MACROCYCLI C HEPATI TI' S C SERENE PROTEASE | NHI Bl TORS RELATED APPLI CATI ONS
This application clainms the benefit of U S. provisional patent application
Ser. 5 No. 61/191,725, filed Septenber 11, 2008, and U.S. provisional

pat ent application Ser. No. 61/209,689, filed March 10, 2009. The

di scl osures of the aforenentioned patent applications are incorporated
herein in their entiret this reference. The present
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due to the high percentage of individuals inflicted with chronic
infections, are at an elevated risk of developing cirrhosis of the |iver,
subsequent hepatocel | ul ar car ciTroENETWL FEIMnal |iver disease. FICV is the
nmost preval ent _cause of hepatocelTular cancer and cause of patien
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significant side effectsBACKOROBKNIDBF THE NNWENTION The present
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estimated that the virus infects over 200 million people worldwide, surpassing the
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20  number of individuals infected with the human immunodeficiency virus (HIV) by
nearly five fold. HCV infected patients, due to the high percentage of individuals
inflicted with chronic infections, are at an elevated risk of developing cirrhosis of the
liver, subsequent hepatocellular carcinoma and terminal liver disease. HCV is the
most prevalent cause of hepatocellular cancer and cause of patients requiring liver

25 transplantations in the western world. |

There are considerable barriers to the development of anti-HCV therapeutics,
which include, but are not limited to, the persistence of the virus, the genetic diversity
of the virus during replication in the host, the high incident rate of the virus
developing drug-resistant mutants, and the lack of reproducible infectious culture

30 systems and small-animal models for HCV replication and pathogenesis. In a
majority of cases, given the mild course of the infection and the complex biology of
the liver, careful consideration must be given to antiviral drugs, which are likely to

have significant side effects.



5life cycle of the hepatitis C virus and are useful as antiviral agents.
The present invention further relates to pharmaceutical conpositions
conprising the conpounds of the present invention, or pharnaceutically
acceptabl e salts, esters or prodrugs thereof, in conbination with a
pharmaceutically acceptable carrier or excipient. In one aspect, the

I nvention provides a conpound of formula | or f lal': rNA-. (RL)nl NO
,CH,CH 1 Irj "\(triLIN-c ( ARY acceptabl e salt, ester

or prodng ther qg Prdﬁé}ﬁ‘ ifleRtion relates to hével RBRkycIRRIohipdahdsiang wiksidds UF ed
al kyl ene, optionally substituted al kenylene,  optionally substituted

al I cynyl eﬁreanng@(lmpatms@n(ﬁe@)on in a syjeRsin wed pf suchcbgypy with sg¢( - NR4) - , - S(02) -

or -N(R3) - t substi | t ut ed
al kenyl , (r}}acg)cer CIB:naH 'gdt}bﬂm[adnltl%él ﬁ%@&h‘i/%geaﬁ%ﬁﬁﬂ lgf%#e%g%ﬁ M113 3
het er oat o ﬂzﬁsscy;@l czfcthfehhpﬁhmﬂ‘ @jrusSandoare hefidps aotindtal ggetd sThe presst ar yI

subhsti.t.

optional | ted t.i onal I al kox optionally
subst | tut S HOTLPBF e ey RBRisPPro el akh ik s embfes
200pt i onalof theprddsiid ihvEntion, G ph@fiactutically acceptable salts, esters or prodrugs

thereof, in combination with a pharmaceutically acceptable carrier or excipient.

In one aspect, the invention provides a compound of formula I or formula I':

(R1)n

H
10 () ()
or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein:
1 is absent, optionally substituted alkylene, optionally substituted alkenylene,
optionally substituted alkynylene, -C(O)-, ~O-C(O)-, - N(R;3)-C(0)-, -C(S)-, -
15 C(=NRu4)-, -5(0)~, -5(02)-, or -N(R3)-;
A is optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms selected from O, S, or
N; optionally substituted aryl, optionally substituted arylalkyl, optionally substituted
alkoxy, optionally substituted heteroaryl, optionally substituted heterocyclic, or
20  optionally substituted carbocyclic;
Each R, is independently selected from
(i) halogen, hydroxy, amino, -CN, -CF;, -N3, -NO;, -OR4, -SRy, -SOR4, -
SO;R4, ~N(R3)S(O2) —Ry4, -N(R;3) S(O2)NR3Rs, -NR3R4, -C(O)ORy, -
C(O)Ry4, -C(O)NR;3R4, or -N(R;3)C(O)Ry;
25 (ii)  optionally substituted aryl;



Each Rl is independently selected from (i)hal ogen, hydroxy, am no, -CN,
-CF3, -N3, -NO2, -0OR4, -SR4, -SOR4, - SO02R4, -N(R3)S(02)-R4, -N(R3)

S(02) NR3R4, -NR3R4, -C(0)OR4, - C(O)R4, -C(0)NR3R4, or -N(R3)C(0)R4;
25(ii)optionally substituted aryl; (iii) optionally substituted
heteroaryl; (iv) optionally substituted heterocyclic; (v) optionally
substituted carbocyclic; or (vi) agptionally substituted alkyl, optionally

, 0 A
substituted al Kghyi optnnaby sybsyhigd Retezopssli i t ut ed al | cynyl, each cont ai ni ng

0, I, 2, or 3 hejer gﬁ&agymsﬁ@t@qleterr@%ﬁb; S, or N Gis -E-RS5;
wherein E is absent; optionally substituted al kyl ene, optionally
substituted al K&nyl epionablysybstitradcashopyalict @t ed al kynyl ene, each cont ai ni ng

R (), - N 12 B RpAT uRE TR Py s Bebal ot ) o - 6
is 0, § optignally substitutedR8kynyl, ldactogintamag Dyl, 2ubsd heteroatdmalsilpeted Gpmi onal | y
substi t ut al kenyl, or optionally substituted al kynyl, each containing O,
1, 2, or ’ﬁe?rer vat ons 15sel ected fromo0, S, or N optionally substituted
carbocyclic, optisoBatdy substituted heterocyclic, optionally substituted
aryl, or optionall yw?\grlg?ntlil Esua ggnt;hoef‘)ttigrrwﬂg'rsﬂ;s;tituted alkylene, optionally
substituted alkenylene, optionally substituted alkynylene, each containing 0, 1, 2, or 3
10  heteroatoms selected from O, S, or N; or -O-, -S-, -N(R3)-, -N(R3)S(Op)-, -
N(R3)C(0)-, -N(R3) C(0)S(Op)-, -OS(Op)-, -C(O)S(Oy)-, or -COIN(R3)S(Op)-;
pis0, 1,0r2;
Rs is H; optionally substituted alkyl, optionally substituted alkenyl, or
optionally substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms
15 selected from O, S, or N; optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl, or optionally substituted
heteroaryl;
Rj and R4 are each independently selected at each occurrence from the
following: optionally substituted alkyl, optionally substituted alkenyl or optionally
20  substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms selected from O, S, or
N; optionally substituted aryl; optionally substituted heteroaryl; optionally substituted
heterocyclic; optionally substituted carbocyclic; or hydrogen;
L is absent or is selected from optionally substituted alkylene, optionally
substituted alkenylene or optionally substituted alkynylene, each containing 0, 1, 2, or
25 3 heteroatoms selected from O, S, or N;
Y is N or-C(R”)—;
wherein A, R, R’ and/or R” can be taken together to form a ring;
j=0,1,2, 3, 0r4;
k=0,1,2,0r3;
30 m=0,1,0r2;
nis0, 1, 2, 3, or4; and
=== denotes a carbon-carbon single or double bond,

wherein if Y is N, then R’ is optionally substituted heterocyclic, optionally

substituted heteroaryl, optionally substituted aryl or optionally substituted



R3 and R4 are each independently selected at each occurrence fromthe
follow ng: optionally substituted al kyl, optionally substituted al kenyl or
optionally 20 substituted al kynyl, each containing 0, I, 2, or 3
het eroatons selected fromO, S, or N, optionally substituted aryl;
optionally substituted heteroaryl; optionally substituted heterocycllc
optionally substituted carbocyclic; or hydrogen; L ks, absent or is
selected fromoptionally substituted al kyl ene, optionally gubgtituted
al kenyl ene or optionally substituted al kynyl ene, each contag-{ ng 0, 1, 2,
or 25 3 heteroatons selected fromO, S, or N, Yis N or C( -; wherein A
R an t f -1 RY; , 2, 3, or
4 e o Faleyelic, oG REEof AR IR ity Y Wi RO dog "o o o s
car bon- car/ si ngl e or doubl e bond, wherein if Yis N then R is

optionall fbstituted heterocyclic, optionally substituted heteroaryl,
optionally sybstituted aryl or optionally substituted car bocyclic, and
conprises W#O or nore fused rings, and wherein R is notor wherein
if Yis -CfR'),-, then R and R' taken together with the carbon atons to

ahi ch they ar e, ALLACRS. (R aNnal N o NGLE BRLKL Vi le cSBEHaRRLT 1110 1S

optionally 5subs provi npound 1s n
tert-butyto wm@h Gﬁy b8adblatHalotrD aﬁaé’r) oPhdt&oaryl ring, each sald ring is optionally

(benzo d]t gﬁ@ yI)qU|noxaI|n 2-yl oxy)- 1 4a-(cycl opropyl sul fonyl
car ba di oxo-1,2,3,5,6,7,8,9,10,11, 134, 14, 144, 15, 16, | 6a-

hexadec ahydr OCvaide@ﬂfa@ﬁhﬂ e&lﬁp’ddndhs)ﬁothert butyl (2R 6S,13aS,14aR,16aS,2)-2-(3-
2-alll 4]( delngg[%]%llazo 26-}3r1]l§q%ur?o(>:clalr1]n g y){clx%'?-rl 4a-r(n§'clopropylsulfonylcarbamoyl)-s 16-
dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropalelpyrrolo[ 1,2-a][ 1,4]diazacyclopentadecin-6-ylcarbamate.
10 In another aspect, the invention provides a pharmaceutical composition
comprising a therapeutically effective amount of a compound of formulal or I’, or a
pharmaceutically acceptable salt, ester, or prodrug thereof, in combination with a
pharmaceutically acceptable carrier or excipient.
In one aspect, the invention provides a method of treating a viral infection in a
15  subject, comprising administering to the subject a therapeutically effective amount of
a compound of formula [ or I, or a pharmaceutically acceptable salt, ester or prodrug

thereof, or a pharmaceutical composition comprising the same.

DETAILED DESCRIPTION OF THE INVENTION

20 The invention provides a compound of formula I or I':
R’ .
(Ry) z | ~ o ~
" S 2 (Ri)n |
N O NN o



10l n anot her aspect, the invention provides a pharmaceutical conposition
conprising a therapeutically effective anmount of a conpound of forrmula I or
| % or a pharmaceutically acceptable salt, ester, or prodrug thereof; in
conbination with a pharnaceutically acceptable carrier or excipient. In one
aspect, the invention provides a nethod of treating a viral infection in a

15 subj ect, corrpraid%i ng adm ni steri n% to the subject. a tfherapeut ically
effective ampurflf aaENaCERtEY dosPiabssall ester oprodg dheredbynar maceuti cal Iy

accept abl eygabih; ester or prodrug thereof; or a pharmaceutical conposition
conprising the sane. . ) DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 20The! is absent pptionstly snbstitited allodensupriiopally giostinedjalksnylene, |
-(R1). frQ.. ' Lot ACC lLe Le(CRSt_eygyor. prodrug

thor eof . vypseBL BRALRR AR R Lo(G)E BRI R PR X9kt ene.

opti ond@ | YCENR)- £S3(0pd-$(Oxlenorl-&N(B;)-0pt i onal | y substituted al kynyl ene,
-C(0)-, -0-C(0)z. -.N (D) 7S 1 5 CL=NRA): . 5(0)-. =S(02)-, or
A is optionall y"‘ gsu??é'?ﬁﬁﬁ%sé'ggté%ﬁfgIal,k%ﬁhl%ﬁgy F?%‘%%%Wﬁﬂé&‘ 8% "e"ﬁ'&’( , or

oplt i onaljl %/substheﬁed hlkiyRyl, édckycawaini@fol; h, E,Qili;Baietti'dhg)lﬂs selclctea,fram OBSJI‘ni&t er oat ons
sel ecte rom0O, S or N  optiona substi t ut ryl., tiona

substi t ut €& %Pﬁ?f‘%!ﬁk?’l%?mliﬁfjia a‘fﬂ“ﬁ“@ﬁ’b‘é‘%"c‘ﬁ?‘i8’3’%%)@%%]/’,“8%B’l%‘ %ﬂﬁ"ﬁx

subst it ut edkdgt S5tRARNY subSiiteamdlerdard Usistfohillt ®8stheled heeitehélt, ool

10optignal Iy substituted carbocyclic; Each R is independently selected
from (1B) haansigeally ubsiitated carkasyehic; - CN, - CF3, -N3, -NO2, -OR4, -5R4, -504 -

-S(C):(Z(%;LﬁRSI-QIA\,I( Rga qga%(g)%;gé?lgg%gggﬁw soleldd BB3L24, -NR3R4, -C(0)OR4, - C(0)124,
@) halogen, hydroxy, amino, -CN, -CF3, -N3, -NOg, -ORy4, -SRy, -SORy, -
SO2R4, =N(R3)S(02) —Rs, -N(Rs3) S(O2)NR3R4, -NR3R4, -C(O)ORy, -
C(O)R4, -C(O)NR3Rs, or -N(R3)C(O)R4;
15 (i)  optionally substituted aryl;
(iii)  optionally substituted heteroaryl,
(iv)  optionally substituted heterocyclic;
) optionally substituted carbocyclic; or .
(vi)  optionally substituted alkyl, optionally substituted alkenyl, or
20  optionally substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms selected from
O, S,orN;
G is —E-Rs; ,
wherein E is absent; optionally substituted alkylene, optionally
substituted alkenylene, optionally substituted alkynylene, each containing 0, 1, 2, or 3
25  heteroatoms selected from O, S, or N; or -O-, -S-, -N(R3)-, -N(R3)S(Op)-, -
N(R3)C(0)-, -N(R3) C(O)S(Op)-, -O8(0p)-, -C(O)S(Op)-, or -C(OIN(R3)S(Op)-;
pis0, 1, or 2;
R; is H; optionally substituted alkyl, optionally substituted alkenyl, or
optionally substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms
30 selected from O, S, or N; optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl, or optionally substituted
heteroaryl,;



15(ii)optionally substituted aryl; (iii) optionally substituted heteroaryl;
(iv) optionally substituted heterocyclic; (v) optionally substituted
carbocyclic; or (vi) optionally substituted al kyl, optionally substituted
al kenyl, or 20optionally substituted allcynyl, each containing 0, 1, 2, or

3 het eroat ons selectedfromo S, or NN Gis -E-R5 wherein E
i s absent; opt] ‘U}?H*"l uted al kyl ene, | onal | sub tituted
al kenyl ene, opti aﬁeg é'f‘ qPE‘E‘E?H“)&F?!%?ﬁ"ér‘? FLERFEEE oM Beng 0,1, 2, or 3

25 het er Offll@Wings Gﬂ%iﬁfagi silbsQfkd ali)l, «?f mNallyOJubstQuted alfﬁemyl'oN()ﬁ:ﬁ)nally' N( R3) S( 0) -
- N(R3)C(0)-, -N S(02)-, or is 0, 1, or 2;
R5 is H B{bﬁi“@ﬁ:é al’?’nklu |°Dtlga¥!tﬂﬂga¢ Ky, orémemﬁmmg/ @?Mﬁqm@év @l kenyl , or

optional | n i N t er oat ons
30sel ect eﬁ ?ﬂ?{ lb& H%%ué!d o %étlon@@f%hb gth?{teﬂtﬁe v:p1 Bglc)g/a{bm%u*%gptl onal |y
subst id ut b@lemejtcdac,cmmohalbf sub;sntumdabdbyc)shbxsctrllwdltoemar yl, or optionally
substituted heteroaryl ;. R3 and R4 are.each.i epende |y selected at
each occurrenc 'qu%ﬁ#f’h@ sﬂgﬂe&fﬁo%gpqlgﬂﬁyosrﬁngtrtvteéalécg[}spflﬁpgan {ykyl

optionall subsmb&ti iatﬂéhﬂdn@érl@mshalwsueahﬁte@allkyt,ylmbsachtcumeﬁu@ &Mnglor each
cont ai ni ng or het rﬁat selected fromO, S, or N, optionally
substi t ut Hetﬁ‘i"ﬁomséﬁlﬁ‘tﬁ ngT"ySs 'tuted heteroaryk optionally substituted
Shet erocyclic; YQ@NIOQD@pi}juSUbStI tuted carbocyclic; or hydrogen; Lis
absent or is selected fromaoptionally substitut ed al kyl ene, optionally
subst1Q ut ed al Wesigindhdidy’ @éfqr&apnpe%mtqgﬁb@@a amky APgene, each

contai ning O, JL0,2,’295’0§4,heteroatoms selected fromO0, S, or N,

k=0,1,2,0r3
m=0,1,0r2;
nis0,1, 2,3, or4; and

C——C,
15 ===== denotes a carbon-carbon single or double bond (i.c., H”- N

H H H H
/C““‘"—'C\ c2~__CZ
means iﬁ‘k A or ~ ~)

wherein if Y is N, then R’ is optionally substituted heterocyclic, optionally

?

substituted heteroaryl, optionally substituted aryl or optionally substituted

9

carbocyclic, and comprises two or more fused rings, and wherein R’ isnot v or

20 2 N
wherein if Y is ~C(R”’)~, then R’ and R” taken together with the carbon atoms
to which they are attached form an aryl or heteroaryl ring, each of which is optionally
substituted;
provided that said compound is not tert-butyl (2R,6S,13aS,14aR,16aS,Z)-2-(3-
25  (benzo[d]thiazol-2-yl)quinoxalin-2- yloxy)—l4a-(cyclopropy|sulfonylcarbamoyl)-S 16-
dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,1 6a-
hexadecahydrocyclopropafe]pyrrolof 1,2-a][ | ,4]diazacyclopentadecin-6-ylcarbamate.



Yis Nor 10wherein A, RI, R and/or R' can be taken together to forma
ring; j =0, 1, 2, 3, or 4, k=0, 1, 2, or 3; m=0, 1, or 2, nis O, 1, 2,
3, or 4, and 15 denotes a carbon-carbon single or double bond (i.e., Cy:

H H2 Cyr, A neansor wherein if Yis N then R is optionally
substituted heterocyclic, optionally substituted heteroaryl, optionally
substituted aryl or optionally substituted carbocyclic, and conprises two
or nore fused rings, and wherein It' is notor wherein if Yis

-C(R")--, then iRis waerstbdd tHat kiR enibRaRIAR of Whd ilvértidn Gattied BéIOWRvitho Wwhi ch
they are attached forman aryl or heteroaryl ring, each of which is

opt i onal | yreshesttojthepretprred variable sefacionscran be frken alone oe'@_rﬁsmﬁp% wiktbt .
U ol ARG SRt 1) 1%
di oxo- B 2, iByéntion,7as8f @ch GorbbinaGen Wére E4plicitly Bstddhera-

In one aspect, the invention provides a compound of formula I or I’, or a
pharmaceutically acceptable salt, ester or prodrug thereof, wherein Y is CR”, and R’
and R” taken together with the carbon atoms to which they are attached form an
optionally substituted aryl or an optionally substituted heteroaryl ring.

10 In another aspect, the invention provides a compound of formula Ior I’, or a
pharmaceutically acceptable salt, ester or prodrug thereof, wherein Y is CR”, and R’
and R” taken together with the carbon atoms to which they are attached form an
optionally substituted aryl ring, preferably phenyl.

Alternatively or additionally, k=3, j=1 and L is absent.

15 Alternatively or additionally, R’ and R, and the atoms to which each is
attached, form an aryl which is substituted by (R3),, wherein each R; is independently
selected from halogen, hydroxy, amino, -CN, -CF3, -N3, -NOj, -ORy, -SRy, -SORy, -
SOzR4, ~N(R3)S(02) —R4, -N(R3) S(Oz)NR;3R4, -NR3R4, -C(O)ORy, -C(O)Ry, -
C(O)NR;3R4, or -N(R;)C(O)Ry4; optionally substituted aryl; optionally substituted

20  heteroaryl; optionally substituted heterocyclic; optionally substituted carbocyclic; or
optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl, each containing 0, 1, 2, or 3 heteroatoms selected from O, S, or N; and x is 0,
1,2,3,0r4.

Alternatively or additionally, R, is absent (i.e., n=0) or is halogen, hydroxy,

25 amino, -CN, -CF3, -N3, -NO,, -ORy, -SR4, -SORy, -SO,2R4, —N(R3)S(O2) —R4, -N(R3)
S(02)NR;3Rs, -NR;3Ry, -C(O)ORs, -C(O)Ra, -C(O)NR;3R,, or -N(R3)C(O)Ra.

Alternatively or additionally, R’ and R”, and the atoms to which each is
attached, form an aryl which is substituted by (Rj)x, wherein each R; is independently
absent (i.e., x=0) or halogen.

30 Alternatively or additionally, R, is absent (i.e., n=0) or halbgen.

Alternatively or additionally, E is -NH-, -NHS(Oy)-, or -NH(CO)S(Op)-, and p
is 2.

Alternatively or additionally, E is -NHS(O,)-, and p is 2.



hexadecah ydrocycl opropa[e] pyrrolor 1,2-a] [I ,4]d iazacycl opent adeci
n-6-yl carbanate. It is understood that the enbodi nents of the

i nvention discussed below with respect to the preferred variabl e sel ections
can be taken alone or in conbination with one or nore of the other

enbodi nents, or preferred variable selections, of the 5invention, as if
each conbinatioE were expl,icitl i sted herej one_ aspect, the

i nvention provf %até’eb’o?fﬂéﬁm“?#y’ﬁéﬂsrﬁﬁgpfo% cyclobiyyl, %\YCMP&P%CGU'[I cally
accept abl g,ciMekyl, @y%t&.ep@r ppﬁaxdplu yﬁmﬁmffw Waleﬂﬁédi'l bytdlyEByr azagaifR and R’

taken together W t'h the”carbon a are attache orm an

opt i onal |pyrmlﬁ§wﬂ,tmrehplmwylplmndml mﬁ@ﬁml’lwl@ml}’& each@fmdidyidaryl ring.
10in anot%{ Qﬂ;)Pﬁx% itufed 1 Qﬁﬁ‘g{e}&ﬂb 18¥ﬁtdﬁ?1s%869mggﬂgstﬂt jormua 1l or I,

or a phar S8t ca y acce rug t ereof wherein Y
is CR§ ancgldgropyhdr cﬁmohailganbsmgmdhlaenyu prhfetdbb/ mtdpmpyhbﬂh&:nyb V\:hl ch they

A Cernat | vely SPoteD] Ry ol T oY NN Sokal Vel y or
addi ti onaj by.S(6)-.aP@fdrably, Jagld:(tj)e atons to which each is attached, forman

aryl which is substjt ted 8 )4, wherein each R2 is mdependently
sel ect ed from‘ﬁﬁ‘?’ﬂ@f@ﬁ Wyallyamﬁc} -CN, -CF3, -N3, -N2, -OR4,-SOR4, -

SQ2R4, - N(R3) SAQ&')I&U\BI)AOI‘ ad&%x@ﬁﬂllﬁ@%lﬂ%% -NR3R4, -C(0)01', -C(0)R4, -
C(0) NR3R4, or -N(R3)( 4; optionally substituted aryl; optlonally

subst1Q ut ed Zohécreatto@fwttr adéptpndbaw lyonmilb/tsuhséﬁlt%@rﬁmlbﬁ; c; optionally

substituted, carbacycli t|o td tu iLonal |y
substi tut‘éod“aé'I"R%ﬁy?/(\z 33%?08 gFI grp b@,t%gr&\fga,o&?ﬁys%bg@ teéjgnt ai ning O,
1, 2, or gyhepesHBy oubstifteddedteds aflmm SptiohallpsubMitud etérdabyl0, 1, 2, 3, or 4.
Al ternat| veI y or additionally, Rl1 is absent (i.e., n=0) or is haI ogen,

hydr oxy, %loaﬁli)h%lbsumd ~Ceie3; cychlkyl,qopptiomily substityted ~C:6e14,

3(0) NeaREEIRE i'aé) @%@éﬁ erHERA R UEYEr adci i onal 5,4 R ano

R', and the at ea tt ched, forma “1ary| N\:hl h |s
substi tut erel/ﬁ depepdent|y. ahse
or hal ogen. 30AI ter vel y dd| I y, 111 ab'sen
hal ogeh.
O/ (\/( MN\j —N7j/ (\ ;

hal

e P, s
©/ i ,O\K y /T( . and HO—-‘—§
N > + N\ sN/ 1

Preferably, A is a 5-methyl-pyrazin-2-yl.

