 (MH).

f00526] Step F: Synthesis of (Z)-(4R.6S,155,175)-[17-[8-chloro-7-methoxy-2-(2-
cyanothiazol-4-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0}octadec-7-en-4-yl]carbonyl-(1-methylcyclopropyl)sulfonamide T;. Compound T,
(white solid) was synthesized from compound S (40 m g, [ eq.) in 11% yield, following the
procedure as described for compound G,.

"H NMR (CDCls, 400 MHz) 6 0.81-1.96 (m, OH), 2.17-2.24 (m, 3H), 2.41-2.48 (m, 2H),
2.57-2.63 (m, 2H), 2.85-2.90 (m, 1H), 3.01-3.09 (m, 2H), 3.06 (s, 3H), , 3.85-3.89 (m, 1H), 4-
4.04 (1, 1H), 4.09 (s, 3H), 4.57-4.65 (m, 1H), 4.90-4.95 (m, 1H), 4.98-5.02 (m, 1H), 5.03 (s,
1H), 5.46-5.53 {m, 1H), 5.61-5.68 (m, 1H), 7.33 (d, J=9.27 Hz, 1H), 7.55 (s, 1H), 8.10 (d, J
=927 Hz, 1H), 8.14 (s, IH), 11.05 (br s, 1H); MS (ESL EI'): m/z = 768.06 (MH™).
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Example 26
Preparation of Macrocyclic Compounds AC:, AC,, and ACs

OCH,

AC :A=cPr,R'=H
AC;: A=cBuy,R'=H
ACa A =CBU, R' =CH3

| {00527] The synthesis of macrocyclic compounds AC;, AC,, and ACs is shown in
Scheme 33.
[00528] Step A: Synthesis of 2-bromo-1-cyclopropylethanone Uy. To a stirred ice-

cooled solution of cyclopropyl methyl ketone (21 g, 1 eq.) in methanol (150 mL) was added
dropwise bromine (12,9 ml, | eq.). The reaction was allowed to proceed (decolorization)
befow 10 °C. Stirring was continued at room temperature for 1 hr before adding water (75
mLj. After an additional 15 min, the mixture was diluted with water (225 mL) and extracted
with ethyl ether (two times). Ether layers were washed with 10% Na,CO; solution and brine.
Dried organic layers were evaporated in vacuo to yield a crude orange oil, purified by
distillation to yield compound Uj as a colorless oil in 52% yield.

'"H NMR (CDCls, 400 MHz): & 0.98-1.02 (m, 2H), 1.09-1.13 (m, 2H), 2.15-2.22 (m, 1H), 4
(s, 2H).

[00529] Step B: Synthesis of 4-cyclopropylthiazole-2-carboxylic acid ethyl ester V.
Compound V, (brown oil} was synthesized from compound Uy (10 g, 1.25 eq.) in 73% vield,
following the procedure as described for compound 36.

"H NMR (DMSO-dj, 400 MHz): & 0.80-0.84 (m, 2H), 0.92-0.97 (m, 2H), 1.30 (1, /= 7.10
Hz, 3H), 2.13-2.20 (m, 1H), 4.34 (g, J= 7.10 Hz, 2H), 7.70 (s, 1H); MS (ESL, EI'): m/z = 198
(MH™).
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[00530] Step C: Synthesis of Lithium 4-cyclopropylthiazole-2-carboxylate W;.

Compound W, (brown solid) was synthesized from compound V; (6 g, 1 eq.) in 91% yield,
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following the procedure as described for compound 37.
'H NMR (DMSO-ds, 400 MHz): § 0.780-0.80 (m, 2, 0.81-0.84 (m, 2H), 1.95-2.01 (m, 1H),
7.11 (s, TH).

(00531} Step D: Synthesis of 4-cyclopropyithiazole-2-carbonyl chioride X;.
Compound X; (brown solid) was synthesized from compound Wy (3 g, 1 eq.) in quantitative
yield, following the procedure as described for compound 38.

MS (ESI, EIN): m/z = 170 (MH™).

[00532} Step E: Synt'hesis of N-(6-acetyl-2-chloro-3-methoxyphenyl)-4-
cyclopropylthiazole-2-carboxamide ¥;. To a solution of compound X; (3.4 g, 1.2 eq.) in
dioxane (60 mL.) was added 6-acetyl-2-chloro-3-methoxy aniline (3.01 g, 1 eq.) in dioxane.
The mixture was stirred at room temperature overnight. Water was added and the mixture
was extracted with ethyl acetate. The organic layer was dried over Na)SOy, filtered, and
concentrated under vacuum. The residue was purified by chromatography on silica gel
(petroleum ether/ethyl acetate) to yield compound ¥ as a brown solid in 66% yield.

"If NMR (CDCls, 400 MFz): 6 1-1.06 (m, 4H), 2.08-2.15 (m, 1H), 2.58 (s, 3H), 3.99 (s, 3H),
6.87 (d, /= 8.78 Hz, 1H), 7.16 (s, 1H), 7.67 (d, J = 8.78 Hz, 1H), 10.27 (br s, 1H); MS (ESI,
ErN): m/z = 351 (MH).

00533] Step F: Synthesis of 8-chloro-7-methoxy-2-(4-cyclopropylthiazol-2-
yl)quinolin-4-o] Z;. Compound Z; (orange solid) was synthesized from compound ¥ (3.50
g, 1 eq ) in 84% yield, following the procedure as described for compound AE (80°C
overnight).

"H NMR (CDCls, 400 MHz): 6 1.04-1.07 (m, 4H), 2.13-2.18 (m, 1H), 4.06 (s, 3H), 6.75 (s,
1H), 7.06 (d, J=9.10 Hz, 1H), 7.09 (s, 1H), 8.27 (d, J = 9.10 Hz, 1H), 9.92 (br s, 1H); MS
(ESL EI"): m/z = 333.13 (MH").

{00534] Step G: Synthesis of (2)-(4R,685,158,175)-17[8-chloro-7-methoxy-2-(4-
cyclopropylthiazol-2-yhquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0Joctadec-7-ene-4-carboxylic acid ethyl ester AA;. Compound AA, a
mixture of diasterevisomers (cream solid), was synthesized from compound 83 (342 mg, |
eq.), compound Z; (300 mg, 1 eq.), and supported triphenylphosphine (1.08 g, 2.2 eq.) in
95% yield, following the procedure as described for compound 34c.

MS (ESI, ET'): m/z = 694 (MH™).
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[00535] Step H: Synthesis of (£)-(4R,65,158,175)-17[8-chloro-7-methoxy-2-(4~
cyclopropylthiazol-2-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo0-1,3,13-
triazatricyclo[13.3.0.0Joctadec-7-ene-4-carboxylic acid AB;. Compound AB; (white solid)
was synthesized from compound AA; (599 mg, 1 eq.) in 15% yield, following the procedure
as described for compound 55¢. In this case, the pure diastereoisomer was purified by
chromatography (DCM/MeOH).

MS (ESL EI'): m/z = 666 (MH ).

[00536} Step I Synthesis of (Z)-(4R,65,155,17S)-{17-[8-chioro-7-methoxy-2-(4-
cyclopropylthiazol-2-yl)quinolin-4-yloxyi-13-N-methyl-2, 14-dioxe-1,3,13-triazatricyclo-
[13.3.0.0%octadec-7-en-4-yljcarbonyl-(cyclopropyl)sulfonamide AC,;. Compound AC;
(yellow solid) was synthesized from compound AB; (88 mg, | eq.) and
cyclopropylsulfonamide (64 mg, 4 eq.) in 51% yield, following the procedure as described
for compound G, (purification by HPLC).

'H NMR (CDCls, 400 MHz): § 0.93-0.97 (m, 2H), 1-1.04 {m, 2H), 1.08-1.17 (m, 2H}, 1.37-
1.41 (m, 2H), 1.46-1.53 (m, 1H), 1.55-1.69 (m, 4H), 1.87-1.96 (m, 2H), 2.14-2.59 (m, 2H),
2.38-2.45 (m, 1), 2.58-2.63 (m, 1H), 2.90-3.01 {m, 2H)}, 3.04 (s, 3H), 3.78 (dd, J= 8.26 and
7.03 Hz, 1H), 4.01-4.05 (m, 2H), 4.07 (s, 3H), 4.61 (td, J= 13.74 and 2.79 Hz, 1H), 4.88-4.95
(m, 2H), 5.14 (s, 1H), 5.45-5.51 (m, 1H), 5.64 (1d, J= 10.78 and 5.78 Hz, 1H), 7 (s, 1H), 7.25
(d,J = 9.30 Hz, 1H), 7.53 (s, 1H), 8.04 (d, J = 9.30 Hz, 1H), 11.22 (br s, 1H); MS (ESL EI'):
m/z = 769 (MH").

[00537] Step J: Synthesis of 2-bromo-1-cyclobutylylethanone U;. Compound U;
(vellow oil) was synthesized from cyclobutyl methyl ketone (22 g, | eq.) and bromine (11.5
mL, 1 eq.) in 60 % yield, following the procedure as described for compound Uy,

'H NMR (CDCls, 400 MHz): 6 1.75-1.84 (m, 1H), 1.89-2 (m, 1H), 2.10-2.27 (m, 4H}, 3.49-
3.57 (m, 1H), 3.82 (s, 2H).

[00538] Step K- Synthesis of 4-cyclobutylthiazole-2-carboxylic acid ethyl ester V.
Compound V; (vellow oil) was synthesized from compound U; (23.87 g, 1 eq.) and ethyl
thiooxamate (21.41 g, 1 eq.) in 64% yield, following the procedure as described for
compound 36.

'H NMR (DMSO-ds, 400 MHz): 6 1.32 (t, J = 7.12 Hz, 3H), 1.82-1.89 (m, 1H), 1.92-2.02
{m, 1H), 2.15-2.33 (fn, 4H), 3.65-3.74 (m, 1H), 4.36 (g, J= 7.12 Hz, 2H), 7.76 (d, J= 0.64
Hz, 1H); MS (ESL ETI"): m/z = 212 (MH ).
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[00539] Step L: Synthesis of Lithium 4-cyclobutylthiazole-2-carboxylate W,
Compound W, (beige solid) was synthesized from compound ¥V, (17.5 g, 1 eq.) in 97% yield,
following the procedure as described for compound 37.

'H NMR (DMSO-ds, 400 MHz): § 1.73-1.85 (m, 1H), 1.88-2 (m, 1H), 2.18-2.24 (m, 4H),
3.50-3.61 (m, 1H), 7.14 (s, 1H); MS (ESY, EI"): m/z = 184 (MH").

[00540] Step M: Synthesis of 4-cyclobutylthiazole-2-carbonyl chloride X;.
Compound X, was synthesized from compound W2 (5 g, 1 eq.), following the procedure as

described for compound 38.
MS (ESI, EI): m/z = 198 (MH").

[00541] Step N: Synthesis of N-(6-acetyl-2-chloro-3-methoxyphenyl)-4-
cyclobutylthiazole-2-carboxamide Ys. Compoﬁnd Y (white solid) was synthesized from
compound X; (5.48 g, 1.2 eq.) in 70% yield, following the procedure as described for
compound V.

'H NMR (CDCl, 400 MHz): 6 1.96-2.12 (m, 2H), 2.34-2.44 (m, 4H), 2.59 (s, 3H), 3.70-3.78
(m, 1H), 3.99 (s, 3H), 6.88 (d, /= 8.82 Hz, IH), 7.20 (s, 1H), 7.68 (d, /= 8.76 Hz, 1H), 10.33
(br's, 1H); MS (ESI, ETI"): m/z = 365 (MH").

[00542] Step O: Synthesis of 8-chloro-7-methoxy-2-(4-cyclobutylthiazol-2-
ylquinolin-4-ol Z;. Compound Z; (beige solid) was synthesized from compound Y» (5.68 g,
I eq.) in 84% yield, following the procedure as described for compound AE (80°C
overnight).

*H NMR (DMSO-ds, 400 MHz): 6 1.87-1.95 (m, 1H), 1.96-2.07 (m, 1H), 2.23-2.35 (m, 4H),
3.67-3.76 (m, 1H), 4.02 (s, 3H), 7.51 (s, 1H), 7.53 (d, /= 9.30 Hz, 1H), 7.63 (s, 1H), &.11 (d,
J =930 Hz, 1H), 11.89 (br s, 1H); MS (ESL EI): m/z = 347 (MH").

[00543] Step P: Synthesis of (Z)-(4R,65,155,175)-17[8-chloro-7-methoxy-2-(4-
cyclobutylthiazol-2-ylyquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-

triazatricyclof 13.3.0.0)octadec-7-ene-4-carboxylic acid ethyl ester AA,;. Compound AA;, a
mixturelof diastereoisomers, was synthesized from compound Z (365 mg, 1 eq.) and
compound 53 (400 mg, 1 eq.) in 34% vyield, following the procedure as described for

compound 54c¢.
MS (ESI, EI'): m/z = 708 (MH").

[00544] Step Q: Synthesis of (2)-(4R,65,155,178)-17[8-chloro-7-methoxy-2-(4-
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replicon assay as described in Example 32 and the results are summarized in Table 6, wherein A
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a value between 10 UM 16 75 uM and D represents a value greater than : il : é Cmpd. No.
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cyclobutylthiazol-2-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,1 3~

triazatricyelo[13.3.0.0}octadec-7-ene~4-carboxylic acid AB,. Compound AB; (off-white
solid) was synthesized from compound AA; in 35% yield, following the procedure as
described for compound 55¢.

'"H NMR (CDCl, 400 MHz): 6 1.22-1.33 (m, 2H), 1.38-1.42 (m, 2H), 1.52-1.63 (m, 2H),
1.81-1.84 (m, 1H), 1.88-2 (m, 2H), 2.03-2.14 (m, 1H}, 2.22-2.36 (m, 4H), 2.40-2.48 (m, 2H),
2.59-2.64 (m, 1H), 2.80-2.88 (m, 1H), 2.97-3.04 (m, 1H), 3.04 (s, 3H}, 3.72-3.83 (m, 2H),
4.03-4.07 (m, 1H), 4.07 (s, 3H), 4.61 (td, /= 13.46 and 2.20 Hz, 1H), 4.91 (t, /= 10.65 Hz,
1H), 4.98 (dd, /= 8.96 and 4.96 Hz, 1H), 5.19 (s, 1H), 5.49-5.55 (m, 1H), 5.65 (td, J = 10.65
and 4.55 Hz, IH), 7.14 (s, 1H), 7.26 (d, /= 9.25 Hz, 1H), 7.58 (s, 1H), 8.05 (d, /= 9.25 Hz,
1H); MS (ESI, EI'): m/z = 680.23 (MH").

[00545] Step R: Synthesis of (£)-(4R,65,155,175)-[17-[8-chloro-7-methoxy-2-(4-
cyclobutylthiazol-2-yl)quinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0]Joctadec-7-en-4-yljcarbonyl-(cyclopropyl)sutfonamide AC;. Compound AC; (off-
white solid) was synthesized from compound AB; (1720 mg, 1 eq.) in 24% yield, following
the procedure as described for compound Gs.

"H NMR (CDCls, 400 MHz): 6 0.86-0.90 (m, 2H), 0.91-0.97 (m, 1H), 1.06-1.19 (m, 2H),
1.22-1.43 (m, 3H), 1.46-1.69 (m, 3H), 1.88-2 (m, 2H), 2.03-2.15 (m, 1H}, 2.19-2.25 (m, 1H),
2.29-2.35 (m, 2H), 2.41-2.46 (m, 3H), 2.58-2.64 (m, 1H), 2.80-2.90 (m, 1H), 2.91-3.02 (m,
1H]), 3.05 (s, 3H), 3.74-3.82 (m, 2H), 4.02-4.07 (m, 1H), 4.07 (s, 3H), 4.58-4.65 (m, 1H), 4.91
(t,J=10.79 Hz, 1H), 4.94 (dd, /= 8.95 and 5.40 Hz, 1H), 5.08 (s, 1H), 5.48-5.55 (m, 1H),
5.64 (td, J=10.74 and 5.66 Hz, 1H), 7.14 (s, 1H), 7.26 (d, J= 9.24 Hz, 1H), 7.59 (s, 1H),
8.05(d, J=9.24 Hz, 1H), 11.19 (br s, 1H); MS (ESI, EI'): m/z = 783.24 (MH).

[00546] Step S: Synthesis of (Z)-(4R,65,158,17S)-[17-[8-chloro-7-methoxy-2-(4-
cyclobutylthiazol-2-yhquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0)octadec-7-en-4~yl}carbonyl-( 1 -methylcyclopropyl)sulfonamide ACz. Compound
AC; (off-white solid) was synthesized from compound AB; (95 mg, 1 eq.) in 27% yield,
following the procedure as described for compound Gs.

"H NMR (CDCls, 400 MHz): & 0.79-0.84 (m, 2H), 0.86-0.90 (m, 1H), 1.22-1.41 (m, 3H),
1.52 (s, 3H), 1.49-1.75 (m, 3H), 1.80-1.83 (m, 1H), 1.89-2.01 (m, 2H}, 2.05-2.15 (m, 1H),
2.17-2.24 (m, 1H), 2.29-2.34 (m, 2H), 2.39-2.48 (m, 3H), 2.58-2.63 (m, 1H), 2.82-2.92 (m,
1H), 2.95-3.04 (m, 1H), 3.05 (s, 3H), 3.73-3.82 (m, 2H), 4.03-4.06 (m, 1H), 4.07 (s, 3H), 4.61
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1H), 5.14 (s, 1H), 5.47-5.54 (m, 1H), 5.64 (td, J=10.80 and 5.79 Hz, 1H), 7.14 (s, 1H), 7.25
(d, J=9.25 Hz, 1H), 7.59 (s, 1H), 8.05 (d, /= 9.25 Hz, IH), 11.16 (br s, L H); MS (ESI, EIM:

m/z = 797.48 (MH").

Exampile 27
Preparation of Macrocyclic Compound AH

OCH,

AH
[00547] The synthesis of macrocyclic compound AH is shown in Scheme 34,
[00548] Step A: Synthesis of N-(6-acetyl-2-chloro-3-methoxyphenyl)-4-vinylthiazole-

2-carboxamide AD. A solution of compound Ay (2.10 g, | eq.) and tributylvinyl tin (2.06 g,
1.2 eq.) in toluene (55 mL) was degazed by bubbling nitrogen during 15 min. Then,
triphenylphosphine (250 mg, 4%) was added under nitrogen and the reaction mixture was
heated to 100°C overnight. Afier cooling, the solvent was concentrated under diminished
pressure and the residue was triturated with diethy! ether to yield compound G as a beige
powder in 88% yield.

'H NMR (CDCls, 400 MHz): & 2.60 (s, 3H), 4 (s, 3H), 5.5 (dd, /= 10.85 and 1.24 Hz, 1H),
6.24 (dd, /= 17.26 and 1.24 Hz, 1H), 6.79 (dd, /= 17.34 and 10.78 Hz, 1H), 6.90 (d, /= 8.74
Hz, 1H), 7.40 (s, 1H), 7.71 (d, J=8.74 Hz, 1H), 10.45 (brs, 1 H).

[00549] Step B: Synthesis of 8-chioro-7-methoxy-2-(4-vinylthiazol-2-yl)quinolin-4-ol
AE. Potassium tert-butoxide (2.13 g, 2.2 eq.) was added to a suspension of compound A
(2.91 g, 1 eq.) in tert-butanol (30 mL). The reaction mixture was heated to 100°C for 5 hrs.
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A 62d A 68b A 69b A 91e A Example 35 Resistance Profile [00594]Compounds were evaluated
against three mutant proteases R155Q, A156S, and D168A, as summarized in Table 8, wherein A
represents a value smaller than 1, and B represents a value between 1t esents a
value greatevrv ARG e fold of change in inhibitory activity was deterrr%égg%%&rﬁggggs%%ing the ratio
of the inhibitory activity of a compound against a mutant enzyme qver the inhjbitory activity of the

same corftETAREA &St FRATHITRSTRNEy the MiKBTARTBRIHP it disthaketieh ing the
procedurgrag steseribrect) kysopleitildiEMBldthe: GampsbiNslikaldrGhaageT iR II5QA hBfiSted

to 6-7 by addition of 1N HCI and the precipitate was filtered, washed with water, and
triturated with diethyl ether to yield compound AE in 73% yield.
'H NMR (CDCls, 400 MHz): 6 4.06 (s, 3H), 5.54 (d, J= 10.82 Hz, 1H), 6.25 (d, /= 17.31
Hz, 1H), 6.74 (s, 1H), 6.79 (dd, /= 17.31 and 10.82 Hz, 1H), 7.06 (d, /= 9.10 Hz, 1H)}, 7.32
(s, 1H), 8.28 (d, /= 9.10 Hz, 1H}, 9.97 (br s, 1H).