In still another aspect, the invention provides a compound of formula I or I’, or
a pharmaceutically acceptable salt, ester or prodrug thereof, wherein Y is CR”, and R’

20  and R taken together with the carbon atoms to which they are attached form an

optionally substituted heteroaryl ring. The remaining variables are as defined above,
including the alternative or preferred embodiments, as if repeated herein.

The invention also features a compound of formula I or I’ (preferably formula
1), or a pharmaceutically acceptable salt, ester or prodrug thereof, wherein Y is CR”,

25 and R’ and R” taken together with the carbon atoms to which they are attached form



Alternatively or additionally, Eis -NH, -NHS(Op)-, or -191-1(CO) S(O0p)-
and pis 2. Alternatively or additionally, Eis -NHS(Op)-, and p is 2.
Alternatively or additionally, Rs is cyclopropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, pyridinyl, pyrimdinyl, furanyl, thienyl,

pyrrolyl, pyrazolyl, pyrrolidinyl, norpholinyl, piperidinyl, piperazinyl,
or im dazol yl, each of which is optionally substltuted In a further

embodi mentan 4Ryl qrdictsmaryd mag) preforab phenyle iy hsbyis PRiianally substitutsdrwitivene) v

substi t ut e&'ﬁt“f} nyl preferably cyclopropyl or thienyl. Alternatively
or additiona , s - c0)-, -0-C(0)-, -C(S)-, -C(=NR4)-, -S(0)- , or
-8(02)-. Pref erksfl j=0, m¥lj =0, 4123)3 or 4phridl tsa(t?y-@@llsyl@p, Goalkeopiene 9 mis |.

Alternatiy, naI

addi ti onalﬁ/ésaﬁ(yingp %’)%m ﬁé’P{ étag B@qsf"ﬁﬁ?de‘ﬁ"yae-l%@hé k)} ‘Jey"%nﬁt{%. ning 0, 1, 2,
or 3 hét ermaylewd;, sel ected fromO, S, or N, optionally substltut ed aryl,
optionally subs al koxy, optionally substituted heteroaryl,
optionally sub 1§f¢j¢O§dor %Cg (U§é}/¥?§f %b?’ Yor optionally substituted

- (23- C12 het er og ot c@lakiyl, c,zl»@(,a&eﬁylrC{legalwmgr@marboeya& agl,ected from

Preferably, Ais a 5- met h | - pyrazin-2-yl. In stil] another aspect,
the i nvent'l‘?GﬁﬁOW’cﬁf ba@sowxcl)e(%ﬁmm géftoflgrfmla&"!‘s apd fuis opsionallyyhar maceut i cal |y

accept abl g,g&} ed%ﬁﬁt%eQFmBF .ug thereof, wherein Yis CR', and R 20 and
R' taken together with the carbon atomns to whi ch they are attached form an

optiod® |y subs®is-h- Bdfhl@t-h'H(S@g)h Rysii§-Catileylr EnGisatitenyl, CaiGoalbynyd, Gre as
defined abev u t, diments, as if

r epeat ed ﬁ%o%lﬂr’tdc%l @’m?’ﬁi"p%x élr%Fgr?t h e?o 9*' (g{egé;rggsl;%e%gund of formula I
or |' (pr diesradykclic émn;mdx@ﬁbo,lmtn@t@haranaaeutommhﬂw sbaagpedblith opal t, ester
or prochugother of, wherein Yis CR', 25 and R and R' taken together with
t he carbon o0 which they are attached form

each R, and R; is independently selected from halogen, hydroxy, amino, -CN,

15 -CFj3, -N3, -NOg, -ORy, -SR4, -S(O)R4, -S(0O2)R4, -NR3R4, -C(O)OR4, -C(O)R4, -
C(O)NR;R4, -N(R3)C(O)R4, C-Cgalkyl, C2-Cgalkenyl, C-Cealkynyl, C,-Cghaloalkyl,
C2-Cghaloalkenyl, C;-Cghaloalkynyl, C3-Cgcarbocyclic optionally substituted with
one or more R5, or heterocyclic comprising 5 to 10 ring atoms and optionally
substituted with one or more Ry,

20 wherein each R¢ and Ry is independently selected at each occurrence from
halogen, hydroxy, amino, -CF3, -CN, -Nj, -NO;, -C,-Csalkyl (preferably methyl), C,-
Csalkenyl, C;-Cgalkynyl, Cy-Cghaloalky!, C;-Cghaloalkenyl, or C;-Cghaloalkynyl
(and, preferably, R and R; is absent in each instance); and

Rj and Ry are each independently selected at each occurrence from hydrogen,
25 C;-Cealkyl, C;-Cgalkenyl, or C,-Cgalkynyl and R; is preferably hydrogen.
The invention further features a compound of formula 1 or I’ (preferably
formula I), or a pharmaceutically acceptable salt, ester or prodrug thereof, wherein Y
is CR”, R” and R” taken together with the carbon atoms to which they are attached
form a phenyl optionally substituted with one or more R;;
30 k=3, j=1, m=1,n=0,1, 2, 3, or 4, and L is absent;
J is -C(O)- or -O-C(0)-;
A is C-Cqalkyl, aryl, heteroaryl, Cs-Cycarbocyclic or heterocyclic comprising

5 to 6 ring atoms, and is optionally substituted with one or more Rg;



an aryl or heteroaryl ring, preferably phenyl, which is optionally

substituted with one or nore R2; j=0, n¥l, nO 1, 2, 3 or 4, and L is
Cs- Csal kyl ene, C3-C6al kenyl ene or Cs- Csal kynyl ene and is optionally
substituted with one or nore R7 (preferably 5butylene); | is -C(0)-
-0-C(0)- (preferably -C(0)-); A is Cl-Csal kyl, C2-Csal kenyl,

C2- Ceal kynyl , C3-ClOcar bocyclic , heteroaryl or heterocyclic
conprising 5 t@®istE- Rbrﬁg‘saﬁ‘éﬁﬁoﬂaﬁd@@} §6°th°FXFr‘|‘ﬁI°F§Je‘§WB§that“th%d with one or

nore |16; ﬁagﬁligubs%t\ﬁéd whthlofe oNﬂgﬁqu) in o%er?l%&e@ﬁ &XEIectQﬁ‘Qﬁlal kenyl,

C2- Coal ky C tocarbocyclic (preferably cyclopropyl), heteroaryl
(prefer amyylopmwlnyyc)ohmylh@mpomyb ICV@OIKGM#;FY@MQW& mysidinyl, pyrigridingdins, and R5

| ndependdiery BiELoMIORF sl EaSmSlialR; BelProufiar el S s,
-NQ2, &5 O%erazSiBﬁl,, oris{daydtgl, each(dF2LicHis opfibtaRd subsGiuigdoditk one &5(10YR4, -
C(0) NR3R4 Cu- Csal kYl , C2-Co6al kenyl, C2-C6al knyl ,

QO - Cshal ¢4 Ipé‘ifJF:\;z?’l@QQtﬁWXFIBBTOR@nyI C2- Cehal oal kynyl, O O ocarbocycl i ¢

optional ly SUQ%HRMrﬂd{zVYbHHeQé?ﬂeﬁkl Wc&d%mﬁﬁloét‘ﬂtW&SMﬁhm%oCm“ sing 5to
10 ring atons_and optionally substltu ne or nore R7, 20wherein

each R6 ahe RF»i-Nur@Rserifent(Q ﬂ%‘et%@?)&! &‘LR@&gﬁ(@&Rﬁ &R« r om hal ogen,

Chal keny BRI OR, Lol eSS MET i 1) =

C2- CGIQaI ﬁk@shnwﬂlké!adcbrq:r@mba ;R1L and R2 |s absent in each instance);

and R3 andl ti r i ac ccurrence from

hydr ogen, 25 %%ycﬁ%}l" %&gﬁf‘ e'rll}é p%g%e?‘ﬁégﬁééq E""‘U’P’&"ﬁ&“’ “is preferably
hydr ogen.Cgalkyl, C;-Thaikeny, et aCyaliynylher featur es a conpound of formula 1 or

' (preferably fongu I r a phar ticall cceptable salt, ester or

prodr ug theregﬂ'6 Q\E%Pse‘f‘ﬁgp? &é‘tléﬁl-*(&e"t lé‘??‘c“frﬁ%ﬁﬂ. B@Pgﬁéﬁ' wi th the carbon
atons to ¥l m%g 4,1!5;@3 .@Ff; N aqpeﬁogocmdlpﬁqp&termy hﬁﬂﬁ«i)' g,substituted with

one or_ nore nE and L is absent;
15  Cealkenyl, Cz-Csalkynyl C;-Cshaloalkyl C2-Cghaloalkenyl, or C,-Cghaloalkynyl;

A can be, for example, selected from the following groups, each group

optionally substituted with one or more Rg:

o g /(f O P P
safraloalRcalcol, o

- Mo M
©/ . P\j P /‘i . and Ho—-l—g
N ' NS NN

In yet another aspect, the invention provides a compound of formula I or I', or

20

a pharmaceutically acceptable salt, ester or prodrug thereof, wherein R’ is optionally

substituted heterocyclic, optionally substituted heteroaryl, optionally substituted aryl

10



Jis -C(0)- or Ais Cl-Co6al kyl, aryl, heteroaryl, Cs-Cscarbocyclic or
het erocyclic conprising 5 to 6 ring atons, and is optionally substituted
with one or nore RG; Gis -E-R5, Eis -NHS(02)-; R5 is

C3- C6car bocyclic or heteroaryl, and is optionally substituted with one or
nore R7; in one enbodi nent, R 51is selected:- fron1cyc|opropy| cycl obutyl,

cyclopentyl xyl , ptyl, pyr.idi LN furanyl

t hi enyl , PP‘H%;‘?“ ‘g’ﬁfv'%l%lc?l @Fr%cemwesfw%f’bﬂ% é\'?‘fdd i dinyl, 5

pi perazi nyI or im daze h of which is optionally substl tuted with
one or nore R7; prefe |s cycl opropyl; each Rl and R2 is

i ndependent |y sel ect ed a| ogen hydr oxy, am no, -CN, -N3, -CF3, -NO2,
-0R4, - S(0) R4, -S(02) Ry~ NR : -C(0)OR4, -C(0)R4, - C(0)NR3124,

- N( R3) C( O)éreif > st kyd, o f€6 [{ﬁEYIde C2- C6al kynyl , C1-C6hal oal kyl, 10
C2- C6hal oal kenyl , _or C6ha| R3 is,hydrogen; and each R 4
i s i ndependent ﬁs"é B#FPFTo H})’&Féﬂbﬁov'éis-a‘%%%ﬁqwg °¥%?3‘%63I°Rgn97 , or

C2- Coal Ky RpharmaceuticallfécceptabiBeall %stbr’ﬁfg%@d}g%g{e}ééf SAleRGh Rdisain €ach occurrence
from hal ogen, hydroxy, am no, - , -Cl-Co6al kyl (preferably
met hyl $, eptionelipsuhstibied hetmyghapmmwall)@ubm@ beterearyl, compgstsdveal kenyl |

or C2- C6hal oal kynyl ; A can be, f exa e, selected fromthe

fol |l owi ng groups, each group opti onal ub$§ uted with one or nore lte:
In yet another aspect, the invention p id a conpound of forrmula | or
', or a pharmaceutically acceptable |2, £&r or prodrug thereot wherein
R i's opt bPRRld fas&iitys]! dndvairdie RE[sQfoY CrC or ORk 0B Y)is RUIPRSFEdabiled

heteroaryl, optional |y substituted aryl or o tional |y substituted
car bocycl iR is ameptionstrsubsisuteduised biswelis Heteseaychi¢ org §iseds bigyclic

heteroaryl.  Alternatively or additionally, R’ is an optionally substituted with one

or more Ry, and preferably with an alkyl or aryl.
10 The remaining variables are as defined above, including in the preferred and
alternative embodiments.
In another aspect, the invention provides a compound of formulaIor !’ ora
pharmaceutically acceptable salt, ester or prodrug thereof, wherein R’ is optionally
substituted heterocyclic, optionally substituted heteroaryl, optionally substituted aryl

15  or optionally substituted carbocyclic and comprises two or more fused rings, and

d
wherein R’ is not V‘V‘ or <~  andY is N; wherein k=3, j=1 and L is absent.
Preferably, the compound has formula I.
Alternatively or additionally, mis 1.
Alternatively or additionally, each Rj is H.
20 Alternatively or additionally, Ry and R, are independently hydrogen or
halogen.
Alternatively or additionally, E is -NHS(O,)-, and p is 2.
Alternatively or additionally, Rs is cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, pyridinyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl,
25 pymolidinyl, morpholinyl, piperidinyl, piperazinyl, or imidazolyl, each of which is

11



wherein R is notor - ; and Y is N In still another aspect, the

I nvention provides a conpound of fornmula | or |', or a pharmaceutically
acceptabl e salt, ester or prodrug thereof, wherein R is an 5 optionally
substituted heterocyclic or optionally substituted heteroaryl, conprises
two or nore fused rings, and V\/nerein R is not vl-~ or -; and Yis N

Pref erably, n, op Jtut d .fused cl, | het erocyclic or
fused bi CWBF’?@IW&%‘MF@| [?‘ﬂlaflf‘gbl 81“§F"b s4HORAng F"ﬁ&? tuped 5 an

optional | wyslup@byltdttoedoﬂmmuMzed thigay e aﬂpremlﬁew‘l@graﬂmr wiédylL.an al kyl or
aryl. 10The remai ning variabl es are as defi ned ove, including in the

preferred and d¥tesiatiyely e addttionsl Bfehlts C(O)-. I n anot her aspect, the
i nvention provi [ . _ ceutically
B T

acceptabl e salt, er or ‘ional l'y

subst i But ednthﬁﬁxg@dyfz,l orG, hmbétmnakdlqctaﬂhaﬁﬂ,&t ad\lhﬁitﬁhﬂwwbstltonﬁi onal |y
substituted aryl 15 or optionally substitu ail arbocyclic, and conprises
two or mordEYlieptiegalty swhstituted 5Criffsalkory oRtion Yﬁs*fs“-uﬂ?c} geroaryland Y is N

wher ein ki noﬁ% stuﬂstﬁggcli LC;—@;%:} Ell?ﬂ'l oPéfﬁ %Iﬂps%stlthﬂ:ﬁ _eQround has formul a

. Alterna y or trona ernatlvely or additional ly,
each R3 i setdrocycloalkyl. In a further embodlment A is selected from

/‘tr\;r\&:gg
O/(T “Jwga\;

hal

- F o,
@/; p\j ; —N‘/ii and HO+§
10 N NS N

In another aspect, the invention provides a compound of formula Ior I’ or a

pharmaceutically acceptable salt, ester or prodrug thereof, wherein Y is N, and R’ is

o S M
vV or X , énd is optionally substituted; provided that said compound is not
15  tert-butyl (2R,68,13aS,14aR,16a8,Z)-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-
14a-(cyclopropylsulfonylcarbamoyl)-5, ! 6-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-

a][1,4]diazacyclopentadecin-6-ylcarbamate.

12




20Al ternatively or additionally, RL and R2 are independently hydrogen or
hal ogen. Alternatively or additionally, Eis -NHS(Op)-, and p is 2.
Alternatively or additionally, R5 is cyclopropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, pyridinyl, pyrimdinyl, firranyl, thienyl,
pyrrolyl, pyrazolyl, 25pyrrolidinyl, norpholinyl, piperidinyl pi perazinyl,

or |mdazonI e@h of, which is op tlonaII subs ted l(:fg[ther
enbodi ment,  Rs 1€ Ipysntiomalse fﬂagwsﬂtqomnoead Eajl@FBﬂF‘ ‘@Plac}pgﬂrﬁfﬁ

substi tut el@nh@h ?}‘M}apﬁd?ﬂa&ruﬁéﬁ ﬁ%kéﬁtﬂ@iaﬂ £SO Rfdrdé”théi@?ﬁ wh@eﬁﬂ natively
or additionally, Jis __C(0)- ernatlveyor addltlonally, Ais

al kyl, 5containing 0, I, 2, or 3 heteroatons
ghal |y substituted aryl, optionally
onal |y substituted heteroaryl, optionally

e | _~or optionally substituted -C3-Cl12
het er ocycl oaI kyI In a furt%i/ enbodi nent, A s, selected from I n
anot her as‘ﬁé’e?“ Rhis i AWerfi S pr 809 septignallysubriitdedvithgpeprmore Ry 11 or a
phar maceut i cal lytpaepept-a-p ISQ|§1or QSLfIL i%rcswﬁ‘aﬁ{yiéﬂe,tdf‘ﬁcg%ﬂ&nyl‘éﬁt%re' nyYisN
and R is , and I's optlonaf y' sub sfltut ed;” provided that said conpound is
not 1%t er€-Gellynylepe fdosoptigiall gsubstiputed with one or more Ry;
R, 16aS, Z2)-2- (3 d | -2-yl)qui noxalin-2-yl oxy)-
1l4a- (cycl opropépsm%ﬁ (E:Na(?’i noy1) - 5, 16- di oxo1, 2, 3,5, 6, 7, 8,9, 10, 11, 13a, 14, 1

4a, 15, 16, 16a- he‘kBdée@dawt,dhﬁdabqonyipﬁi—éwmbI(b{(lwczrboaydhc aryl,
1, 4j di aza ﬁn al sovfeat ures

: I t ad . Th t
a conpouné}/gq{&t?gln gr?cygf ¥ P "égn? Oprﬂ’é&%?'gﬁlaygﬁg?ﬁtpoé'l
phar rraceutsusaitﬁcydme,aeabﬁ,eres@t ester or prodrug thereof, wher e| nyYis N,

(0, 100, me1, ShisoErRt s NSO Ko il loanepyic e Citiomob i ony | ene

or 5 Cg C@k&vﬁo&é ﬁﬂ:ea@[‘qlxeie%a?ﬁt éﬂ{eeérwycﬁaé&ﬁlsrtsmgeﬂowotrmgq@np hndRge R7; J
Is - or -0-
s -d0) is optionally subsntuted with one or more Ry;

selected fromO, S.
substituted -Cl -Cs al/Koxy,

each R and R; is independently selected from halogen, hydroxy, amino, -CN,
-CF;3, -N3, -NO;, -ORy, -SR4, -S(O)R4, -S(O2)R4, -NR3R4, -C(O)OR4, -C(O)R4, -

16 C(O)NR;Ry4, -N(R3)C(O)R4, C;-Cealkyl, C;-Cgalkenyl, C-Ceatkynyl, C;-Cghaloalkyl,
C,-Cihaloalkenyl, C,-Cghaloalkynyl, C3-Cjocarbocyclic optionally substituted with
one or more Ry, or heterocyclic comprising 5 to 10 ring atoms and optionally
substituted with one or more Ry,

wherein each Rg and R, is independently selected from halogen, hydroxy,

20  amino, -CN, -CF;,-N3, -NO,, -C-Cgalkyl, C-Csalkenyl, C;-Coalkynyl, C,-
Cghaloalkyl, C;-Cghaloalkenyl, or C;-Cshaloalkynyl; and R; or R4 are each
independently selected at each occurrence from hydrogen, C-Csalkyl, C>-Cgalkenyl,
or C,-Cealkynyl;

provided that said compound is not tert-butyl (2R,68S,13a8S,14aR,16aS,2)-2-(3-

25  (benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-
dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a- v
hexadecahydrocyclopropale]pyrrolo[ 1,2-a][ 1,4]diazacyclopentadecin-6-ylcarbamate.

The invention further features a compound of formula [ or formula I’

30  (preferably formula I), or a pharmaceutically acceptable salt, ester or prodrug thereof,

13



A is Cl-Ceal kyl, C2-Co6al kenyl, C2-C6alkynyl, C3-C ficarbocyclic, aryl,
heteroaryl, or heterocyclic conprising 5 to 10 ring atons, and Ais
optionally substituted with one or nore Ito; 10Gis -E-R5, Eis -M5(00-,
Rs is Cl-C6al kyl, C2-C6al kenyl, C2-C6al kynyl, C3- d ocarbocyclic, aryl,

het eroaryl, or heterocyclic conprising 5 to 10 ring atons, and R5 is
optionally substituted with_gne or.unpre R7; each Rl and R2 is independently
sel ected from hal ogen, hydy -CN, -CF3, -N3, -N2,-SR4, -S(0)R4,
-5(03) R4, -NR3R4, -C(0)OR4 A 0) R 15 C(0)NR3R4, -N(R3)C(0)R4,

Cl - Ceal kyl , C2-Co6al kenyl , - Qpal | , Cl-C6hal oal kyl, C2-C6hal oal kenyl ,
C2- C6hal oal kynyl, C3- CIOcaP clsc optionally substituted with one or nore

R-7, or hetero cl 10 ri.ng_atons and ti.qnal |

subst i t ut BRFTPt h's&lllémé% |‘ﬁ)r e’ R7°r V\%gﬁl‘ eﬂ?dé%%ﬁw%“’é?@s %B &’n ndent |y
sel ect ed hs@mM,hal ogen, hydr oxy, 20am no, -CN, -CF3,-N3, NOZ - Cl - Coal kyl
C2- Coal kenyl C2 Coal k Cl - Co6hal oal kyl , C2- C6hal oal ken

C2- Cshal oal kyﬂﬁoil“é?nﬂ‘%zeﬂ‘&l R4 3crd, angkh is Grdegbndens: ¢y C S"’éll“'é’é’{eéﬁoét each

o o PR AAE AP op B ihuc Yy bobdensr - Coal 1
?ZR 6% 13a5, 14IaR-Q(sasonr§p -G(QB: A is C;-Cealkyl, aryl heteroaryl, C;-Cgcarbocyclic

)2/% ng‘ig[&%@%&@& ¢ Grfpristy 107 il afordd, WY I obEBAAISGbAREER Witk Whf ony! car bano
di oxo-1, Xyrande R/, 8, 9, 10, 11, 134, 14, 144, 15, 16, 16ahexadecahydr ocycl opropare] p

yrrolo[l 2-al [, 4] cy ec 6- i pvention further
features a coré r?gk & ﬁhﬁf(gBTﬁ%r‘S? Fﬂﬁg‘?ho?yc 136’('%5?%%’10 t?f‘g‘sf ormula 1), or
a phar na@%hv\yguustﬁg@@mgbjngosmo}eR,ester or prodrug ther eof, wherein Y is
N, and R and is optlonally substituted with one or nore R2;

| C=0 1q =0, npfacfhkoarp Ropare sndependgntly;sedecied;feonhalegen, hydraxs améng, ogal kenyl ene
or L 0 S t W re hal o; 5J
B0 SRR ORI P NI O e
C(O)NR3R4, -N(R;)C(O)R4 Ci-Cealkyl, Csalkenyl Cz—-Csalkynyl C]‘Céhaloalk)’l

C,-Cghaloalkenyl, C;-Cghaloalkynyl, C;-Cjgcarbocyclic optionally substituted with

one or more Ry, or heterocyclic comprising 5 to 10 ring atoms and optionally
15  substituted with one or more Ry,
wherein each Rg and R; is independently selected from halogen, hydroxy,
amino, -CN, -CFj3, -N3, -NO,, - C{-Cealkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-
Cghaloalkyl, C;-Cghaloalkenyl, or C;-Cghaloalkynyl; R; is hydrogen; and each Ry is
independently selected from hydrogen, C,-Cealkyl, C,-Cealkenyl, or C,-Csalkynyl;

20 provided that said compound is not tert-butyl (2R,6S,13aS,14aR,16aS,Z)-2-(3-
(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-S5,16-
dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolof1,2-a][ 1,4]diazacyclopentadecin-6-ylcarbamate.