Scheme 34
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[00550] Step C: Synthesis of (£)-(4R,65,155,175)-17{8-chloro-7-methoxy-2-(4-
vinylthiazol-2-yl)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[13.3.0.0]Joctadec-7-enc-4-carboxylic acid methyl ester AF. Compound AF, a
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mixture of diastereoisomers (white powder), was synthesized from compound I} (2.80 g, 1.2
eq.) and compound AE (2 g, | eq. ) in 43% yield, following the procedure as described for
compound 54c.

MS (ESL EI'): m/z = 666.37 (MH ).

[00551] Step D Synthesis of (£)-(4R,6S,158,175)-17[8-chloro-7-methoxy-2-(4-
vinylthiazol-2-yl)quinolin-4-yloxy3}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclof13.3.0.0Joctadec-7-ene-4-carboxylic acid AG. Compound AG was synthesized
from compound AF (1.62 g, 1 eq.) in 45% yield, following the procedure as described for
compound 35¢.

" NMR (CDCls, 400 MHz): § 1.24-1.32 (m, 2H), 1.40-1.44 (m, 2H), 1.51-1.58 (m, 2H),
1.80 (dd, /= 8.16 and 6.33 Hz, 1H), 1.83-1.91 (m, 1H), 2.2-2.32 (m, 2H), 2.58-2.63 (m, 1H),
2.95-3.01 (m, 1H), 3.03 (s, 3H), 3.81 (dd, /= 8.53 and 6.88 Hz, 1H), 4.02-4.06 (m, 1H), 4.07
(s, 3H), 4.59 (td, J= 13.50 and 2.70 Hz, 1H), 4.89-4.96 (m, 2H), 533 (s, 1H), 5.44 (dd, /=
10.82 and 1.44 Hz, 1H), 5.45-5.51 (m, 1H), 5.63 {td, /= 10.82 and 4.72 Hz, 1H), 6.16 (dd, J
= 17.34 and 1.31 Hz, 1H), 6.81 (dd, J = 17.34 and 10.90 Hz, 1H), 7.26 (d, J = 9.29 Hz, 1H),
7.33 (s, 1H), 7.61 (s, 1H), 8.04 (d, J = 9.29 Hz, 1H); MS (ESL, EI'): m/z = 652.14 (MH").

100552] Step E: Synthesis of (Z2)-(4R,65,155,1 78)-[17-{8-chloro-7-methoxy-2-(4-
vinylthiazol-2-y)quinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0]Joctadec-7-en~4-yl}carbonyl( 1 -methyl-cyciopropyl)sulfonamide AH. Compound
A¥ (white powder) was synthesized from compound AG (160 mg, 1 eq.) and 1-methyi-
cyclopropylsulfonamide (133 mg, 4 eq.) in 13% vield, following the procedure as described
for compound G .

'H NMR (CDCls, 400 MHz): § 0.79-0.85 (m, 2H), 1.19-1.26 (m, 1H), 1.33-1.41 (m, 2H),
1.53-1.60 (m, 5H), 1.62-1.72 (m, 2H), 1.81-1.85 (m, 1H}), 1.92-1.95 (m, 1H), 2.19-2.25 (m,
1H), 2.40-2.47 (m, 1H), 2.58-2.63 (m, 1H), 2.82-2.93 {m, 1H), 2.96-3.04 (m, 1H), 3.05 (5,
3H), 3.79-3.83 (m, 1H), 4.01-4.05 (m, 1H), 4.08 (s, 3H), 4.58-4.65 (m, 1H), 4.92 {t, /= 10.77
Hz, 1H), 4.97 (dd, /= 8.93 and 5.12 Hz, 1H), 5.06 (s, 1H), 5.46 (dd, /= 10.80 and 1.21 Hz,
1H), 5.47-5.54 (m, 1H), 5.61-5.68 (m, 1H), 6.19 (dd, /= 17.36 and 1.24 Hz, 1H), 6.83 (dd,
= 17.36 and 10.87 Hz, 1H), 7.28 (d, /=9 Hz, 1H}, 7.34 (s, 1H), 7.64 (s, 1H), 8.06 {d, /=
9.25 Hz, 1H), 11,12 (brs, 1H); MS (ESL, EI*): m/z = 769.26 (MH).
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[00595]The recombinant JFH-1 HCV virus used in the HCV in vitro infection assay was generated by
transfection of HPC cells with JFH-1 RNA produced by in vitro WO 2009/099596PCT/US2009/000688
transcriptio E é ﬁDNA template was derived synthetically using s [ tion derived
from NCBI %é?éggg%é# B047639 (Wakita, et al., Nat. Med. 2005, 11:79 %ﬁf Qé?ﬁgggDNAZ.O,
Menlo Park, CA. [00596]The cDNA for the JFH-1 HCV clone was synthesized by DNA2.0 and contains
a T7 promoter to drive the transcription of the%ﬁﬂ@%@%omic RNA. This plasmid was amplified using
the Hi-Speed Plasmid Midi kit (Qiagen}iacedlingdoytihe QanpéaetiirgNs instructions. [00597]Thirty
micrograms of purified DNA was digested overnight at 37C with 300 U Xbal. The digested DNA served
as a template for the in vitro transcription of thexlFH-1 genomic RNA using the MEGAScript T7 kit
(Ambion) as instructed by the manufacturer. The JEH-1 RNA product was resuspended to 1 ug/uL in
RNA storage solution (Arnbion). The quality ' JFH-I RNA was verified by agarose gel
electrophoresis (1.2% E-gel) prior to electraporation. [00598]Complete growth media for Huh-7 and
HPC cells (Huh-7 media) was prepared as fo ows:{‘bMEM (containing glucose, L-glutamine and
sodium pyruvate), 10% PBS, 100 IU/mL penieitlin, 200 uy/mL streptomycin, 2 mM GlutaMAX, 1%
MEM non-essential amino acids. Subconflgent HPC cells treated with trypsin-EDTA, collected
with Huh-7 media, and centrifuged at 1,500~pm for 5 finrat 4 C in an Allegra 6R centrifuge (Beckman
Coulter) in a 50 mL conical tube. The cells were tI[i\en semUwice by resuspending the cells in 50 mL
of PBS and centrifuging at 1,500 rprm=far'5 rﬁiﬁ 0599]JFH-1 RNA was electroporated into

HPC cells using a Thermo Scientific Hyhaid QptiBuffer kiﬁ(cont Ing buffer A, solution B and
compounds C and D). After washing, the HPC cells were resuspended in OptiBuffer buffer A at
Ix107cells/mL, and 400 ula (4x106 cells)wa$ transferged to a 1.5 mL RNase-free microfuge tube and
gently centrifuged at 2,000 rpm in a Microfuge 18 (Beckman Coulter) centrifuge at room temperature
for 5 minutes. During this centrifugation step, the electroporation medium was prepared by mixing 2.5
mL of OptiBuffer solution B with 1 vial of OptiBuffer compound C (5.5 mg of ATP), 1 vial of OptiBuffer
compoun B {717 mg dihgisvatRRsHe) HRECSYRIC srupyRd ey Waler AP dsHifating the supematant,
the cell pellet was resuspended in 400 tri. of efgisgpraation medium. JFH-1 RNA (8 jig) was added to
the resuspended cells, whereupon they were transferred to a 0.4 cm cuvette and electroporated in a
Bio-Rad WO 2009/099596PCT/U$41109/000688 GenePulser XCell elemaﬂon module with a

single pulse at 9600 LA ma r ck transfegtiga;without RNA, was

electroporated as a n Ve onnol;%rggvtrrmedi QuL) wasdomnedi d to the cuvette.
Cells were then transferredipnto a 15 mL conical tube ¢ 3.4 mL of Huh-7 media.
Approximately 1.2x105 cells were seeded into eachiwell of a Coming Ggstar 6-well plate and
incubated at 37 C with 5% CO2. [00600]When confluent, the transfected HPG cells were trypsinized
and split 1:5 into new 6-well plates. At day 5 and 14 post transfectiog; quE'ti&geQmedia was collected
from the cultures, cell debris was femoved by centriEl{gationNat ,000¥p for:10 min in a table-top
eyra 6R with GH3.8 fotqr) and edia Was fitered through a 0.2 um
fed cells weld also fixed[for immunohigipghgmistry and lysed for
- ; &¥&combinant HCV virus Was amplified in a manner
described by (Zhong, et at at. Acad. Sot USA. 5, 102:9294-9299). HPC cells were split to
10% confluency in 225 cm2 flasks and infected witli1 mL of the transfected cell culture media
(described abov&Ljat 5 hrs post seeding. At 5 d%gggpost infection (p.i.), the cultures were split 1:2 into
new 225 cm2 flasks; One half the initial culture media was carried over into thegsplit cultures to
e 225 cm2 flasks,
NMF75 sterilization

use.
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Example 37 HCYV in vitro Infection Core ELISA Assay [00602]The HCV in vitro infection core ELISA
assay measures the ability of a test compound to inhibit replication of an infectious HCV (strain JFH-1;

genotype 2a) in cesl‘lmcél()%ture. Recently, an in vitro infection model identifie%%"é\bl lé(gﬁ %Es%t (Nat. Med.
2005, 11:79 95%3 Was tound to replicate in retinoic acid-inducible gene % eﬁment or cluster of

differentiation (CD)-81-positive Huh-7 hepatoma cell lines. We have developed this model for
determinifg 1h efficaﬁ%ﬁ%m%ﬁﬁl%&ﬁﬁ%ﬁﬁ@%ﬁ%@?ﬁﬂHi‘é’é’t?o%‘éi\ﬁ}i‘lg‘?ﬁ?\?itro using HCV

producingneeiis: (iAol e BRpHetayh Hutridderned, cell apbling aggcaanablaeiprepagating:the JFH-I
HCV virus, The readout of,the as i tification CV cor :

000100 TP DR bt i by LIS AP ey NRe RGBT whth FHEr ST ang
treatmenbilvia. té$tecompounds [BBO3 MinetesivaneleGpemngCostH platesdvére sdécbd with HPC
cells at a, densijty. 0 3 cells pe lJ of Huh-7 media. u C tions were
made up r%gﬁ%ﬁ%%%%ﬁ%ﬁﬁﬁgﬁ‘é\‘,\ﬁl’(ﬁ%ﬁ%ﬁﬁg (g:ﬁl&sle%f_%%um@an );;)%i garﬁ%%ruvate), 10%
FBS, 1004{mI8 pesméisining et enmliestessedisdiie RIFNaGHaantaRd oS BN ridriegiseatidl amino
acids) as}@%&ﬁ%fﬁe&%‘/%&%@%@é@'ﬁ§6@ﬂﬂ%@&'&ﬁ%&’ﬂ{§ﬁ_€% 18d franihe.aX piacks in Huh-7

media. At least 4 hours after HPC cells were seeded, the media in the 96-well culture plates was

aspirated A SHAIP B Eet RV Dy eRRFRRI B 6L BrhEmicfeoiremtidddne @achelfell. [00604]At
16 hrSdpdﬂhN%K neN@NAmiReiens mesvigygmpg.?w(% WaS, Emokediby @spifatiom, Ehe ?&Llwres were
treated at the s ' oncentrati of iluted to X in Huh- ia to.a fi olume of 200
ML. @Msﬁé‘é%ﬁ%&ggogﬁq?&e’ Eé‘gﬁ% 5%5%6’i‘c&ﬁ}éﬁéi%ﬁg’§£§$r%%%%/é°7)é%g!z[’oo605]Media
was remdvd MeEsichilateshy agpitatdNaGells were fixed with 250 p.L. 1:1 acetone:methanol for 90
‘seconds, washed once in PBS and then three times with IX KPL wash solution. The assay plates were

then bioch yoih 150 /el Q58S TN (0. (NS SIgEIR) QDM Nacl, 1 mi

EDTA with 10% PBS) for 1 hr at room temperature. Cells weré washed three times with IX KPL wash

solution dReihkbisaetd WhAUBBINML Aell afRpispanid eornpdabl@ sgisi stk diluted 1:500 in

10% PBShibi)iiendipusah difkiaztlells weke washedhtnes imaswitheX kidkdvash,gautipn and
incubated with 100 ML%” HRP-goat anti-mouii antib d%(d%%éetglzz,wo in 10% FBSTNE) for 1 hr
+

a1 37 C. [DOBTBSONE SEIRS ST AR [y B0 b b B A KRS SBate buffer (16
MM citricsaieteld 2(/9MNT Ne2h B4 DS wabio B3R5t 20 2k plateurt elld were wvashed three times with

IX KPL wash, solution and developed.with 100 ML/well OPD solution.fox.30, min in rk at room
Lemperat B O ey U S i SR AR et 1
A490 rimdprebiistorgaria kpennwhihik hiduneser (el kinEl dred. dise HeB0valliesdotshch compound

were calgiated fiom d9seJesRONSE VRS BRhibRIRMLING bestdenpationsAetermings by

Microsoft Excel and XLfit 4.1 software. The néegative control for inhibition of virus replication was
untreated PEAENEE AAESEHAA It SELIFH-1 HCV virus strain. The negative ELISA control was WO

2009/09959RRETALIS2Q0RNI0ARBH amiseaiediminfeqiedrPOocalis s Thespositive5 494 eootrol was
untreated HEC 5ol g e A5 O YYe ATARDAIRNE 8 MUSSARDIY Sy

[H), 8.12 (d, J = 9.25 Hz, 1H); MS (ESL, EI*): m/z = 427.1 (M),

[00556] Step C: Synthesis of 8-chloro-7-methoxy-2-(4-methylthiazol-2-yl)quinolin-4-
oi AK. Compound AJ (750 mg, 1 eq.) in trifluoroacetic acid (5 mL) was stirred at room
temperature for 10 min. Then, the acid was evaporated, ethy! acetate added and concentrated
again in diminished pressure. The residue was triturated in diethyl ether to give the
compound AK as a white solid in quantitative yield.

'H NMR (CDCl;, 400 MHz) § 2.59 (d, J = 0.81 Hz, 3H), 4.10 (s, 3H), 7.19 (d, /= 9.25 Haz,
1H), 7.22(d, /= 0.81 Hz, 1H), 7.25 (s, 1H), 8.36 (d, J=9.25 Hz, 1H), 10.51 {brs, 1H) ; MS
(ESI, ET): m/z = 306.93 (MH™). '

[00557)] Step D: Synthesis of (Z)-(4R,6S,158,17S)-17[8-chloro-7-methoxy-2-(4-
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[00607]The cytotoxicity assay measures the viability of cells after treatment with a test compound for 5
days. The assay readout is the bioreduction of the yellow MTS tetrazolium compound to a purple
formazan product. This conversion is mediated by NADPH or NADH and {i)s %}%%%Q%B(r}gg%rtional to the
number of IVECER IR bulture. [00608]Ninety-six-well Corning Costar platces Were seeded with HPC
cells at a density of 3.0x103 cells per well in 50 uL of Huh-7 media. Compound stock solutions were

made upTrEBKiPiRzRiatP AvERpEE estddis Noasdi rabfudieaesliiidrug dilutions were prepared
from the gx.sierRksIT HWe tvadirdoranoiptafd.dilltions RE6QAAL st dipeurs after-HPC cells

were seeded, 50 of each drug dilution was added to theé%ﬂéures. t 16 hrs paost treatment, the
existing rﬁ%&‘gﬁﬁﬁtﬁﬁg?}émsawﬁavme@ﬁﬁ%%WQP 5 gﬁ%ss%%el fifiz®hcentrations of
drug diluteshimdxd iSBHLEG fm adigmitod@inakid fohesahd 0 Mbcélalls wetasdntebdted for 4 additional
days at 307C/58/o %(%%in the presence of drug. [00610]After 5 days of treatment, the CellTiter 96(r)
Aqueous She°Safuition cell proliferation assay was performed by adding 20 ML of MTS solution to
each welM$HEPIHES: were-theh GRdbEied at 37C/5% CO2 for 3 hours. Plates were read at A490 nrn
in a Victor3 V 1420 multilabel counter (Perkin Elmer) and CC50 concentrations were determined using

Michrosoﬂ{(gyﬁlj arrlld XkfdAEL ggﬁmafig?. @IgﬂpgmgbfIgglgwm1m|{|gaihggath;rﬁg{ﬁé@wqgs contfaining onlé
Huh-7 mediyum. The negative control for cell death: cylture wells containing untreated, uninfected HP
cells. Exgﬁﬁﬁ@%ﬁq\‘}m@%ﬁéﬂw SOSTRETY t%‘lb A%géﬁ}'fo%aﬁﬁhis assay measures the

ability of aitestrzguipdGridatojrthidiérShtinaterrdfdhdid RtdIANVC VCatiginundalvestiisre. The readout of
the assay.is the. tification of H or core proteip, b n blotting 5 days_post infection
with o ROt (o0 e e e B RSEE K o
uptreated},eﬁnﬁh%ki@dcanmdcﬁks. Positive controls: untreated HPC cells infected the JFH-I HCV
virus straif 190RL S Tvenfourel CominssGRsanpiaies ware:serded wilh bPoels,at @ density of
1.5x 104 cells per well in 0 8 mL of Huh-7 media (DMEM (containing glucose, Lglutamine and sodium
pyruvate§. KORPRSS, 260 AFAE: BERGHTS-A60 (ByHED sirdb@Hy e, i Gridhmmx 1Hs MEM
non-essengal a0 asils ) C@mPey giockssplutions weremape Aipafreshiyin Hiphsomedia as 10X

stocks. Four additional 5-fold drug dilutions were prepared from the 10X stocks in Huh-7 media for a
total of 54HibiBhs o 3PAL 1485t e - ater 44he délls (At dSsdERett 206 i of eacH i dilution and
100 pL ofdfHsl HO B Wasdadees! 26 HachHyeNMS\ES BB pest trestmed (id infection, the virus
inoculum was removed by aspiration. The cultures were treated at the same final concentrations of

gfug d““ﬁ@@s‘ﬁbkx in Hyhy/ W@&ﬁ%&%‘gb{%ﬂ@lﬁ%& Misy. Geli3 wears dreuhaied hthe presence of
rug for 4 additional days at 37C/5% COZ2. [00614]iviedia was removed from the plates by aspiration
and the cBfi&Rdssi-fyithquinolin-4-yloxy]-13-N-methyl-2,14-dioxo-1,3,13-triazatricyclo-
[13.3.0.0Joctadec-7-en-4-yl|carbonyl-(cyclopropyl)suifonamide AN. Compound AN (white
solid) was synthesized from compound AM (34 mg, 1 eq.) and cyclopropylsulfonamide (26
mg, 4 eq.) in 9% yield, following the procedure as described for compound G2.
"H NMR (CDCls, 400 MHz) 6 0.85-0.96 (m, 1H), 1.07-1.17 (m, 2H), 1.2-1.79 {m, 6H), 1.87-
1.95 (m, 2H), 2.17-2.24 (m, 1H), 2.36-2.44 (m, 1H), 2.53-2.57 {m, 3H}, 2.57-2.62 (m, 1H},
2.81-3 (m, 3H), 3.02-3.05 (m, 3H), 3.75-3.80 (m, 1H), 4.05-4.12 (m, 4H), 4.56-4.64 (m, 1H),
4.87-4.94 (m, 2H), 5.27 (br s, 1H), 5.43-5.50 (m, 1H), 5.59-5.67 (m, 1H), 7.08-7.09 (m, 1Hj},
7.24-7.28 (m, 1H), 7.61 (s, 1H), 8.03-8.06 (m, 1H), 11.24 (br s, 1H); MS (ESL, EIN): m/z =