25 In addition, the invention features a compound of formula I or formula I’

(preferably formula I), or a pharmaceutically acceptable salt, ester or prodrug thereof,

14



or heterocyclic conprising 5 to 10 ring atons, and is optionally
substituted with one or nore Re; Gis -EFRs Eis -NHS(02)-; R5 is
C3-d oCarb0CyClie or heteroaryl, and is optionally substituted with one or
nore R7; 10each Rl and R2 are independently selected from hal ogen, hydroxy,
amno, - CN, -CF3, -N3, -N®, -M,-S(0)R4, -S(02)R4, -NR3R4, -C(0)OR4,
-C(0)124, - C(0)NR3R4, -N( 0) 124, Ci-Coeal kyl, C2-Ceal kenyl,

C2- Coal kynyl , Ci - C6hal oal k - oal kenyl , C2- Ghal oal kynyl

C3- d ocar bocyclic optionall bst fed with one or nore R7, or

het erocyclic conprising 5 tp 1 ri ng \atoms and optionally 15 substituted
with one or nore R7, eh R6 and R7 is |ndependently sel ected

from hal o dr mn CN F

C2- Csal ke?(%remg %ga%ﬂﬂﬁ 4 Bhal Sg:: i is @‘%N%F‘Bﬁi%mﬁh %‘i’e or

C2- Cohal ogloky/my| ; R3 |s hydr ogen and each R4 is mdependently sel ected
from hydr ogen, C -C6 ken or C2- Coal nyI 8 I’OVI ded t hat
sai d conpound ¥ ik “%‘ér E“Q)b’t%ilf‘ ?fzhaa%élﬁ@&i%ahsrﬁ C%‘Ci

§ bgni g[ d] ERicgZPbocgeiid orAHRRSGLiidcomptisthieys rolehdng AR, QRd %ﬂti%umyo nyl car banoy1
di oxo-4, 2substitug:dpvigh @rexy micte Rga, 14, 14a 15, 16, 16ahexadecahydrocycl opropal e] p

e 2 ol iR BN RS M GAROP ol gl {00, 1

formul a 19>ptlanall)as®hamrdmet}twrrcadrIny)raRe:;ept abl e salt, ester or prodrug
t her eof \f"

w'th one or f25f 5 K 7% fdegBhiently sclEfed g hioeon, byl Stnat* 1 o' 111 &
absent;! C¥, @KJQ)Ns, Oz, CORY, QRS -H(O)R,, CS(@WWRNQM(@)?R;@C@WI o;:]ycl ic
conprjsin s iS one or
m)?g 1-@ %(8)1‘}1{ Rg - &ﬁgg?é)%ﬂ CEgﬁaikyl'l\ﬁ:S?@ ﬁg CI6§1E & fgﬁt}'ﬂgéwé'f’l c or

het er oar ybz-cggmt,du&ngpbfgp@ma\{og Lituted vvlth one or nmore Ri; each
RI and R2 are jindep endentl sel ected from hal ogen hydr oxy, am no, - CN,

-CF3, -N3, -N& lswgem sp 99qkR4 is mgmdemtxm% fromdayslyegen, Ci-
Cealkyl, C;-Cgalkenyl, or C;-Csalkynyl and Rg and Ry are as deﬁned above;

provided that said compound is not tert-butyl (2R,68S,13aS,14aR,16a8,Z)-2-(3-

15  (benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-
dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolo{ 1,2-a}{ 1,4]diazacyclopentadecin-6-ylcarbamate.

In one embodiment, R; is selected from cyclopropyl, cyclobutyl, cyclopentyl,
20  cyclohexyl, cycloheptyl, pyridinyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl,
pyrrolidinyl, morpholinyl, piperidinyl, piperazinyl, or imidazolyl, each of which is
optionally substituted with one or more R;. Preferably, Rs is cyclopropyl. A can be,
for example, selected from the the following groups and optionally substituted with
one or more Rg:
+0’\ : [Nj/x ; /ENj} O—o/%; HN')Nj\L- o;j.\ A ™ .

N N D cal '

25 S
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10C(0) NR31t4, -N(R3)C(0)R4, Cl-Co6al kyl, C2-C6al kenyl, C2-C6al kynyl,

Cl- C6hal oal kyl , C2-C6hal oal kenyl, or C2-C6hal oal kynyl ; R3 is
hydr ogen; and each 124 is independently sel ected from hydrogen, Cl1-
Coal kyl , C2-C6al kenyl, or C2-C6al kynyl and R6 and 12.7 are as defined
above; provided that said conmpound is not tert-butyl (2R, 65, 13a5, 14aR, 1
6as, Z) - 2- ( 3-

15( benzo| d [ Wﬂ 2- yI XY 14a- & opr g uI f onyl car bano
y1)-5, 16- ! —N | —N

di oxo-1, 2, 6 7 8 quo llN%é“ 14 14a, 16 16a adeca% rocycl opropale] p
yrrol o[ 1 2 41 ]d| azacycl opent adeC| n- 6-vyl car barnate. I n one enbodi nent, Rs
is selected fromcyclopropyl, cyclobutyl, cycl opentyl, 20 cycl ohexyl,

cycl oheptyl, pyridinyl pyr| m dinyl, fur any thienyl, pyrrolyl, pyrazolyl,
pyrrolidi @\ﬁ‘b nyI f di n gl nyl, -or imdazolyl, each of
which is ti nallu\s bstltut 'h one or e R7. Preferably, Rs is

cycl opropy A can be, for exanpl , selected fromthe the foll ow ng groups
and optional | yRepHasentative esmpéunds ieiideybutaremoRbmithl fo] ke fSHOYihE; 25
Representati ve conpounds include, but are not limted to, the follow ng
conpounds $°MPOYMS: t ert - but yl

2R 6S, 13 2- 5
3(/| oxy) 1425 té'%a’yﬂmim%f lgﬁ};p?g?Zgﬁggﬁm@m%m?ﬁzg%gl@ﬁmaw27 8,9,10,11, 1

3a, |4, i4a¥%¥%6431@¥°19§?aﬂé‘é1 fgnylsathagoyBrs GodPse- pyrrol o[ 1, 2-
?]2[R16f51] glsg 14a’z’ 162(%?!;?%2& g%y]lgg%l(t)b?g? %ﬁdeg%h&df@fclgﬁmpﬂol?gfr plo“2 yl oxy) - N(cy
cl opr opyl sulﬂmyy@p(emémmétyﬂﬂm 5, 16-di oxo-1,2,3,5,6,7,8,9,10, 11, 13a
e P T ERY
(2R, 65, 1385 chpaipylkGHE W) 6-Ris¢dedtinamidy)d] tchdiax®ll 23, 5671819 B, 1 3x; 2- vyl oxy) - N(cy
(il (z)pgggyl ?};l fog%/g?)?ﬁalg?‘gggcfhy enz%nm%%%] ?‘F[i;ggélg;:ahydr ocycl opropal €]
pyr rol o[ 13 4ihahéykidhendietne Vaal aprbaiRe | ne- 14a- car boxam de;
(3) (2R,68,13aS,14aR,16a8,Z)-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-N-
(cyclopropylsulfonyl)-6-(2-fluorobenzamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15, 16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-

15  a][1,4]diazacyclopentadecine-14a-carboxamide;

(4) N-((2R,68,13aS,14aR,16aS,Z)-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-
14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,134a,14,144,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2-
a][1,4]diazacyclopentadecin-6-yl)-5-methylisoxazole-3-carboxamide;

20  (5) (2R,6S,13a8,14aR,16aS,Z)-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-N-
(cyclopropylsulfonyl)-6-(5-methylpyrazine-2-carboxamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-
a][1,4]diazacyclopentadecine- 1 4a-carboxamide; '

(6) N-((2R,68,13a8S,14aR, 16aS,Z)-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-

25  l4a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,1 6a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2-
a][1,4]diazacyclopentadecin-6-yl)isoxazole-5-carboxamide;

(7) N-((2R,68,13a8,14aR,16a8S,Z)-2-(3-(benzo[ d Jthiazol-2-yl)quinoxalin-2-yloxy)-
14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-

16



(4) MA(2R, 65, 13a5, 14aR 16aS, Z) - 2- ( 3- (benzokl ) t hi azol - 2- y1) qui noxal i n- 2-yl ox
y)-

14a- (cycl opropyl sul f onyl car banmoyl ) - 5, 16- di oxol, 2, 3,5,6,7,8,9, 10, 11, 13a, 14,1
4a, 15, 16, 16a- hexadecahydr ocycl opropal e] pyrrol o[ 1, 2-
a][1,4]diazacyclopentadecin-6-y1)-5-nethy|isoxazole 3-car boxam de; 20 (5)

2R, 65, 13 S -2-(3-(benzol d] th oI-- ui no in 0X N-(cyc

(1opropylsjglzf’€§§7;l7 %%l ﬁ\lfg’ﬁ%’ %y‘gqu[‘rgé § 2\ 86')01’%8?%&) 1y)2 3, ( y
, 9, 10, b1 438 ukéyd&;ﬁnéaea@ﬁlﬁﬁhlbm@d@s@byﬂﬁﬂeycI opr opar e] pyrrol 0[1 2-

a] [ 1 4] di azac]\.{cl opent adeci ne- 14a- car boxam de;  (6) (2R, 65, 13aS, |

4aR, 16aS, 1§)-(2R68,108S AR, 1 eAS &) %ﬁ%&mqi&hnm&%a){l)qquwm%y)oxy5~ -

55 %43 g C%%ﬁ%w&ﬁl#ﬁgg '(g Z:Fe?ﬁ?{%%yr?zok% b B8Limido)-5,16-dioxo-

6, 16a- ﬁexddet&ﬁﬂc&%t%l é)%r'rtfbhf{ael]Spgﬁrlré'@H@[ta_degahydrocyclOPrOPa[e]pyrrolo[1,2-

al[1,4]di e- 5- car boxam de; 7

N]-E(let , 6§ﬁT%gc§$z%§fcl!§p%g&§é% 80%4"?%%2%[ cljthiazol -2-Aqui Eloial i n-2-yl oxy) -
14a- ( CyCI OPr(RySHGhRS, dMaR, d:@aS;)a)qz}YiL}beEzoIG}thiamba-yl)qumoxalm-Z yloxy)-N-

1,2,3,5 10,11, 13 4. 14a, 15,.16,.163- h adeca drocycl opropal e rrol
of 15 a (Delbpaa TS S AT R Be RSB hoxam der (8] . "
(2R, 6S, 134324@?63%1(1)}23(,34(4helr52m,lﬂatﬂék§t7e6&hyardé gprop a%pygn%mpxy)-N(cycl

opropylsulfon )-6-( 1 -nethyl-1H pyrazol e- 3- car boxam - di oxo-
51, 2, é 5, @]['} ug,agx;: o_pgntggecme-14a»carboxamlde

Z] [1411 iéllgl yzi)a(%ﬁ}: ﬁga‘é’%gﬁfﬁgﬁﬁecar%@w EW)B? inBatin?2-yloxy)-N-

(2R, 65, 1360)@11)@;:@” alform))-6-(1,3-dimethyl-1H-pyrazole-4-carboxamido)-5,16-dioxo-

i oxo- 6. Rrre e ) ELL AL e gsdpenibisch s gl 2o 5. 10

a, 14, 14a, kﬁlﬂmlﬂﬁaydmeaﬂémmmWanmdma[ el pyrrolo[ 1, 2-

;ga]lgliﬁdf]lg@%%‘gg‘ll ?gP%ggE%F%f%g g(}%{{lzr gﬁij} ﬂ?‘ﬁ&ﬂéﬁ%g%alé‘gﬁ'g%ﬁr« cycl opropy

| sul (cyclopropylsulfonyl)-6-(3-fluorobenzamido)-5,16-dioxo-

f 1)-6-(1,3:-di hyl -1 H | e-4- b d 5, 16-d 2,3,5,6,7,8,9
2011, 134238 9 Ua13186&ﬂ%ﬁﬁa&%ﬁ%&@@?&%ﬁ%ﬁawepﬂyﬁé%i 529 ")
E;—R4]6gi i—é %Yde?&% Bésite- -G RaME de;  15(11)

a

14aR, 16a benzo[ d] t hi azol qui noxali n- 2-yl oxy) - N-
(cycl opr oﬁka)éfm MWZM&'(%SM@@ éb%ak&-,ﬁwgﬁmg%yéqmnoxalm-z yloxy)-
1,2, 378, ,lza_ é{&f%ulﬁf‘ ak'baﬁ]ojyﬁl ilédljoﬁ JA6a- hexadecahydrocyc

| opr opa[ e] pyr azacyc opent adeci ne- | 4a-car boxam de;
(12) tert-1Bi §,46 7,8,9,10,11,13a,14,14a,15,16, 16a-hexadecahydrocyclopropa[e]pyrrolo[1,2—

e R sy o 5 Yo o2 o)
(13) N-((2R,6S,13a8,14aR, 16aS,Z)-2-(3- (benzofuran-z-yl)quinoxalin-Z»yloxy)-l4a-
(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-

25 1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-
a][1,4]diazacyclopentadecin-6-yl)-5-methylisoxazole-3-carboxamide;
(14) (2R,65,13aS,14aR, 16a8S,Z)-2-(3-(benzofuran-2-yl)quinoxalin-2-yloxy)-N-
(cyclopropylsulfonyl)-6-(5-methylpyrazine-2-carboxamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2-
30  a][l,4]diazacyclopentadecine-14a-carboxamide;
(15) (2R,6S,13a8,14aR, 16aS,Z)-2-(3-(benzofuran-2-yl)quinoxalin-2-yloxy)-N-
(cyclopropylsulfonyl)-6-(1-methyl-1H-pyrazole-3-carboxamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2-

a][1,4]diazacyclopentadecine-14a-carboxamide;
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1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opr opa[ e] pyrr ol
o[1,2- a] [1,4]diazacycl opent adeci n-6-yl carbamate; (13) N-((2

R, 6S, 13aS, 14aR, 16aS, Z) - 2- ( 3- (benzof ur an- 2- yOqui noxal i n- 2-yl oxy) - 14a(cycl opr
opy!l sul f onyl car banmoy 0-5, 16-di oxo- 251,2,3,5,6,7,8,9,10,1 |

, 13a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropa[ el pyrrol o[ 1, 2-

a][1, 4] di azacycl opent adeci n-6-y1) - 5- net hyl i soxazol e- 3-car boxam de; (14)
(2R 6S, 13&&9)1%&&,8.11%%} R, p6aSZY LEhthsneafamnn2-ylmwinoxaliiex)W-oxy) - N (cycl op

ropyl sul f <O ( b [ lcAE RBR ¢ i = ' 2,3,5,6,7,8,9
, 10, 11, 133%%‘%&%@@%%{ggyﬁgﬁigg@ggw? oc?%ltgog@c’)%xg e Sjr’ %I@%ﬁ, 2- 30a]

[ 1, 4] di azd¢y%5.6(7:8)9,404d ¢l dal14,44e, Ll boealmixadecahydtayclopropale]pyrrolof1,2-

(2R, 6S, 13a R 163S, Z)-.2-. S-é)_ f ur.an- 2- yOqui noxal i n-2-yl oxy) - N-(cycl op
ropyl sul f8ﬁ;l/’]]?§l‘f}%i-af)ﬁ%ef' Fc-’ﬁ?—'l-l ?Ag%ag‘-’%?car boxani do) - 5, 16- di oxo- 1, 2, 3, 5, 6,

7,8, 9, 53, 1117)133,',6&4,3&9:,&146!61%,Zﬁh(h&eaﬂcmhﬂdylmmkam-mm:@)-pyr rolo[ 1, 2-

al[ 1, 4]1di gzacycl opent a i.ne- | 4a-car.hoxam de;: 2R, 6S, 13

oL Luak ) oo iR E S o ten S TG iaT AL AmSN o

y) - N-(cyclions opyd $0l16,00y 3d,1414al1 r6l1 geheidecatydrocysiopiopa@igdolsx2m do) - 5, 16-

di oxo-

‘a, 14, 14a, 2] fliamaydeneatrdecing ditaoearbedplidipal e] pyrrol o[ 1, 2-

al[ 1, 4] di | ' r-AoX AiLdL; 9. : e
(2R, 65, 132@&,&&@@23@@%(} BESZv‘yia 163 %?nw-bgﬁﬁ/(’l[%%@rﬁ?%l yhauinoxplins
(cycl 39r opyldxgitll 4o (oytlop®pyBulde temiqy)r3, le-diowe~ 4- car boxamni do) -
1,2,3,5,6,7 , 4 16a- hexadeci t h CyC opal e] pyrro
| o[ 1, 2- a)l(%fz,?ﬂﬂﬁ%ié\}é?%%ﬁ%%ﬂaﬁ%fﬁﬁ‘eﬁ% JeR:0Re H?'&B’;%g[re?p#’("i‘gf 2ert-butyl
(2R, 6S, 13 af$4]diadacydaysnidiiecdnE3yl¢dbamaag;b] t hi ophen- 2-yl ) qui noxal i n- 2-
10yl oxy) - 14a. (.C | f l,.egr banoy1)-5,16-dioxpo- .
a, 14, 14a, 1 %@(ﬁ&gﬁiﬁ%&%ﬁ%ﬁ@aﬁméﬁ oRher-gydayingxalin-2-
a][1, 4] di F@e?é%@(l BlopbpYishitfémytdas mes, B5-diokd9) N-( (2R 65,13
aS, 14aR, 16aS, Z) - 2- ( 3- Ebenzoé b1t hi g)hen- 2-yl ) qui noxal i n- 2-
U1 oxy §514d-2b S61Teh0 by ] 40 4-bfy | % b Hainisradecahyreocaplopigpalelpyrrolof 2
151, 2, 3, 5, p A L4 : - drocycl opropa(el pyrr
ol o(1, 2- a E’%@%ﬁ%@%@?ﬁgﬁgﬁgﬁgﬁe&@éé& 9l%jrqreéat§ | soxazol e- 3- car boxam de;
(20) (20) (2R,6S,13aS,14aR,16aS,Z)-2-(3 -(benzo[b]thiophen~2—yl§/q
(2R, 65, 13a8, 14aR 16 =2z (3-(benzol blt hi ophen- 2= ui_noxal i n-2-yl oxy) - N- (
cycl opr op??ys?gﬂpf%jﬁ;&fﬂg%ﬁ%’g%ﬁé’%w&fq ?’3&?’ 59?9815}@8))22%3 458, 16- di oxo0- 1, 2, 3, 5,
6,7, 8,9, 10,213,553,%9,16,1 1,433, 14 461 5| B} Gachen ddxcalipdsiscycippropaeimyaotd pge r ol of 1, 2-
20  a][l,4]diazacyclopentadecine-14a-carboxamide;
(21) (2R,68,13aS,14aR,16a8S,Z)-2-(3-(benzo[ b]thiophen-2-yl)quinoxalin-2-yloxy)-N-
(cyclopropylsulfonyl)-6-(1-methyl-1H-pyrazole-3-carboxamido)-5,16-dioxo-

1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,1 6a-hexadecahydrocyclopropa[e]pyrrolo[ 1 ,2-

uinoxalin-2-yloxy)-N-

a][1,4]diazacyclopentadecine- 1 4a-carboxamide;

25 (22) (2R,65,13a8,14aR,16a8,Z)-2-(3-(benzo[b]thiophen-2-yl)quinoxalin-2-yloxy)-N-
(cyclopropylsulfonyl)-6-(1,5-dimethyl-1H-pyrazole-3-carboxamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,134,14,144,15,16,1 6a-hexadecahydrocycloprbpa[e]pyrrolo[1 ,2-
a][1,4]diazacyclopentadecine-14a-carboxamide;

(23) (2R,6S,13a8,14aR,16a8S,2)-2-(3-(benzo[b]thiophen-2-yl)quinoxalin-2-yloxy)-N-

30 (cyclopropylsulfonyl)-5,16-dioxo-6-(pyrimidine-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,1 6a-hexadecahydrocyclopropale]pyrrolo[ 1,2-
a][1,4}diazacyclopentadecine-14a-carboxamide;

(24) tert-butyl (2R,68,13a8S, 14aR,16a8S,Z)-14a-(cyclopropylsulfonylcarbamoyi)-
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20a] [ 1, 4] di azacycl opent adeci ne- 14a- car boxam de; (21)

(2R, 6S, 13aS, 14aR, 16aS, Z) - 2- ( 3- (benzo[ b] t hi ophen- 2-yl ) qui noxal i n- 2-yl oxy) - N
cycl opropyl sul

fonyl)-6-(1-nethyl -1 H pyrazol e- 3- car boxam do) - 5, 16-di oxo1l, 2, 3,5, 6, 7, 8, 9, 10,
11, 13 a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropa[e] pyrrolo[1, 2- a]

[1, 4]d|azacyclopentadeC|ne 1l4a- car boxam de;

(2R, 68, 13aQ;lﬁmcﬁ%@e@mwﬂt@-ﬁ()ﬂ@%ﬁd[%}.ﬁﬁﬂoﬁ)%&ltrl?@h‘bﬂ%%alﬁ Has. y| oxy) - N-
| E 5, 16-di
E)Ci/czogrg%é@&%&@l%%&yi%p@aﬁlﬂ}rﬁcg%é ql ﬁi'gxarcﬁ gﬁ‘eca ﬁﬁé@%’ﬁ%&opa[ e] o

pyrrol o] 1, £25)&IR,p3,133S, tdaRkz K ) A6y bgepyselfdmd)-5,a6dimsard-de; (23)

2R, 6S, 13 14 34b blth hen- 2-yl i lin-2-yl - N

5 o OB P BRI 1 L0 2

1 2 ﬁ 613 I2,3,5%,18, 9;LI|D 111318,21,]13 14445, 15ﬁﬁﬁhéﬁgcdahyﬂgmwg%a£?yﬁtd¢b{ﬂ§mlt i pyrrol of
- a acycl o adeci ne- 14a- car boxam de; ert-bu

(2R, 68, 13aé} 1%3%21%&]99%‘3 gigerl é’?&?%ﬁf%‘b‘gi”sul f onyl car banoy1) - Y

5, 16-cl i oxped Qiasélﬁw(bklsél 1%51%1@5&982)-&a&cfl@pr&gﬁs&foﬁ?]c%m&a& 2-14 14a, 15,1

6, 16ahexadecahydroc cl opropal e] Pyrro o] } di azacycl opent adeci n- 6-yl
car bamat e; 3,1§-d®xo-2-(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,1 3,14 l4a,15 16,16a-

2R, 65, 134,
(2R 05, L ek aa iR ol CYSEBN PRI RA I Sentiedh B4 bamate
51, 2, 3105, 6(277)32’963.@343!.1%al,&&z'n%(%l@ﬁ?w&a%m&h@éﬁahNi—d)Hymﬁrapteepa[ el pyrro
lo[ 1, 2- d d 26 | tyl
<‘2’[R o5, 15nE R B R E SRR car baroyo,

, 16- di oxot 23(5Fﬁ)'&&3ﬂ10t‘lrlllda,ﬂ4,64y,llmyﬂéalh&aaecﬁhﬁdraﬁ)&l@rdlﬁ[elﬂyrﬂﬂﬁ[l,‘124 14a, 15, 16

érlgggg;(?eaj@?‘égr occ)élglloggnrtg egling_]lax car%L;?eIn%dg, a][ 1, 4] di azacycl opent adeci n-6-yl c

(2R 6S, 13a&8}ﬂa§m@s$3zs1%«,%zapmr(wwr&%mmmﬁcérﬁaﬁwlmIlsldimyrazol e-

3- carb xam do) 16- di oxo- 2- enant hri di n-

1,2, 3,9 6,%( lgleganilytdm61)3l%yi4(22&;§6,1758 9.40, ib&%&bﬂfeé)a’rﬁy’(ﬁaocycl opr opa( e] pyr r ol

o132 2 i flmmeiebm e grolia AasRiaR Bk 8 s | o
152- (phenancthylnsenwwmw}md@ 3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16a-
e AL RSOl bbb S SRRSO
carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
20  1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2-
a][1,4]diazacyclopentadecine-14a-carboxamide;
(30) N-((2R,6S5,13aS,14aR, 16a8,Z)- 14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
2-(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,134,14,14a,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolof 1,2-a][ 1,4)diazacyclopentadecin-6-yl)thiazole-5-
25  carboxamide;
(31) (2R,6S,13a8,14aR, 16aS,Z)-N-(cyclopropylsulfonyl)-6-(2-fluorobenzamido)-
5,16-dioxo-2-(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolo[1,2-a][ 1,4]diazacyclopentadecine-14a-
carboxamide;
30 (32)(2R,68,13a8,14aR, 16aS,Z)-N-(cyclopropylsulfonyl)-5,16-dioxo-2-
(phenanthridin-6-yloxy)-6-(pyridazine-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-

a][1,4]diazacyclopentadecine- 14a-carboxamide;
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(29) ‘

(2R, 6S, 13aS, 14aR, 16aS, Z) - N- (cycl opr opyl sul f onyl) - 6- ( 5- net hyl pyr azi ne- 2-

car boxam do) - 5, 16- di oxo- 2- (phenant hri di n- 6-yl oxy) -

201,2,3,5,6,7,8,9, 10,11, 13a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opr opa[ e] pyrr
ol o[ 1, 2- a][1, 41di azacycl opent adeci ne- 14a- car boxam de; (30)

N4A( 2R, 65, 134, 14aR, 16aS, Z) - 14a- (cycl opr opyl sul f onyl car banoy1) - 5, 16- di oxo- 2- (
phenant hr i(3H{2R.691131§:) 4aR 2@@;@;@:(‘7&’@@9@&“@?&13&1?@‘1"4’&?“15, 16, 16a- hexadecah
ydrocycl o [k, k. 2c 4} di .alyopent adeci n- 6- yQt hi azol e-5- 25
ot bovan %QM%W b1y8:3)-b: Byt dined dABE AL

(2R, 65, 13h3.3159G/RES6HE 17) 3a)4( cad 56 16phesadetahydiby y@orrapdlt lpprrolobhzani do) -
5, 16-di oxo: 2-{,phenant hr.i di n- 6- vl o -1.2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16
, 16a- hexagléggiﬁ&%?ﬁyf{f]’gﬁbtﬁ&&ﬁﬁ[leﬁ%ﬁ??g%% ' 2-a] [ 1, 4] di azacycl opent adeci ne- 14a
E (2:% r géﬁ( ??(3519 ;(.;2113,263?8, 1 4asR, }\Ea(s,Z)-ll\I-(cycloprcl)pylsu]!fonyli—f-(é—rrieéh)gtl H-pyr;zolc-

, 65, , 14aR, 16a8S, 2).- N- (cycl opro ulfo -5, 16- di oxo- 2-
( phenant h?‘lcﬂ'i%’ﬂ’-‘%‘-‘ Pbi}%‘gélx(’ﬁ?{ﬂ%ﬂ%%ﬂﬁg%ﬁgﬁiwg’iam do) -
1,2,3,5,6]74,35% 8735 ol 11530, 1114114—1:,4@,lgﬁﬁﬁeﬂ&%cdh‘?&@d%@ﬂ}hfﬁd{?%?bl@ﬂﬁ@pa[ e] pyrrol

o[1,2- a][1], A1di azacycl opent adeci ne- 14a- car boxam de;

(25, 65, 1ﬁ@]$!,¢]¢m,a%h>s§rz; sinechiatcophospyidsul f ony1) - 5, 16- di oxo- 2-

172035, 0 RS ATCI DGR iaRha e ddonz,

| opr off&[ einpmytpmm[lammo)-a,]lpadiébiodl-i&ﬁaomml' '&:6;:)&01?604 ne- 14a- caL bloxam' de; 5( I34)
2R, 65, 13 Jd4 Q;Lﬁ)aﬁ - 1)-6-(1- = -

g- car boxah’?gcﬁl’@’g’,@ 6-d o@&‘?‘é"%&ﬁgﬂ{ﬁ %’%@%ﬁc%‘gg%éﬁi??prgpﬂ%%xg[%5"_7pér S,Zgo? |

1,112aa_14, a]{laﬂllfa,z&@slkﬁentbwc&demwd:mgymleppr o!oa[ e] pyrr (2)|RO£3L 2|— a]

525, 1aaR, LSBPSITE TR Has PRI oA AT sty -

10met hyl pﬁgagpgmfd%x&wéy-d,il9)%%=i-wlﬁﬂamrtmﬁ-@iym:@).yI oxy) -

1,2,3,5,6 , 0,11,13a,14,14a,15,16,16a-hexadecahydrocyc|oFropa[e]pyrroI
o[ 1, 215 a] 123,567 &%y Haddelded dd6il §a-heradeealy tros viioriapalelpgmglo[ 1 ,2-

byr azol o L o R e o b i 6yl oxy) s

151, 2, 3, 5(B)Cy8loperitpl (2R,6633a84 43R 4 64%H 2} 64t GacloproasedidnytbadeyolybpX-opa[ ej pyrr

ol o[ 1, 2- pl il ShdhARARKS NS AIREHS-1 425, SBIRCKATY 1530,
14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-

20  a](l,4]diazacyclopentadecin-6-ylcarbamate;

(38) tert-Butyl (2R,68,13a8,14aR, 16aS,Z)-14a-(cyclopropylsulfonylcarbamoyl)-2-
(2,9-difluorophenanthridin-6-yloxy)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,
15,16,1 6a- hexadecahydrocyclopropafe]pyrrolo{1,2-a][1,4]diazacyclopentadecin-6-
ylcarbamate;

25  (39) tert-butyl (2R,6S,13aR,14aR,16a8)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-
dioxo-2-(phenanthridin-6-yloxy)octadecahydrocyclopropa[e]pyrrolo{1,2-
a}[1,4]diazacyclopentadecin-6-ylcarbamate;

(40) Cyclopentyl (2R,65,13aR,14aR,16a8S)-14a-(cyclopropylsulfonylcarbamoyl)-
5,16-dioxo-2-(phenanthridin-6-yloxy)octadecahydrocyclopropa[e]pyrrolof{1,2-

30  a][1,4]diazacyclopentadecin-6-ylcarbamate;

(41) tert-Butyl (2R,685,13aR, 14aR,16a5)-5,16-dioxo-2-(phenanthridin-6-yloxy)-14a-
(thiophen-2-ylsulfonylcarbamoyl)octadecahydrocyclopropale]pyrrolo{ 1,2-

a][1,4)diazacyclopentadecin-6-ylcarbamate;

20



(37) Cyclopentyl (2R, 6S,13a5, 14aR, 16aS, Z) - 14a- (cycl opropyl su

fonyl car banoyl ) -2- (2-

fl uor ophenant hri di n- 6-yl oxy) -5, 16-di oxo-1, 2,3,5,6,7,8,9, 10,11, 13a,
14, 14a, 15, 16, 16a- hexadecahydr ocycl opropal e] pyrrol o[ 1, 2-

20a] [ 1, 4] di azacycl opent adeci n- 6-yl carbamate; (38) tert-Butyl
(2R,65,13aS,14aR,16aS,Z)-14aﬁéfyc;§fropylsulfonylcarbanD

1) - 2-
(2, 9- di f | (ENEPRE[dAH #2R, H6aS. 2Rk ®,rqm115@ifeﬂxi)-é-,(éﬁnmtl&‘d?‘bw?@zl?céz 11, 13a, 14

, 14a, 15, 186xHfido)-5, 16-djoxo-2-(ph idin-6-yjoxy)-
hexadecahy%r g)éycl 8)pr’opa[°e py rg acr)lzl.T, o a]yfolx,yzl] di azacycl opent adeci n- 6-
yl car bamatle,3,28(7R9,10,4 1,1 3h14,)4a,15,16,1 6a-hexadecahydrocyclopropale]pyrrolo[ 1 ,2-

i oo~ ( LBtV aB Y S ORI (00 O r Ooal &1 pyi ool 1, 2+ &)
| , 4] dbaz amﬂ)mmamaﬂ(daRrSaS,—SRl,QSar&anmille-;(cyc@e@ﬁt);?)@Mbnﬁearbgmoyl)-5-(2-

2R, 65, 13aR, 143R, 16aS).- 144q- 0 =
(5, 16- di ox2‘5250(Fﬁﬁ&ﬁﬁﬁ?‘i\?#@ﬁ?fééﬁﬁ‘%?@ﬁ??ﬁe&%ﬁ%ﬁ%g‘gr@#%é‘ﬁé?aﬁyr rol o[ 1, 2-

30 a][1, 4}l ' A A@ihgicycl de€into-Buodrpamate;
(o5 b 13 AR ARyl Sk

6- di oxo- 2(wmhwwia%imséRﬁS@L@aﬁ.Zj)zia((ml@mﬂ@ﬁwifowlwbwaﬂxl%ée(Pbamoyf | oct ade
cahydroc rRhAh6C 2% aall 1, ' [ _yl car bamat e;
(4] or CUORARAAAMRIA L6058 g?“éﬂéﬂ%@%ﬁﬁ%@aﬂiﬁi&%ﬁ%ﬂﬁéﬁ%- |

H pyr 480l demadecadryisoocariontopals]pyeroli bR 1. 4]dikzasaeloprniadieein®-ylpashymate;

1,2,3,5,6 : , - |

of 1120 ] Y0 e L (AR S sk, s b e B A O A b RSB 2 St v

( ﬁaR, B?E, ﬁpwgeﬁfﬁyrzqin-gaémwa&;pim@yllsﬁLi,I;ﬁB,@fn%bﬁrbgm,ngI?Ld-uorz o13 .
enant hri di n- 6-yl.oxy),.- - di 0X 0+ 1a, 2.3, 3a _

2, 16ahexa hﬁ@gﬁbﬁ?&{y)&@gﬁpg@k{w&[ L ’?c?h@ [ﬁﬁitaza%yélope%’ta%wh%’-)charbax%at%,

,2-a][1, 4I4H)<’\ila’i§3faﬂ,ﬂp,98,tlsste,Z'D-&(S:(Hérﬁa{lfd%[mblez-yl)quiﬁdbéh)inizzeylbx)buﬁ-yI
(laR, 3aS, 5R, 9S, 16aS, 7) - | ag—Bécy(;I opr opyl sul fonyl car banmoyl) -5-(9- fluoro
phenan®hr {g}ciepseryt i{pnpy-Ss yoamidg)->84liexg-4 5 6 8,9, 10, 11, 12, 13, 14, 16al0

hexadeca 1,1a2,3,32,4,5,6,8,9,10,11,12,13,14,1 6a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2-
hydr ocycl opropal e]'pyrrol of I, 2-a] ['1, 4] di azacycl opent adeci n- 9-yl car bamat e;
(45) tert aﬁ@, iazacyclopentadecine-1a-carboxamide; -

(1laR 3aS, 280 9ParLOASSKbs 18ait Y.l I . B Bvoxhdg. fluoro
phenant hr ?di)g-%-’yﬁ%(y’) >3 asr(%yg)gg%a%[d;mgz%?’ Zﬁ@{‘aé,!gi,lé%yd,éﬁ’(f, 12,13, 14, 16ahe
xadecahydfeyclopropyl sulfonyl)-9-(5-methylpyrazine-2-carboxamido)-3,8-dioxo-
cycl ogropa[e] [ [,3..4]di @Z23acye deci n- 9- r at e; (46)
(Lo BB IEE B sRine. f0.PL Il i ARG CRTRL RGN Y ROERET 50
15( cycl opaiipydisat yaiopehiadcifd- b carbatantideyi do) - 3, 8- di oxo-
1, 1a, 2, 3, 4 6, 3, a- hexadecahydr ocycl opr.o e] pyrrol of
I 2 o L1 g onetu e e e TP o5 arnbi D o
(1aR 3aS, IRx82-(PheRnihridin-6-3dxyRtzaabeihliroagdprapapelpimelspli-n- 2- yl oxy) - N(cycl o
ro sul fon - 9- (5- et hy razj ne- 2- c, ar boxan do) - 3, 8- di oxo-
propyl I{ ¥1)9(‘5 t hyl py 2 b do) - 3, 8-d
201, 1a, 2, 8lld4]diazgcyslepegtaderin-p-ylcarbamate;
12, 13234, 4n-esadrQaRds 3RYE, AR #aAbERISFropyHulforylcarbamoyl)-5-(2,9-
difluoro phenanthridin-6-yloxy)-3,8-dioxo-1,12,2,3,33,4,5,6,8,9,10,11,12,13,14,16a-
hexadecahydro cyclopropa[e]pyrrolo[1,2-a][1,4]diazacyclopentadecin-9-ylcarbamate;
(50) tert-butyl (1aR,3aS,5R,9S,16a8,Z)-1a-(cyclopropylsulfonylcarbamoyl)-5-(2,10-
difluoro phenanthridin-6-yloxy)-3,8-dioxo-1,1a,2,3,3a,4,5,6,8,9,10,11,12,13,14,16a-
30  hexadecahydro cyclopropa[e]pyrrolo[1,2-a]{1,4]diazacyclopentadecin-9-ylcarbamate;
(51) tert-butyl (1aR,3aS,5R,9S,16aR,Z)-1a-(cyclopropylsulfonylcarbamoyl)-5-(3-
(naphthalen-2-yl)quinoxalin-2-yloxy)-3,8-dioxo-
1,1a,2,3,3a,4,5,6,8,9,10,11,12,13,14,16a-hexadecahydro cyclopropa[e]pyrrolo[ 1,2-
a][1,4]diazacyclopentadecin-9-ylcarbamate;

2]



al[ 1, 4] di azacycl opent adeci ne- | a-carboxam de; (48) cycl opentyl

(2R, 65, 13aR, 1 4aR | 6aS)-14a- (cycl opropyl sul f onyl car banoyl) -5, 16-

di oxo- 2- (phenant hri di n- 6- yl oxy) oct adecahydr ocycl opropa[ e] pyrrol o[ 1, 2-

a][ 1, 41di azacycl opent adeci n- 6-yl ear bamat e; 25(49) tert-butyl

(1aR, 3a5, 5R, 9S, 16aS, Z) - 1a- (cycl opr opyl sul f onyl car banoyl)-5-(2,9- di fluoro

henant hri di n- 6-yl oxy) -3 o0xo0-1, 1a, 3a
8 11, 12, 1@5@4%@%@6@&23@@3#%1&11 Z)-1a- (%ycbpmpylsulfonylcarbamoyl) 5-(3-

tcyC|t OEF ?D?ME,LRMCBQI Phchiroxalih-2-y13:6)) Azagised.opent adeci n- 9-yl car bamat e; (50)
er

(1aR, 3aS, 5Ra9§ 345689, :L&H(o&?/ﬂ,(bﬂ»rlémmdmbyq;p@a¢lbmglpyaototl.10 di fluor

h ttt 2,3,3a,4,5,6,8,9,
b, 1. 12, 1 A0 Eakclehipdeds St Roanatél 2 5 52
cyci 0pBop4TH] el OlaR. B ISATaR, S g i 25t g0 duc e (51

(napht hal SRR e ReARS ) B PG T R bleob s B ST ERRSRTRE 'y 107

1,12, 13, 14,@@%@9&@@1@5@5[@19@)&@1@pacama[qalwarcyabﬁ&niadacm 9-ylcarbamate

a] [ 1, 4] di azacycl opent a mat e tert-but

(1aR 3aS, $¥)o&t- h@aﬁlgspaﬁ&%{%@p%(%ﬂﬁm léa{lr)wn@gﬁilﬁ %ylpay) la-

(Z?igfla Qallgéay l%’e‘*b%’gca l%x'meg 1);'3%.&31%91393&941,5 53,9103 B2, f3,P4 P62, 9. 10, 11, 1

a] [ 1, A9di hexedyen hyp\eqwaldemp e@ Opigg ,B@délp rlggpséypem@dpcm&xlbarbamate |
1aR, 3as, 1
or opy | oul Four PR 3?8@*?‘5%*.45% iR RS Bagolh ) 15 15 12 Ten

hexadeca dIOXO- 5-(3- (qumolm 3-yl)quinoxalin-2-yloxy)-

hyc ooyl qftabal o] DY 9l 01 17184k ol LRI SRREI it 52 Darat &

(54) tert

(1aR, 345R,a}{$,,4?<ﬁﬁac%)o&n(aacd.ﬂ.lgl= j1cueealnate;y 1) qui noxal | n- 2 yI oxy)-la(cyclo
Y8 LS8 Yart bty Rk FaS SR S, 1 (AR 7y s- Lt Yl & S Oioediin 2

?ég; o;:;e/(r:![ L;,B; ?Pﬂ EyeipfpyRuforRickbandltyd 8aanuc! opent adeci n- 9-yl car banat e;

(1aR 3aS, SRaQQ 3ah R68)2, 1B, £33, Ophexadecabyrdrpevsiapsapaiclyyranliell 2-

di 5- |
1|, 2)5;,02, 3( ggﬁ q%ggtw%f%%h ??f?alis}%a%l%aoﬁg;adeca

hyd lr3 ocy tcl 67 Qe 34S5R, 9B 1 64&225 (3)(béneoib]ihiophere3-v)quipexlincglony BNy 1
car pa e,

5
Cian TS et B TRy & et parerip 23 8RO 34498 noxal i n. 2.

;{|1 0>i)2/) 1|3 a lxgesg.% wgz;ﬁ;gegg% ; 3%;§am@rag:wd;i?t§?%%ﬁoﬂﬂeﬁyﬁo&mm 5,6, 8,9, 10,
a] [ 1, 4) di aikAhs I IRNEY ’@5@{ (57)

Ei?fﬁ ggfgp?ﬁt&ﬁ&ﬁylz()laﬁswsk,bmmh@)Ilbl(ewmo;?wédlboﬁybmmbym% yl oxy)-N- 20
ST F omoy oss- Wierajelyrelavinelimdiaybk daddes 65 6.5, Vb1 20.24.568a. 4. 5, 6, 8, 0
, 10, 13512 fHnd

a] [1, 4 di g%%g%&%%rg%{ Qgél??ﬁg I"a- gogpgoxam]‘ggﬂcgélgygngag Ltgle)p%% am?/lf

(1aR 3a5, B} 9S, 16aS, 2) - 1a- (cycl opropyl sul f onyl car banoyl) - 3, 8-

gt El?)S(f) 6,5 8?%4? I_’L%F %&S{éﬁqg i% gf%k, l%a§ ZX 1Qxxgycﬂb'prop?y?suﬁ"oéylcarbamoyl)-2-
(3,9-difluorophenanthridin-6-yloxy)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,
15,16,16a- hexadecahydrocyclopropa[e]pyrrolo[ 1,2-a][ 1,4]diazacyclopentadecin-6-
30 ylcarbamate.
In another aspect, the invention provides a pharmaceutical composition
comprising a therapeutically effective amount of a compound of formula I or

I’described herein, or the embodiments described above, or a pharmaceutically

22



25hexadecahydr o

cycl opropal[ e] pyrrol o[ 1, 2-a] [ 1, 4] di azacycl opent adeci n-9-yl car bamat e; and
(59) tert-Butyl

(2R, 6S, 13aS, 14aR, 16aS, Z) - 14a- (cyclopropylsulfonylcarbannyl) 2-

(3, 9-di fluorophenant hri di n- 6-yl oxy) -5, 16-di oxo-1, 2, 3,5,6,7,8,9, 10, 11, 13a, 14
, | 4a, 15,16, 16a- )
hexadecahydeapiapld safir etea] @ppedrugthefeof, in ginibtinatjoni veite plaroprestieallyci n- 6- 30

yl carbanatg,.. dﬂecmTQHEr nﬁ Bgr aspect, the invention provides a
pharnaceutlc f nmposi tI'om conprising a therapeutically effective anmount of
a conpound of fm:mndirrg tb anothér eddmdnﬁdngdhd;dmehmeutﬁcal t:d)mpmtbmdioﬁﬁm s descri bed

above, har maceuti cal | cept abl e sal t p drug t her eof,
' corbi ndFeeB HTSHORSK AYTHEE GGG AN b BerE Atk B Heny pakal s e

Accor dsng of ent BTV @enBITREAGS B0 are A QinlibkASTRE Bikdreza; ferepefdnl | ons of the
present invention may further contain one or nore other anti-HCV agents.

Exanpl es Pegylatad rntﬂ@wagemgsvlatmpwderonﬂmb@m abaring virgmidiaet 513850 nt er f er on;

r: b;\rxlut ?[L%tg%ﬁ‘ﬁﬁmﬁ%?llrﬁ'%t“?“g fggé o2 @'ISEF%&%@%& b %’er}%%‘gcﬂg% NI M 81

I, HCV 0|W8&€K526m4(hl81’04’1306,m$m-7851 RFJ(RBﬁSﬁEBGZNA—B&SJ@XISﬁ 1106, P81-7851,

vic 3281, - T0XI0RAPEO TG ST VSRR M TRy RO MR,
BVS- 790052/8BM8; ANAH8,; GBMBO3QR 3260667 BMIS 7900526 BMm 391 305; BMiSer nal ri bosone
entry site _inhi bi tors; or other HCV replication inhibitors such as GS-9132,

ACH 1095, SARIHHEY ;':{*t%heh%see%memb'z@éeme epwy sitfrinhibporgegrathes HEY s Tan,

A JFuse. ohiicRitn bl SAABAPAIGS LEDACHASLAIGRMEI X 6B ot SLalus
and Energ Strategl es, Nature Rev. Drug Di scov 15 867-881 (2002); WD

00/ 59929( wWhoofrtberaiemils sen®) Fan mﬁe%zs:m (biz@@oynbemﬂsmtsu 0(1999);
US5861297 10037998 (
36: wgﬁgg)&,%a%wgga% o0 B80! SO0k, Naure RS IHLPDeh 01 20

addi ti onal har nac eut 1 oNsS 0 prlesent
i nventibon 8G@:881 (2Q0BE WO X929 éﬂﬁ)@ﬂhéﬁOH@G?@‘jbﬂ@ﬁ%)eW(hIGO/@DS@r(zO@Dch as

20, 500, \YGREPIRENIoUSReT T (iRt UpopdfliyAdeadth. ) L 10T

enbodi ment's, t ARcorditgnbd boddditiénal ebodimpitathephsiaceticalcompasitibhgsf f urt her
i Si Iatedjnterferon anot he L-viral ti-bacterial,

conprisin r
anti - fur1ggﬁ=4D ng cghinyention gy fyghericonigin aaﬂthﬁfﬁ%ﬁevwm'a@ &mf SHEBASr furt her

conpri si N@elaprevit, %Béﬁaéwr m@r mng@)wgﬁrsa*mo-m MK o009 'VBY B8 vRceut i cal |y
acceptable salt 25 t tain enbodi ments, the cyt ochrome P450

rronoo?Qger?QQaeVXﬁH?b‘l’[ﬂKerlﬁsclﬁ 11681"}6{9??136 195 IRX34ber aspect, the invention
provides for tReoiHeCerModtn&REMRFertbn pRFides a pharmaceutical composition

further comprising pegylated interferon, another anti-viral, anti-bacterial, anti-fungal
or anti-cancer agent, or an immune modulator, and/or further comprising a
cytochrome P450 monooxygenase inhibitor or a pharmaceutically acceptable salt

25  thereof. In certain embodiments, the cytochrome P450 monooxygenase inhibitor is
ritonavir,

In another aspect, the invention provides for the use of a compound of the
invention to manufacture an agent for preventing or treating viral infection. In
another aspect, the invention provides for the use of a compound of the invention to

30  manufacture an agent for preventing or treating hepatitis C infection. The present
invention also contemplates the use of a solvate (e.g., hydrate) of a compound of the
invention to manufacture pharmaceutical compositions for preventing or treating

hepatitis C infection. As used herein, “solvate” refers to the physical association of a
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i nvention to manufacture an agent for preventing or treating viral

I nfection. In another aspect, the invention provides for the use of a
conmpound of the invention to 30manufacture an agent for preventing or
treating hepatitis Cinfection. The present invention also contenplates the
use of a solvate (e.g., hydrate) of a conpound of the invention to
manuf act ure pharnaceutical conpositions for preventing or treating

hepat i t i scampounéef theinvepgon Wit opepranpre sokygntyagleculs, axhsther prganiser physi cal

associ atigg ﬁicarrhfggiggamqséatiatinﬁoﬁéhvlﬁahar%p\g%@n POy, WRRaiAO! vent

nmol ecul e, et he nic or 1norganic. physi c ssocl ati on often

i ncl udes instanaegahe sdvadé isgapable efiselation, farsxampleswhdnmesomone solvae capabl e of

i sol ation or. exanpl e, when one or I e | vat e..nol ecul es are incorporated
i the orelealesdt iicomoptied iebeFry LR o Bs PRI o her embodi mont

t he cagrpounds Jaranpiher eteirhémnathe compasids bopiarmiceltical compoHiticns ofithe

adm nistered wth rjtonavir,. ei.ther. siyultaneously or sequentially. In
certain efbtiorarsadminisierrdyithgtogpviy eHH%F%@@HF?‘EQI °r(§8‘ilﬁfg§?l ¥dR of the

i nvent i oncdr@infiloRintér®, 8 ¢oinpolidtForsaiMBreRERRal EdrdibsRibnldf tfRNAVdtion | N anot her
enbodi ment, a conpound or a pharnmaceutical conposition thereof of the
i nvent i onisigdmipdsierad it be saMe pompPsiiogias rEgnevr. boaneter einbedimieaar i t onavi r.