743.12 (MH™).
Example 29
Synthesis of DArPhin Catalysts
[00560] The DArPhin catalysts, such as AP, AQ, AR, and AT, were prepared

following methods described herein as shown in Scheme 36.
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mL of PBS. After removing the PBS, 100 1.11/well of SDS sample buffer (50 mM Tris-HCI, pH7.5, 2%
ultrapure SDS, 10% glycerol, 0.01% bromophenol blue, 0.1 M DTT) was added. The samples were
collected into RNase-free microfuge tubes, incubated at 95 C for 5-10 minutes and centrifuged at
maximum sB‘é@&%’f"?ﬁ% in an Eppendorf 5415D centrifuge. [00615]To E))f%%g%oﬁ%owggtem Blot,
fifteen microliters of each sample was loaded into each lane of a 4-20% Tris-glycine polyacrylamide
gel in an XCell 1l Blot Module (Invitrogen); 6 pSchéthe3beeBluePlus2 prestained protein standard was
also loaded into one lane. Each gel'was run at 125 V for 1.5 hrs in Novex SDS (IX Tris/glycine/SDS)
running buffer (Invitrogen). Each gel was transferred onto an iBJot nitrocellulose membrane using the
iBlot apparatus (Invitepgen) %%Sﬁzgi to/the manufd n’u s pretacol. The membrane was rinsed in

T v) nonfat milk in PBST solution)

PBST (Sigma) and ckedwaiith’ 6 mLOif blockingrbuiffer (5%

at room temperature.fer 1 hour with rocki a¢h blot was inc ed in 6 mL of blocking buffer
containing HCV NS3gmurine mAb (1:500; Virogzen Corp.) and antj-GAPDH murine 1gG Ab
(1:1,000,000; Calbiotech) or anti-core mAbB(1:5OO; Affinity BioReagents) overnight at 4C with rocking.
After 3 ten minute washes in PBST at room temperature with rocking each blot was incubated with 6

mL of blocking buffer t5% (w@%‘éhb@é&%nnkm BST 50 ipa%cont ming HRP canjugated donkey
anti-mouse Ab WO 0995861 S 2009000 gB00) %mz.@g@ temperature with
rocking. Each blot: washed as descri ye and then exp(gse 0% mEof substrate from the

SuperSignal West Dura substrate kit (Pierce) faccordin%to the manufacturer's pr%tocol. The blots were

then exposed using the Florochem 5,540 f0ag&E (1A Innotech’: [GaRTERAFeiplication was
quantified by determining the band qefiglfeS50f §ieS Afftlcore protelfis;iiihIMhAieQuant 5.2 software.
Background (the density determined within the NS3 or core region with mock-transfected cells) was
subtracted from NS8shcaies and GARDH band densities. Each corrected NS3 or core value was then

nonnalized to the co%‘%% ndingeqrreeted GAPDH value for the same sample. The EC50 value, which

is the concentrationcgé,@‘é%g,t confpaund that reduged NS3 or core protein production by 50%, was
determined for each-eempetind u@ig% ‘o@)& el and XLfit 4,1 software. Each EC50 value
li 0817]The examples set forth above are provided to give

;
determination was performed in .
those of ordinary skill in the art with a coniplete dfsclosure and description of how to make and use the

claimed embodiments, and are notﬁ@;@gﬂ@@g@,ﬂ}rﬁf the scope of what is disclosed herein.
Modifications that are obvious to p@n@ygg@ gig’l}iigthe art are intended to be within the scope of the
following claims. All publications, paténts, ahd patent applications cited in this specification are
incorporated herein by reference as if each such publication, patent or patent application were
specificall§%fdlindividerMyindaghsgite be- RieBIraterr PRASTR B HSER A X WS @
2009/099596RGIA LS 200HARVESBAMENRRD ChA MR reeeivedin thedpiatoatonal Bureau on 28
' . 1"

Ot 4 D R rameds Were addod s bromasalictachyde Gabe, 124 mmol) and 2-

iodopropane (25.0 mL, 249 mmol). The suspension was stirred at room temperature

overnight, then at 70 °C for 4 hrs. The volatiles were removed, and the residue was

partitioned between methyl s-butylether and water. The aqueous layer was extracted with

methyl r-butylether and the combined organic phases were washed with water, sodium

hydroxide, and brine, and then dried over magnesium sulfate. Concentration to dryness

atforded compound AX (30.0 g) as a pale yellow oil in 99% yield.

'H NMR (CDCl;, 400 MHz): § 1.40 (d, J = 6.3 Hz, 6H), 4.65 (sept., J = 6.0 Hz, 1H), 6.89 (¢,

J=9.0Hz, 1H), 7.59 (dd, /= 9.0 and 2.7 Hz, 1H), 7.91 (d, /= 2.7 Hz, 1H), 10.39 (s, 1H).

[00562] Step B: Synthesis of 4-bromo-1-isopropoxy-2-vinylbenzene AY. To a
suspension of methyltriphenyiphosphonium bromide (41.1 g, 115 mmol) in THF (1.2 L)
cooled to -70 °C, was added n-butyllithium (123 mmol, 2.5 M in hexanes). The mixture was

stirred for a further 10 min, and then allowed to warm up to 0 °C and stir at this temperature
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or a single enantiomer, a racemic mixture, or a mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or prodrug thereof; wherein: Rs is -OH, -NR8R9, -NHS(0)2RS8,
-NHS(0)2N 9 r§ )R8, -NHC(0)NR8RY, -C(0)R9, or -C(0)NR8RY; o each R8
is independ@‘ﬁ }%%9/ %%%%, Cl .6 alkyl, C2.6 alkenyl, C2-6 alkynyl, C3.2 cf/\gﬁ])%f%yl,g@ﬁ%% aryl,
heteroary], heterocyclyl, C1.0 alkyl-C3.7 cycloalkylene, -:CH2 R8b, -CH(R8)NIeR8b,

CHRB B RUAPAE, 7 A S BB S BENRALGH . and 5-FoM ko Raa, Rec, and Rd

is independenthyyichnagddehgdeqHIKY Lk, B2 Bratkehyih @Miafkitn}YHEw ojdlealkylde6-Tharyl,
heteroaryl,.heterocyclyl. or C6.14 aryl-C1.6 alkylepe; and each 1211b is independently
hydrogen?i&(ﬁrglii‘% %?gc{a%(re}lj?/ﬁl&fg}gegl%}ﬁﬂg 3‘] %&“&88&%7? %A%nﬁgﬁahug?é%%ryl, heterocyclyl,
-S(0)KR 1 anuS¢BikN RiddRt2 saD (@R Whs-@BDRMItheG (NG 1MRrowas (HNRd itRImRI@ewWherein
each RY, fﬁéé%aﬂ%ﬁﬁﬂérm%@ﬂﬁ%é %ﬁ(%y@;e&h%}ér@‘fyén%&i %Mhﬁggé}ﬂ#my&e@-z

cycloalkyl, 14 ar eteroaryl, or heterocyclyl; or R" and R12 together with the N atom to which they

are attach&g yelvamatassepayedir ey smarfesheogetes iith tHedR anmPerwRlAEy are attached

form hete;gkgygmg; and each R9 is independently hydrogen, C1.6 alkyl, C2.6 alkenyl, C2-6

alkynyl, G3.7 ¢ C|&%|é(§|, C6.14 aryl, heteroaryl, or heterogéclg\;k or R8 and R9 together with the N atom
e

to which theY ed48 Mt o1’ RE X Ryt b B SPLKT, ©8 Bkt 2% alkynyl,
C3.2 cyclpalkylpGhd4 AMENDED SHER T/(ARTICAR 19) ratylLihe@roaw/ jor Beterecyilyle.97 Lis a

bond, C1,6 alkyl C3.7,cycloalkyle 6 alkenylene, C24 VY, , 4cR6aRob, r.. X, or;
wherein [ﬁga n ii?:ég?%z i‘,ﬁlg%rlg)r%%ggﬁﬁ{ ’R%"kl;fa?ea %Ea%ﬁﬁaégﬁﬁgé}ﬁdy gd—r%g?eﬁ,z h%l%,’ cyano,
hydroxyl, or alkoxy; and X is -0-, -C(0)-, -C(0)0-, -0C(0)0-, -C(0)NR14-, - ~ Nem
-NR14C(HIRFR1E-, -C(SMR £2) Nt BesifeR el AN R Il prpashy LiptoyRiiiosNRBASAEkN RA 8 -

POOR ints QRENAR 4o ihEis FAEIIRA R @Y Bifimnaanandendmaipae, C1.6 alk
C2.6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6.14 aryl, heteroaryl, or heterocyclyl; and each k is

r
independ@rﬁlkl%&%n}[éﬂ%ﬁogf 3} 3-aminopropy! triethoxysilane (4.88yg, 22.1 mmol} inanbydrous
acetonitrile (110 mL) were added palladium acetate (82.5 mg, 0.367 mmol, 2 mol%) and 1,3-

bis(diphenylphosphino)propane (167 mg, 0.404 mol, 2.2 mol%). The mixture was heated
under reflux for 32 hrs, then cooled down to room temperature, diluted with ethyl acetate and
hydrochloric acid (1M) and partitioned. The aqueous layer was further extracted with ethyl
acetate, and the combined extracts were washed with aqueous sodium hydrogen carbonate
and brine and dried over magnesium sulfate. The solvent was removed in vacuo and the
residue was purified by column chromatography using 25 to 100% ethy] acetate in petroleum
ether. Further purification by distillation afforded compound AZ1 (1.14 g) in 28% yield.

'"H NMR (CDCl;, 400 MHz): 6 1.35-1.43 (m, 3H), 4.12-4,27 (m, 2H), 7.63 (d, J = 570.8 Hz,
tH), 7.75-7.80 (m, 2H), 7.90-7.94 (m, ZH)..

3P NMR (CDCls, 161.8 MHz): 6 22.6.

[005643 Step D Synthesis of ethyl [4-(trifluoromethyl)phenyl]-{4-(isopropoxy)-3-
vinylpheny!}phosphinate BAl. To a degassed solution of ethyl 4-(trifluoromethyl)-
phenylphosphiﬁate (1.00 g, 4.20 mmol) and 4-bromo-1-isopropoxy-2-vinylbenzene (921 mg,
3.81 mmol) in DMF (40 mL) were added the triethylamine (1.1 mL, 7.62 mmol) and
tris(dibenzylideneacetone)dipélladium (698 mg, 0.762 mmol). The mixture was warmed at
70 °C overnight. The volatiles were removed in vacuo and the residue was purified by
column chromatography using 5 to 100% ethyl acetate in petroleum ether to afford
compound BA1 (130 mg) as a dark green oil in 8.6% yield.
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Q1is-C-, -N(R17)-, -C(R18R19)-, or -CRD(NR18R19)-; wherein: each RD and R18 is
independently hydrogen, C1.6 alkyl, C2.6 alkenyl, C2.6 aikynyl, C3.7 cycloalkyl, C6-14 aryl, heteroaryl,
or heterocyclyl; and each R19 is independently -R20, -C(0)R20, -C(0)0 Fé) R22,
-C(=NR20) 19%?995% K or -S(0)kR20; where each R29, R21, antljlg 555?’5&?%9 g’pgégﬁsdently

hyd C1.6 alkyl, C2.4 alk I, C2-6 alk [, C3-7 loalkyl, C6.14 I, h l,
ooty YR 531 498 MBI oL LA Dbl Brat frelars AR A terocyclyL

or (m, 2B18 anqR%9 Jogetherwith)ie3C @d N atomianhichHbeyrpie adaghad-famy C3.7

cycloalkyl or. heteroc, 2 is C3,9 alkyle 9 alkeny , or C3.9 alkyny!l each
optionalIyaﬁgﬁtéiﬁﬁg?ﬁ%%tgzﬂq?gej%f;e%aé}%%ni tfiﬁéfr%;ﬁr? ﬁﬁé’e%érk?e%ﬂfgs% 'egc?{gZd i/r%%%@ N, and S;
and each'’kaé indepbndeénty Zn(iniéghr oB1-8198;(m, 3H). wherein each alkyl, alkylene, alken_yl,
alkenylenﬁp%l}ﬁgyggﬁagﬁ)ﬁlg%,ﬁg%_cgglége}!kyl, cycloalkylene, heterocyclyl, and heteroaryl is

stituted wi

optionally su one or more groups, each independently selected from cyano, halo, or nitro;

C1.6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C3.7 cgjc;lgoalk [, C6.14 aryl, heteroaryl, or heterocyclyl, each
optionally 0tikuted wiltPdie BTHENE SLbSMURAL irBREEeR] -t ioneroipiierie,

OSBGOSO ENREN, uRARe. NRACIORD, NCOIORT RAC(ONBERE.

- - BV, - e,- , -NI ' -NRa ;
-N|VC(=NT9%‘&?N‘¢(B’F£H? -‘ﬁﬁb@@(@%\lﬁzé,}’:l\@%‘tgg BERAERE Rﬁ?@ﬁ‘ﬁﬁ%%%%ﬁ& e, -9(0)12, or
-S(0)217?;cofiail ekiohiRavtab cReyains REdsidntiepensehtlydaydrbganieGascedbolitios.6falkenyl, C2.6
alkynyl, C3.7.cyc I, C6.14.aryl. _hgterparyl, or heterpcyclyl, ea tionall tituted with one or
more subgl lgnf@ ;%6; %%eaﬁé?ﬂyﬁ*%%gi‘r?%ﬁ{ﬁ%’éyﬁ%%?ﬁ%h %ﬁgﬁq&?ﬁ g‘rageﬁgéh% form

- heterocydhi 26 mionsiiy: subgdtotedwiithromstbrrndid substitsdrass@radwENDER SHEET (ARTICLE

19) obereineashRisindeesadenty selgqiod fIam i GAMRSoNSISIRG&f fYaRachalo, or
nitro; C1.6 alkyl, C2-6 alkenyl, C2.6 alkYayl, C3.7 cycloalkyl, C6-14 aryl, heteroaryl, or heterocyclyl; or

-C(0)1290¢ (byoeeidue (SN REI - b ey g opt esadioyRBE cedbrEhdesinfeRg,

-0C(=Nle)MgREmAHO) Rexr0S(A2MRu ABNRIRG) 208 (@M BEREer NRIRG yitlReC(O)RY,

-NReC(0)0Rf -%C&Q)Nf ,-NICCI(ijRh NRfR%, -NRe%O)Rf, -NReS§
A 3 2

0)2Rf, -NrS(0)NRfitg,
-NReS(0)2N ! M55 Pob2ferdin @ RE e Ry End T (}sﬁﬁd%%grédégﬁv drogen;
C1-6 alkyhn@2.685a{kenyk 162G alkynylaQs7 2yxlaalkyi:Gh 44)arhhetemaliy, @b lietetdtydyi8 or le and
Rg togeth ith th t hich.t tt Iyl 2. f claim 1,
g e yih e B A A 218 B OB .10 (SRl o
{ors, 1H).

3P NMR (CDCls, 161.8 MHz): § 29.0.

[00566] Step F: Synthesis of ethyl phenyl-{4-(isopropoxy)-3-vinyiphenyl} phosphinate
BA4. To a degassed mixture of ethyl phenyiphosphinate (1.87 g, 11.0 mmol) and 4-bromo-1-
isopropoxy-2-vinylbenzene ‘(2.43 g, 10.0 mmol) in acetonitrile (66 mL) were added the
triethylamine (3.1 mL, 22.0 mmol), palladium acetate (112 mg, 0.5 mmol), and 1,1’-
bis(diphenylphosphino)ferrocene (277 mg, 0.5 mmol). The mixture was further degassed and
heated at 68 °C for 24 hrs. The volatiles were removed in vacuo, and the crude was purified
by column chromatography using 50 to 80% ethy! acetate in petroleum ether to afford
compound BA4 (3,74 g) in 87% yield.

'H NMR (CDCl3, 400 MHz): 6 1.36 (d, J = 5.7 Hz, 6H), 1.37 (t, / = 6.9 Hz, 3H), 4.15-4.05
(m, 2H), 4.62 (sept., J = 6.0 Hz, 1H), 5.28 (dd, /= 11.2 and 1.4 Hz, 1H), 5.78 (dd, /= 17.7
and 1.4 Hz, 1H), 6.91 (dd, J = 8.45 and 3.0 Hz, 1H), 6.99 (dd, /= 17.9 and 11.4 Hz, 1H),
7.41-7.47 (m, 2H), 7.47- 7.55 (m, 1H), 7.63 (ddd, /=11.7, 8.5 and 2.0 Hz, 1H), 7.79 (dd, J =
12.3 and 1.4 Hz, 1H), 7.81 (dt,J=12.3 and 1.4 Hz, 1H), 7.90 (dd, /= 12.4 and 2.0 Hz, 1H).
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R3 is hydrogen; CI.6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6-14 aryl, heteroaryl,
heterocyclyl, or C1.6 alkyl-C34 cycloalkylene, each optionally substituted with one or more
substituents Q; or -CH2NR311e, -CHR3'NR3'IL36, -CHR300alR34NR3"R3b, or
-CH2CR304Y3uNE4RET  wherein: each R30a, R30', and F%’&B“@Zﬂ?a@%%ﬁr%enuy
hydrogen; C1.6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C4.14 aryl, heteroaryl, heterocyclyl,
or 06.14 aryMMRsElfdnd 6ed %Elid?%?i?gubstituted with one or more substituents Q; and

each R301' is independently hydrogen; 01.6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C6.14

aryl, hetefoasgliilor hetehepyGlyh eandsaptfdniibysshib gtitritadtyilbheng o4 Mdikydutistitients2Q; or
-S(0)kR11,-S(O)kNR11R12, - R11, -:C(0)OR -C(ONRI1R12, or -C(=NR R11R12: wherein
R11. Rio Y SRR e LRt e e pa A 00
cycloalkylsQ6.Gauaby!, mmeaﬂfyhr@ﬂimcetdmglﬂégcﬁ.@@uimnall_yasd lstineed withhode @F fnore
SUbSt'tuefPﬁ?be@Hﬁi’o})%&&%&&Eﬁmgﬁwm& Qﬁ%r@q Whichyt %ﬁé@@é@&@&%ﬁ’&ﬂ%

heterocyclyl, optionally’substituted with one or more substituents Q; or3 AMENDED SHE
(ARTICLEPhegyl-{4-(isopropoxy)-Ryonapberdonhespfinsts (Uith B R XXaHned) WhashYA&Eare attached

form hetegagyslshritisteroashioawi:aRIRRMbA P shifmiad WitheaRa & marasyhstiinepts Q. 3.The

compound of claim 1, having the structure of Formula IlI: ys' wherein: Z is CR3' or N; and R2', R3,
R51, R6', S B Qe R id d pESORARY A SFBIRL ARG A0, HRTTSIOHRStAY PBH itro;

C14 alkylp{C2efunikehydmaib braky h¥in £&8) fcyttoalidilyl Geeldear hehelemarheptdefidcyclyl, each
optionally substituted with, one or more substituents Q; or -c(0)R, -C(0)Ole, -C(0)NRbile,
-C(Nle)Nﬁ%‘ﬂ%",%%%(%ﬂ@,‘- ?:%&F C,E-OC(O)NRbIe, -0C(=Nle)NRbRe, -0S(0)1e, -0S(0)21e,

- -0S(0)NRHENMB (G PRI NRER & NIRT(Q) R, 6 NIBZ(6JOR b, 3N{e C(OTNRbte 3HM 2B E (BNRSNR6RC,
-NleS(0) - leSL0 CoiNr " oL- " in;each le,
Rb, le, a%&g%ﬁ%)é%piﬁggﬁ? Ei)t}é\#(?g;egi;go gﬁ?ﬁ%ﬁ%’ié‘ gi&%ﬁézﬁé%ﬁ%@ ?:)(}ci:’loalkyl,
C6.14 any hétefbaribor Wétesctislyl Séden/optibialiy. substivied Mt ridlor idreddubstitdents Q; or
Rb and Rg,together »ith iha N géom terwhighuthey Al attached form heterocyclyl, optionally

substituted with one or more substituents 9 The compound of claim 2, having the structure of Formula
IV: 4 AMENDBEERSGRE . (R B184Hz) 9)30.-79.
[00568] Step H: Synthesis of ethyl 4-fluorophenylphosphinate AZ2. To a degassed
mixture of 4-fluoro-i-iodo-benzene (25.0 g, 112.6 mmol), anilinium hypophosphite (21.5 g,
135.1 mmol) and 3-aminopropyl triethoxysilane (24.9 g, 135.1 mmol) in anhydrous
acetonitrile {750 mL.)) were added palladium acetate (560 mg, 2.48 mmol) and 1,3-
bis{diphenylphosphino)propane (1.02 g, 2.48 mmol). The mixture was heated under reflux
overnight, then cooled down to room temperature, and the volatiles were removed in vacuo.
The residue was diluted with ethyl acetate and hydrochloric acid (1M) and partitioned. The
agueous layer was further extracted with ethyl acetate and the combined extracts were
washed with aqueous sodium hydrogen carbonate and brine. The volatiles were removed in
vacuo, then the residue was purified by column chromatography using 50 to 100% ethyl
acetate in petroleum ether, affording compound AZ2 (10.1 g) as a dark orange oil in 48 %
yield.
"H NMR (CDCl;, 400 MHz): § 1.84 (1, J = 7.1 Hz, 3H), 4.08-4.24 (m, 2H), 7.20 (1d, J = 8.7
and 2.5 Hz, 2H), 7.58 (d, J = 566.6 Hz, 1H3, 7.74-7.85 (m, 2H).
'P NMR (CDCl3, 161.8 MHz): 6 23.62 (J = 566.8 Hz).