ACCOr Of Mol oA A UbiiBRk o BEreNA PRSI GAL aBRIAGLY hons of the

present invention er c rrse in argets in the
HCV 110 e xgiffleeent compasidionghanitbnavat | i nited to, helicase, pol ynerase,

net al | opr ot eas 1, NS5A,., cycl.ophil| nd internal riboso entry site
(IRES). 15In dﬁ?@ﬁ%@t’fé?‘hdéhﬁrﬁ{}‘é’ﬁﬁ‘i"&ﬁ{’ @?"631‘488%“3“‘??3 BResgrons gg%\’?@ ng a

vnh ral i nf;_ﬁestehﬂiflverfﬂ}oa mdybfuahér, compiipe inhibitgr(s)cbfiotties tegdtdim tho HOWIlifeubj ect a

t her apeut i ective .

cal |y amount of a compound of fornula ' described
her ei n, O?YCE’H’H Hige tho&gmltgg%gglw%p@%gmsg %?I&Pr%?asﬁrélag{/g t hereof, or
a phar na0ﬁ95Aquosemﬂpéidtihe&ammhﬁleagyfsife@(rﬁesﬁ- According to a further
enmbodi ment, thé present invention iIncludes hethods of 20 treating hepatitis

C i nfEti ons iln one ssnsplethe inventier grayides a sethodod treating avirad infestiostiepi ng to
sai d subj {!&3{1 ' fectl J.nh Qi y anount
of the co%%‘!)eﬁﬁg%'ﬂ rglrf) ar rrl\a“ggcl;ﬁtn )é%F}Jeém\éﬁ??%ﬂgﬁl&[ﬁ%@w%&ﬁ& |8}r:1vent i on.
Accor di nga tampmod béformptaddir Fedescribeddhersire e apharmacewtically acaeptakle salyet hods  of
treating hgeﬁa;itids qgérg(g &ti ns iat@euﬁcﬁ%gljn'le(:tili(; ncorllr(laed. oft such treatnent by
adni ni st ef 8 PRSI ’su%fegt“ a corrpoul‘%?iS or & Fﬁ?ﬁ?‘ﬁa&%ﬁ’f’ﬁal conposition
of the presentAécoding ioanfurthirecnmbridiroets, thaprefamt invenitioniatludes methadsioft r at i on of

ant | o Gzone herg BECORIeE AR P sp BB eI SRR R by B be
co- adm ni BtgiHadhesuaAnBHCPREUNY EféchiVe AdBhdiod he BthiRty HAGHRGE IRl | Y
adm nistered) with a conpound (a pharmaceutically acceptable salt, ester
compounds or pharmaceutical compositions of the present invention.
According to another embodiment, the present invention includes methods of
treating hepatitis C infections in a subject in need of such treatment by administering
25  to said subject a compound or a pharmaceutical composition of the present invention.
The methods can further include administration of an additional therapeutic agent,
including another antiviral agent or an anti-HCV agent as described hereinabove. The
additional agent can be co-administered (such as concurrently administered or
sequentially administered) with a compound (a pharmaceutically acceptable salt, ester
30  or prodrug thereof) or a pharmaceutical composition of the presenf invention. The
additional agent(s) and a compound (or a pharmaceutically acceptable salt, ester or
prodrug thereof) of the present invention can be formulated in the same composition,

or in different compositions but co-administered concurrently or sequentially. The

methods herein can further include the step of identifying that the subject is in need of
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30 or prodrug thereof) or a pharmaceutical conposition of the present

i nvention. The additional agent(s) and a conpound (or a pharmaceutically
acceptabl e salt, ester or prodrug thereof) of the present invention can be
formul ated in the sanme conposition, or in different conpositions but
co-adm ni stered concurrently or sequentially. The nethods herein can

further include the step of identifying that the subject is in need of
treat ment tfeaimentfonhenatiis € infectien: Tha dempcatign aart b RyugubisRtiva§-godiephih

subj ectiv : 0 QW d L-nad| r objective (e.g.,
di agnost i %a{e st ‘d°§3§%§5mfﬁa@§’é8§€§%%‘%&&gf ﬁ%ﬁlﬁ%g?\%ﬁbgﬁ%ﬁ ovi des a nethod of
i nhi bi ting theIneqd aspect, theinyentioegmovidéss rMithod oﬁphibhmgmmphlcaclowpfi sing
phar maceutFRLIe CorptsFE mifodothe SR semeqtnsa nepstist P el COTPGTC "
t he i ngenteffoctivierafoufiest axofipolifdlorgshafie&eitidabebnagasition of thetilentiomnpr i si ng
adm nistering an additional anti-hepatitis, C virus agent .. npl es of
anti - hepati ti s Eanathersmagdimest thedpyrasion providss & mitiod 3 rrcaed ove,

a- i nter f eritier 30:hﬂti§ﬁ%§fnﬂﬂiste9iﬁ§¥h 34fordaNhR1-h&alhs @:viMe 8end Edmples
interferon-lanbda; ribavirin; viramdine; 10 R-5158; nitazoxani de;

amant adi nef amiberatioeE ving rgedtslinclndy bpiarg netrlimited tahginterderenidhich as R3128,
s bl Wi o o R
ANAS980 GReSisE3 nivdzokAdidl; Brhant@iibe; 19¢Hi5 22 5, BNSE-§ DIt HEV poyhier#0 tbibitotsV entry,

rapl | cat i GHEN T BEBR 628 RA s T106 23 AL 1019655 5o R SSS IDHIV, 2660
AZD2836. HoX 102NMDIX8Ys 453-91 66 VAGE-759, ViAN-916, MRV, BEX-478, MK.-350nenber g,

Hepatitis C Therapeutics: Current Status and Ener m&b‘gtrate ies, Nature
Rev. Drug VI8 ANASOB @S98 of S60567; MMSIEBIIBMS (IGPS; WASes) 07733

1999); 0 0pQ) ., . ) 1297 ; d
Us20027 0037008 150091 Bricpesdritemabolabrhd ety sl B or iy 0
conpodidt i aeplisftignighipiters euth asri&A1320AGH: 1025, APH 0S5 e8Bd Andd%, or used in

conbi nati g i 40, Re ated.integferop {(e.g. eqylaated interfer al pha- 2a
or 2hb) andiz%gg\e/i F?’n&&&%ﬁ%\???c 'rﬁgh‘gtéuagfgcxltsﬁhﬁéa "elgﬁ%heﬁgaﬁggggenase
i nhi bi t or Thanpaltiks: MrensS@tisané Bhrnsictg Shaegiesn ManeoRewn €lrig Disebv.f he conpound

of the pr [ ntj.Qn. Len ' t ed | e y infected
25 i th” oy BBh A0 BE 8595 PBNGE i BFlers IBGEIT B BoPELERBY oot 1
ot her HCV wiermosnss (1999 US386 297 ¢1 9998 %nd US20040037998 (2002 Frefeldby,be treated
with a conmpound or a pharmaceutical conpgsition of the present invention.

| n anéPher cempendAnsphampasentinpbermRnsition o fhedsessntiaysndian iodescr i bed above,
further coupiisiogwatbrissd ff donfbiish Weth, SEVIadAh@ARRN(8R), PidyPied an HCV 30
pol ymerase inhibitor, an HCV helicase inhibitor, or an internal ribosone
entry sit éntenfEspipharZspt ) and gbavigs. Ruprayirayiapothesutgshomer P4S0TMN- 191,

Bl - 201335, ¢ =1 \{ Véinai - heH 1625,

| DX136, | Bﬁ?&%yﬁﬁgm%gg?ﬁ ée{r 2%(1)5%(1 [%noa%%}[h%/ﬁa%’\g/?orkgﬁcg%ﬁl - bacterial,
ant i - f i ngabmpourdrfithecescer inveryient The patent bemgitmeateroid prefierably infectédr furt her

conpri,gi ng . ochrone. P450 nonooxygenase, j.nhi bi.t or, o ceutically
rcceptanl @ EVIRRNEER G'e odBORR 1Y BTG sl At Bl eI Paso
MDNOOXY ge pasmypes)vubh hgenb8/pes 2,3naV3 6r. 6, An aldslbé ireutad withrh octhpdund bk t he
present inyention includes ne}hods of

pharmaceutical composition of the present invention.

In another embodiment, the invention provides a method as described above,
further comprising administering another HCV protease inhibitor, an HCV
30  polymerase inhibitor, an HCV helicase inhibitor, or an internal ribosome entry site
(IRES)inhibitor, such as telaprevir, boceprevir, ITMN-191, BI-201335, TMC-435,
MK-7009, VBY-376, VX-500, VX-813, PHX-B, ACH-1625, IDX136, IDX316,

pegylated interferon, another anti-viral, anti-bacterial, anti-fungal or anti-cancer
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5 treating biological sanples by contacting the biological sanples with the

conpounds of the present invention. Yet anot her aspect of the present

invention is a process of making any of the conpounds delineated herein

enpl oying any of the synthetic means delineated herein, 10Definitions

Li sted bel ow are definitions of various ternms used to describe this

i nvention. These definitions ap ﬁyéto the terns as they are used throughout
P

this spect§bar pHNmHeE Bpdulater, apdfoptisther qoanRiswg 3 Sytachwame F#58peci i ¢

i nst ancesmoﬁbéx%éna}s@%wlt@}'@xlifdha?:haéé%n@&?lrytacé@pta%lé aldRéredd! @Y Pertalle nunber of
carbon atons in-a thr ocar byl substituent can be 15 indicated by the prefix
"C.-Cy," ehbodimgnts.g ccwomwmqﬁﬁﬂhmnqoxwgmmnhﬂwmmtmmer of carbon atons

in the substit | t, thhe substituent

to which the p#gg E?('mnal eﬂbgﬁﬁﬁrxgg{%héwe?& &J{aﬁetg)q'vhﬁ@h@%ﬁ% ordsmlgre

I ndepefhdentdiing bidlegital dathpleoby comanting teshiolbgicalsampiet evith' tha¢ampdupds’ neans an

al kyl substtr bt uent wherein at |east one hydrogen radical is 20 replaced with
a hal ogen®'ggpPresgnt nvention.| ¢ 5 | i nkjing el ement in a depicted structure is

"absent", thenyth@ottRf spebiTani présent inGer@ioRicd frdc&t bEmbhkng ahgoftheect |y
| i nked to t he rlght el enent_in the depicted structure. For exarrple if a

cheni cal @mraundy delingated hereinesmpleying anyvef fhreyyathstic meansdelinented herein. t he
chem cal structure is X-Y. 25The term "al kyl" as used hereln refers to a
saturated, straight- or branched- chain hydrocarbon radical typi cally
cont althi ng froBr.ﬁ?LiLiQ&SZO carbon atons. For exanple, "Cl-C6 alkyl" or "Cl-C8

o COnt &l eyl A BN bilos R yaiRTARS L Uelile SIRAMG O,

respectively. Fes o dfea are no

met hyl, eUse detﬁmomsl qpplystoph@tpyhs asrthdyuary sedttbroughout yHis speadipamnydnd n- hexyl ,
30heptyl, .oct radicals and the |i .. The .ter. kenyl" as used
RSNGRREI AR RI Ay e T R B W L g S
cont ai ni ng|pge gﬁfupnqme nd@veY cﬁ“d@fwﬂ%tmdn hmpmaérbil Jubﬁﬂ‘he%t tah B carbon

atonms; For exanmple, "C2-C6 al kenyl" or "C2-C8 contains fromtwo to

six, Bt f'r"SWPFMYt"EPI@‘FGﬁtCCQW G’r?eEft’b‘ﬁéhe‘P@é’B%taﬂqé‘I'?them%EﬂW gr oups

i ncl ude, Mﬁbe@b@carﬁ%atbh@%ﬁE{éshﬁbtmfeﬂf exanpl e, ethenyl, propenyl, butenyl,
1-met hyl-2-buten-1-yl, heptenyl, octenyl and the |ike. The term

"al kynyl " as uEksipreix Ehalo” i@éwe@eélaaths§¢h§llgﬁm—t00\rhl¢hthﬁBl’véd-l%amCheChydr ocar bon

radi cal confad; tg'(gwﬂﬂ%n?&, %@_@%ﬁ#e&g}%{l?&or ‘i’@%&%{l{(yﬂr e%?nél to 20 5

car bon at ons. exa ynyl ftains from
two to sishalaaikyl't meartswo athyl sibghitugnicelrdosn adieastrone hyebogeotradied] ys

Repr ntatjve, al include, but are not Iimted to, for exanple,
et hy%?e lf‘F H§¥h¥‘f %hf“aﬁfﬁ‘ heptynyl, octynyl and the |ike. The term
“al kyl ene" refmasmkmg&lanemtﬁmepww@i& ieabsehMhen feNétt @lBineAtin

the depicted structure is directly linked to the right element in the depicted structure.

For example, if a chemical structure is depicted as X~L—~Y wherein L is absent, then
the chemical structure is X-Y.

25 The term “alkyl” as used herein, refers to a saturated, straight- or branched-

. chain hydrocarbon radical typically containing from 1 to 20 carbon atoms. For
example, "C;-Cg alkyl” or "C,-Cjq alkyl” contains from one to six, or from one to
eight, carbon atoms, respectively. Examples of alkyl radicals include, but are not
limited to, methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, neopentyl, n-hexyl,

30  heptyl, octyl radicals and the like.

The term “alkenyl” as used herein, denotes a straight- or branched-chain
hydrocarbon radical containing one or more double bonds and typically from 2 to 20
carbon atoms. For example, “C,-Cg alkenyl” or “C;-Cy alkenyl” contains from two to

six, or from two to eight carbon atoms, respectively. Alkenyl groups include, but are
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10 branched saturated hydrocarbyl chain typically containing from1l to 20
carbon atons, nore typically from1l to 8 carbon atons, and even nore
typically from1l to 6 carbon atons. Representative exanples of al kyl ene
include, but are not limted to, -CH2-, - CH2CH2-, -CH2CH2CH2-,

- CH2CH2CH2C1-12-, and - CH2CH(CH3) 012- The term "al kenyl ene" refers to a
di val ent unsaturat ed hydrocarbyl group 15 which may be |inear or branched
and whi chnétdisnitad th.fasexanple, ethehydnpropertyb huttomb L endseylR-bysen-2ivkeny| ene group

typically Q%@ R rbon atons, nore typically from2 to 8 carbon
at ons, 5‘5’9 °énglaglgtl|?eglé from2 to 6 carbon atons. Non-limting

exarrpl es of al EM&h&ﬁdkgr)d) prsusledlhbmhheder@(dsi)a:s@@ight« of branched-cfigin) =C( H) - CH2-,

oo o vy Mo il cppind o il R P €AY BbE TR A U o o

unsat ug at edibdiyst6ms.aop exang}il Ui, Wi BmiEYor BE,-0; BRSHyIObohiingfibdwanel Whi ch has
at | east ane carbon-carhon triple bond. Represent ative al kyrtyl ene groups

i ncl ude, # ‘?/UafSP“é)f‘”‘eWéﬁ‘ﬁﬂ‘vé:afb%El@s respgstivelyoRepresentativecqlisynyf groups
- CH2- CEC- (defdrde, buthenbotliflid ro, f&%ﬁamﬁé Mynyf1- l?rg‘pf A, 8 rm) “heptynyl, The term

"cycl oal kyl™™ denotes a nonoval ent group der| nocyclic or
polycycl|@ﬂ2@ﬂaﬁéﬂ@d*earbocycllc ring conpound Exanpl es of cycloal | cyl

i ncl ude, but ntyl,

cycl ohexyl , bpg@/ec egﬂﬂ[ %Eg lﬁ) rﬁféyic‘t)%% m% % pé[d%f“ 51@%&%&9{? and the |iKke.
30ThelQ er hrsnchcdrsdotaymdl le'dranarbybehabmypmhlilgccommmhg &pbobgocawbqn@t@ns to a
saturated C Y artia sat u cl oal kenyl "

or "cycl oﬁ'%’key‘ﬁ?/‘i“al %?mggﬂg cg{l)gwpg}fsgqc{ﬁ\épgborf Hy %rgp'ell t°)6 “r"’?{ d‘ system
cont ai ni ngtomer Represcntaniae emmplékgofaﬂmmmﬁtlﬁdepbmakd :)btfhhﬁnslufﬁo ,+OGH18-carbon ring
atons. A gering, or two or
nmor e fusegﬁwﬁ@js'é%c}gm%q}{gﬁ@@ PR é,zéhz&ﬂ*(ggb ¥clyl may contain,
for exanpl e, fT%ﬁnt‘ﬂkéxglémﬂ%féﬁE@@Hﬁal@m tﬁsatuﬁed@nyaﬂﬁﬁ*b Pggep Yl . such as
C3- Cl4cycl oal kyl), fro ring nenbers (i ocar bocycl yl,

such ¥~ c¥hichaiaybsdinggn or branched @dt“ﬁud‘ 'quﬁgleﬁﬂﬁﬁéﬁ%?b?‘?'c@bm @“b&car bocycl yl,
such as Ggsfds %P&l?élyh%ké} \%6)1;1529[7/‘ c%f(x{aﬁxsfi tb R0QaBABRMS, Mbred

Cecarbocycl yl , such cycl oal substi t ut ed car[v)pcyclyl may have
ei t her ci fowr2 tofxatbogainmes, pyd cVREMATS emcatlv \frene&mﬁwveboroﬁtomarﬂ@eycl yl groups

| ud obut yl I tyl
L;gl ghgxyFM tm%reﬁo'ﬁg Tmé@?ﬁn&g“{uﬁﬁlcg@é%? %9—’ gy%:/l opg%'fag!ogzyly
cycl OhexadCeHHC(H&dﬁﬁmtwcH)éédsz&ﬁw MM(H)@GP%@&& i ndenyl ,

%gl (2%@ ‘%&‘E‘%ﬂ@% H@@H?‘Ydﬂﬁrﬁ@“&f%‘ﬂg@ﬂﬁmb i‘cycl odecanyl ,

Snt hlr ecelnyl phl&n:aﬁix halRyg/lende Ma@@@muh@mﬂ urisatuaeedkydsaamen grivpnal enyl ).,
ecal I ny

., and lnan ar boc I oup, can be attached
to the pawaﬁg WP%fr r rl?mnég?j"’r"ﬁ éhh"ér‘ﬁ/f §§H9§F¥?rh¥'hﬁ‘g' n atom of the
group. Theoddemepreaéméuveraﬂéﬂy&né groaps ﬁEl@H@thGw@foléQ&ﬁﬁbyt@ﬂwl ng fromé6
to 14 15 carbon rﬁ‘_g atons. Non-limtin ﬁ(ﬂgl es of ar s |ncI ude phenyl,

napht hal ef¥ie-; -GFfe-faceiy 'Cfbr@F(F'ﬁH‘bnyC“ )+ pmde-Chy group can be
connegd edchpciiftepar ent nol ecul ar noi ety through any substl tut abl e carbon
at om of the group.

The term “cycloalkyl” denotes a monovalent group derived from a monocyclic

or polycyclic saturated carbocyclic ring compound. Examples of cycloalkyl include,
but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl bicyclo [2.2.1]
heptyl, and bicyclo [2.2.2] octyl and the like.

30 The terms “carbocycle’ or “carbocyclic” or “carbocyclyl” refer to a saturated
(e.g., “cycloalkyl”), partially saturated (e.g., “cycloalkenyl” or “cycloalkynyl™) or
completely unsaturated (e.g., “aryl”) ring system containing zero heteroatom ring
atom and typically from 3 to 18 carbon ring atoms. A carbocyclyl may be, without

limitation, a single ring, or two or more fused rings, or bridged or spiro rings. A

27



The term "aral kyl" or "arylalkyl" refers to an al kyl residue attached to an
aryl ring. Exanples of aral kyl include, but are not limted to, benzyl,
phenet hyl and the 20like. The term "heteroaryl"™ means an aronatic
heterocyclyl typically containing from5 to 18 ring atons. A heteroaryl may
be a single ring, or two or nore fused rings. Non-limting exanpl es of
five-nenbered heteroaryls include imdazolyl; furanyl; thiophenyl (or

t hi enyl ocarbtbnyolybmplybr)talnpiqrazam;lb, frmlxém)l%/hng membaisdi. &1 €3-25t hi azol yl ;

1,2, 3-

| vyl I
of “six. oStk PSS o Pl o i MebBAS PLEKLY . BRETPI €8
p]}/r |6 ;:Igm ngzllgparbg@;cl]yl&g& as G;-Eméycloamjl?,ﬁoﬁx B § na%myibcrﬁl‘sb? ;Ci-m ][ i ng exanpl es
o menber.ed fused, ri et er oar S|n enzot hi urn ,
i sobenzot FEIFRACHTIYH S“%éﬁ%g s‘gﬁé‘:j%?@fl 0589’? %d?%ﬁ merpbgrs JE%d
ant hr agi | mLearﬂxchlyll Sichiag @,@g {N&#ﬁylpfA aﬁ,s@e{&dmamagy&yi nﬁwe kithtg

heteroaryl s inc ude qui nol i nyl ; i soqui noli nyl benzoxazi nyl (including
CI nnol i nyFis ahHans geAREHY-i Wfse“ta“"e exWStOé‘F?fPO%@!)éSW&FWde Rt are

"het er oar r LyvcidehOlevaAbL &SN jheteroaryl ring.
Exanpl es ?{Jr’ltg n%dég,to’bﬁgﬁ’gﬁ)g&ﬁo ?@n@/eﬁ djjg,@p’) ﬁ?}g %;i;l Egcﬁﬂip?y pyri m di nyl et hyl
and t he | tyedooctyl, Cyclopﬂ’rhenytl,sqyniopbmacﬁcrmt,wblgmmﬁieﬂyk edmast)tlmeaah)dm—ar omatic

( fused
System wREHERSY. BRI TR, o ef e nd i Ykl B o o
i ndegﬁﬂdegalfw ﬁa&‘aby&irgdaﬁﬂtbyn mnmgdznsoxﬁcfjdnjfwblcgﬂddeuaﬁylpgﬂirnbace(ngl)5 eachh 0
5-menbered rin to nds menbered 5ring has 0 to
2 doubl e B'Eﬁﬁ‘a%tﬂ“’(‘f’ ej‘z‘f‘ﬁgll’th lr]lgfd% h"cﬁ‘aéﬁ‘P l%ﬁglt b dgealiBrs atthy optional Iy be
oxi di zed, n&x’pi&n}}lhﬁd mém&gmah%c%w 8P EARbeARhEHRAA the parnfildleihzed, and
(iv) any of the above rin used to a benzene ring. Representative

het er ocycrr@eﬂtmhr%h@uwbs%mtmcarmatm@ fH6teroymvi t ed to, [1, 3] di oxol ane,
pyrrolidinyl, %@ﬁﬂ%ﬁ refe?e/{oaaﬁ%dlﬁatpehybobyrm %91airi§?@]ﬁ?.hr@tdqaol i di nyl,

pi peri dinyl, piperaziny oxazolidin 101'soxazo y nmor phol i nyl,
thi azdbi dearon nmgztomaﬂomlmmyg exaammb&@awéﬂnlydlnﬂupbdnybmwhﬂwéenyﬂ ke. The

gg[ L“r; at ggtlﬁﬁr%é% fn%re%’él eﬂ@/ “A)n ar%aﬁr?\pet e; ans a‘%}eﬁa? gé%%" etng i
"het er ocyﬁiotbamemwe‘ty mroughah%tdﬁyndtawd daybopl aigm of thegequipet el y unsat ur at ed

(e.g., "hetero ,SYst Lypical l ntain from3 to 18 ring
atons, where a?h%éﬁét ﬁ‘gloﬁ}‘c g‘}"fl’ﬁ é& B’rﬁyqnéﬁéeﬁ‘l‘é‘l" g%ﬁf’éﬁ?("i'a P

ni trogen, n@%%ygﬁm pés STk dlkyl)inclidd, Buttahendt ¢itficaitd) behzyl phahAhF B8 kIRI
mdependent y selected fromthe group consisting of carbon, nitrogen,
oxyge% anlk&syl fur. A het erocycl yl group can be linked to the par ent

nol ecul ar noi efye t\éhﬂ“ﬁ&éfro%l&p%éédétaﬂmo?na%@%D@fbc?élyf‘ﬂxfnlcglgﬁ&n?atlﬁ in the
group, provided that a stable nolecule 20resul het'erocycl ¥yl nmay be,
wi t hout | framtSatei l@mingatamsn gh ketejoagy] mapiibe i singlsiring, prjtwo or more fused

rings. Non-limiting examples of five-membered heteroaryls include imidazolyl;

furanyl; thiophenyl (or thienyl or thiofuranyl); pyrazolyl; oxazolyl; isoxazolyl;

25 thiazolyl; 1,2,3-, 1,2,4-, 1,2,5-, and 1,3,4-oxadiazolyl; and isothiazolyl. Non-limiting
examples of six-membered heteroaryls include pyridinyl; pyrazinyl; pyrimidinyl;
pyridazinyl; and 1,3,5-, 1,2,4-, and 1,2,3-triazinyl. Non-limiting examples of
6/5-membered fused ring heteroaryls include benzothiofuranyl, isobenzothiofuranyl,
benzisoxazolyl, benzoxazolyl, purinyl, and anthranilyl. Non-limiting examples of

30  6/6-membered fused ring heteroaryls include quinolinyl; isoquinolinyl; and
benzoxazinyl (including cinnolinyl and quinazolinyl). .