[00569] Step I' Synthesis of ethy! (4-fluorophenyl)-[4-{isopropoxy}-3-vinylphenyl}-
phosphinate BA2. To a degassed mixture of 4-fluoro-phenylphosphinate (2.07 g, 11.0 mmol)
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WO 2009/099596PCT/US2009/000688 wherein: Z is CR3' or N; and R2', les, Rs', R6', Ry, and R8'

are each independently: hydrogen, halo, cyano, trifluoromethyl, or nitro; C1.6 alkyl, C2.6
alkenyl, C2.6 alk lez C3.7 cycloalkyl, C6.14 awl, heteroaryl, or heterocycl IT/each (optiggsally
substituted With?8%&8Ffore substituents Q; or -C(0)le, -C(0)ORS, &&Mé%é -((Nle)NRbfe,

-Ole, -0C(0)1e, -0C(0)ORS, -0C(0)NRble, -0OC(=NR!)NR.ble, -08(0)R8, -OS(0)2W', -0S(0)NRble,
-0S(0)2NRB|&; bR &- isRIRgReX YR N heereno b4 I (B RIRPIR B R CiEeROSNEIWEIRIeS(0)RD,
-NleS(0) 2Rk« NREFERNR bie: e SO)INRAIE paBidinR(RRaer(1360021; ovhenateash 18°RDb, le, and
Rd is independently hydrogen; or C1.6 alkyl, C2.6 alkew/l, 2.6 alkynyl, C3-2 c clqéllgg, C6.14 aryl,
heteroarﬁfS@‘P@@@WW’@WGBﬁ%ﬁgK}éﬁ%s?'rﬁﬁ%‘ thioKBE S AASERE R O §PRb and Fe
together withr§haie atQani s whichdiheysdr i atashesdannbstbrooyslyhrifitbbaldyianhstituted with one
or more substituents Q. . 5. The pqund of any of claims Itg 4, wherein is G3.9 alkylene. 6.
The comﬁ ﬁﬁlt%m fl%ﬁﬁrﬁé Yotgé) ,°v\3/§1g}eai%ea"zc |}/§1 &eélf@ g eﬁy gn}g 8% ?fg.é)?%f@‘r%?ene. 7. The
compounshabamyddt £Rim82k6e vieldherein Q2 is selected from the group consisting of: 5 AMENDED
SHEET (ARTN Fch91s, 400 MHz): 6 1.36 (d, J = 6.0 Hz, 6H), 1.38 (1, J = 7.1 Hz, 3H), 4.02-4.15

(m, 2H), 4.62 (sept., J= 6.0 Hz, 1H), 5.29 (dd, /= 11.2 and 1.1 Hz, 1H), 5.78 {(dd, J = 17.7

and 1.4 Hz, 1H), 6.91 (d4, /= 8.7 and 3.0 Hz, 1H), 6.99 (dd, /= 17.4 and 10.9 Hz, 1H), 7.12

(td, /= 8.8 and 2.5 Hz, 2H), 7.61 (ddd, J=11.7, 8.6 and 1.9 Hz, 1H}, 7.75-7.84 (m, 2H), 7.88

(dd,/=12.5 and 1.9 Hz, 1H).

*'P NMR (CDCls, 161.8 MHz): 6 30.71.

[60570] Step J: Synthesis of 1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-
ylidene[2-(i-propoxy-5-({4-fluoro-phenyl} ethylphosphite))phenyl] methyleneruthenium (11}
dichloride AR, Grubbs’ second generation catalyst (2.00 g, 2.36 mmol) and copper (I}
chioride (233 mg, 2.36 mmol) were charged in a Schlenk tube and degassed. A degassed
solution of ethyl phenyl-{4-(isopropoxy)-3-vinylpheny!} phosphinate (822 mg, 2.36 mmol) in
anhydrous dichloromethane (120 mL) was transferred via cannula to the solids, and the
mixture was heated at 30 °C for 60 min. The solvent was removed in vacuo and the residue
was purified by column chromatography using 30 to 60% ethyl acetate in petroleum ether to
afford compound AR (552 mg) in 29% yield.

'H NMR (CDCls, 400 MHz): § 1.27 (d, J = 6.1 Hz, 6H), 1.37 (t, J = 7.0 Hz, 3H), 2.39 (br )
and 2.45 (br s) (18H), 3.98-4.15 (m, 2H), 4.19 (br s, 4H), 4.93 (sept., J = 6.0 Hz, 1H), 6.87 (4,
J =182 Hz, 1H), 7.05 (br s, 4H), 7.15 (dt, J = 8.6 and 2.2 Hz, 2H), 7.29 (d, /= 11.9 Hz, 1H),
7.72-7.81 (m, 2H), 7.91-7.99 (m, 1H), 16.44 (s, I1H).

3'p NMR (CDCls, 161.8 MHz): 6 29.94,

[00571] Step K. Synthesis of ethyl 3,5-bis(trifluoromethyl)phenylphosphinate AZ3.
To a degassed solution of 1-iodo-3,5-bistrifluoromethylbenzene {(10.0 g, 29.4 mmol),
anilinium hypophosphite (5.62 g, 35.3 mmol) and 3-aminopropyl triethoxysilane (7.81 g,
35.3 mmol) in anhydrous acetonitrile (200 mL) were added palladium acetate (132 mg, 0.588
mmol, 2 mol%) and 1,3-bis(diphenylphosphino)propane (267 mg, Q.647 mol, 2.2 mol%).

The mixture was heated under reflux overnight, then cooled down to room temperature,
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21S1 an wherein: Zi is -0-, -S-, or -N(Rz)-, where Rz is hydrogen, C1.6 alkyl, aryl, heteroaryl,
heterocyclyl, -C(O)R, -C(0)01e, -C(O)NRibRze, -S(0)2NRzbRze, or -3(0)20; and RZa., -26,
and Rio are each mdeJoendentIy hydrogen. C1.6 alkyl, C2.6 alkenyl, C2.6 alk% %LP C3. 4.&%] loalkyl,

C6-14 aryl, I%'?e‘}%%{m Bf heterocyclyl; or tc and Rze together with ich they are
attached form heterocyclyl or heteroaryl; wherein each alkyl, alkengl alkynyl, cycloalkyl aryl,
heteroarylildied WetesHs)@gttRis e Igrie BEEAN) saRb RATH IAth She BrsRRERIMstituents Q,

each Q |Rﬁﬁ%ﬂﬂ@f@%ﬁ@d&ﬁ@@{@mm@eﬁ@@%@ﬁ@lﬁm&ﬁ@m@@l&e%&ﬁéﬂr@nﬁ%q@éﬂké" C2-6
alkenyl, C2.6 alkynyl, C37§ycloalkyl C6.1 E@f{)yl heteroary heter, cy %ﬁRe -C(0)ORe,

_C(0)NRA%Y R (NIRRT R FR Pr IR DRI OS] g5 &ERe, -08(0)2Re,
-0S(0)NRiitgoveS0y2NRIRe) fhﬁeﬁdawas NREBEHO R(ﬁluMReE}@ng&lgay NReCIE mym RfRg,

S (O)oNRI ATTEBSER D ORI R T RSPty YRR L HA 2.6 alkeny,

C2.6 alkynglitycloalkyl, C6.14 aryl heteroaryl, or heterocyclyl; or Rt. and Rg are linked together to

form hetejosyclcigne, Wi el 3omsq whichuey ais altadiors &, Thergomaaund-otelam 1

having the structure ormula V¢icR6 (Vj wherein n |s an integer o or5.6
Hz, 1H), 8.10 (s, 1H), 8.23 (s, 1H), 827 (s, TH).

3P NMR (CDCls, 161.8 MHz): 6 19.59 (J = 580.6 Hz).

[00572} Step L: Synthesis of ethyl [3,5-bis(triflucromethyl)phenyl]- {4-(isopropoxy)-3-
vinylphenyl}phosphinate BA3. To a degassed solution of ethyl 3,5-bis(trifluoromethyl)-
phenylphosphinate (3.33 g, 15.24 mmol) and 4-bromo-1-isopropoxy-2-vinylbenzene (3.33
mg, 13.8 mmol) in DMF (25 mL) were added the triethylamine (3.85 mL, 27.6 mmol) and
tris(dibenzylidencacetone)dipalladium (2.53 g, 2.76 mmol}. The mixture was heated in an oil
bath at 70 °C overnight. The volatiles were removed i1 vacuo and the mixture was purified
by column chromatography with 20 to 70% ethy! acetate in petroleum ether to afford
compound BA3 (185 mg) as an oil in 2.8% yield.

'H NMR (CDCl;, 400 MHz): 6 1.38 (dd, J = 6.1 and 1.4 Hz, 6H) overlapping 1.41 (t, J = 7.1
Hz, 3H), 4.11-4.21 (m, 2H), 4.65 (sept., J = 6.1 Hz, 1H), 533 (dd, /= 11.2 Hz and 1.4 Hz,
1H), 5.80 (dd, /= 17.9 and 1.2 Hz, 1H), 6.96 (dd, J = 8.6 and 3.0 Hz, 1H) overlapping 7.00
(dd, /= 18.0 and 1 1.4 Hz, IH), 7.63 (ddd, J=11.9, 1.9 and 2.0 Hz, 1H), 7.90 (dd, J = 12.7
and 2.1 Hz, 1H), 7.99 (s, 1H), 8.22 (s, 1H), 8.25 (s, 1H),

3P NMR (CDCls, 161.8 MHz): & 28.59.

[00573] Step M. Synthesis of 1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-
ylidene{2-(i-propoxy-5-(3,5-bis(triflucromethyl)pheny! ethylphosphite))phenyl}methylene-
ruthenium (II) dichloride AT. Grubbs’ second generation catalyst (326 mg, 0.384 mmol},
and copper (1) chloride (38 mg, 0.384 mmol) were charged in a Schienk tube and degassed.
A degassed solution of ethyl [3,5-bis(trifluoromethyl)phenyl]- {4-(isopropoxy}-3-
vinylphenyl}-phosphinate (179 mg, 0.384 mmol) in anhydrous dichloromethane (20 mL) was
transferred via cannula 1o the solids, and the mixture was heated at 30 °C for 70 min. The
solvent was removed in vacuo and the residue was purified by column chromatography with

20 to 80% ethy! acetate in petroleum ether to afford compound AT (185 mg) as a green

208



AMENDED SHEET (ARTICLE 19) The compound of claim 2, having the structure of Formula VI: rt 6
0 00 NR3 O (VI) wherein n is an integer of 0, 1, 2, 3, 4, or 5. 10.The compound of claim 3, having the
structure of Formula VIE: wherein n is an integer of 0, 1, 2, 3, 4, or 5. 7 AMENDED SHEET (ARTICLE

19) WO 200588888 T/US2009/000688 11.The compound of claim 4, Having the striicture of

Formula VIII: rev ,
powder in 52% yield.

"H NMR (CDCl;, 400 MHz): § 1.26 (dd, J = 6.0 and 4.0 Hz, 6H), 1.43 (1, J = 7.0 Hz, 3H),
2.41 (brs) and 2.44 (br 5) (18 H), 4.07-4.25 (m, 2H) overlapping 4.20 (br s, 4H), 4.94 (sept.,
J=6.1Hz, 1H), 6.91 (dd, J=8.5 and 2.4 Hz, 1H), 7.06 (br s, 4H), 7.29 (dd, /= 119 and 1.7
Hz, 1H), 8.02 (brs, 1H), 8.03 (m, 1H), 8.20 (s, 1H}, 8.23 (s, 1H), 16.40 (s, 1H).

3'P NMR (CDCls, 161.8 MHz): § 26.33.

Example 30
Ring Closure Metathesis

100574} Catalytic activity AP, AQ, AR, and AT, along with AG and AS, as shown in

Scheme 37, were evaluated using olefin substrates as shown in Scheme 38.

Scheme 37
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000011, V X%.83 (VIII) wherein n is an integer of O, I, 2, 3, 4, or 5. 12. The compound of any of
claims 1, 2, and 5 to 9, wherein R6 is C14 alkyl, C34 cycloalkyl, C6.14 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more substituents Q, . 13. Th of claim 12,
wherein R. g@fﬁ@ﬁ?‘% heteroaryl, or heterocyclyl, each optionally subsﬁfj%eg%g\%? %Gﬁ’g or more
substituents Q. 8 AMENDED SHEET (ARTICLE 19) WO 2009/099596PCTIUS2009/000688 14.The
compound of claim 12, wherein R6 is selectedStrimmel® group consisting of: wherein: each R14, 122,

DCE
cataiyst
N H O \ o]
N

: L . NW’H §
o= o=
~N G A OR, ~N. O A ORz
\ i 7\//
Ry = H; Ry » Me: BH R¢ = H; R = Me: D
Ry = PNB; Ry = Et: B Ry % PNB: y = Bt BJ
A 7R
~ CF ~ CF
MeO Ny N 3 MeO N, . 3
o =
DCE
C;} cataiyst O
(::z H O (::? H O
sy N — N
o= N o=yl
~N O ‘ ~N_Q
R = OMe: BK

R = OMe: BL

R = NHSO, : BM
’ R= NH$OZXQ:SEB

Synthesis of Substrates

Svntheses of Compounds BH and Bl

(00575} Compound BI was synthesized according to Scheme 39.

Scheme 39
O

OH
=T o

0 | T

. L~
[00576] Preparation of ;(3 R,58)-1-({(1R,25)-1-(ethoxycarbonyl}-2-vinylcyclopropyl-
carbamoy!)-5-(hex-5-enyl(methylcarbamoyl)pyrrolidin-3-y! 4-nitrobenzoate BI. Toa
solution of 4-nitrobenzoic acid (3.1 g, 1.5 eq) in CHyCl; (61 mL) were added dropwise 3.1
mL oxalyl chloride (3 eq), followed by 60 pl. DMF, The reaction mixture was stirred at
room temperature for 2 hrs and concentrated in vacuo. A solution of the resulting solid in
CH,Cl, (30 mL) was added dropwise to a solution of compound 50 (5.0 g, 1 eq) and
triethylamine (3.4 mL, 2 eq) in CH2Cly (30 mL). The reaction mixture was stirred at room
temperature for 2 hrs, and then washed with water and a saturated aqueous solution of sodium
carbonate. The aqueous layer was extracted with CH;Cl;. The combiﬁed organic phases

were dried on sodium sulphate, filtered, and concentrated to dryness. Recrystallisation with
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C1-6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C3., cycloalkyl, C644 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q; or -C(0)1e, -C(0)01e, -C(O)NRIV,
-C(NRa)NRbr,-OCéO r, -OC(0)ORa, -0C(0)NRbRa, -0C(=Nr)NRbr, -OS(0)R, -OS O{?\%R', -0S(O)NRir,
-0S(0)2NRbY NEPINYED)RD, -NrC(0)012b, -NrC(0)NRbr, -NRaC(=NRdNREZNIEM85RD0, -Nrs(0)2r,
-NRaS(0)NRir, -NRaS(0)2NR)r, -sr, -S(0)R8, or -S(0)2Ra; wherein each It', Rb, Re, and Rd is
independERMEhgRe gempen1BS adiayeloieramwepylacitie: dikgatywessrbeyiiedioyilass. 14 aryl,

heteroaryl,Rinhebarashs MbiRACk ARLRABY SRS LHIRE WIR QR 3r A er 3PS IHEBteGh iR and 12.°

together with theﬁN atom to which they are attached form heterocyclyl, optionally substituted with one
or more S%Bg}iﬁ}e/hf@‘“@: 15. The compound of any of claims 1 to 14, wherein Q1 is -0--. 16. The

compounta My @i 1oHA.oniEy ein, Qd)is!-S(RIBRAQSHL 7. 59 encaRpousd @d claim 16,

Al or C3 P M AR Bacr SEALALRY SIS au AR oo P U e e he
compoung Hif oidihele 2viheremdr] 3 idpd Bl GareHjydropyémn, 1H), Beddempduntd2df @myt b claims Ito 14,
unerein Qbjos HRTINPY 18RRI AL A Lo Rarne- S FIFYS B PR ua a7 000

J=17.0 Hz, 1H), 5.68-5.84 (m, 3H), 8.20 (d, /= 8.8 Hz, 2H), .31 {d, /= 8.8 Hz, 2H).

[00577] Compound BH (white powder) was synthesized using the same procedure as

compound 5§.

"H NMR (CDCls, 400 MHz) § 1.34-1.46 (i, 2H), 1.49-1.57 (m, 3H), 1.70 (s, 2H), 1.86 (td, J

= 8.0 and 5.4 Hz, 1H), 2.03-2;28 (m, 6H}, 2.92 and 3.11 (2s, rotamers, 3H), 3.27-3.44 (m,

2H), 3.69 (s, 3H), 3.7 (m, J = 5.1 and 4.5 Hz, 1H), 4.71 (brs, 1H), 4.90-4.97 (m, 1H), 4.97-

5.05 (m, 1H), 5.09 (dd, J = 10.3 and 1.5 Hz, 1H), 5.20 (br s, 1H), 5.27 (dd, J=17.1 and 1.0

Hz, 1H), 5.67-5.85 (m, 2H).

Syntheses of Compounds BEK and BM

{00578] Compounds BK and BM were prepared according to Scheme 40,
Scheme 40
3 s s
Meﬁw/‘\YN\ :h}—csa MeO N \\/zé}om MeO._ A N ;}—cm
‘ PN = F N~
@ LiOH 0 NEDCIDCM Q
O 2)0BU
N g9 Q o 0 N c g
= J - NH | NHZS : NH S
OjN OTALOMe OjN grA'kOH cﬂq Of\N gf/‘}_\ m's.g?

., 4 ., o
\\\/\) BK I o~ oy | \\\/\) e

[00579] Step A Preparation of (1R,25)-methy! 1-((25,45)-2-(hex-5-
enyl{(methyl)carbamoyl)-4-(7-methoxy-8-methyl-2-(4-(trifluoromethyljthiazol-2-yl)quinolin-
4-yloxy)pyrrolidine- 1 -carboxamido)-2-vinylcyclopropanecarboxylate BK. Compound BK
(yellow solid) was synthesized using the same procedure as compound 116, starting from
compounds 111 and 65b.

'H NMR (CDCI;,, 400 MHz) 6 1.18-1.45 (m, 4H), 1.48-1.58 (m, 1H), 1.81-1.90 (m, 2H), 2.05
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21. The compound of claim 19 or 20, wherein R17 is hydrogen; C1.6 alkyl, C2-6 alkenyl, C2.6 alkynyl,
C3.7 cycloalkyl, C6.14 awl, heterocyclyl, or heteroaryl, each optionally substituted with one or more
substituents Q. 22. The compound of claim 21, wherein R" is hydrogen; C1-6 alkyl, or C3-7
cycloalkyl, e¥dhBhttHTaly substituted with one or more substituents Q. ¥ Clé@ﬁ‘ﬁ?‘%?ﬁfwund of
claim 21, wherein R17 is hydrogen or methyl. 24. The compound of claim 21, wherein R17 is
methyl. (m,25° Thdlcodhoind éfary=ot THEmsHio 227 ¥iérein Q.ig R AHIR 281 2oy 3.00 26. The

compoungh ers@m@wwgr@snzawam 18 e sRcindeRCTAErY T dogen: 63.9 llhor C3.7

cycloalkyl, each optionally substituted with one or more substituents Q. 27. The compound of

claim 25, Whéiem K17 is Mélsréﬁérﬁ 76 WMER BEDPRHEETIZARDIC 198 ag) 3RR(2s, rotamers,

?Qf?é“?ﬁm’m%?m@m @%E“e-’%%m“?@d%%%'mﬁlé“a}v”‘g*tmﬁﬁ“?t%%ﬁ%”’”““'a 8
. Thec of an ims_25 to wherein is hy en or me

compouniDFEn Lt e 280to ot Srib i Febe e TrdHOgEn IRy RBa-L0 AL fohds

--C(O)NR&kpn 15)2246(&9(%0)MR21IR32 386 The Honspsund/of 8laiHz30:HheseiBIR I 15 nEz(@)ORZO.