The term “heteroaralkyl” or “‘heteroarylalkyl” refers to an alkyl residue
attached to a heteroaryl ring. Examples include, but are not limited to,

pyridinylmethyl, pyrimidinylethyl and the like.
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contains from3 to 14 ring atons, from3 to 8 ring atons, from3 to 6 ring
atons, or from5 to 6 ring atons. Non-limting exanples of single-ring

het erocycl yl s include furanyl, dihydrofuranyl, pyrrolyl, isopyrrolyl,
pyrrolinyl, pyrrolidinyl, imdazolyl, isoimdazolyl, imdazolinyl,

I m dazol i di nyl, pyrazolyl, pyrazol inyl, pyrazolidi nyI 25t ri azol yl,
tetrazolyl, d|th|onI oxathlol ' oxazolyl I SQX azol yl,

i sot hi azol yl, tRe %58 b?{WCYq!%'E)ﬁ’ EeSR5P 1OrA POD-ArAMAYG I’gl’ﬁw Zot hi azol i di nyl ,

t hi odi azolmembe%%tdyoamh wr,msaya dga\alqi &se@é&%@ﬂﬂhhcr@'(b)éﬁ’élﬁ%@iﬁﬂms pyridinyl,

pi peridin pyridazinyl, pyrimdinyl, pyrazinyl perazinyl, triazinyl,
i soxazi ny{:etwmzm andithrg hetcm&omsondmmﬁcntly ssleatesd f‘&@nwygenos@d rand nyl

or Phol | o TR} e . AR g 0%B 1l AR SR oot OCYC! Y

30may al so'i nore rings t oget her,
such a§, fiog hes@rq:ﬂ équbluamntim(m) d\enyirogmhnéxuiﬁpymemwmwmexy optionally

t hi enopyr r i dopyrim d

het er ocycl yf)x'rqﬁ%dc(b‘ﬁ% ﬁ%‘ efoaﬁ‘ﬂ?é‘agﬁppﬁ'%{lgt%ﬁg%g?mre n)ér{é'l)rﬁ%’(s and in
ﬁorre cas e%fth';e laBoeeltidgy Iina@tb@rf(lsl?c)i lw 8 bemledd Agd R@pr&?tﬁﬁveﬂ@em&%&aﬂdyl (r]I ogen

et eroat on( s er ocyg r. not at em and may or
may not b§ YRS mcwga’q}%awe j ﬁed fon (! ﬁdi"fqa%ﬂe’ l“?ipﬂr%é‘f?%‘ﬂé{’eroaton( s) may
or may nop#aeml&mymh&&ézsmnyl lmldazolmﬁylt sibeﬁdmﬁp ip@aghlly odsbRAihjIIt €d”

optlonal y substituted ak plonall stituted ' optlonally
subst 1@ut ésgxagolidinyl, morpl@bnyloﬂmmydlgulbmhna;pb@n»h mdfyﬁrahyds)fwl anshal |y

substi t ut ﬂ% ﬁér bocyclic,” "optionally substituted aryl”, "optionally
substitute teroaryl,"” "optionally substituted het erocycl ic," and any
ot her optional The @ubs‘t‘hemocedhgfmbetawcudedoméuetemyclvléfrefer tod groups that are

substi t ut h e »two, or
tﬁr eeI olrJ ﬁ%?é{eg;w.? %@%g%h‘%t’b‘p“g‘ {?ﬁ’g‘g‘ g%lrl]ra[eﬁRkﬁ %E{%Y uenw gylncl udi ng,
but not | brri‘lteaaiodyotoan@nﬁ"}<Brcpmple.tely Qidsafuratpd (4 @ thetkrdayyl g systeloxy, oxo,
t hi 00X m.no NH al kyl, -NH

al keny$ twaarmwmg)fmm'\%w%apwpms ‘Klr?-?re Etrlw 0"‘*1\& the,EpEt0Ms iS4 K

-heter OCYQEtbfbatond&@ , kdthoRem, Ry, ygen ok uidikrRrwitipdkk ra@nalmel hagafoaaraéh@m no,
-0- alkyl, -0- al al kynyl, -0- cycloal k -0-aryl

- 0- het er odfidgpendenly wies 8&%&@&%}3 conmstm(ctf)carbam,quogenqwcn #denyl , - C(0)-
LI S980)  BUGLOEO o oty S OBy 1,
al kynyl , s@eNptable carbon or nitrogen atom in the group, provnded that a stable molccule

20  results. A heterocyclyl may be, without limitation, a single ring, which typically
contains from 3 to 14 ring atoms, from 3 to 8 ring atoms, from 3 to 6 ring atoms, or
from 5 to 6 ring atoms. Non-limiting examples of single-ring heterocyclyls include
furanyl, dihydrofuranyl, pyrrolyl, isopyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl,
isoimidazolyl, imidazolinyl, imidazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,

25  triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
thiazolinyl, isothiazolinyl, thiazolidinyl, isothiazolidinyl, thiodiazolyl, oxathiazolyl,
oxadiazoly, pyranyl, dihydropyranyl, pyridinyl, piperidinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, piperazinyl, triazinyl, isoxazinyl, oxazolidinyl, isoxazolidinyl, oxathiazinyl,
oxadiazinyl, morpholinyl, azepinyl, oxepinyl, thiepinyl, or diazepinyl. A heterocyclyl

30  may also include, without limitation, two or more rings fused together, such as, for
example, naphthyridinyl, thiazolpyrimidinyl, thienopyrimidinyl, pyrimidopyrimidinyl,
or pyridopyrimidinyl. A heterocyclyl may comprise one or more sulfur atoms as ring
members; and in some cases, the sulfur atom(s) is oxidized to SO or SO;. The

nitrogen heteroatom(s) in a heterocyclyl may or may not be quaternized, and may or
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cycl oal kyl, -CONHaryl, -CONH heteroaryl, -CONH heterocycloal kyl, -0002-
al kyl, -00®2- al kenyl, -002- al kynyl, -00Q2- cycloal kyl, -00®2- aryl,

-0C2- het eroaryl, -0CO2-heterocycl oal kyl, -000NH2, -OCONH al kyl, - OCONH
al kenyl, -OCONH al kynyl, -OCONH cycloallcyl, -OCONH aryl, - 25 OCONH
het eroaryl, -OCONH heterocycl oal kyl, -NHC(0) - al kyl, -NHC(O) -

al kenyl , - NHC( 0)- al kynyl, -NHC(0)- cycloal kyl, -NHC(O)-ary

- NHC( 0) - hea)emiémyomdlzemmw&)mitetle addmymltbnamnygen hetexpioaals) makyor may NHCOR-

al kenyl , NU%E&% &ﬁnyl , -NHC®2 -cycl oal kyl, -NHCO2- aryl, -NHCO2-

het er oar y'f et erocycl oal kyl, - NHC( 0) NH2, - NHC(0) NH 30 al kyl ,

- NEE Og NH al kéﬂgeltennsN)Eb@rﬁ)lNIshbs&ihkTﬁ’fy‘fqptiew@(ﬁlbﬁglthtedbylkyb&fdplﬁﬁm}l]-y o9

NHC( 0) NH- a 0) NH- het er : ,,-‘NH NH- het yl, NHC(S) NH2,
- NHC( S) Nﬁu[’ém‘ﬂi B ”RFL““ tef pikspyl, Y Rppstity t%ﬁq‘ié A NHC( S) NH-

cycl o kylo t:oﬂﬂ%@dﬁhhtéﬂ (Va'rbo BIRCK S)prhahBrtsabﬂﬂutE& aryl' " ftlonally

- NHC( )NHhet erocycl oal ky HC( NH) NH2, - NHC( N11) kyl , - NHC( N1H) N11-

- al keny| ,substityed @ewwmiloplmnkléhwbsnmméesz& W&ﬁ@ypptwna y

N N S S G OB ST

cycl oal kyhy, mdmeméml-lyepmcymcntof or fthreeowmpsel of theNiydtddeh atoatser ocycl oal kyl ,
5- C(NH)N NH al kynyl , - C(NH) NH

cycl oal ky erw@ﬁﬁfmlgﬁ%ﬁg Cl@’ %%]'%J\@éﬁ ‘'yl, -C(NH) NH- het er ocycl oal kyl
-S(0)10 al kyl, -F, 810Br, &l kenyl, - S(0)- al kynyl, - S(0)- cycloal kyl, -
S(0)-aryl het er par 0) - hetcrocycl oal kyl -SO2N1-12, - SO2NH

al kyl , - SOZNH-'E)% REqisAted h’@&wﬁ’]kﬁ’gk%‘wh‘m’WNH cycl oal kyl, -SC2NH aryl,
- SozNH- het er apiy) -CN, SN, 10het er ocycl oal kyl - NHSOZ al kyl ,

- NHS02- al kenyl ., = - NHSOZ al kyné - NHS02 - }/cl oal kyl , - NHSO02-aryl,

- NHS02- het er oafiz, Protepicd éile'll,oblﬂa}keny NH alkippn¥H - cHRS02CH3,

alkyl abanyl LNHag.iyynmh, -hefodtyl, N HeRpdoytlic, -BRBRARIY L

- het eroaryl al k - het'er ocycl oal -cycl oal kyl , -tar
het erldcy arularrpm ydihitereperiangino, poI yaI koxy, -met hoxyrret hoxy, -met hoxyct hoxy,

-SH, -9- al kyl-O gl%ylna{) ﬁﬁé(rl b oaﬁﬂ(g{“lﬁyw cP{EloEIkley(S 3??& Wbetero?ry?ré

-S-heteroaryl, eroc
under st odnhdrdmgzbhct he aryls, heteroaryls, car bocycl I Cs, het erocycl i cs

"hal ogen- - as R RS S LS e aa?»?LZ e
chl orine C(U)Qﬁie?&rﬁﬂft(O@ﬂbﬂéﬂ)cycloalkyl,
20 -CONH,, -CONH- alkyl, -CONH- alkenyl, -CONH- alkynyl, -CONH-
cycloalkyl, -CONH-aryl, -CONH-heteroaryl, -CONH-heterocycloalkyl,
-OCO;- alkyl, -OCOQO;- alkenyl, -OCO;- alkynyl, -OCO;- cycloalkyl, -OCO,-
aryl, -OCO;-heteroaryl, -OCO;-heterocycloalkyl, -OCONHj;, -OCONH- alkyl, -
OCONH- alkenyl, -OCONH- alkynyl, -OCONH- cycloalkyl, -OCONH- aryl, -
25 OCONHS- heteroaryl, -OCONH- heterocycloalkyl,
-NHC(O)- alkyl, -NHC(O)- alkenyl, -NHC(O)- alkynyl, -NHC(O)-
cycloalkyl, -NHC(O)-aryl, -NHC(O)-heteroaryl, -NHC(O)-heterocycloalkyl, -
NHCO;- alkyl, -NHCO;- alkenyl, -NHCO,- alkynyl, -NHCO, -cycloalkyl, -NHCO,-
aryl, -NHCO;- heteroaryl, -NHCO,- heterocycloalkyl, -NHC(O)NH,, -NHC(O)NH-
30  alkyl, -NHC(O)NH- alkenyl, -NHC(O)NH- alkenyl, -NHC(O)NH- cycloalkyl, -
NHC(O)NH-aryl, -NHC(O)NH-heteroaryl, -NHC(O)NH-heterocycloalkyl,
NHC(S)NH,, -NHC(S)NH- alkyl, -NHC(S)NH- alkenyl, -NHC(S)NH- alkynyl, -
NHC(S)NH- cycloalkyl, -NHC(S)NH-aryl, -NHC(S)NH-heteroaryl, -NHC(S)NH-
heterocycloalkyl, -NHC(NH)NH,, -NHC(NH)NH- alkyl, -NHC(NH)NH- -alkenyl, -
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The term "subject” as used herein refers to a mammal. A subject therefore
refers to, for exanple, dogs, cats, horses, cows, pigs, guinea pigs, and
the like. Preferably the subject is a human. Wen the subject is a human,
the subject may be 25 either a patient or a healthy human. The term
"hydroxy activating group”, as used herein, refers to a |abile chem cal
noi ety which is known in the art to activate a hydroxy group so that it

W 'l depaNHENHYRH- §m@5ﬁewb§?(m}g§@gQ&agalﬁﬂcmﬁ@mmm{,awps,t itution or

el imnation reacCtions droxy activatil n&[gr oup include, but

not 1ini t BHGIH)NEderesearyl, tPeSHSZ(MItIHVH mttemcwlmlbyl PYHCNBb elevbat e,

phosphona t k t C _ 5', as used
her ei n, féj?‘er S oﬁger%1 lglr%gu;gN Wl %lg%gavlg h? acg’u?g]&(?{égq%F ('éﬁz ﬁghﬁ cal
reaction NHﬂﬂNbﬁ)mgtetdaeyl,g-M[(r(Mﬂdmetemdwhbe&ybut is not limted to hal ogen,
brosylate, nes 0 flate, MPadl nzoat phonat e
groupsg for exar‘r@?ﬁNHI Ii\//f 8‘5@@{“{%% 5%‘?%@@55%@8?‘3@9@“@5‘?%3% her ein,
et i ned apove °@W'gf’“‘"“”2’n?é§?"“§ “:E‘*y’fwf oy ““‘*""e’a‘*‘“’““g’e‘?wi‘ﬁ T,

met hoxynet hyl ’&ﬂ@haﬁ‘ﬂ’f— é)@gﬁﬂb’% g‘?\)e g@%’f‘fi‘&?\%’ﬂtotsé@ PR - group,” as
used her egp) -Heféfr@zfrﬂ L 9(H- He&%dﬁno‘éxk&h@mﬂﬂz, 150, RHY b, cmgm{kﬂwﬂn in the art
to protect a droxglb% OUE agai nst "undesired reacti ons durin nt hetic

pr ocedur es302 tkys -rsveloalkph oY diH-ard) -SChl Hnraeenapy! E’ i ng group

as deggri |y be selectively rempved. Hydroxy protecting groups
as knﬁ&m Pﬁg—f)%ﬁo‘%h descri bed generally in T. H Geene and P. G M Wits,

Protective G oSO alRylyaNHESODyalkdnyh i- NHEDd akksnylj NHSOplepclvilkgy- & Sons, 10

New Yor k roups include

benzyl oxy@ér%%g)r?ﬁl’%ﬁ? o%'é?{¥fy/ﬁ3§§§535‘g}°gf’é‘5 zg’ggormgenzyl oxycar bonyl , 4-

net hoxybenzyl g@b&ﬂhp@ﬂzsmﬁﬂnoﬁmy}axmw -allt)enyt, ~dryl, earylamybonyl ] ] 5
i sopropoxycar bo t hox tri or oet hoxycar bony
2- (trimetf P%’P’P ‘E’ﬂ?ﬂg(}wbg‘%?my ”?‘EYE ?%}?%‘5@9(:&?’9 1% -al | yl oxycar bonyl ,

acet y{5 lﬁéterbwehc ﬁﬂl‘}aﬂf&?ﬂﬁ%l}":olyilkd»f)] uﬁétﬁ@%emoxynmaﬂwaﬁewl S$H,

phenoxyacetyl, benzo 2,2,2-trichloroet hyl,
2-tri ner hy §¥k|>’ills‘e”c“ﬁ‘y‘l>’i -§ aikmyheshwlozlkgho 1-S-hsterpasyln oSt_ 3- but enyl

ally!, beﬁgyb RALAT B i phenyl nmet hyl, triphenyl methyl (tri tyI ),
tetrahydrof urr§/c, rrkg/t ‘hoxy %X t hyl t hi omet hyI benzyl oxynet hyl ,

2,2, 2-triehl orlwtwdmytonémy Ihe awlé thetmﬂsslceubbwam theteyanyelinsl alkyts,
E?P}agggpgpy Js“?%% ?an At kenass fonyl, trimethylsilyl, triethylsilyl,
20 The terms "halo" and "halogen," as used herein, refer to an atom selected from
fluorine, chlorine, bromine and iodine.
The term “subject” as used herein refers to a mammal. A subject therefore
refers to, for example, dogs, cats, horses, cows, pigs, guinea pigs, and the like.
Preferably the subject is a human. When the subject is a human, the subject may be
25  cither a patient or a healthy human. ‘
The term "hydroxy activating group", as used herein, refers to a labile
chemical moiety which is known in the art to activate a hydroxy group so that it will
depart during synthetic procedures such as in a substitution or elimination reactions.
Examples of hydroxy activating group include, but not limited to, mesylate, tosylate,
30 triflate, p-nitrobenzoate, phosphonate and the like.
The term "leaving group,” or “L.G", as used herein, refers to any group that
leaves in the course of a chemical reaction involving the group and includes but is
not limited to halogen, brosylate, mesylate, tosylate, triflate, p-nitrobenzoate,

phosphonate groups, for example.
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and the like. Preferred hydroxy protecting groups for the present invention
are acetyl (Ac or -C(0)CH3), benzoyl (Bz or -C(0)C61-15), and
trimethylsilyl (TMs or - Si(CH3)3). The term "am no protecting group," as
used herein, refers to a labile chem cal 25 noiety which is known in the
art to protect an am no group agai nst undesired reactions during synthetic
procedures. After said synthetic procedure(s) the am no protecting group as
descri bed hereﬂhem"bmt&médaqtd'rwl, ‘yasrueasdjmdn réfersto amydtowtg'mg) groups as
known in the aﬁg es neral G een Wit s,
\glt

Prot ecti v&FY r@éﬁ? t@y‘ﬂ%ﬁ dﬁﬁﬁelée%h‘wf afc "@%R‘:W?'ey & Sons, New
York 30 (% 9&?1) trinf R i)q:Qn%ygnylnﬁe%%gghylrg}mg{somgxmﬂgé ude, but are not

limted to but ox car bonyl , 9 | uor enyt et hoxycar bonyl ,
benzyl oxycar borfhe tetmri'bﬂrhéy pmk@tmg group;f'[§8 usedrhreinp refersde adebil§i no, " as used

nerei N5 ' ShehRal Moid) HILIR ﬁas&uﬁna\@qf@swec%wd@ay §upRghRat eCting group

as deflne he term™a amno""refers to a group having the
structure mwmamptlmdnenﬁsmmccheéwes iAftee paid demibeticl ppocedik(s) theThe term
"acyl" in

| ud i.d ted t
car boxyl i Yo @g?sﬂg;o “gngg ge;n%gb&{:%r%om g'sdaeélblggtjl‘}ég’u'}%?“gggi l-g@lgdé'l mang 5 °
phoE pholr O sotéating Froupx amar]!cem tlnrthé ard desbibpgérieallyan HoHy GesenasmhBtG. Ff I
t t
o onat o o PelscR Cp i prean uprsitsd comIp L RS & Softac o
car borgl s Nempw.qtqw@;tﬁ;%g)lésqifhlyum& Bfbtdcling gﬁﬁbyimhﬂéopl onyl,

2-fluoroacetyl, but ydr oxy acetyl, d the like. As used her ein,
the term bpwa/ﬂwe@b@n -myroh@:rt?eqwmr@rw |4rbr°mewaloe%carm§b 40 salts of the
corrpoundsn); 10k D& E Seth Xy cdrbEn B8 3 8tox | h¥EIMyl 0N Which are, within
the scope o rgyr?eg(ie"(r:angj ‘udgmne tc su)Pta f‘sc;r usé in contact with the

tissues oflsommmmscashmﬂ, dmbﬁﬂ)dmﬁmmavhonhbaIZ,ZJmherQﬂ)aX&'¢itrbonyll,r2|=| tation,

bene 1t i SRRSO Bel A f 2. AR R SePARF AR Gl b R0 T (e

art. R6r doaiglchlorGaceiM, tdhBuddoagey], métha&yaceiyelsphdnbmﬁacpdyalbamagumwl@lll y

t abl | t t © 1-19 (1977).
The-bal t 5 FORRHIe2 S Bty I e e AR BRI and
puri fi cat ingithydd3- Ma@lymnppy&ikyl %rahh&hbi%@ﬁy'ldiﬁhen?fméiﬁﬁar ately by reacting

the free base function Wwth sui t abl e organi ¢ aci d. npl es of

phar naceut‘ﬁlwpyly‘e&b’&ﬁvabqeﬁawmfgrﬂ HB‘!‘%RJ‘Q’“‘GM rmtbylﬂmm¢thyh ted to, nontoxic
acid addl ﬁ@ﬁk r ﬁnm?e?ﬂ h inorganic
aci ds such as g’ghqo%?gll%hg?rgém g rob $gzmg§mg{ch?§nylf)&ﬁs§hoérﬁ}ﬁc aci d,

sul f uePc a@qt@nas\dlfo;mlr pith-toliencad fany rtnwthhlswlg@mﬂwlselal erisopuepylsibyl,acet i c
acid, nmal i | oni
2o d o by ae prbBisbabl R bibrecthg blofipEth the SR HlERE ot BEyT0C " 7 e,
phar maceut(Acaf KS(OQGHQpbembyj (Balot LLINCiHmndbrimethysilylgdfTMS o + ed t o, adi pate,
al gi nat e, gat e, aspartate, 25benzenesul fonate, benzoate, bisulfate,
bor at e, b&fa@?ﬁ , canphorate, canphorsulfonate, citrate,

cycl opent anepr qRé @At amird ﬁbw@m@éreup,d@éiﬁ@&h&@in feférs 1o £1abad@rentiéAnat e,
formate, fumarate, glucoheptonate, %ﬁg‘ﬂ’rro phosp hat e, gl uconat e,

heni s@Pf atmPiety ahickid known indhe A i Bro %?‘Bﬂﬂﬂ’é‘l’ agaipgtandssizedt hanesul f onat e,

| act obi onataiodsafting eynd,aw,ﬁ&&duﬂe@wyér s#idlsih&ic gBeeabfe(s) R &a/h6, Ml onate,
30net hanesul f onat e, ~ 2- napht hal enesul f onat e, nicotinate, ‘nitrate, ol eate,

oxal at e, p&?tﬁtma@eoupaa#wfléed heseinimaytie, selsetivaly femoved. 3%}31@@ PYItRRIEI onat e,
phosphat e ’grcﬁx?)E b&krfownth Vi zﬂ-{a ﬂescRBélf#é?i@éilg in ¥! lga('f‘xiaeteﬁe i @ MRSyl Fate,
tartrate, ocyanat e, ptol uenesul fonat ecanoat e, 'val er at & salts, and
the |ike. Pmmtys&ounsuw @rganlna$ynthﬂswalrld@ﬂitm, Iohn tWileyak Sons Nevs Yorkc | ude
sodi ugy 1 {d¥o) By aRBled 3 kiiiflo prétectingBrods ifBSHEEEL AR not limited to, &
butoxycarbonyl, 9-fluorenylmethoxycarbonyl, benzyloxycarbonyl, and the like.
The term "protected amino,” as used herein, refers to an amino group

protected with an amino protecting group as defined above.
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salts, and the like. Further pharmaceutically acceptable salts include,
when appropriate, nontoxic amoni um quaternary amoni um and am ne cations
formed using counterions such as halide, hydroxide, carboxylate, sulfate,
phosphate, nitrate, alkyl having from1 to 6 carbon atons, sulfonate and
aryl sulfonate. 5As used herein, the term "pharnmaceutically acceptable
ester” refers to esters of the conpounds forned by the process of the
present i nvent ilhe teom itk yigroino sefass fore grovphavimg thestruetire tINGaRBoX whercbr eak down
readily inmt J t he parent conpound or a salt thereof.
Sui t abl e (ral?‘s“tatcg}r8 %%&g&%ﬂﬁﬁnhgle%r ?%}r? exanpl e, those derived from

phar maceut i cal ITheaeraefucald lirchades papinecdetiaed frowl actdsaacldding parnatcul arl y

al kanoi c, ,10al kenoi c, cycl pal kanqi c .and al l.unedi oi ¢ acids, in which each

B Kyt or AITREHYS SR e s By AL o Bt aatd:, bon at ons.
Exanpl &s qfhofjihobdué dtias. Bxahples inohsdelafiphatie\chrbdn s, i@maticBaiRelyls0, for mates,
acet ates, propionates, butyrates, ac_r¥‘l ates_and et hyl succi nates., The term
" phar mace®iPRatic spligeds gromatic splfsulsygjiphaticssulnyds: pramatis phesphptes adl 15 t hose
prodrugs AfliphfiR fheHHas dsxatiidvest alidhatib CarBbREEMeal, v Sre RbEHANL boNVent i on
which are, within the scope of sound nedicadl judgment, suitable for use in
cont act wiacetyh peopionyd Zeluagpackivirdmtyrgnghydrary acetylandghedikeh undue toxicity,
irritation, all ' p : ' : r i a reasonabl e
benef i t/11 5k r 4t 5ed g B tdm @g%?g‘{dﬁ%#fa‘icg Jﬁgg@}*@fg{% tﬁﬁéﬁd\%/eell as the
zwi t t 0i orsalts éfchersompdundefqmned b the, pradessiff thdpresenninoemoba wifickt dre, pr esent

i nvention. "Prqodrug", as used.herejn nean onmpaound which js convertible
in vivo bfvlmgﬁ(ffg%eorég‘ﬁbds'(’%ql SJ HF‘B?’?% @5‘%6"8?‘?‘?)‘?3’"&%6 conpound

del ijneat edisb;elibhburfmfsrmﬁ &ﬁn@fanh:cms wnﬁdwnfxdderwﬁangy, Gritatda) allevgic o(r]I s OL
prodrugs are kno inthe art, for exanple, as discussed.in Bundgaard,
ed) - Do PR BT b 1 5 EopmEns OB a rpaRAe SBELUISK TEBR. ) - Mot hods

i n Enzynol p@imacé@icali§ acctptableadRiAre wallkAswh dDB@ hit. Kbpaésxg?é,d:mr_sen, et al.,
(ed). "Design and Application of Prodrugs, Textbook of ug Design and

Devel dgnerRergenagt descmbes pharmmgayticalby Jocemphle salisrin detalf inpl. Pharmsgewiisl of Dr ug

77: 265 ot ey 10a] 208 o B EBEptparkd 101 W TR B9jqu) 0T

Del i very Swndpenficatidmef theanmBhends ofitheSoanaory, of $&patitcly by ccaBéngthe de80 Testa &

Joachim er. "Hydral ysi. n._Drug. And_ Prodru t abol J Chem,stry,

B achent StPSe SAedEny g Roiiplebrinitadl ity S phEhReRie A acsaiibE Y
i nvent i on saltsmclade dupas noslimhed wpaaidiic adid addipassalts, on salsaftaaaming, and

net ho of treating vjral infections through adm,nistering, .