32. The co @%0{1%1 @f claim 30 or 31, wherein R2 is C1.6 alkyl, C2.6 alkenyl, C2-6 alkynyl, C3.7

cycloalkyl, 1, heterocyclyl, or heteroaryl, each optionally substituted with one or more

substituents % 33. The compound of claim 32, wherein R20 is C1-6 alkyl.
[00580] Step B: Preparation of (1R,25)- 1- ((28,48)-2-(hex-5-enyl(methyl)carbamoyl)-

4-(7-methoxy-8-methyl-2-(4-(triflucromethyl)thiazol-2-yl)quinolin-4-yloxy)pyrrolidine-1-
carboxamido)-2-vinylcyclopropanecarboxylic acid BN, Compound BN (yellow solid) was
synthesized in guantitative yield from compound BK (4.30 g, 1 eq.) and LiOH (290 mg, 2

eq.), following the procedure as described for compound AC.

MS (ESI, EI) m/z = 702.4 (MH").

[00581} Step C: Preparation of (25,4.5’)—N2-(hex—5~enyl)~4~(7~methoxy-8—methyl-z-(4~
(triftuoromethyl)thiazol-2-y1)quinolin-4-yloxy)-N*-methyl-N'-((1 R,28)-1-(1-
methyleyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)pyrrolidine-1,2-dicarboxamide
129. Compound 129 (white solid) was synthesized from compound BN (4.22 g, | eq.) and
methylcycliopropylsulfonamide (3.25 g, 4 eq.) in 31% yield, following the procedure as
described for compound G2.

"H NMR (CDCls, 400 MHz) 6 0.74-0.86 (m, 2H), 1.11-1.21 (m, 2H), 1.30-1.40 (m, 3H), 1.50
(s, 3H), 1.60-1.68 (m, 3H), 1.78 (g, J = 6.0 Hz, 1H), 1.88-1.94 (m, 1H), 2.06-2.08 (m, 1H),
222(q,J=8.7Hz, 1H),2.33(dd, /= 14.0 an& 2.1 Hz, 1H), 2.67 (s, 3H), 2.78-2.82 (m, 1H),
2.87 and 2.97 (2s, rotamers, 3H), 3.15-3.36 (m, 1H), 3.58-3.68 (m, 1H), 3.90-4.01(m, 5H),
4.82-4.91 (m, 1H}, 4.92-5.01(m, 2H), 5.11 (d, /= 10.2 Hz, 1H), 5.25-5.35 (m, 2H), 5.46-5.51
(m, 1H), 5.54-5.76 (m, 2¥), 7.25-7.30 (m, 1H), 7.46 (d, J= 7.0 Hz, 1H), 7.87 (s, 1H), 8.02 (1,
J=10.1 Hz, 1H); MS (ESL EI') m/z = 819.2 (MH").

Ring Cliosure Metathesis

[00582] All reactions were performed in 1,2-dichloroethane at 0.005 M with N;
bubbling through the reaction mixture. For the substrates depicted in Scheme 38, the typical
scale of the reaction was 200-250 mg. The catalyst was added in solution in 0.5 mL of DCE,

in the pre-heated reaction mixture. The conversion of the starting material was followed via
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34. The compound of claim 32, wherein R2 is r-butyl. 35. The compound of claim 32, wherein R2
is C6_14 aryl. 36. The compound of claim 32, wherein R2 is benzyl. 37. The compound of any

of claims 3 tq d »dfdvebdssand 14 to 36, wherein R2* is C. 6 alkyl, C2-6 alkanyls2s6smkasay!, C3.2
cycloalkyl, C6.44 aryl, heterocyclyl, or heteroaryl, each optionally substituted with one or more

subsitenis Qua o A EhepeomBRU O AIA lPLED R G ARD LR BRN. o

heteroaryl, each optiona stituted with one or more substitu .11 AMENDED SHEET
(ARTICLvasirae Prichehmporl i fidieid GF celirepsior RoTnersidaiaead from the group consisting of
wherein each A is independently hydrogen, halo, cyano, or nitro; C1-6 alkyl, C2.6 alkenyl, C2-6
alkynyl, G8o2 gacloalkytie exbérafdnlabiesoas W aitiigtrracicly, fonate affieranlyasalbsiitited with one or
more substit ent%ag' or -C(&))Rd, -C.é(rgé)lt& -C(0)NRbRe, -C(NRa)NRbRd,-0C(0)Rd, -0C(0)0Ra,
-0C(0)NRBHA4 TOIEN NRISEREIBE1Y) Le, -05(0)2Rd, -0S(0)NRbRe, -03(0)2NRbRc,-NIeC(0)Rb,
-NIeC(0)0Rb, -NIeC(0)NRbRY, -NRaC(=NRd)NRbr, -NR,S(0)Rb, -NIVS(0)2Rb, -NRdAS(0)NRbRd,
-Nn(0)2NRBI841SRa, -S(oiraisef Ge@)oRIeivhiad R aaehRE- R roxy-9-mahmld3S ifiEsendently
hydrogen; 14 alieyly £2 & 1alanyd, 162 Saalloid dndugoCy F1R3MIMbrafif SpHolagicTOANY, OF

heterocyclyl, each optionally substituted with one or more substituents Q; or Rb and Rd together with
the N atoPillo' WHERERGES difdr adesirradrrsA aetate Bclyl, optionally substituted with one or more

substituents Q; and eachEisi ntly h . Ci..6 alkyl, C2.6 alkenyl, C2-6 alkynyl,
C3-7 cycloalkyl, C6.14 aryl, heteroarylf.LglrE e@r%c%?ﬁ%&%ﬁ? r(1j)ptionally substituted with one or 12

AMENDED SHEET (ARTICLCE 19)] WO Z009/099596PCT/CSZTI{ 0688
Entry | Catalyst | Temperature | Catalyst loading 1 Time (hr)
yie
} AQ g0 C 2% + 1%{1.5 hr) 51% 25
2 AP 86 C 2% + 2%(1.5 hr) 44% 3.0
3 AQ 80° C 2% + 1%(1.5 hr) 56% 2.5
4 AR 80° C 2% + 1%(1.5 hr) 47% 2.5
5 AS 80° C 2% + 1%(1.5 hr) 50% 2.5
6 AT 86° C 2% + 2%(1.5 hr) 53% 3.0
[00585] Synthesis of (1aR,6R,7aS,15a5,Z)-methyl 9-methyl-6-(4-nitrobenzoyioxy)-3,8-

dioxo-1a,2,3,5,6,7.7a,8,9,10,11,12,13,13a-tetradecahydro-1H-cyclopropa[m]pyrrelof1,2-
¢l[1.3,6]triazacyclotetradecine-1a-carboxylate BJ.

"H NMR (CDCls, 400 MHz): § 1.24 (t, /= 7.1 Hz, 3H), 1.27-1.35 (m, 1H), 1.37-1.47 (m,
1H), 1.49-1.62 (m, 1H), 1.66-1.79 (m, 3H), 1.87 (br t, J= 13.2 Hz, 1H), 2.26-2.47 (m, 2H),
2.60 (brd, J=13.5 Hz, 1H), 3.05 (s, 3H),3.51 (d, /=93 Hz, 1H),3.94(dd, /=98 and 5.3
Hz, 1H), 4.06-4.16 (m, 1H), 4.18-4.27 (m, 1H), 4.57 (td, /= 13.2 and 3.0 Hz, 1H), 5.00 (s,
3H), 5.00-5.05 (m, 1H), 5.48 (t, J= 10.3 Hz, 1H), 5.60-5.68 (m, 1H), 5.72 (br s, 1H), 8.20 (d,
J=8.8 Hz, 2H), 8.31 (d, J = 8.8 Hz, 2H).

TABLE 2. Compound BJ

isolated .
Entry | Catalyst | Temperature - Catalyst loading eld Time (hr)
yie
1 A 0o C 2% + 2%(20 min) 65% 0.67
2 AP 30° C 2% + 2%(20 min) + 1% (40 min}) 78% 1.0
3 AT 80°C 2% + 2%(20 min) 75% 0.67
[00586] Svnthesis of (1aR,65,7a8,15a8,Z)-methyl 6-(7-methoxy-8-methyl-2-(4-
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more substituents Q; or -C(0)ie, -C(0)ORS8, -C(0)NRbIt.b, -C(NR,e)NRbRe, -01e, -0C(0)Re, -0C(0)ORe,
-0C(0)NRbRe, -0C(=NRe)NRbRe, -0S(0)11-1, -0S(0)2Re, -08(0)NRbRb, --0S(0)2NRble,-NReC(0)Rb.
_NReC(0)0Rb, -NReC(0)NRbRe, -NEtt(=NRd)Nler, -NReS(0)Rb, -NReS(0)2Rb, -NReS(0)NRbRD,
44WS(O)2N&W8?9’92§%6)R& or -S(0)2Re; wherein each Re, Rb, Re, and RdUEHdaysitiently

hydrogen; C1.6 alkyl, 0266alkenyl, 024 alkynyl, 03-7 cycloalkyl, 06.14 aryl, heteroaryl, or heterocyClyl,
each optiordlipruRzhiiEdaaminlorleaBmelsre sipstinfemaigl-88rdoaad Re together with the N atom to

which theyaéys3}@?7:,'72@',@9@1h?fgrps:,yeackem@mu»ir%umt@wﬁfmga{ms)%mfr.%§ubstituents Q.

40. The compound of claim 39, wherein A is hydrogen, halo, cyano, or nifro; C1-6 alkyl, C2.6 alkenyl,

C2.6 allcydlA; e3ragpersaIsH 208 ng-d AP AR FBLor heterocyclyk each optionally substituted with
one or Témsmstmm tﬁh@o MHES: J heTompoundiof ¢lam 32, whengin 1%§ébym?gﬁemﬁ %56 alkyl,
optionally substitut ith ong or more stifuents Q. 42 com 1d of clay wherein A is
hydrogen(, gmﬁ %ﬁl&lért{rﬁe%@rla@%fﬁ%rmlQlig%gg)gfnfs%%ﬂ%ﬁ%)@%?;ﬁgy% aﬂfgﬁjg , ethenyl,
or ethynylLH), 243.(khe edhfandd3 df HiaitH3 L . ehersiH A9 Tsapradpyl3.3 add 8 PhdzcoRpauid of claim
39, wherein A is riflugr t . The.C urgd.of,claim 39, ein IS - itg._  46. The
com poun%’o%é%r’n J§§ %ﬁzr%#?}f é(flf ?pr@ylg%i}%’. 9%447%?& %arz\'pl)%%{ﬁ’dlo a?ﬁéa olagleg ms 39 to 46,
wherein E Jstmdrdgeizol Kyah85 616 ikl /G20l Hken§T, G2AHIG A troyBibalkgh, G6/56 aryl,
heterocycly et eigrpasya each anfienaly sulsiul ;ﬂl.'gb RIS Bf BE UPsyenis By 48, The

compound of cfaim 47, wherein E is hydrogen or met ) 49. The compound of claim 47, wherein E
is hydrog®fS (ESE@IT)(:]%%%LH&% of claims 3 to 7, 10, 11, and 14 to 49, wherein RT is

hydrogen, cyano, or halo; C14 alkyl, Oéa‘A' ﬁ(ﬁ{%l §24 a@%?&? cycloalkyl, C6-14 aryl, 13
AMENDED SHEET (ARTICLE 19) W ﬁ‘ 9 &) 009/000688 heteroaryl, or heterocyclyl,

- each optionally substitated with one or mofe SubSttuents Q; or -ORS, WhgkeR i€ is hydrogen; C1.6
alkyl, C2.6 alkéniyit C2agalikynyiemBrptegcipalkyl, Couydppbingteroaryl, %!Qeter&i%[?&); pach
optionally substituted with one ar mare substituents. Q

1 AD 80°C 2% + 2%{1 hr) + 2%(2 hr) 51% 3.3
2 AP 80°C 2% + 2%({1 hr) + 2%(2 hr) 49% 3.5
3 AQ 30° C 2% -+ 2%(1 hr) + 2%(2 hr) 49% 3.5
4 AR 80° C 29 + 2%({1 hr) + 2%(2 hr) 48% 3.5
5 AS 80° C 2% + 2%(1 hr) + 2%(2 hr) 49% 3.5
6 AT 80° C 2% + 2%(1 hr) + 2%%(2 hr) 49% 3.5
[00587} Synthesis of (Z)~-(4R,65,155,178)-[17-] 7-methoxy-8-methyl-2-(4-

trifluoromethythiazol-2-ylquinolin-4-yloxy}-13-N-methyl-2,14-dioxo-1,3,13-
triazatricyclo[ 13.3.0.0}octadec-7-en-4-yl} carbonyl{ 1 -methylicyclopropylisulfonamide 68b.

TABLE 4. Compound 68b

Entry | Catalyst | Temperature Catalyst loading IS;:::d Time (hr)
| AOC 60° C 2% + 2%(45m) + 2%(2h) 79% 4.0
2 AP 60° C 2 %ot 2%(45m) + 2%{2h) + 2%(3h) 45% 24.0
3 AGQ 60° C 2 %+ 2%(45m) + 2%(2h) + 2%6{3h) 63% 240
4 AR 60° C 2 %t 29%6(45m) + 2%{2h) + 2%(3h) 30% 246
5 AS 60° C 2 %+ 2%(45m) + 2%{(2h) + 2%(3h) 60% 4.0
6 AT 60° C 2 Yot 2%0(45m) + 2%(2h) -+ 2%(3h) 53% 24.0
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51. The compound of claim 50, wherein R7' is hydrogen, halo, or -Ole. 52. The compound of claim 50,
wherein R7"is -Ole. 53. The compound of claim 51 or 52, wherein le is C14 alkyl, C3.7 cycloalkyl,
or C6.14 aryl, each 0oé%tsicg)nally substituted with one or more substituents quT/ S561.9;1('}ht=%58c0mpound of
claim 53, Wﬁ&%%ﬁ"ﬁc(_ BC1.6 alkyl, optionally substituted with one or moresu Situents 0. 55.
The compound of claim 53, wherein R7"' is methoxy, difluoromethoxy, or trifluoromethoxy. 56. The
compound of any of claims 3 to 7, 10, 11, ancE¥#88&8 Livherein R7' is methanesulfonamido. 57.
The compound of any of claims 3 to 7, 10HtY, apstekdeta Sy wherein R8' is hydrogen, hydroxyl, cyano,
or halo; C1.6 alkyl, C2.6 alkenyl, C2.6 alkynyl, C3-7 cycloalkyl, C. 14 aryl, heteroaryl, or heterocyclyl,

each OPtRRAW SUOSULIGH I ne A1 e SURHIIERIS) Aefle, WHRIEIP R Clrbeall C2.0

alkenyl, ynyl, C3.7 cycloal aryl, heteroaryl, or rocyclyl, each optionally
substitutddChitromese peritiey sEsqtifenmedwith thsSentnd gbmp e SN cRivie ST, Afierdift RS is

hydrogery )ig3la-95fel . 6:2lkga 0 RUQN I SHRRILHEE Wk Qe Ampjamibsiianisitd 1 2 nw9. The

compound of claim 57, wherein R.8s is metr?ggl. ~60. The compound of any of claims 3 to 7, 10, 11,
and 14 059" WierdiRRe i sArsr SR s taPshrscerdiBedikyiate s SRk AT ot on5ieyRs1, C3.7
cycloalkyt96§. toanyl. hetprosryl competexoyel¥lrehoptianallycsubstibitedivitioag gr more
substituents Q; or -Q1e, wherein Je is.hydrogen; C1.6 alkyl, C2.6 alkenyl, C24 glkynyl, C3.7 cycloalkyl,
06,14 2 TR EPBETE RS DYIO0) BAEPRBHER iy ARG St B e dbnts .
61. The csinmpauwncbohctampdtiuvehere fiuefsiehydiagemchainsore@becddAMENBEEESHEET
(ARTICLE_19) e compound of claim 61, wherein Ra.is Cj.6 alkyl, C3.7 cvcloalkyl, or C6 14 aryl.
63. The c%r%%zggun%ﬁ %%%Iﬁag(r}ﬁlg‘fevr\ihc(ﬁlé%éﬁ 'y'flspur%se eé?(?/i? %Mé l?:%é())’rrnnp%oﬁh)g}[{c:J\lTnflfa{}}rgﬁbgi,%Wherein R6'is
_ chloro. ver8%: chinecotratpoutaaofsamy ofi grandeite-Tine @, 1dgrasriongnel Bus waseredn RBris hydrogen or
-ORa.

parameters with Tecan Magellan software.

Example 32
HCV Replicon Assay

[00589] General procedure: Huh-7 cells containing HCV Conl subgenomic replicon
(GS4.1 cells) were grown in Dulbecco’s Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 110 mg/L sodium pyruvate, 1X non-
essential amino acids, 100 U/mL penicillin- streptomycin, and 0.5 mg/mL G418 (Invitrogen).
For dose-response testing, the cells were seeded in 36-well plates at 7.5 x 10° celis/well in a
volume of 50 ukL., and incubated at 37 °C/5% CO,. Three hours after plating, 50 pL of ten 2-
fold serial dilutions of compounds (highest concentration, 75 uM) were added, and celi
cultures were incubated at 37 °C/5% CO; in the presence of 0.5% DMSO. Alternatively,
compounds were tested at a single concentration of 15 pM. In all cases, Huh-7 cells lacking
the HCV replicon served as negative control. The cells were incubated in the presence of
compounds for 72 hr after which they were monitored for expression of the NS4A protein by
enzyme-linked immunosorbent assay (ELISA). For this, the plates were then fixed for 1 min
with acetone/methanol (1:1, v/v), washed twice with phosphate-buffered saline (PBS), ¢.1%
Tween 20, blocked for 1 hr at room temperature with TNE buffer containing 10% FBS and

- then incubated for 2 hr at 37 °C with the anti-NS4A mouée monoclonal antibody A-236
(ViroGen) diluted in the same buffer. After washing three times with PBS, 0.1% Tween 20,
the cells were incubated 1 hr at 37 °C with anti-mouse immunogiobulin G- peroxidase

conjugate in TNE, 10% FBS. Afier washing as described above, the reaction was developed



66. The compound of claim 65, wherein 1:2.6' is methoxy. 67. The compound of any of claims 3 to
7, 10,11, and 14 to 66, wherein R3' is hydrogen. 68. The compound of any of claims 3 to 7,10,11,
14 to 36, and 50 to 67, wherein R2' is selected from the group consisting of; WO
2009/09959@581’9@%’?%9/000688 69. The compound of any of cIalrﬁgﬁg%’g{)W%%n L is a bond;
C1.6 allcylene or C3.7 cycloalkylene, each optionally substituted with one or more substituents Q; or
0-, -(042yith SenyleripE®SZ1ned)0 T he iR Avas cePRm BANR minvith 2 N HedRe, or
-S(0)kNRA:Rt ¥R SIR8:s30 Mt YO0 Ofid u&inBISRnrise TERad bE:6oopROMMERT Claim Gwherein L is a
bond. 71. The com(ii)k?und of claim 69, wherein L is -0- oy -NAN-. 72. The compound of claim

69, wherdHiiE f&eng @ﬂéh%ﬁ%%‘ﬂg}‘%ﬁB‘é’fﬂ’ﬂ%@&r\ﬁﬁfﬁ%ﬁ%“d?afﬁéﬁsé%%@iﬂ%‘ e 73.The
compounﬁr@wamﬁa;m@rﬁm bagemrfysleqmamete}élwmﬂeempaagaiaﬁ@lﬂ%&& wierein L is

ethylene. ound of claim 69, wherein L is - The ¢ ound of claim
o, aor ST B RR Somen ot the TS e NPt BRI e 75 T
compound of claim 69, wherein L is -C(0)-. 79. The compound of claim 69, wherein L is -C(0)0-.

80. The c8ind of @WW@OWW@@O@(W@HS wergreqtag b@%ﬁ@@ﬁ@‘@ﬁiélﬁm 71 or 80,
wherein Rl inaydreoenr Elubltybility Wi rldifisRMRGHPHIEAIMmBY owherein bjg-C(O)NH-.

Solution Cell Proliferation Assay (Promega). CCs values were determined from the %

cytotoxicity versus concentration data with Tecan Magellan software as described above.

[00591] The biological results are summearized in Table 5, wherein A represents a
value smaller than I pM, and B represents a value between 1 uM to 10 uM, C represents a

value between 10 uM to 75 uM and D represents a value greater than 75 uM.

TABLE 5
Compound (Ifﬁ) gﬁg (Cu(;;{;
S6a A A D
56b A A D
S6c A A D
56d A A D
S6e A B D
56f A A D
S6g A A D
56h A A D
62b A A D
62d A A D
62f A A D
63hb A B D
68b A A D
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83. The compound of any of claims 8 to 82, whereinnis 1, 2, or 3. 84. The compound of any of
claims 1. 3,5to 8, 10, and 12 to 83, wherein R5 is -OH. 85. The compound of any of claims 1, 3, 5
to 8, 10, and 12 to 83, wherein R5 is -NR7S(0)kR8 . 86. The compound of claim 85, wherein le is

C14 alkyl, CEE2%N195PC3-7 16 AMENDED SHEET (ARTICLE 19) cyclbSHS 8 S honally
substituted with ope or.more substituents Q;.or -CH2NR8128bh _-CHRseCHR"'NR"Rsb, or

-CH2CRgeltsdbiRa8Rgb. 87,. The compound of claim 8§yhereig®Rg is C&& gyaloalkyl, optionally
substituted with one or more subSHEAERS.  88. The cogampund givipim &aa@herein RS is methyl,
cyclopropyl, 1- methyleyctopropyl-eyclobutyl-eyclopentyl-preyetohexyt: 89-Fhe-compound of any
of claims 2,4 to 7, 9, and 11 to 88, wifisiein R30 is C,..6 alkyl, £6.14 ar§l, or C3-Pcycloalkyl, each
optionally substititedwitirone or more substituents Q; or {=CH2NR312:3;7-CHR3tCHR3MNR3RS3, or
-CH2CR300123NR3eaR3.  90. PRE compound of claim 89 whereift R3 is C7 cycloalkyl,
optionally substituted with one or mqége substiments Q. 91, Thie compound ofgclalm 89, wherein R3
is cyclopropyi, 1-methylcyclopropyl, -gthynylcyclopropyl, :ycf%bwyl, cyclopentyl; or ¢gyclohexyl.
92. The compound of any of claims gé% 7,10,11,and 1510 91% Where'@ Zis CH, 93. The
compound of any.of claims 310 7, 10, 11, and 15 t0 91, wherein Ziis N 94. The compound of
claim 4 selected from the group consigiing of 17 AMENDED SHEET (ARTICGLE #9) RD

83b A A D

9ia A A D

91b A A C

9ic A A D

91d A A D

9le A A D

91f A A D

Dig A A D

964 A B D

1¢1d A A D

11¢d A A D

G1 A A C

G2 A A C

G3 A A C

G4 A A C

01 A A C

02 A A C

03 A A C

04 A A D
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63a: Re = H, =H, = OCH3, K8= H; 63b: R5' H, = H, K7= OCH3, Re =Cf13; 63c: =H, Re =H, RD =
OCH3, R8'F; 63d: Re = H, Re = H, RD = OCH3, Re =CI; 63e: ='OCH3, Re = H, R7' = 0013, = H; 631:
R5' = H, = OCH3, = H, le = CH3; 63g: R5' H, Re = OCH3, R7' = Cl, Re = H; and 631n R5' H,=H, R7' =
OCH3, Itg'= B Z{{/BHattaceutically acceptable salts, solvates, and prodiug& BRUEHNAEE. The

compound of claim 4 selected from the group consisting of OCH3 H 000 --N 76a: a=2,and 7W n = 3;
and pharmaceutically accepta_lbl_e salts, solvates, and prod_uggxs[ahe_reqjcg(p. The-ggmpound of claim 4
selected from the| group consistirfg?BIPERBMENDED SHEET (MR TICLEMLO) | 8§3aviRe = H, = H,OCHS3,
Re H; 836:= H,H,=O€H3-Re=CH3:—83e: Re=H;=H=R-83d:+=H=H.=DCH3,=Cl; 83c: = OCH3,
= H, RT = OCHS3, = H; 831: Re H, = @CH3, 127 = H, = CH3; 88g:= H, 1t6'= 0013{= CI; Re = H; and

T2 A A D

AC1 A A C

AC2Z A A C

AC3 A A D

AH A A C

AN A A C

Example 33
Antiviral Activity in a Genotype 1b Replicon Assay

[00592] Compounds were tested in a genotype 1b replicon assay as described in
Example 32 and the results are summarized in Table 6, wherein A represents a value smaller
than 1 uM, and B represents a value between 1 uM to 10 uM, C represents a value between

10 uM to 75 uM and D represents a value greater than 75 uM.,

TABLE 6
| Crpd. No. | ECso | CCso
56b A C
56d A >
62d A C
68b A C
6%b A D
9le A C
Exampie 34

Antiviral Activity in a HCV Genotype 2a infectious Virus Assav

[00593] Compounds were tested in a HCV genotype 2a infectious virus assay and the
results are sumrnarized in Table 7, wherein A represents a value smaller than 1 uM, and B

represents a value between 1 uM to 10 uM, C represents a value between 10 uM to 75 uM
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8311:= U, Re H,OCHS3, Re = Br; and pharmaceutically acceptable salts, solvates, and prodrugs
thereof. 97.The compound of claim 4 selected from the group consisting of 0-12.6 7 000 k, 0,S" 111

%V 0 and pharmaceutically acceptable salts, solvates, and prodrugs ther

62a
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d# R6 Cmpd# R6

WO 2009/099596 PCT/US2005/000688
and D represents a value greater than 75 M.
TABLE 7
Cmpd. Ne. ECs
56b B
56d A
62d A
68b A
69b A
Oie A
Exampie 35
Resistance Profile
1005%4) Compounds were evaluated against three mutant proteases R155Q, A1568,

and D168A, as summarized in Table 8, wherein A represents a value smaller than 1, and B

represents a value between 1 to 10, and C represents a value greater than 10. The fold of

change in inhibitory activity was determined by measuring the ratio of the inhibitory activity

of a compound against a mutant enzyme over the inhibitory activity of the same compound

against non-mutant enzyme. The inhibitory activity was determined using the procedure as

described in Example 31.
TABLE 8
Cmpd. Ne. Foid-Change
RI55Q | Al56S | D168A
56b A A S
56d A A C
62d A A C
Sie A A C
Example 36

Generation of Recombinant JEH-1 Virus Stocks

{00595} The recombinant JFH-1 HCV virus used in the HCV in vitro infection assay
was generated by transfection of HPC cells with JFH-1 RNA produced by in vitro
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transcription. The JFH-1 DNA témpiate was derived synthetically using sequence
information derived from NCBI Accession # AB047639 (Wakita, er al., Nat. Med. 2005,
11:791-796). Source: DNAZ2.0, Menlo Park, CA.

[00596] The cDNA for the JFH-1 HCV clone was synthesized by DNAZ2.0 and
contains a T7 promoter to drive the transcription of the JFH-1 genomic RNA. This plasmid
was amplified using the Hi-Speed Plasmid Midi kit (Qiagen) according to the manufacturer’s

instructions.

[00597] Thirty micrograms of purified DNA was digested overnight at 37 °C with 300
U Xbal. The digested DNA served as a template for the in vitro transcription of the JFH-1
genomic RNA using the MEGAScript T7 kit (Ambion}) as instructed by the manufacturer.
The JFH-1 RNA product was resuspended to 1 pg/ul. in RNA storage solution (Ambion).
The quality of the JFH-1 RNA was verified by agarose gel electrophoresis (1.2% E-gel) prior

to electroporation.

[06598] Complete growth media for Huh-7 and HPC cells (Huh-7 media) was prepared
as follows: DMEM (containing glucose, L-glutamine and sodium pyruvate), 10% FBS, 100
IU/mL penicillin, 100 pg/mL streptomyein, 2 mM GlutaMAX, 1% MEM non-essential
amino acids. Subconfluent HPC cells were treated with trypsin-EDTA, coliected with Huh-7
media, and centrifuged at 1,500 rpm for 5 min at 4 °C in an Allegra 6R centrifuge (Beckman
Coulter) in a 50 mL conical tube. The cells were then rinsed twice by resuspending the cells

in 50 mL of PBS and centrifuging at 1,500 rpm for 5 min at 4 °C.

[00599] JFH-1 RNA was electroporated into HPC cells using a Thermo Scientific
Hybaid OptiBuffer kit {containing buffer A, solution B and compounds C and D). After
washing, the HPC cells were resuspended in OptiBuffer buffer A at 1x107 cells/mL, and 400
ul (4x1 0% cells) was transferred to a 1.5 mL RNase-free microfuge tube and gently
centrifuged at 2,000 rpm in a Microfuge 18 (Beckman Coulter) centrifuge at room
temperature for 5 minutes. During this centrifugation step, the electroporation medium was
prepared by mixing 2.5 mL of OptiBuffer solution B with 1 vial of OptiBuffer compound C
(5.5 mg of ATP), 1 vial of OptiBuffer compound D (7.7 mg of glutathione) and 2.5 mL of
autoclaved water. After aspirating the supernatant, the cell pellet was resuspended in 400 pL
of electroporation medium. JFH-1 RNA (8 pg) was added to the resuspended cells,

whereupon they were transferred to a 0.4 cm cuvette and electroporated in a Bio-Rad
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GenePulser XCell electroporation module with a single pulse at 960 uf, 270 V and maximum
resistance. A mock transfection, without RNA, was electroporated as a negative control.
Growth media (600 pL) was immediately added to the cuvette. Cells were then transferred
into a 15 mL conical tube containing 3.4 mL of Huh-7 media. Approximately 1.2x10° celis
were seeded into each well of a Corning Costar 6-well plate and incubated at 37 °C with 5%
CO,.

{60600} When confluent, the transfected HPC cells were trypsinized and split 1:5 into
new 6-well plates. At day 5 and 14 post transfection, conditioned media was collected from
the cultures, cell debris was removed by centrifugation at 2,000 rpm for 10 min in a table-top
centrifuge (Beckman Coulter Allegra 6R with GH3.8 rotor) and media was filtered through a
0.2 um syringe-top filter. The transfected cells were also fixed for immunohistochemistry

and lysed for immunobilotting analysis.

[00601} The recombinant JFH-1 HCV virus was amplified in a manner described by
(Zhong, et al., Proc. Nat. Acad. Sci. USA. 2005, 102:9294-9299). HPC cells were split to
10% confluency in 225 cm? flasks and infected with 1 mL of the transfected cell culture
media (described above) at 5 hrs post seeding. At 5 days post infection (p.i.), the cultures
were split 1:2 into new 225 cm? flasks. One half the initial culture media was carried over
into the split cultures to facilitate virus amplification. At 10 day p.i., conditioned media was
collected from the 225 cm” flasks, centrifuged at 2,000 rpm for 10 min in a table-top
centrifuge and filtered through a MF735 sterilization filter (0.45 pm) bottle-top unit. Two

milliliter aliquots of this virus stock were stored at -80 °C for future use.

Exampie 37
HCYV in vitro Infection Core ELISA Assay

[00602] The HCV in vitro infection core ELISA assay measures the ability of a test
compound to inhibit replication of an infectious HCV (strain JFH-1; genotype 2a) in cell
culture. Recently, an in vitro infection model identified by Wakita ef al. (Nat. Med. 2005,
11:791-796) was found to replicate in retinoic acid-inducible gene I (R1G-I)-deficient or
cluster of differentiation (CD)-81-positive Huh-7 hepatoma cell lines. We have developed
this model for determining the efficacy of antiviral compounds against an infectious virus in
vitro using HCV producing cells (HPC), a proprietary Huh-7-derived cell sublineage capable
of propagating the JFH-1 HCYV virus. The readout of the assay is quantification of HCV core
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protein by ELISA 5 days post infection with JFH-1 virus and treatment with a test compound.

[00603] Ninety-six-well Corning Costar plates were seeded with HPC cells at a density
of 3.0x10° cells per well in 50 uL of Huh-7 media. Compound stock solutions were made up
freshly in Huh—"f media (DMEM (containing glucose, L-glutamine and sodium pyruvate),
10% FBS, 100 IU/mL. penicillin, 100 pg/mL streptomycin, 2 mM GlutaMAX, 1% MEM non-
essential amino acids) as 2X stock. Seven additional 3-fold drug dilutions were prepared
from the 2X stocks in Huh-7 media. At least 4 hours after HPC cells were seeded, the media
in the 96-well culture plates was aspirated and 50 pL. of each drug dilution and 50 pL of JFH-
1 HCV was added to each well.

100604] At 16 hrs post treatment and infection, the virus inoculum was removed by
aspiration. The cultures were treated at the same final concentrations of drug diluted to 1X in
Huh-7 media to a final volume of 200 pL. Cells were incubated in the presence of drug for 4

additional days at 37°C/5% CO,.

[00605] Media was removed from the plates by aspiration. Cells were fixed with 250
ul 1.1 acetone:methanol for 90 seconds, washed once in PBS and then three times with 1X
KPL wash solution. The assay plates were then blocked with 150 uL/well 10% FBS-TNE
(50 mM Tris-HCl (pH 7.5; Sigma}, 100 mM NaCl, | mM EDTA with 10% FBS) for | hrat
room temperature, Cells were washed three times with 12X KPL wash solution and incubated
with 100 ul./well anti-hepatitis C core mAb (1 mg/mL stock diluted 1:500 in 10% FBS-TNE)
for 2 hours at 37 °C. Cells were washed three times with 1X KPL wash solution and
incubated with 100 uL/well HRP-goat anti-mouse antibody {diluted 1:2,500 in 10% FBS-
TNE) for I hrat 37 °C.

100606] OPD soluiton was prepared using 1 OPD tablet + 12 mlL citrate/phosphate
buffer (16 mM citric acid, 27 mM NayHPO,) plus 5§ uL 30% H20; per plate. Cells were
washed three times with 1 KPL wash solution and developed with 100 pl/well OPD
solution for 30 minutes in the dark at room temperature. The reaction was stopped with 100
pL/well of 2N H,S04, and absorbance measured at Agg nm in a Victor' V 1420 multilabel
counter (Perkin Elmer). The ECsp values for each compound were calculated from dose
response curves from the resulting best-fit equations determined by Microsoft Excel and
XLfit 4.1 software. The negative control for inhibition of virus replication was untreated

HPC cells infected with the JFH-1 HCV virus strain. The negative ELISA control was
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untreated, uninfected HPC cells. The positive ELISA control was untreated HPC cells
infected the JFH-1 HCV virus strain.

Example 38
MTS Cytotoxicity Assay

[00607] The cytoroxicity assay measures the viability of cells after treatment with a test
compound for 5 days. The assay readout is the bioreduction of the yellow MTS tetrazolium
compound tc a purple formazan product. This conversion is mediated by NADPH or NADH

and is directly proportional to the number of live cells in a culture,

[00608] Ninety-six-well Corning Costar plates were seeded with HPC cells at a density
of 3.0x10° cells per well in 50 uL of Huh-7 media. Compound stock solutions were made up
freshly in Huh-7 media as 2X stocks. Seven additional 3-fold drug dilutions were prepared

from the 2X stocks in Huh-7 media for a total of 8 dilutions.

[00609] At least 4 hours after HPC cells were seeded, 50 uL of each drug dilution was
added to the cultures. At 16 hrs post treatment, the existing media was removed by
aspiration. Cultures were treated at the same final concentrations of drug diluted to 1X in
Huh-7 medium to a final volume of 100 ul.. Cells were incubated for 4 additional days at
37°C/5% COy in the presence of drug.

[00610] After 5 days of treatment, the CeliTiter 96® Agueous One Solution cell
proliferation assay was performed by adding 20 ulL of MTS solution to each well. The plates
were then incubated at 37°C/5% CO; for 3 hours. Plates were read at Ajoonm ina Victor' V
1420 multilabel counter (Perkin Elmer) and CCsy concentrations were determined using
Microsoft Excel and XLfit 4.1 software. The positive control for cell death: culture wells
containing only Huh-7 medium. The negative control for cell death: culture wells containing

untreated, uninfected HPC celis.

Exampie 39
HCV in vitro Infection Western Blotting Assay

[00611] This assay measures the ability of a test compound to inhibit replication of the
JFH-1 HCV strain in cell culture. The readout of the assay is the quantification of HCV NS3

or core protein by western blotting 5 days post infection with JFH-1 virus and drug treatment.
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Negative controls: untreated, uninfected HPC cells. Positive controls: untreated HPC cells

infected the JFH-1 HCV virus strain.

{00612} Twenty-four-weli Corning Costar plates were seeded with HPC cellsata
density of 1.5x10* cells per well in 0.8 mL of Huh-7 media (DMEM (containing giucose, L-
glutamine and sodium pyruvate), 10% FBS, 100 IU/mL penicillin, 100 pg/mL streptomyein,
2 mM GlutaMAX, 1% MEM non-essential amino acids). Compound stock solutions were
made up freshly in Huh-7 media as 10X stocks. Four additional 5-fold drug dilutions were
prepared from the 10X stocks in Huh-7 media for a total of 5 dilutions.

[00613] At least 3 hrs after HPC cells were seeded, 100 uL of each drug dilution and
100 pL of JFH-1 HCV was added to each well. At 16 hrs post treatment and infection, the
virus inoculum was removed by aspiration. The cultures were treated at the same final
concentrations of drug diluted to 1X in Huh-7 media to a final volume of | mL. Cells were

incubated in the presence of drug for 4 additional days at 37°C/5% COx.

[00614] Media was removed from tﬁe plates by aspiration and the cells washed with 1
mL of PBS. After removing the PBS, 100 pL/well of SDS sampie buffer (50 mM Tris-HCI,
pH7.5, 2% ultrapure SDS, 10% glycerol, 0.01% bromophenol blue, 0.1 M DTT) was added.
The samples were collected into RNase-free microfuge tubes, incubated at 95 °C for 3-10

minutes and centrifuged at maximum speed for 2 min in an Eppendorf 5415D centrifuge.

[0G615] To prepare the Western Blot, fifteen microliters of each sample was loaded
into each lane of a 4-20% Tris-glycine polyacrylamide gel in an XCell 11 Blot Module
(Invitfrogen); 6 uL of the SeeBluePlus2 prestained protein standard was also loaded into one
lane. Each gel wastun at 125 V for 1.5 hrs in Novex SDS (1X Tris/glycine/SDS) running
buffer (Invitrogen). Each gel was transferred onto an iBlot nitrocellulose membrane using
the iBlot apparatus (Invitrogen) according to the manufacturer’s protocol. The membrane
was rinsed in PBST (Sigma) and then blocked with 6 mL of blocking buffer (5% (w/v) nonfat
milk in PBST solution) at room temperature for 1 hour with rocking, Each blot was
incubated in 6 mL of blocking buffer containing HCV NS3 murine mAb (1:500; ViroGen
Corp.) and anti-GAPDH murine [gG Ab (1:1,000,000; Calbiotech) or anti-core mAb (1:500,
Affinity BioReagents) overnight at 4°C with rocking. After 3 ten minute washes in PBST at
room temperature with rocking each blot was incubated with 6 ml. of blocking buffer (3%

(w/v) nonfat milk in PBST solution) containing HRP conjugated donkey anti-mouse Ab
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(1:5,000) for 1 hour at room temperature with rocking. Each blot was washed as described
above and then exposed to 5 mL of substrate from the SuperSignal West Dura substrate kit
(Pierce) according to the manufacturer’s protocol. The blots were then exposed using the

Florochem 5,500 imager (Alpha Innotech).

[00616] Virus replication was quantified by determining the band densities of NS3 and
core proteins using ImageQuant 5.2 software. Background (the density determined within the
NS3 or core region with mock-transfected cells) was subtracted from NS3, core, and GAPDH
band densities. Each corrected NS3 or core value was then normalized to the corresponding
corrected GAPDH value for the same sample. The ECsp value, which is the concentration of
a test compound that reduced NS3 or core protein production by 50%, was determined for
each compound using Microsoft Excel and X1.fit 4.1 software. Each ECsg value

determination was performed in duplicate.