Dhar maleuEr iR PymEEwih e A0 RSP R OTa AT BEFRRT it i on For
exanmpl e, GB¥MYAHSciBf sulfifc adidhuRDpéreRlof@aidgr itk Brganit A6ids sUthde acdtydr oxy or
car boxyl i caw%éou S %?E be converted into prodrugs. Pr,odr,Hgs i ncl ude
conpounds aflfe@leir agi, 4arasis agid; eitriceasidy iccinisy acid FINYpRIEAFGOT PRYFIAB of two or

more (€. 9.other WRthdd8 48R iRfhd #t4ubh afoR Rx@fahgl. FGBkbAMRAMARUGANY! ently | oi ned

t hrough an am de or ester bond to a free am no, hydroxy or 5 carboxylic

aci d gr oupcesptabingatss inghudes but ee rion limted ton adifate, alginaie asedrepte.@spariates | ncl ude

but ang NQfnldBiied L6l Bi r rJd o,N0 aci ds commonly

desi g?gt e% B%/e'ntg%?rtgeatf:’cebtet er tégﬁ‘g@%tg’ b%k%&gﬁgg%,négﬁtgg@?%_ hydr oxyprol i ne,

hydr oxyy sicamphatestmiateecitrasocisinpsntarsprapioratch dighiconatdidedecytruifesl i n, .

beta- al ani e, RTIRRTAGRY R GdoneBlohkid! di}AfopriQTRGY BLEdE, homoser i ne.
hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,

lactobionate, lactate, laurate, lauryl sulfate, malate, maieate, malonate,

30  methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate,
palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-
toluenesulfonate, undecanoate, valerate salts, and the like. Representative alkali or

alkaline earth metal salts include sodium, lithium, potassium, calcium, or magnesium
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10 sul fone. Additional types of prodrugs are al so enconpassed. For

I nstance, free carboxyl groups can be derivatized as am des or alkyl

esters. Free hydroxy groups may be derivatized using groups including but
not limted to hem succi nates, phosphate esters, dinethylam noacetates, and
phosphoryl oxymet hyl oxy carbonyls, as outlined in Advanced Drug Delivery
Revi ews, 1996, 19, 1.15. Carbamate prodrugs of 15 hydroxy and am no groups
are al so pale] andabe likss Burhecphapoacsuicably sesaptpble salts ins F,ewé@t ers and sulfate

esters of 4 . | ' ' I

(acyl oxy) ?@‘ﬁé}?‘%ﬁ‘gﬁ‘?g‘@;ﬂ%@? %‘i{%‘*a&gﬁahg&g&\f%{%iair?\a(%‘rﬁg{e%g@?mg?%eg may be an
al kyl est asing opintevioas suchas halidet hydroxide, ichrbgx ylagessul fate] plibsplpt@uitratgt | i mi t ed
to ether, amne,and carboxylic acid nctionalities, or where the acyl
group is & ylatfﬁvﬂ’(gr}dmgt%gf’é:b‘)‘égm?’@' %'i‘léﬂ?tf’ B’é‘garéfl)%@,nmﬁr e al so enconpassed.
Prodrugs of t has utediferedt,@hél@ns Mplaesladantidallyideceptdbieester1 RPérs to3&iterd 8 Free
am nes can al so be derivati zed as ani des, sul fonam des or phosphonam des.

Al of thBssoppaidsdomsddyitbepigsss PhihsPESFATBYeIHeR pRichhydinlyzsd” but not

i ted € g biPincluBBHS: #AFbEAY RRRYVIchElHitR: huiflt b3 idal Eihe GRRAI Nt f ons of
substituents and vari ables envisioned By this invenfion are 25 only those

t hat resutempaungioea st thatepbnSuifableteatsr grouphipoludeldor eRamples these derivstie” | as

used her ej whi : kLo .cient to

i 1 ow manIP R SERBUBR B LR ARe Ridk Biibyiely BRAIC TG 10
suf f i 10 entlkaeri¢, egiclodlkinoiearidalitmmedisefadlds finwHidheeaph nlkgb@xalkbaybibiedy her ei n
(e.g., therapeutic qr prophylactjc admnistration to a.subject). 30

Phar naceuf‘é"é‘gﬁagwgw B?td'ﬁg)é t%?eé m%%ﬁtéﬁﬁpq%q{%BgicPﬁbqgﬂﬁf t he present
i nvent i ONineRIABHus erediot iMitad R Fdrmates yacetaies,GirbpionAeR) biyradds, scrgarpentnd of the
present invention fornul ated together with one or nore pharmaceutically
accept abl ghylspgeinates.  As used herein, the term "pharmaceutically acceptable
carrier” meansTRe RAR“pkiFnGceutiBAlyacsPhitls ?@emgs'say used Réremnirefgsdof i | 1 €1,

di luent, encapsulating material or fornulation auxiliary of any type. The
phar nH euthogaprodwap eSihe compowsyds formed by vhenrpenss ebihc preesemmventieorer ed to humans
and ot her ' . r ' I Eﬁﬁ’ml Y,

i nt ravagi ﬁgi?',r;ﬁ?é ’ g’ilﬁf{g%éﬁp’t‘a ?ﬁg&;{nki&e‘d?%{ﬁggﬁ:@ﬂ %%tsab{ggg {)\gs% ers, ointments, or
drops), bwithalhd tyssuasrof Asmams awddoweranimaalsivithpndye tokiciy, icriteioggkerfior ns f or

oral adm nistrati i.ncl ude phar maceuti cal | . .
response, an8 rt})e like, commensurate with a reasonable benefit/risk ratio, and

effective for their intended use, as well as the zwitterionic forms, where possible, of

20  the compounds of the present invention. "Prodrug", as used herein means a compound
which is convertible in vivo by metabolic means (e.g. by hydrolysis) to afford any
compound delineated by the formulae of the instant invention. Various forms of
prodrugs are known in the art, for example, as discussed in Bundgaard, (ed.), Design
of Prodrugs, Elsevier (1985); Widder, et al. (ed.), Methods in Enzymology, vol. 4,

25  Academic Press (1985); Krogsgaard-Larsen, et al., (ed). "Design and Application of
Prodrugs, Textbook of Drug Design and Development, Chapter 5, 113-191 (1991);
Bundgaard, et al., Journal of Drug Deliver Reviews, 8:1-38(1992); Bundgaard, J. of
Pharmaceutical Sciences, 77:285 et seq. (1988); Higuchi and Stella (eds.) Prodrugs as
Novel Drug Delivery Systems, American Chemical Society (1975); and Bernard

30  Testa & Joachim Mayer, “Hydrolysis In Drug And Prodrug Metabolism: Chemistry,
Biochemistry And Enzymology,” John Wiley and Sons, Ltd. (2002).

This invention also encompasses pharmaceutical compositions containing, and
methods of treating viral infections through administering, pharmaceutically

acceptable prodrugs of compounds of the invention. For example, compounds of the
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accept abl e emul si ons, m croemnul si ons, sol utions, suspensions, syrups, and
elixirs. In addition to the active conpounds, the |iquid dosage fornms may
contain inert diluents 10 comonly used in the art such as, for exanple,
wat er, al cohol or other solvents, solubilizing agents and enul sifiers such
as ethyl al cohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl
al cohol , benz benzoate propyl ene glycol, 1,3- butylene egcoI

pol ysor bat"é"ené?m‘m& fresr W#Pc?émdm hygrogy qr £rEb@XYHE IBEQUPS £3t Refes¥eied gr oundnut

corn, ger Hdﬁf‘% RIS incARK B ler%) al B0 alild réiidud] ¥icer i des,
1549l ycerol 0?etra drofur?ttryl ﬁl?a&ﬁiol n eth oélner(flzjllycols and fatty

aci d est erPQI)@ﬁptS’Germna)rﬂ twepompie egr, @so,ttheqr ero ur)mnm@ rasihues idi | uents, t he
or al Com%ﬁbélérgf}joﬁ@@t %&%‘H a!n%ll{féj@r Bt % ‘éﬂuﬁé h\pﬁ’o&%BB agents,
1

enul sifying a uspendi agents nt I oXI swee flavoring, and
per f unidng capenyli. acihgroup qinouh;rdmsdasgrf thﬁeommmlan '&lesumlbea@dncespkm ated in a

gelatin ca V\/ner n a, co nd %I t he esent 2Qi nvention can be
di ssol ved" ﬁ?ci Je?eﬂb'hgtrrer?ﬁ ftF%Eﬂthgg léchémg'égr? minp aCigReAPIHONY for exanpl e,
one or WDFd@sn?ﬂﬂ J‘t&u?e%tlétﬂﬁ spEBd1s 8nd Asdinclu@| 4BRIrORYpeol e, Itoxysine,and
di gl yceri des ot her suitable excipients ., an antioxidants such as

ascor byl ﬁ‘ﬁPﬁf‘P%t‘%’de’GPs‘&*"év@é‘héﬁlsﬂglwnmaé‘%?o‘?q(‘%é%ér&a)‘"m!' nj ect abl e

prepar at i qaﬁnobb%c%ﬁnahﬁumatwmdcsstélﬂk %B@?érﬁxea&ﬂﬁmlé aftl methfssienous 25
suspenS|ons may formul ated accord 1 ng to the nomn art u5|ng sui tabl e

di sperl§i ngu@newéswmﬂgala:g@apépr@dwgs asdsecneynpagead: Eor irsiancst &¢9 [ e inj ectabl e
preparati QR,aRM &;%\.@:X ch?b@de%tv%iéd aHh gg?‘?kgl] é&%?%e%’?uyd%‘g@%ﬂfhﬁéﬁ? or for

emul sion inamn I C parentera uen
exanpl e, asaydesietivdtized using g;o:apburchxdawbut notAumteg 0] henaumeabl e vehicles and

solvents t ed are r 0 P. and
SO0t oni o ChAPHREEES, SRRt P pntgiodmifity Progiins, & 20
convent i onatlingd Bfmhmedi aﬁxga)e@hwvm w%pemdllrﬁgCaﬂﬁmerrEdrugstdﬂ S pur pose
any bl.and fixed o can be enpl oyeg i ncl udi n nt heti ¢ nopo- or

o B SRRy Aol armin kesibs P BCPURS AT SR EREs QPR s od i n  he

prepar at i Qetefand SBhIefié S¥reSF hydroxy groupsNDEiviizatldh dTh9dRY ﬁ*dﬂﬁs gf fect of a
drug, it is often desirable to slow the absorption of t drugﬂfrom

subcut aned#ylexyImethylsad Saayloxy)etnl edersgrherepmihs apyheropp mexebn#t #k¥ed by t he
use of a |e’stng uﬁﬂ Tge&bihaﬁemnﬁ %@#nuhaﬁ%% mm&ak@etﬂai ghimland th poor

wat er sol ubi | e rate of a ption the drug then depends upon its
5rate of @h@gwlmacmirfumﬁiqnhlmctSnmt\ulneme; thlmwdamp@momcgdsqs@r agj ze and

Cryst gyl | ’&@%Bgéd%o%ta% B4 ké(c%hfgpfsgﬁ’ s gyfde%pe Blschvddh §uesal |y

adm niste rm1S acco ving or suspendi ng t he drug
in an oil Ghetmi w% 39,nhPe Bicatamines Icemslso b@dmaazed aalasmdesmutfenqmlde.mi by the
present | n\ﬂospimonamndes All of these prodrug moieties may incorporate groups including but
not limited to ether, amine and carboxylic acid functionalities
Combinations of substituents and variables envisioned by this invention are
25  only those that result in the formation of stable compounds. The term “stable™, as
used herein, refers to compounds which possess stability sufficient to allow
manufacture and which maintains the integrity of the compound for a sufficient
period of time to be useful for the purposes detailed herein (e.g., therapeutic or
prophylactic administration to a subject).
30
Pharmaceutical Compositions
The pharmaceutical compositions of the present invention comprise a
therapeutically effective amount of a compound of the present invention formulated

together with one or more pharmaceutically acceptable carriers. As used herein, the
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Conpositions for rectal or vaginal adm nistration are preferably
suppositories 10 which can be prepared by m xi ng the conpounds of this
invention with suitable nonirritating excipients or carriers such as cocoa
butter, polyethylene glycol or a suppository wax which are solid at anbient
tenperature but liquid at body tenperature and therefore nelt in the rectum
or vaginal cavity and rel ease the active compound. 1580I d conpositions of

a sin | ar ey pehavageestisdlysecailosasacra ceany 3 BARSIOKIG, R SOlith Rl i | | ed

gel atin C@rﬂ&fﬁ'x@ﬁllé%%ﬂ&nts!é St xﬁ&l&ﬁal%ﬁfdrﬁ‘:ﬁia%ﬁa&&lnwy'okax%u%é as well as
hi gh nol ecul ar wei ght pol ye?hy | enne glycols and t The active
conpoundsTewphannacsutical pcmrnms@ms ef tapiwveriion gan be ndmmtstﬁfm hymandr e

exci pi ent s, dragees,
capsul es,&ﬁﬁlég%anﬁra u%:gs Cg%n%h{g&llggﬁg&gﬁ@r\%ﬁ "@%‘é’?@ﬁ%‘ ’and shel |l s such
as entferi mtrapmhdmgﬂy, topptalyges eypdwaders, bngnmtqrdgms)ahdcoatlhe:r asemt i ngs wel |
known in thg ar maceutical formulating art. In such solid dosage forns the
active coMBbUMdhil e admixed with at |east one inert diluent such as
sucrose, |act 0151quﬁrdosa 'f6itns fOLI6MI SRSIABEaNEY ITlud@Yhaihacuticdlyr i se, as is

25nor mal practlce i tional substances other than inert diluents, e.g.,
t abl et i ng2eceRipll ESWP@‘O&M“'GWEW QNS THYLOFS, SHERSNLNRS SHUP 3RLEhXih 48 car at e and

m Crocrysao%httdnns tweealchué Sifipauhls, &mlm@oﬁge foRRS Hla %ams.a%&% &il pfi pills, the

dosage forns nmay al so conprise buffering agents. sage forns tor topi cal
or tr‘eﬂwsd@nwmnladsﬁdnnshermsuehat;fforapxgmmmnw,@ﬂcomhqmrﬁwvetm.u on incl ude

oi nt ment Ssohﬂ:%‘ﬁ%: i aachits o} ﬁ%mul fﬁdré’ﬁ&h aggtlhgl al@&w(}%%ro)g%l%ﬂggr jSprays,

i nhal ant s ive co erlle
condi ti onsarlvanah: ah)alm“aucmylcﬂdzdhpl @cnza'pbaixbeteqa'opylme giy@lalniy- needed

preservat rs a ht hal.m ¢ I ation, ear

dr ops, %u%erm %‘h ’spo zﬁ' ga "X%’qug ETfJghgls @pegf’%%a CH{OQF&? ated as being
W Ej hin thgroﬁmmaﬁ cofn, gémﬁ ohve/eﬁdtmpmd sesame oxls)Trh@lwloﬁﬁﬂggééi}deﬂﬁSt es, creamns
ana g cont n n to actlv ound. of this invention,
exci p1int éﬁ elpteta ygqq)t%-}%pryi )ﬁ%\‘ﬂe'?ee& %"0 2’8 typerdbesters of af f i ns,
starch, tio@ﬁ?aﬁamdhmxﬁﬁéé tHEr@é? @&fde!{%eh%%ent?%é’&%hédn?ﬂ%@xti%é’@&'afi’so silicones,
bentonites, silicic acid, talc andtinc oxide, or m xtures thereof, 5Powders

and spr ay@c'@ldhadmmnéﬁ soch pyweitiae agens, epulsifising ond ssnending agentss | nventi on,
t , d | i
gle: E;Sgs&éﬁgﬁ%t?%de@\gﬁﬂgeﬂ \M}foﬁhg and! le}tﬁﬁxﬁx aa 1? t@iéé;f;&dgﬁ é@'f‘o%' e, calcium

R Xt ur nces. Sprays can
additio na¢dn>also(heteacapsuiusd omagslaton cqmtlbanhsexa@@hmeund of the present
chl orgf | uor ohydr ocg H Tran dermat % ches ﬂ?ve i he ddedsﬁdvant age of
o oviZll ng RGP AT BEOTR P g ST b Ci Bt AR E S RECBBP ReiEn dosage

forns canedampleadne Wn&bssmbuiza@agxgeduwg nﬁolpg)rbahesa ethmundand) t he proper
medi um n e ncers ,can.al so _be used. to increase t flux of the
Compound BEpGEHeEnaARPH S PATERAA Bt BT MBS ERRE pr ovi di ng. a
rate cont pahnithte orFBRERARg OF filvorfgSRetyi Ng the conmpound in a polymer matrix
or gel. Injectable preparations, for example, sterile injectable aqueous or oleaginous
25  suspensions may be formulated according to the known art using suitable dispersing
or wetting agents and suspending agents. The sterile injectable preparation may also
be a sterile injectable solution, suspension or emulsion in a nontoxic parenterally
acceptable diluent or solvent, for example, as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution,
30 U.S.P. and isotonic sodium chloride solution. In addition, sterile, ﬁxed oils are
conventionally employed as a solvent or suspending medium. For this purpose any
bland fixed oil can be employed including synthetic mono- or diglycerides. In

addition, fatty acids such as oleic acid are used in the preparation of injectables.
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15According to the nmethods of treatnent of the present invention, viral
infections are treated or prevented in a subject, such as a human or

anot her animal, by adm nistering to the subject a therapeutically effective
anount of a conpound of the invention (or a pharnmaceutically acceptable
salt, ester or prodrug thereof), in such anmounts and for such time as is
necessary to achieve the desired result. The term 20 "t herapeutically
effective anoumﬂfdg‘ftoarct!@rmbemﬁe%f)f@H@lgi ihiscriten dgsirable toslowy therei n, neans a
suffici engy, Il dtnl_;he LA h éoadina
subj ect andﬁgp geg?{eease {rﬁ g(?&sd?mgélgﬁﬁpt oﬁ'&&}%%ﬂg gﬂ) under st ood
in the rredwoomplxshedsbyaha tlmeroﬁpdaqmdcsa!;peysxeri éfaarystalﬁnammmmplm‘usmmnbound of
this invent.k onvvl ene t/r| tloa Ilcableto any
roct cal ¢ PRl Rulin S ThEPRERC ST Sf he el e RubRsBRBLER: ©or Caoes
OL thescomn@wtﬂ&omlfnohmnqh; ﬁﬁtlﬁﬁf, ;nawe;mguapom&ysmmmb nﬂrcqma?lbeubnﬁ)hlbng/ Kg to
about 500 alternatively from abou 0. about 50 ng/Kg. Inhibitory
anount s O,Ang@gg\éelwqefa %‘f%t@W’QP? ofj2 BURRIFR Yﬁ‘ﬁf“’r?ﬂﬁ“’ée%‘ﬁmﬂm Sni stration, as
wel | as tg&oﬁ?ﬁ%e@b}"dﬁs\éom @ﬁ’cﬁn hEIan%tln%ﬁ of9RAER: Immediate®cCOrding to

t he met hods of treatnent o resent invention, viral infections are
treated orelggselosms axt alse can@gwjl bysthe present invigotin or | ower nammal by

adm ni stering L Ltd e anount

or an i nhi bi to§§mggn%tﬂ&n{éqgrﬁgga€% ngﬁl !rllld'Ja g?ﬁ%théelbﬁra;eésae%{e%i ﬁ[)(lgsgt%mél/n such
amouni® awtlichean bgprehared hye maxing daemeowpewaiSpf thns mmt@aevxtmnddshoted resul t.

An additi onnl%{m ;Ecrgolgmofré r;_g l,Ere ent i %%gt' on [ﬁ Itehee tr at ment of
bi ol ogi cal™g ngF P R TRRY af(??%? UnPogF ™ ?:o%rﬁ 842 of conmposi tion
of the pr awasxtorylwemw}xmh alrcﬂscﬂ!d@lnambhméxapérauire‘lmnhqundhtbmd‘ye as |s necessary

to achieve the desired resu 5The term "ant ra
effect: v\e enpsTRRTe 3{54‘ refey; AR Fregta oF ¥ging clﬁﬂty%@rﬁl%s& ﬂiﬁee%lé' ', means a

suf fici engorapgmat of the conpound so as to decrease the viral load in a
bi ol ogi cal sanple or in a subject. As well understood in the nedical arts,
an anf?- hepat i $¢lid ‘emnwézpnsfofer%&@rtw Bnbelee beemployesiasdilless 8ot hi s

I nvent i 0N,y Hakg- hﬁe&%elém{ &%%Qﬁmir% sQ@l‘i‘@Ic'xnﬁxérLé &abiBle & nABPdeEAREIL O any

medi cal 10 treatnen term tory anmount” of a conpound of
t he pr esemhnglnvemul@nwmhhmlwﬂsﬂmaiyceh;tandmlmme to decrease the hepatitis C

vival load in snbloloolaaludeih S 8 pithleSloslded SutfifLRL GO LhaL vhen

sai d inhibitory amun esen rnventronis
admi ni st emcbdxoxpaemd;ﬂwtm abbva/\/l I I be at a reasonabl e benefit/risk 15 ratio

appli ble to |ca trea sdetermned y hysi cian. The term
" bi oI i cal m%@ °sagg§°rﬂégé’ ff’ge‘?‘?e%ﬁ?éulﬁs@ugs?@r%@y"i SGSPEFogi cal
origin inpe edjwftﬁrcoz&ﬂfgk ahdS§HeH§ b&ﬂ aE @nt@n@éﬁ%ﬁlﬁ@i relés@ 63N cobiitgdsogi cal
sanpl es inc g but %écﬁ not {He ﬁd to, blood and co one ts thereof such
as pl asmad BT epatngs B‘EB}SHI‘% ShamgreusicelJarpalating at, %Re; organs
such as ki¢sagyfors URlactiVéesdnipouhd By b drAiRed it at 1ek§,onsaehmuaad ova; bone
mar r ow and corrponents thereof; or stemcells. Thus, anather enbodi nent of

t he presefic ﬁﬁ%fﬂ%ﬁctpgeqsmmcﬁawaloqasemﬁgwa AOSPBPII80 S Banpl e by
cont ag4 i Ngoriifa| prabtic! KfidRbl ﬁﬁ&aﬁ&smhmhameﬂmmeﬁtpreyg abBktdg of a conpound

or pharmaceutical conposition of e present invention.
lubricants and other tableting aids such a magnesium stearate and microcrystalline

cellulose. In the case of capsules, tablets and pills, the dosage forms may also
comprise buffering agents.
Dosage forms for topical or transdermal administration of a compound of this
30 invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may
be required. Ophthalmic formulation, ear drops, eye ointments, powders and

solutions are also contemplated as being within the scope of this invention.