[00617] The examples set forth above are provided to give those of ordinary skill in the
art with a complete disclosuré and description of how to make and use the claimed
embodiments, and are not intended to [imit the scope of what is disclosed herein.
Modifications that are obvious to persons of skill in the art are intended to be within the
scope of the following claims. All publications, patents, and patent applications cited in this
specification are incorporated herein by reference as if each such publication, patent or patent
application were specifically and individually indicated to be incorporated herein by

reference.
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AMENDED CLAIMS
received by the International Bureau on 28 October 2009 (28.10.2009).

1. A compound of Formula I

or a single enantiomer, & racemic mixture, or a mixture of diastersomers thereof; or a
pharmaceutically acceptable salt, solvate, or prodrug thereof;
wherein: ‘
R’ is —OH, ~NRR®, -NHS(O),R?, -NHS(O):NR®R’, -NHC(O)RY,
_NHC(O)NRER®, ~C(O)R?, or ~C(O)NR’R’; wherein:
each R® is independently hydrogen, Ci.s alkyl, Ca. alkenyl, Cas
alkynyl, Ca.7 cycloalkyl, Cs.14 aryl, heteroaryl, heterocyclyl, Ci alkyl-Cs.7 cycloalkylene,
~CHyNR*R®, ~CH(R®INR®"R®, ~CHR**CHR¥NR¥R®, or ~-CH,CR¥RENR*R®, wherein:
each R®, R¥, and R* is independently hydrogen, Cy.¢ alkyl,
Cy.6 alkenyl, Cp.s alkynyl, Cs.y cycloalkyl, Ce.i4 aryl, heteroaryl, heterocyclyl, or Cs.14 aryl-
Ci.c alkylene; and
each R® is independently hydrogen, Ci. alkyl, Ca. alkenyl,
Cps alkynyl, Cs.y cycloalkyl, Co.1s aryl, heteroaryl, heteroeyelyl, ~S(O)R"!, ~S(O)NR''R"%,
_C(O)R!!, ~C(O)OR!, ~C(OINR''R'?, or ~C(=NR')NR''R'; wherein each R", R"?, and
RBis independently hydrogen, Ci. alkyl, C2¢ alkenyl, Cy. alkynyl, Cs7 cycloalkyl, Cs.14
aryl, heteroary!, or heterocyclyl; or R'' and R'? together with the N atom to which they are
attached form heterocyclyl; or
R and R¥ together with the N atom to which they are attached
form heterocyclyl; and
each R’ is independently hydrogen, Ci.6 alkyl, Cy alkenyl, Ca.g
alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl; or
R® and R? together with the N atom to which they are attached form
heterocyclyl;
R® is hydrogen, Cy.4 alkyl, Ca.s alkenyl, Cas atkynyl, Ca.y cycloatkyl, Co-14

1
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aryl, heteroaryl, or heterocyclyl;

_ L is a bond, Cy.¢ alkylene, Cs.7 cycloalkylene, Cs.¢ alkenylene, Cas alkynylene,
¥, or -(CRGER{’b)pXm; wherein p is an integer of 1, 2, or 3; R® and R® are each independently
hydrogen, halo, cyano, hydroxyl, or alkoxy; and X is —O-, —C{O)~, ~C(O)O-, -OC(O)O~,
~C(ONR -, -NR"~, -NR“C(O)NR~, -C(=NR"INR"-, -NR*CENRPDHINR -, -S(O),
~S(ORNR"—, -NRMS(O)NR -, -P(O}OR“)~, or ~OP(OYOR ¥}, where each R**, R,
and R is independently hydrogen, Ci. alkyl, Cy alkenyl, Cy.¢ alkynyl, Cs.5 cycloalkyl, Ce.14
aryl, heteroaryl, or heterocyclyl; and each k is independently an integer of | or 2;

Q! is —O—, NER"y-, -C(R¥R'), or ~CR(NR"*R")~; wherein;
| each R” and R is independently hydrogen, C..s alkyl, Ca.¢ alkenyl,
Ca.g alkynyl, Cs.r cycloalkyl, Ce.i4 aryl, hieteroaryl, or heterocyclyl; and
each R" is independently -R*, ~C(OR¥, -C(O)OR™, —C(O)NR?'R%,
~CENRYMNR'R®, or —S(O)R™; where each R, R?!, and R* is independently hydrogen,
C.¢ alkyl, Cys alkenyl, Ca4 alkynyl, C3.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterooyelyl; or
R and R* together with the N atom to which they are attached form heterocyclyl; or
R'® and R" together with the C or N atom to which they are attached
form Cj.7 cycloalkyl or heterocyclyl ' '
Q’ is Cy.q alkylene, Cy alkenylene, or Cy.o alkynylene, each optionally
containing one to three heteroatoms in the chain, independently selected from O, N, and S;
and
each k is independently an integer of 1 or 2;
wherein each alkyl, alkylene, alkenyl, alkenylene, alkynyl, alkynylene, aryl,
cycloalkyl, eycloalkylene, heteroeyelyl, and heteroaryl is optionally substituted with one or
more groups, each independently selected from cyano, halo, or nitro; Cr.e alkyl, Ca.g alkenyl,
Ca.6 alkynyl, Cs.7 cycloalkyl, Ce.i4 aryl, heteroaryl, or heterocycelyl, each optionaily
substituted with one or more substituents Q; or ~C{O)R?, —C{O)OR?, ~C(O)NR°R®,
~CNRHNRPRS, ~OR*, ~OC(O)R?, ~OC(0C)OR?, ~OC(OINRPR®, ~OC(=NRY)NRR®,
~OS(O)R?, ~OS(O)R?, ~OS(OINRPR®, —OS(0)LNRPR®, -NRPR®, ~NR*C(O)R®,
~NR*C(Q)OR”, ~NR*C(ONRR’, ~NR*C(=NRHNRR’, ~NR*S(O)R®, ~NR*S(O),R",
~NRPS(OINRPRE, -NR*S(0);NRR®, -SR*, ~S(O)R?, or ~8(0);R® wherein each R, R?, R®,
and RYis independently hydrogen; Ci.¢ alkyl, Cy.4 alkenyl, Ca alkynyl, Cs.y cycloalky,
Cs.14 aryl, heteroaryl, or heterocyclyl, each 6ptionajly substituted with one or more
substitnenis Q; or R” and R® together with the N atom to which they are attached form

heterocyclyl, optionally substituted with one or more substituents Q;

z
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wherein each Q is independently selected from the group consisting of cyano,
hala, o nitro; C.¢ alkyl, Cas alkenyl, Cy.6 alkynyl, Cs.7 cycloalkyl, Cs.14 aryl, heteroaryl, or
heterocyelyl; or —C(O)RY, ~C{O)OR®, ~C(O)NR'RE, ~C(NRINR'R?, ~OR",
~OC(O)R®, ~OC(O)OR?, ~OC(O)NR'RE, ~OC(=NRHNRRE, ~OS(O)R®, -OS(O)1R",
~OS(OINR'RE, ~OS(0)NRRE, -NRRE, -NR*C(O)R', -NR*C(O)OR!, -N REC(O)NR'RE,
“NREC(=NRMNR'RE, ~NR*S(O)R’, -NR*S(O)R, ~-NR°S(O)NR'R, ~NR"S(O,;NRR®, -SR’,
~S(O)RS, or ~8(O)R®; wherein each R%, R, RS, and R" is independently hydrogen; Ci. alkyl,
Cy. alkenyl, Cy.¢ alkynyl, Cs.; cycloalkyl, Cq.14 aryl, heteroaryl, or heterocyclyl; or Rfand R®
together with the N atom to which they are attached form heteracyclyl. ‘

2. The compound of claim 1, having the structure of Formula II:

wherein:

R is hydrogen; C\.5 alkyl, Ca.¢ alkenyl, Ca alkynyl, Cs.7 cycloalkyl, C.14
aryl, heteroary!, heterocyclyl, or Cy.s alkyl~Cs.7 cycloalkylene, each optionally substituted
with one or more substituents Q; or ~CHzNR*®R*®, —CHRNRIRI®,

_CHR* CHRNR™R*®, or -CH,CR*R**NR**R*>™, wherein:

cach R, R, and R*™ is independently hydrogen; C). alkyl,
Ca.s alkenyl, Cs alkynyl, Cy.; cycloalkyl, Ce.14 aryl, heteroaryl, heterocyclyl, or Ce.y4 aryl-
C\.¢ alkylene, each optionally substituted with one or more substituents Q; and

each R*™ is independently hydrogen; Cy.¢ alkyl, Ca.q alkenyl,
Ca.¢ alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q; or ~S(O}R'", ~S(ORNR''R ", -C(O)RY,
—C(OYOR'!, ~-C(OINR!'R'?, or —-C(=NR)NR''R'%; wherein R', R”, and R"? are each
independently hydrogen; Cy.¢ alkyl, C.6 alkenyl, Cy.s alkynyl, Cs.7 cycloalkyl, Ce.14 aryl,
heteroaryl, or heterocyelyl, each optionally substituted with one or more substituents Q; or
R'! and R'? together with the N atom to which they are attached form heterocyclyl, optionally

substituted with one or more substituents Q; or
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R** and R* together with the N atom to which they are
attached form heterocyclyl or heteroaryl, each optionally substituted with one or more

substituents (.

3. The compound of claim 1, having the structure of Formula III:

Wherein: ' .
Zis CR® or N; and ‘
) RT, R, Rs', RG', R”, and R are each independently:
) hydrogen, halo, cyano, trifluoromethyl, or nitro;

Ci.s alkyl, Cps alkenyl, Cs.¢ alkynyl, Cs.7 cycloalkyl, Cq.y4 aryl,
heteroaryl, or heterocyelyl, each optionally substituted with one or more substituents Q; or

~C(O)R?, —C(OYOR?, -C(O)NRR®, -C(NR*NRR®, —~OR*,
~OC({O)R®, ~OC(O)OR®, ~OC(OINR'RS, ~OC(=NRHNR'R’, ~0S(O)R?, ~OS(O):R?,
~OS(OINRRE, ~OS(0)NRPR?, ~NRR?, -NR *C(O)R?, ~NR*C(O)OR?, -NR*C(O)NRPR®,
“NRYC(=NRHNRPR®, ~NR’S(O)RP, -NRS(0);R?, -NRZS(O)NR°R®, ~NR*S(0);NR’R",
—SR* —S(O)R?, or ~S(O)R?; wherein each R®, R®, R, and R? is independently hydrogen; or
C\.s alkyl, Cag alkenyl, Cy.s alkynyl, Ca.y cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more substituents Q; or R® and R° together with the N
atom to which they are attached form heterocyclyl, optionally substituted with one or more

substituents Q.

4, The compound of claim 2, having the structure of Formula IV:
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wherein;
Z is CR* or N; and
R%, R¥, R*, R, R”, and R¥ are each independentiy:
hydrogen, halo, cyano, trifluoromethyl, or nitro;
C\.g alkyl, Cr alkenyl, Ca.¢ alkynyl, Cs.; cvcloalkyl, Cq.i4 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q; or
~C(O)R?, -C(O)YOR?, ~C(O)NRPR®, ~C(NR*)NR'RE, ~OR?,
~OC(O)R?, —~OC(OYOR?, ~OC(OINRPR?, ~-OC(=NRHNR’R?, ~OS(O)R?, ~OS(O%R",
~OS(O)NRPR®, ~OS(O);NRPRE, -NR'R®, -NR*C(O)R?, -NR*C(O)OR’, ~NR*C(O)NR'R’,
~NR*C(=NRONR'R’, -NR*S(O)R", ~NR*S(O),R", -NR*S(O)NRPR?, ~NR*S(O);NR’R",
—SR®, ~S(O)R®, or -S(ORR? wherein each R?, R®, R, and R® is independently hydrogen; or
Cy.¢ alkyl, Ca.s alkenyl, Ca. alkynyl, Ca7 cycloalkyl, Cs.14 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more substituents Q; or R? and R° together with the N

atom to which they are attached form heterocyclyl, optionally substituted with one or more

substituents Q.

5. The compound of aﬁy of claims 1 to 4, wherein Q7 is Cy.9 alkylene.

6. The compound of any of claims 1 to 4, wherein Q? is Ca.9 alkenylene or Ca.
élkyny!ene.

7. The compound of any of claims 1 to 4, wherein Q? is selected from the group

consisting of}
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3“! and 5;5‘\/\ 7!
\/
wherein:

7! is <O, ~S—, or -N(R?)}-, where R” is hydrogen, C, alkyl, aryl, heteroaryl,
heterocyclyl, ~C(O)R%, ~C{OYORZ, —C(O)NRZ’RY, ~8(0);NR?R?, or -S(0):R™; and

R% R and R™ are each independently hydrogen, Cy.¢ alkyl, Ca.¢ alkenyl,
Ca.s alkynyl, Cs.y cycloalkyl, Cq.1s aryl, heteroaryl, or heterocyclyl; or

RZ" and R™ together with the N atom to which they are attached form
heterocyclyl or heieroaryl;

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyelyl is independently, optionally substituted with one or more substituents Q, each Q
independently selected from the group consisting of cyano, halo, oxo, nitro, Ci. alkyl, Cag
alkenyl, Cy.¢ alkynyl, Cs.y cycloalkyl, Ce.14 aryl, heteroaryl, heterocyelyl, ~C(O)RS,
~C(O)OR®, ~C(OINR'RE, ~CONRONR RE, ~OR®, ~OC(O)R’, ~OC(0)OR®, ~OC(O)NR'RE,
~OC{=NRINRRE, ~OS(O)R’, ~OS(O)R?, ~OS(O)NR'RE, ~OS(O),NR'RE, -NR'RE,
_NREC(OIR!, ~-NRC(O)OR', -NRC(O)NR'RE, -NR°C(=NR")NR'RE, -NR"S(O)R’,

| -NR'S(O)R’, -NR*S(O)NR'RE, ~-NR®S(0):NR'R?, SR, ~S(O)R’, ~S(O)R", and
© _5(0),NR'R®, wherein each R, R, R®, and R" is independently hydrogen, Ci.¢ alkyl, Cz

alkenyl, Ca.g alkynyl, Ca.y eycloalkyl, Ce.14 aryl, heteroaryl, or heterocyelyl; or Rfand RE are -
linked together to form heterocyclyl, along with the N atom to which they are attached.

&, The compound of claim 1, having the structure of Formula V:

wherein n is an ineger of 0, 1,2, 3,4, or 5.
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9. The compound of claim 2, having the structure of Formula VI

wherein n is an integer of 0, 1, 2, 3,_ 4, or 5,

10.  The compound of claim 3, having the structure of Formula VII:

(VI

wherein n is an integer of 0, 1, 2, 3, 4, or 5.
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11. T‘he compound of claim 4, having the structure of Formula VIIL:

(VIID

wherein n is an integer 0of 0, 1, 2, 3, 4, or 5.

12.  The compound of any of claims 1, 2, and 5 to 9, wherein R¢is Cis alkyl, Cs.5

cycloalkyl, Cg.4 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or
more substituents Q.

13.  The compound of claim 12, wherein R® is Cq.;4 aryl, heteroaryl, or

heterocyclyl, each optionally substituted with one or more substituents Q.
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14.  The compound of claim 12, wherein R® is selected from the group consisting
of:

wherein:

each R', R¥, R¥, R¥, R®, R”, and R¥ is independently:

hydrogen, halo, cyano, trifluoromethyl, or nitro;

Co alkyl, Cyus alkenyl, Ca.4 alkynyl, Cs cycloalkyl, Ce.iq aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q; or

~C(O)R?, -C(OYOR?, ~C(OINRPR®, -C(NRYNRR®, —OR?, ~OC(O)R?,
~OC(O)OR?, ~OC(O)NRR®, —OC(=NRMNR"R®, ~OS(O)R", ~OS(0)R%, ~OS(OINRR®, .
~08(0):NR’R®, -NR"R®, -NR*C(OJR®?, -NR*C(O)OR", -NR*C(O)NRR’,
~NRUC(=NRHNR'R®, -NR*S(O)R®, ~NR*S(0):R®, -NR*S(O)NR’R’, -NR"S(0);NR"R",
—SR* ~S(O)R?, or ~S(0),R% wherein each R®, R®, R, and R? is independently hydrogen; or
Ci.¢ alkyl, C,.¢ alkenyl, Cy.¢ alkynyl, C3.7 cycloalkyl, Cs.14 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more substituents Q; or R® and R® together with the N
atom to which they are attached form heterocyclyl, optionally substituted with one or more
substituents Q.

I5. The compound of any of claims 1 to 14, wherein Q! is—O-.
16.  The compound of any of claims 1 to 14, wherein Q' is ~C(R"*R"*»,

17.  The compound of claim 16, wherein R'® and R" are each independently
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hydrogen; Crs alkyl, or Ci.y cycloalkyl, each optionally substituted with one or more

substituents Q.

18.  The compound of claim 16, wherein R'* and R" are hydrogen.
19.  The compound of any of claims 1 to 14, wherein Q is -N(R"")-.

20.  The compound of ¢laim 11, having the structure of Formula IX:

\V/

i Z S
W\/

\\“

(X

21.  The compound of claim 19 or 20, wherein R is hydrogen; C).¢ alkyl, Ca.6
atkenyt, Cy.¢ alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heterocyclyl, or heteroaryl, each optionally

substituted with one or more substituents Q.

22.  The compound of claim 21, wherein R'is hydrogen; Cy.4 alkyl, or C;7

cycloalkyl, each optionally substituted with one or more substituents Q.
23,  The compound of claim 21, wherein R" is hydrogen or methyl.
24. ‘The compound of claim 21, wherein R is methyl.
25.  The compound of any of claims 1 to 14, wherein Q! is ~CRT(NR Ry,

26.  The compound of claim 25, wherein R'7 and R'3 are each independently

hydrogen; Ci alkyl, or C;.; eycloalkyl, each optionally substituted with one or more

substituents Q.

27.  The compound of claim 25, wherein R is hydrogen.

10
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28.  The compound of claim 11, having the structure of Formula X:

X

29.  The compound of any of claims 25 to 28, wherein R'® is hydrogen or methyl.

30,  The compound of any of claims 25 to 29, wherein R" is hydrogen, -C(O)R*,
~C{OYOR®, ~C(OINRYR*, or ~C(=NR™NR*'R™.

31.  The compound of claim 30, wherein R"? is ~C{OYOR™.

32.  The compound of claim 30 or 31, wherein R is Cy alkyl, Cy.6 alkenyl, Ca5
alkynyl, Cs.7 cycloalkyl, Cg.14 aryl, heterocyclyl, or heteroaryl, each optionally substituted

with one or more substituents Q.
33.  The compound of claim 32, wherein R*® is Cy.¢ alkyl.
34, The compound of claim 32, wherein R* is £-butyl.
35.  The compound of claim 32, wherein R*® is Cs.14 aryl

36.  The compound of claim 32, wherein R is benzyl.

37.  The compound of any ofclaimé 3107, 10, 11, and 14 to 36, wherein R* is C,.

s alkyl, Ca.s alkenyl, Cypos alkynyl, Ci.; cycloalkyl, Ce.1q aryl, heterocyelyl, or heteroaryl, each

optionally substituted with one or more substituents Q.

38. The compound of claim 37, wherein R? is Copa aryl, heterocyclyl, or

heteroaryl, cach optionally substituted with one or more substituents Q.
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39.  The compound of claim 37, wherein R* is selected from the group consisting

of:
A
O .
S S S
*/LS ’ "‘/N % ’ */N\N s */N\"N ° s
3 )
E E
N—NH E\N A I N A | S/SA
X 05 O
*J\RA,*/L\N,*S,*N,
A
NN A N'——'—T“/(E /"-SN A Ne=
! j NH 74  JNH
*/N » % ? N ' oW N\E s
A
A A A
S RPN )
A 4 */Qg £ \ W | = N
A A N
5 - (
an
. ‘N’fN '/f\N/, » NN
wherein

each A is independently hydrogen, halo, cyano, or nitro; Cy. alkyl, Cag
alkenyl, Cp.¢ alkynyl, C3. cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q; or —C(O)R?, ~C(OYOR?, -C{O)NRR®,
~CNRHNR'R’, ~OR®, ~OC(O)R?, ~OC(O)OR?, ~OC{OINE R®, ~OC(=NR*NR’R,
~OS(O)R", ~0S(0)R? ~OS(O)NRR, ~OS(0),NR"R’, -NRR®, ~NR*C(O)R®,
~NR*C(OYOR®, -NR*C{OJNRR®, -NR*C(=NR4NRPR?, ~NR*S(0)R?, -NR*S(O),R",

~ ~NR'S(O)NR'R’, ~NR"S(0);NR"R’, ~SR?, -S(O)R", or ~S(O%R? wherein each R?, R®, R®,

and R’ is independently hydrogen; Ci.¢ alkyl, Ca alkenyl, Cp.6 alkynyl, Ca.y cycloalkyl,
Ce-14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more
substituents Q; or R® and R° together with the N atom to which they are attached form
heterocyclyl, optionally substituted with one or more substituents Q; and

each E is independently hydrogen; C.¢ alkyl, Cy.4 alkenyl, Ca alkynyl, €.
cycloalkyl, Cs.14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or
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more substituents Q; or ~C(O)R®, —~C{O)OR®, —C(O)NR'R®, ~C(NRHNR'R®, ~OR",
_OCO)R®, ~OC(O)OR?, ~OC(O)NRUR?, ~-OC(=NRHNR'R®, ~OS(O)R", ~OS(O)R",
~OS(OINRYRY, ~OS(0);NRYR®, ~NR'R’, -NR°C(O)R?, -NR*C(O)OR", -NR*C(O)NR'R’,
_NR*C(=NRYNRPR®, -NR*S(O)R’, -NR*S(0),R", -NR*S(O)NRR", ~NR*S(O)NRRS,
—SR?, —S(O)R*, or —S(O);R" wherein each R?, R®, R®, and RY is independently hydrogen;
Ci6 alkyl, Cag alkenyl, Cag alkynyl, Cs7 cycloalkyl, Ce.i4 aryl, heteroaryl, or heterocyclyl,
cach optionally substituted with one or more substituents Q; or R" and R® together with the N
atom to which they are attached form heterocyclyl, optionally substituted with one or more

substituents Q.

40.  The compound of claim 39, wherein A is hydrogen, halo, cyano, or nitro; C.¢
alkyl, Ca.s alkenyl, Cp.¢ alkynyl, Cz.7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl; each

optionally substituted with one or more substituents Q.

41.  The compound of claim 39, wherein A is hydrogen or C,. alkyl, optionally

substituted with one or more substituents Q.

42.  The compound of claim 39, wherein A is hydrogen, methyl, trifivoromethyl,
ethyl, n-propyl, isopropyl, isobutyl, eyclopropyl, cyclobutyl, ethenyl, or ethynyl.

43. The compound of claim 39, wherein A is isopropyl.

44.  The compound of claim 39, wherein A is trifluoromethyl.
45.  The compound of claim 39, wherein A is -NR'R°.

46,  The compound of claim 39, wherein A is isopropylamino.

47.  The compound of any of claims 39 to 46, wherein E is hydrogen or cyano; Ci.
alkyl, Cy.¢ alkenyl, Cz. alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, heteroeycelyl, or hetervaryl, each

optionally substituted with one or more substituents Q.
48.  The compound of claim 47, wherein E is hydrogen or methyl.
49,  The compound of claim 47, wherein E is hydrogen.
50.  The compound of any of claims 3 to 7, 16, 11, and 14 to 49, wherein R is

hydrogen, cyanc, or halo; Cy alkyl, Ca alkenyl, Ca.6 alkynyl, Cy.7 cycloalkyl, Ce.14 aryl,
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heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q; or
—OR?, wherein R* is hydrogen; C). aikyl, Ca alkenyl, Cy.¢ alkynyl, Cs.7 cycloalkyl, Ce.14

' aryl, heteroaryl, or heterocyclyl; each optionally substituted with one or more substituents Q.
51.  The compound of claim 50, wherein R” is hydrogen, halo, or —OR®,
52, The compound of claim 50, wherein R” is ~OR".

53.  The compound of claim 51 or 52, wherein R* is Cy¢ alkyl, C;.7 cycloalkyl, or

Ci.14 aryl, each optionaily substituted with one or more substituents Q.

54.  The compound of claim 53, wherein R* is Ci.¢ alkyl, optionally substituted

with one or more substituents Q.

55.  The compound of claim 53, wherein R” is methoxy, difluoromethoxy, or

trifluoromethoxy.

56. The compound of any of claims 3 to 7, 10, 11, and 14 1o 49, wherein R is
methanesulfonamido.

57.  The compound of any of claims 3 to 7, 10, 11, and 14 to 56, wherein RY is
hydrogen, hydroxyl, cyano, or halo; Cy¢ alkyl, Co. alkenyl, Cy.s alkynyl, C;.5 cycloalkyl, Co
14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents
Q; or —OR", wherein R is C\.g alkyl, Ca.s alkenyl, Cas alkynyl, Cs.7 cycloalkyl, Cs.14 aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q.

58.  The compound of claim 57, wherein RY is hydrogen, halo, or C1.¢ alkyl,

optionally substituted with one or more substituents Q.
59, The compound of claim 57, wherein R*' is methyl.

60. The compound of any of claims 3 to 7, 10, 11, and 14 to 59, wherein RY is
hydrogen, cyano, or halo; C,4 alkyl, Cy. alkenyl, Ca.6 alkynyl, Cs.7 cycloalkyl, Co.1a aryl,
heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q; or
~-OR®, wherein R* is hydrogen; Ci. alkyl, Cy.¢ alkenyl, Cy alkynyl, Ca.7 cycloalkyl, Cq.i4
aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or more substituents Q.

61.  The compound of claim 60, wherein R® is hydrogen, halo, or —OR®.
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62 The compound of claim 61, wherein R*is C, alkyl, Cy.7 cycloalkyl, or Cs 4 aryl.
63, The compound of claim 61, wherein R¥ is methoxy.

64, The compound of claim 61, wherein R® is chioro.

65. The compound of any of claims 3 to 7, 10,11, and 14 to 64, wherein R is

hydrogen or -OR".

66. The compound of claim 65, wherein R” is methoxy.

67. The compound of any of ¢laims 3 t0 7, 10,11, and 14 to 66, wherein R¥ is
hydrogen.

63. The compound of any of claims 3 to 7,10,11 14 to 36, and 50 to 67, wherein R*

is selected from the group consisting of:
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69.

The compound of any of claims 1 to 68, wherein L is a bond; Cy alkylene, or

Ca.1 cycloalkylene, each optionally substituted with one or more substituents Q; or —O-,
—~{(CHy)ym, ~C(O), «CH2),C(O)-, ~C(0)0—, ~C(OINR -, -C(=NR"INR" -, .NR"..,
—5(O)—, or —S(O)NR”—; wherein p is an integer of 1, 2, or 3.

70.

71,

72. .

The compound of claim 69, wherein L is a bond.
The compound of claim 69, wherein L is ~O— or -NR -,

The compound of claim 69, wherein L is C; alkylene, optionally substituted

with one or more substituents Q.

73.

74.

75.

76.

71.

18.

79,

80,

81.

82,

83.

84,
~OH.

83.

The compound of claim 69, wherein L is methylene.

The compound of claim 69, wherein L is ethylene.

The compound of claim 69, wherein L. is {CHa)y—.

The compound of claim 69, wherein L is ~{CHz),CFz.

The compound of claim 69, wherein L is ~CFa.

The compound of claim 69, wherein L is ~C(O)-.

The compound of claim 69, wherein L is —~C{0)O-.

The compound of claim 69, wherein L is -C(O)NR ",

The compound of claim 71 or 80, wherein R'* is hydrogen or C.¢ alkyl.
The compound of claim 69, wherein L is ~C(O)NH-.

The compound of any of claims § to 82, whereinn is 1,2, or 3.

The compound of any of ¢laims 1, 3, 5to §, 10, and 12 to 83, whetein R is

The compound of any of claims 1, 3, 510 &, 10, and 12 to 83, wherein R is

“NRTS(OWRE,

86.

The compound of claim 85, wherein R¥is Cs alkyl, Cs.14 arvl, or Ci9
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cycloalkyl, each optionally substituted with one or more substituents Q; or —~CH;NR¥R®,
~CHR*CHRU*NR¥ R, or —CH,CR¥RMNR*R®,

87.  The compound of claim 85, whefcin R is Cag cycloalkyl, optionally

substituted with one or more substituents Q.

88.  The compound of claim 85, wherein R is methyl, cyclopropyl, 1-
methylcyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.

89, The compound of any of claims 2, 4 t0 7, 9, and 11 to 88, wherein RYisCis
atkyl, Cs.14 aryl, or Cs-7 cycloalkyl, each optionally substituted with one or more substituents
Q; or “‘CHZNR30aR3Ob, “‘CHRBUGCHR30dNRBBBR3Ob, or “‘CHZCRSOGRSMNRBGaRBGb-

90.  The compound of claim 89, wherein R* is C;.7 cycloalkyl, optionalty

substituted with one or more substituents Q.

91.  The compound of claim 89, wherein R*® is cyclopropyl,
1-methylcyelopropyl, 1-ethynyleyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl,

92,  The compound of any of claims 3to 7, 10, 11, and 15 to 91, wherein Z is CH.
93, The compound of any of claims 3to 7, 10, 11, and 15 to 91, wherein Z is N.

94,  The compound of clzim 4 selected from the group consisting of
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WO 2009/099596PCT/U52009/000688“Cmpd# R6 Cmpd# 110e N\/S® 1101.. N 110f N\/---s N 110g
N\ a soNS 110h iBrN\ 0?S

WO 2009/0995%6 PCT/USZ009/G00688

632: RS =H, RS = H,R” = OCH, R¥ = H;
63b: RS = H, RY = H, R7 = OCH,, R¥ =CH;;
63c: R¥ =H, R =H,R" =OCH,, R¥ = F;

63d: RS =H, R¥ =H,R” = GCH;, R¥ = CI;
63e: RS = OCH;, R¥ = H, R" = OCH,, R¥ = H;
631: R® =H, R® = OCH,, R” = H, R¥ = CH,,
63g: RS =H, R = OCH;, R” = C1, R¥ = H; and
63h: R = H, R¥ = H, R”' = OCHj, R¥ = Br;

and pharmaceutically acceptable salts, solvates, and prodrugs thereof.

795, The compound of claim 4 selected from the group consisting of

76a: n =12} and
F6b:n=13;

B . and pharmaceutically acceptable salts, solvates, and prodrugs thereof.

96,  The compound of claim 4 selected from the group consisting of
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1. N N 121 CH3N | 0\ CH3502N5 122 CIN \ | CH3S02RN so N .---S 123 CH,\ CF30NS 124 CIN \/

CF30Ns 125 3N\

WO 2009/09959%6

and pharmaceutically acceptable salts, solvates, and prodrugs thereof.

$3a: RY = H, R® = H, R7 = OCH,, R* = H;
23b: RY = H, R = H, R7" = OCH;, R¥ = CH,;
83¢c: RY =H,R* =H,R” = OCH;,, R* = F;
83d: RS = H, R¥ =H, R" = OCH;, R¥ = C};
83e: RS = OCH,, R® =H,R" =OCH,;, R = H;
83f: RS = H, R® = OCH;, R” = H, R* = CHy;
83g: RY = H, RY = OCH;, R" = C|, R¥ = H; and
83h: R¥ = H, R® = H, R” = OCH;, R* =Br;

PCT/USZ009/000688

97.  The compound of claim 4 selected from the group consisting of

P
and pharmaceutically acceptable salts, solvates, and prodrugs thereof;,
Cmpd# R’ Cmpd# R¢
N | P
) N A
6la = S 62b = 3
= =
*
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CHF 0so N 126 CIN \ cHF20S 27 AMENDED SHEET (ARTICLE 19) WO
2009/099596PCT/US2009/000688 Cmpd# R6 Cmpd# R6 127 0N\S

W3a 2009/09959%6 PCT/US2009/000688
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2 e
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62e 0 Nap s 62f e
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* e
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692 65b s
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CF, FFs
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128 CH30N CIN\129 N\ 130 C1130 ClI

,.0,.N\s131 .--0CFON\.

WO 2009/099596 PCT/US2009/000688
Cmpd# R Cmpd# R®
CF, CF,
1 b | . N,’\S
6% © Na 5 (3414 = 5
/ ? /
/0 * e
CFy CFy
3 S0
69g “ ST 8 69h N
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o 2
] & *
CFy
Pt :fj | N=
O N._.N Y
9le S 9if © Nap ¥
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»
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9Ig = G[ 0
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| Cl N-"{
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132.

OCHF2N; N\Ns133CIOSCF3Nil134 IOCINN

Cmpd# R Cmpd# R®
CF, CN
l N= | Cl N N
O N As S 0 Ne ’S
03 = Tl
o
*
¢ B
AC; AC, | O ANy g
9®
AN

wherein the symbol * indicates the point of attachment.

98.

and pharmaceutically acceptable salts, solvates, and prodrugs thereof;

22
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0 135 HH3CO2S,NCF3NkASG210CI// N\l 28 AMENDED SHEET (ARTICLE 19) WO

2009/099596PCT/US20091000688 Cmpd# -

WO 2009/099596 PCT/US2045/000688
Cmpd# R Crpd# R®
N
| | 7Y | ;g'
56a © AN 56b 0 Nay™s
y /
* %
N
| F I\; \ i Cl I%'
56¢ 0 Nar™s s6d o Nap™s
P P
* L
cl) N ‘%’ N A
56e =% 8 56§ 0 8
/O " =
N Br N A
56g ct Nap™s S6h 0 Nop™™s
=
o o
i
# #*
CFy CF;
é’ N b§’§ cli N I3
68a 8 68b S
= 2
# #
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R6 Cmpd# R6 64 Il //\s020 1C1 cr, 04 S---

WO 2089/099596 PCT/US2009/000688
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CF,
P N P N
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' s
08¢ ; 68d P
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CF; CF,
N N
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68g Sl 68h S
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CF3N4sT210cON--—N CN\SAC310 CIONN\SAHOCI

WO 2009/09959¢ PCT/IS2009/600688
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- S
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N IS %, N/ S wherein the symbol " indicates the point of attachment.

99. A pharmaceutical

composition comprising the compound of any of claims Ito 98, and one or more pharmaceutically

acceptable carriers.

second antiviral agent.

100. The pharmaceutical composition of claim 99, further comprising a

101. The pharmaceutical composition of claim 100, wherein the second

antiviral agent ig;gel@eigdsikom the group consisting of an interferon, ribadigsaidaigigukin, an N53
protease inhibitor, a cysteine protease inhibitor, a phenathrenequinone, a thiazolidine, a benzanilide, a
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108. Use of the compound of any of claims 1 to 98 or the pharmaceutical composition of any of claims

99 to 107 in the manufacture of a medicament for treating or preventing an EICV infection.

109.

Use of the compound of any of claims 1 to 98 or the pharmaceutical composition of any of claims 99 to

107 in the manufacture of a medicament for treating, preventing, or-ameliorating one or more

symptoms of agiyepdiensae or disorder associated with an HCV infectisfil/uszeppgesFhe use of claim
108 or 109, wherein the medicament is manufactured in combination with a second antiviral agent.

111. The use

an interferon

ofctai

TTO,wheréein the second aftiviral agé
dapdsin, amantadin®’an interleukir

, EWE p

ent is selected from the group

rotease inhibitor, a cysteine g

inhibitor, a phenathre
inhibitor, a nycleotide
oligodeoxynycleotide

redtinone;a thrazotidine; a

analogue, a liotoxiry acerulénin, an a
an inhibitor of IRF ~dependent trans

penzanilic

fe, a hélicase Inhibitor, a poly,

htisense phosphorothjoate
ation, and a ribozymge. 1

consisting of
rotease
merase

12. The use

of claim 110,;wherein the gecond antivigallagent is an interferon. 13y Thel uge of claim 112,
wherein the intdif@¢on is se frdm the group :onlsﬁgfing of pegylatéd interfefon alpha 2a, interferon
alfacon-1, natural interferon, dn, interferonibeta-la, omegafnteffergt, interferon alpha,
interferon gamma, interferon rgu, interferon delta,/and interferon jamma-jb. - 114. Use of the

. - L . .- . .
compound of any of glaims 1 to 98 or the pharmaceutical composition of any of claims-29 to 107 in the
manufacture of a medicament for inhibiting replication of a yirus in a host. 115. The use of claim
114, whereinjthe hosf is a human. 116—Fhe use of claim 114, wherein the hgsTis a ¢ 117.
Use of the cgmpound of any of claims It0-§8 or the pharma¢eutical c8mpositi f any of claims 99 to
107_in the manpfacture ote IcB r inhibjtingy ggplicatior | §118. Use of the
compound ofiany &t dlaims Ith e pharmaceutical compositio f claims 99 to 107 in the
manufacture pf a medica ibiting the activity of a serine protease. 119. The use of claim
118, whereinithe se ne pro ease is'an HCV NS3 grotease. -

121 N 122 S
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® *
Cl N
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WO 2669/6595%6 PCT/US2009/000688
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AC; 0 Ny g AH YOS
P »
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L 3

wherein the symbol * indicates the point of attachment.

99. A pharmaceutical composition comprising the compound of any of claims 1 to

98, and one or more pharmaceutically acceptable carriers.

100. The pharmaceutical composition of claim 99, further comprising a second

antiviral agent.

101. The pharmaceutical composition of claim 100, wherein the second antiviral
agent is selected from the group consisting of an interferon, ribavirin, an interleukin, an NS3
protease inhibitor, a cysteine protease inhibitor, a phenathrenequinone, a thiazolidine, a
benzanilide, a helicase inhibitor, a polymerase inhibitor, a nucleotide analogue, a liotoxin,
acerulenin, ‘an antisense phosphorothioate oligodeoxynucleotide, an inhibitor of IRES-

dependent translation, and a ribozyme.

102.  The pharmaceutical composition of claim 100, wherein the second antiviral
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agent is an interferon.

103.  The pharmaceutical composition of claim 102, wherein the interferon is selected
from the group consisting of pegylated interferon alpha 2a, interferon alfahcon-1, natural
interferon, albuferon, interferon beta-la, omega interferon, interferon alpha, interferon gamma,

interferon tau, interferon delta, and interferon gamma-Ib.

104.  The pharmaceutical composition of any of claims 99 to 103, wherein the

composition is formulated for single dose adminisiration,

105.  The pharmaceutical composition of any of claims 99 to 104, wherein

the composition is formulated as oral, parenteral, or intravenous dosage form.

106,  The pharmaceutical composition of claim 105, wheremn the oral

dosage form is a tablet or capsule.

107.  The pharmaceutical composition of any of claims 99 to 106, wherein the
pharmaceutical composition comprises about 0.5 milligram to about 1,000 miiligram of

the compound.

108. Use of the compound of any of claims | to 98 or the
pharmaceutical composition of any of claims 99 to 107 in the manufacture of a

medicament for treating or preventing an HCV infection.

109.  Use of the compound of any of claims 1 to 98 or the pharmaceutical
" composition of any of claims 99 to 107 in the manufacture of a medicament for treating,
preventing, or ameliorating one or more symptoms of a liver disease or disorder associated

‘'with an HCV infection,

110,  The use of claim 108 or 109, wherein the medicament is manufactured in

combination with a second antiviral agent.

111.  The use of claim 110, wherein the second antiviral agent is selected from
the group consisting of an interferon, ribavirin, amantadine, an interieukin, a NS3 protease
inhibitor, a cysteine protease inhibitor, a phenathrenequinone, a thiazolidine, a benzanilide,
a helicase inhibitor, a polymerase inhibitor, a nucleotide analogue, a liotoxin, acerulenin,
an antisense phosphorothioate oligodeoxynucleotide, an inhibitor of IRES-dependent

transiation, and a ribozyme.
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112, The use of claim 110, wherein the second antiviral agent is an interferon.

113, The use of ciaim 112, wherein the interferon is selected from the group
consisting of pegylated interferon alpha 2a, interferon alfacon-1, natural interferon,
albuferon, interferon beta-1a, omega interferon, interferon alpha, interferon gamma,

interferon taw, interferon delta, and interferon gamma-1b.

114, Use of the compound of any of claims | to 98 or the pharmaceutical
composition of any of claims 99 to 107 in the manufacture of a medicament for inhibiting

replication of a virus in a host.
115.  The use of claim 114, wherein the host is a human,
116.  The use of claim 114, wherein the host is a cell.

117.  Useofthe compound of any of claims 1 to 98 or the pharmaceutical
composition of any of claims 99 to 107_in the manufacture of a medicament for inhibiting

replication of a virus.

118.  Use of the compound of any of claims 1 to 98 or the pharmaceutical
composition of any of claims 99 to 107 in the manufacture of a medicament for inhibiting

the activity of a serine protease.

119, The use of claim 118, wherein the serine protease is an HCV NS3

protease.
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