37



Upon inprovenent of a subject's condition, a maintenance dose of a 25
conpound, conposition or conbination of this invention nmay be adm ni stered,
i f necessary. Subsequently, the dosage or frequency of adm nistration, or
both, may be reduced, as a function of the synptons, to a | evel at which
the inproved condition is retained when the synptons have been all evi ated
to the desired level, treatnent should cease. The subject may, however,
require inter mMheiitmeiite,giasees) icrdathsand gélg mayQohinyinaiditonupanacive recurrence
of disease s t - . It will be understoo h ver, that the total
ai |y s o GETBPURE i SRR xBTS ERSTA 501 VGHT A0 BELPS PAVENC | on i ||
be deci dechaRiffifs)Starth! @4pdtaiih, REN b RAvIMVED) polelit e @PRoRS siiedes, medi cal
judgnment. The specific 1nhibitory dose for any particular patient wll
depend updigntgnijes; silicip agifl, Rlccandizinciaxideyer mixturgetheresbr der being treated and
the sewerity of [ , Cld i Qb e S mDBESds o this 0OMpound

enpl oyéd; t he s?é’ré‘}g???ié&gg’ﬂg)%af‘ic?g‘ﬁﬂ‘éwpﬁ\&g%é‘; the’glge?ﬂbsodguwei ght, general
heal th, seanrveatidn,gixeipienfs sutteaglattosentajc, siieictacidealuminwrhydrexidetcalgmum r out e of
adm ni stratio apnd .,rate of excretion of.1he cifi G.compound enpl oyed;
the durat i"gﬁa@fs a?@%"‘%’?"é@? REWECT o e Qféé%feisstps&?ﬁ?ﬁ‘ :?é’ﬁyér?g%r coi nci dent al
W Ej h tlhe s@aitiohaly mmpoumh d)n&iﬂji)l db@pewbmsasndh hd &ﬂor’bﬂﬁ&x@h?drwﬁrﬂmdsnovm ijn t][le ]
medi cal arts. The total daily iphiQitor ose. t he conpounds of this
i nvention adni fir&dsma! pyches bays ‘%?d&ﬁ agf'?ﬂﬁ‘?% Oglp"?"ﬁ@ﬂg%'ﬂ@ﬁeﬁoses can be in
anmounty®, fdelivas aﬂvb&n%sdna% the®bdy.0S&h d&&%@gﬁ)hﬁ%ﬁn%'nﬂﬂ% _b?_rdista@mgt&ual ly
from0.1 to 25 ng/ kg body 10 weight. Single dose conpositions nmay contain

such anpurthispersingthp fompoyndda therpspres medipmakbsomyianrahineersadlse bel n one
enbodi Mentyged oGALBRE the A Jﬁﬂéﬁg&ogh@ Gfsslifle IR PRERR an'bRVERTAIRA COMPri se

adm nistration to a patient 1n need of such treatnment from about 10 ng to
about 100®yrestherfproviding arpie gontfallingymemhiage pninedispessing the cdmpound ipiangl e or
mul tiple dores. Irtl.anot Fer enbodi ment, the treatnent regi nen conprises 15
adm ni stré’t‘”@ﬁerftba%x?)rage'ent in need of such treatnment fromabout 25 ng to
about 16000 ng dfccerdamp chedéthpdsadf tiehintent ofrbe present pesentdkay virl Si ngl e or

mul tiple do either with or &itho‘#}t ac tocayome P450 m)noo>iy enase

es,

i nhi bi t or 'SGRFPRS & RIFHLT PFEYeRRR RS OHSH SUdLAS 3 58 o prgtherpgimal; by

co- adm ni stimimstety LR QibfecP4 BRrayonRaty GEERINE amblintifh@bmpBurtt of thé t onavi r)
can range, wWithout limtation, from1l0 to 200 ng. 20 Preferably, a

conpound( dyvestion (pg a[ﬁ’?‘%@l‘i?“ticﬁ(hé prcepiable salt, gstenordredrug gieresh), in #8Rpound(s) of

the i nventin@Rfd fdrégﬂ?ﬁ'&lé as fs%e@é!ﬂr?iosélgg{e@g t&%@iréiﬁje%%t. The lefhyce daily to

achi eve the desi (ed I'ly dose anmpun I nst ance, en used Wi t hout
riton0i r "thgrapewtiselndffedtive hmopnté oba cormparmdiof 8re invamtibe, aadsédliestier ed to a

patient tw .\ ‘ @! | ¥ f..400 4 4400, 4600, 4800
or 5000 ng.eag%?sgﬁélte ea%bquﬁlg{)gthgg?ﬂ V\ﬁg(r%§ﬁosde)earefi% tg%%iglﬂgﬂ ’8?1% W th
ritonavir sujecanpoudatrate theaupeasdiV symptomisols Bavelhmdadoodiisther ed to a

patient once.or twce a day,with a total daily dose_.af, 200, .400, 600 or 800
o, wher o iadis et BaPent et Og Aot o5 8 borkpSi o s iy v

admi ni st r akiapreasynabledenelitiRk faidseppBEibI0 aayRRURABIA@RAed Ocesses of the
present invention will be better understood in connection with the

foll o®’ng synthetic schenes that illustrate the nethods by which the

conpounds of t hguib RN AP ey be prepared.

An inhibitory amount or dose of the compounds of the present invention may
range from about 0.1 mg/Kg to about 500 mg/Kg, alternatively from about 1 to about
50 mg/Kg. Inhibitory amounts or doses will also vary depending on route of

30  administration, as well as the possibility of co-usage with other agents.

According to the methods of treatment of the present invention, viral
infections are treated or prevented in a subject such as a human or lower mammal by
administering to the subject an anti-hepatitis C virally effective amount or an

inhibitory amount of a compound of the present invention, in such amounts and for
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Definitions of variables in the structures in the schenes herein are
commensurate with those of corresponding positions in the fornul ae

del i neated herein. Schene | Ca2C03, NNWMC CM | a Schene 1
descri bes the synthesis of various conpounds of the invention. The starting
material was displaced at the | eaving groups by reaction with a nucl eophile
to provide a nucl eophile substituted macrocycle. Base hydraol ysis of the
ester to $Y5B UG ag 15 pecqasantte prligusthe gesirgd pisk gAafad%Et’g'Eﬂlf’?fﬂm'%@‘ederi vati ve.
The prot eglegsht mvhﬁtﬂﬂnqgmeﬁfea&x%ﬂofiﬁerogk% 163 Rt hibitoHy Qhovht T aanot her

gr oup. In one aspect, the invention provides a nethod of producing a
conpound esmpayndef eormposisiomef thsi presentiaventiop irosuch ameunts andifos syabdim of

formul a | dsis h&es&@ to achieve the desired result. -

5 " The term "anti-hepatitis C virally effective amount" of a compound of the
invention, as used herein, means a sufficient amount of the compound so as to
decrease the viral load in a biological sample or in a subject. As well understood in
the medical arts, an anti-hepatitis C virally effective amount of a compound of this
invention will be at a reasonable benefit/risk ratio applicable to any medical

10 treatment.
The term “inhibitory amount” of a compound of the present invention means a
sufficient amount to decrease the hepatitis C viral load in a biological sample or a
subject. It is understood that when said inhibitory amount of a compound of the
present invention is administered to a subject it will be at a reasonable benefit/risk
15  ratio applicable to any medical treatment as determined by a physibian. The term
“biological sample(s),” as used herein, means a substance of biological origin
intended for administration to a subject. Examples of biological samples include, but
are not limited to, blood and components thereof such as plasma, platelets,
subpopulations of blood cells and the like; organs such as kidney, liver, heart, lung,
20  and the like; sperm and ova; bone marrow and components thereof; or stem cells.
Thus, another embodiment of the present invention is a method of treating a
biological sample by contacting said biological sample with an inhibitory amount of a
.compound or pharmaceutical composition of the present invention.
Upon improvement of a subject’s condition, a maintenance dose of a
25 compound, composition or combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of administration, or both, may be
reduced, as a function of the symptoms, to a level at which the improved condition is
retained when the symptoms have been alleviated to the desired level, treatment
should cease. The subject may, however, require intermittent treatment on a long-
30  term basis upon any recurrence of disease symptoms.
It will be understood, however, that the total daily usage of the compounds
and compositions of the present invention will be decided by the aftending physician
within the scope of sound medical judgment. The specific inhibitory dose for any

particular patient will depend upon a variety of factors including the disorder being
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wher ei n, J is absent, optionally substituted al kyl ene, optionally
substituted al kenyl ene, optionally substituted allcynylene, -C(O0)-,
-0-C(0)-, - N(R3)-C(0)-, -C(S)-, - C(=NR4)-, -S(0)-, -S(02)-, or -N(R3)-
5A is optionally substituted al kyl, optionally substituted al kenyl, or
optionally substituted al kynyl, each containing 0, 1, 2, or 3 heteroatons

selected frompo0, .§, or N tiona substityted ar nal | y
subst it ut e‘ﬂeaé‘ﬁd;ﬂnﬁs'k‘ﬁeveq)tﬁf’?@’r‘?é’l‘§“§$§d5§P‘f“c"ﬂf?’ & th&lsﬁﬁi&}l‘ %?f?q“B ally
substit ut egngl @ﬁfﬂﬁtsflécnﬁ@&i ésb'saiohsenﬁ:wgealthm@dbb@t\eélgmygédefal hedithppt i onal |y

substi tuted earbocyc is -E-R5; wherein E i s absent;

opt i onal | ysemaéfheteﬁté@mevew%@m aptdreiniatrations e pliadministatioandnddals
optional | y,ehifistibd uf dtﬁ? cmé%hﬁiaﬁnd @rﬁﬁleyé@g;c%u?dtﬁﬂ o@}\}l\f %e)ag'ne rd{@% 2) S(0) -

het er oat ons sel ecte rom O,
N( R3) Cg0) -ysed r«mm(oe)ose@»cndem@selﬂwe specificpsipopyd employapnd ko, " 1, or 2;
R5 is H ttl onalli subs | tutecfgal optionally substituted al kenyl or
optional | y‘pgﬂﬁs”}’e[ 3’(5“3 yny ea h cont ai ni ng O, 1, 2, or 3 het cr oat onas
selbect ed f (r]I ohm 0Fhe$otaD¢:la1N :mﬁbizmmaisdl (yftli&lhﬁﬁpduuﬂeﬁfthﬁﬁrlbk&ﬁuai ic, opt : Ional |y
substituted heteraocyclic tiona tituted ar tion

subst it ut e@"ﬂb‘ﬁ@feé‘r%érswlec“ s‘"glﬁzféﬂy%‘%ﬁﬁi goses can "l‘ﬁé@’ﬁ@ﬁ'ﬂeﬁg “3@? e%:/t ed at
each occurf@no1fts 30t dgm% byl mgm@x nfoRd bsRBl FrmOIPRLastHp/RE baa)kyl

optionally substitute kenyl, or optionall substltuted al kynyl , each
cont ai 1§ ngveghty Single QRSCSOWE?%V%&W%@FW ampREPosubmulplesthersf | onal | y

Substi tut & wilthp 1RPIHGBLL VinSHPSHbbalRH, BEenReihrienO BcbRRAL lneUDSt i t ut e

25 het erocy optlo y su stltut car bocyclTc; rogen; Lis
absent or preseseingertiod COmommqstmlmmtmp tg alpgtignt in wd af Rgdhemzmmfmonal ly

contal i ngog (LIS IETo@hL B mBRIQ BT P REBT nSAER. |
3, or 4; dtkmulfiple Hoses, Imdino'ﬂlcr l&!?lBodnihcﬁr, the treatrser®regimer’conthrises 4, and

15  administration to a patient in need of such treatment from about 25 mg to about 6000

mg of a compound(s) of this invention per day in single or multiple doses, either with
or without a cytochrome P450 monooxygenase inhibitor such as ritonavir. The
suitable daily dose for the co-administered cytochrome P450 monooxygenase
inhibitor (e.g., ritonavir) can range, without limitation, from 10 to 200 mg.

20  Preferably, a compound(s) of the present invention, or a combination of a
compound(s) of the invention and ritonavir, is administered once daily or twice daily
to achieve the desired daily dose amount. For instance, when used without ritonavir,
a compound of the present invention can be administered to a patient twice a day with
a total daily dose of 4000, 4200, 4400, 4600, 4800 or 5000 mg. For another instance,

25  when used in combination with ritonavir, a compound of the present invention can be
administered to a patient once or twice a day with a total daily dose of 200, 400, 600

or 800 mg, where the amount of ritonavir can be 25, 50 or 100 mg per administration.

Synthetic Methods

30 The compounds and processes of the present invention will be better
understood in connection with the following synthetic schemes that illustrate the

methods by which the compounds of the invention may be prepared.
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- denotes a carbon-carbon single or double bond; and LOis a |eaving group;

with a conpound of forrmula I1l1: wher ei n:
sel ected from 5(i)hal ogen, hydroxy, am no,
-SR4, -  SO02R4, -N(R3)S(0)2-R
C(0) 1i 4"
(ii1) optionally substituted heteroaryl

el < st Rl P B e L B ey

Each Ri
-CN, -CF3,
- MR3) (S02) NR3R4, - NR3R4,
-C(O0)N12.3R4, or -N(R3)C(O)R4; (ii) optionally substituted aryl;
10(i v) opti onal | y substi tuted

i s i ndependently
-N3, -NO2, -0114,

~C(0)ORi ti -

or (vi)
enyl or optionally

subst i t utethnidnsiyranel witledhose matraspanmg Positionsdn dﬁrfom\hﬁ@hneatams sel ect ed
from0O, § qor N 1 5R3 and R4 are each independently selected at each

occurren

substi t utg@egelfeny! or optionally substituted al kynyl,

T%-om the fol l owing: optionally substituted al kyl,

optionally
each containing O,

1, 2, or 3 heteroatons selected fromO, S, or N, optionally substituted

aryl; optional
het er ocycl i c;

AR, o5,
P

1a

substituted heteroa optionally substijgyted
(g:]l onal |y s@s,tl t ut e&‘é&hocycl i C; Qb hydr(@' =20Y i s Nor

Ai?d

}col

znmb

|

S

L9 ‘3384
O N N NH HATUI»PT;NE’( o

AR o

Scheme 1 describes the synthesis of various compounds of the invention. The

r COH

0
"

R NH’§ 4
“ o

starting material was displaced at the leaving groups by reaction with a nucleophile to
provide a nucleophile substituted macrocycle. Base hydrolysis of the ester to the acid
10 was followed by coupling of a sulfonamide derivative. The protected nitrogen was
then deprotected and substituted with another group.
In one aspect, the invention provides a method of producing a compound of

formula I, comprising the step of reaéting a compound of formula II:

LG

(11,

41



wherein if Yis N then R is optionally substituted heterocyclic,
optionally substituted heteroaryl, optionally substituted aryl or
optionally substituted carbocyclic, and conprises two or nore fused rings,
and wherein R is not 14. or 25a; further provided that said compound is
not tert-butyl

(2R, 6S, 13aS, 14aR, 16aS, Z) - 243- (benzo[ d] t hi azol - 2- yOqui noxal i n- 2-yl oxy) - 14a- (
cycl opr opylgiefpnyl car bamoyl) - 5, 16- di oxo-1, 2, 3,5, 6,7, 8,9, 10, 11, 13a, 14, 14a, 1
5, 16, 16a- hexadecahydr ocycl opr opar e] pyrrol o[ 1, 2- A

a] [ 1, 41di azacyct Eﬁgﬁﬁ“édwép?ﬁl'@-s?\’%’éﬁ“ﬁ‘iﬁl&t"&‘e:WM“‘?SP“’F@C‘ alkenylane) . |t hen
R and R : | e b b, _are attached
forman ar %/@K%rgll*l%?’g{l%gdyﬁm#n?h%,a ggg "3296@?1%6@5@2%?? (%gﬁly substi t ut ed;
wherei n A, CRINR4R, -8060)/,68((0R)-, exrNBe)-t aken together to forma ring; to

t her eby. produce,a_co n : r : At u rmul a |
can al s% be pr eﬁ‘aﬁ %@8@%&8’3&8@0@@%‘? g{:” ssélbsci’é‘%lg%? gg}?}{?h&%@ﬁéﬁégz, wher ei n
A, J, L, Geub¥iiuld altynyl, €3h dontaifing 0, B2dord keterogieis seleciédHibni®Ssonabove, and
is -1'., and wherein Q.is halogen or a.leavin oup,. . PG.anq PGN are each

i ndependent’ gPuanatysYhs ifediacy, ‘?‘F&"Q{[%E}B’Fm&m %E‘Ylsg%f'%’_éub fedacia
prot ect i Ng,gthA BptidrAP Skttt hetdBarE optictaRY SkbshdutdddREdrddidli¢, BN ( XX 15H wi th
a hal ogenati on agent such as POC13. Non-limting exanples of am no

pr ot ect i ngopfiasally substitrd catboerdickoxycar bonyl (e.g., tert-butoxycarbonyl or

Doc), g@r boxybeazi%/LE_Rg- met hoxybenzyl carbonyl,
9-f 1 uorenyl net rtyl oxycar bonyl , benzyl, p-nethoxybenzyl,
3, 4- di met hoxybenzyl , wheramtEhisapgsing roptionddlyrsubspitytedalkylony lopaonaliyher sui t abl e

sul fonam deg, N dukedl feh8 SpBS AR/ sESsMied ALPRIHe! GachebilaREYET 4,09 3
heteroatoms selected from O, S, or N; or -O-, -5-, -N(R3)~, -N(R3)S(Oy)-, -
N(R3)C(O)-, -N(R3) C(0)S(Op)-, -O8(Op)-, -C(O)S(Op)-, or -C(O)N(R3)S(Op)-;

15 pis0,1,0r2;

R;s is H; optionally substituted alkyl, optionally substituted alkenyl, or
optionally substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms
selected from O, §, or N; optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl, or optionally substituted

20 heteroaryl;

Each R; and R, is independently selected at each occurrence from the
following: optionally substituted alkyl, optionally substituted alkenyl or optionally
substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms selected from O, S, or
N; optionally substituted aryl; optionally substituted heteroaryl; optionally substituted

25  heterocyclic; optionally substituted carbocyclic; or hydrogen;

L is absent or is selected from optionally substituted alkylene, optionally
substituted alkenylene or optionally substituted alkynylene, each containing 0, I, 2, or
3 heteroatoms selected from O, S, or N;

j=0,1,2,3,0r4

30 k=0,1,2,0r3;
m=0,1,or2;

nisQ, 1,2, 3,o0r4; and

LG is a leaving group;
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20group include C -C6al kyl (e.g., tert-butyl, methyl or ethyl), benzyl, or
silyl, all of which protect carboxylic acid noieties in the formof esters.
Schene 2 In step 1, conpound (a) reacts with compound (b) to form
conpound (c), where the reaction can be conducted, as a non-limting
exanple, in the presence of 5sodiumtert-butoxide or potassium
tert-butoxide. Preferably, the reaction is conducted in the absence of

| ant hanunmwithlasempeundrpfformleflér abl y, the yield of this reaction is at |east
50% More preferably, the yield thg reaction is at |east 60% 70% or
80% Hi ghly preferably Rg(l Ai ofd the reaction is at |east 90% or 95%
Preferred PGis CI-CGaFk1 Qrb nyLI such as tert-butoxycarbonyl or Boc.
Conmpound (c) can then be reaCte t POHonmpound (d), or a salt thereof such
as TsOH salt, to formconpound (e) (step 2), followed by de-protection of
the am no group to create conpound (f) or a salt k reof (e.g., HCl salt)
(step 3). Preferred PGc includes, but is not [im to, Cl-Co6al kyl such as
et hyl . Comenglid (t) can then be 5 reacted with conpound (g) to form

conmpound (h) (st 4), which [s sub uently am no-protected to form
conpound (i) (E?@S“‘S‘%'@ﬁﬂ?'@ﬁ’@h?iﬁ}e&%&’& to ring-closing metathesis to form
conmpougd () gﬁtepha@&genﬁiﬁi&iyt adinBU¢N, nCkdRS, -NDYL-ORS, SRY, SOR,fed to,

Cl - C6al koxycar bonyl such ‘as tert-but oxycar bonyl Soc. General processes

or
for ring-closing me$@fesNR KON -Rar B RS(SOMNBylw: iMR FreCAPIORPref erred

processes involve u ansiyti tal catal ysts, such as those
described in U S %’g@ﬁf quﬁ%l,{&iot}?gg&jg%’s Pat ent Application
Publ i cat i on Nogii)200opid4al lyBhbstitated larydi ting Clio, | Ir IRu Cro N A02, where

Q&gsdos 2Ft4 6(-htl)r| nggtgxglpyh&ggt%teglhgtgmlépy?;vm as Zhan-B) and Zhan Catal yst-1C
10

(iv)  optionally substituted heterocyclic;

%) optionally substituted carbocyclic; or

(vi)  optionally substituted alkyl, optionally substituted alkenyl, or
optionally substituted alkynyl, each containing 0, 1, 2, or 3 heteroatoms selected from
0O, S, orN;

15 R; and R4 are each independently selected at each occurrence from the
following: optionally substituted alkyl, optionally substituted alkenyl or optionally
substituted atkynyl, each containing 0, 1, 2, or 3 heteroatoms selected from O, S, or
N; optionally substituted aryl; optionally substituted heteroaryl; optionally substituted
heterocyclic; optionally substituted carbocyclic; or hydrogen;

20 Y is N or C(R™);

wherein if Y is N, then R’ is optionally substituted heterocyclic, optionally

substituted heteroaryl, optionally substituted aryl or optionally substituted

9

carbocyclic, and comprises two or more fused rings, and wherein R’ isnot v~ or

s

25 ~i~ ; further provided that said compound is not tert-butyl
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CM ; 6 Nnez, where Cy is cyclohexyl), both of which are commercially
avai l abl e 15 from Zannan Pharma, Ltd. (Shanghai, China). De-protection of
the amino noiety in conpound (j) leads to conpound (k) (or its free-base)
(step 7). In certain cases, conpound (h) can directly undergo the
ring-closing netathesis reaction to nake conpound (k) (or its free-base),

w t hout the am no protecti n% and deifﬁr(_)t ecting steps. The carboxylic acid
noi ety i n(ZobHdiatil4aR)16e84)2H3r(benzobidpazplZybauinexaliorzyyleny)c Mepound (1)

(step 8), i i NP Q4| m to formconpound (n) (step 9). G
in corrpou%éyel(o é@&@%@%ﬁ@ﬂ[@éﬁg@xgﬁer ein E and 125 are defi ned

her ei nabovg2,3,5,6,7,8,9, 10, thhidmlditagis, opltathesadecahydwegdepnopaielpytrelofi,2, can be
simlarly red accordi ng,t chene 2. 25The conpounds descri bed herein
contain oﬁﬁLgfd?%%?%egwﬁaf??ﬁ%@mﬁ and thus give rise to enantioners,

di ast e eoner s, whedindf ek —StReNeahapReandR 'f akdibtogdthér withythbearted atogd, in terns
of absol ute stereocheni str as R}- or ("?Si%'- ., or as 03)-, or .(L}- f or

ani no aci HsVhieh theyagsattachsdforn ep ary! pehaterasiy! 1ing. each saising is optiRm!l¥ossi bl e

i soners, @shsHRldd: @as their racemc and optically pure forms. Optical isomers
may be prepared frpmthel r respective optically active precursors by the
procedur es deswehé¢rsiadd.dhoReandir R\can bg taken gethigetorfaae ainagir xt ures. The

resol uti op & bP§'°§§‘E{Je€°g"a®eﬂad bProgIaRspence of a Sresol ving agent, by

chr omat ography o crystallization or by sonme conbi nation of
t hesel® echni quAsowipouid el ferrkulainart alsa beqwepased ddcedingtotieepracdss Furt her

details regardin esol,ut i ons n. b LN Jacques, et .. Enantioners,
Racemat es,g‘%l%{ﬁ%m%&i’g?’ﬁ{zl 8h%’e‘(‘i§§’n1‘v§1 g;gg&,&ﬁ} As™ "1’3‘831‘?.1( Wgﬁl"}eﬁe conmpounds
descri bed herein contggﬂ_q:\dﬁefiglj};c_dgy | e bonds or other centers of

geonet r i chasipabmeyand and "UAt éss 10 speant mdereit Qds halegen drta leavirignt ended t hat

t he conmpounds Jcl bot h ,E. and eonetric isomers. Likew.se, all

t aut oner i Emf"B’rﬁré] a%‘fg&ar‘%eo"af‘hl’@ﬁ%"é‘ée‘fq agé'm?uﬂ%m?i%:g_gg W@ptﬂﬁm%ﬁ &tion of any
car bon- caedrbox yiio ubid rirecithgapamarGongpduad )tah e pedpaet ®d rédtingonveni ence only
and is not intended.to designate a particular configuration unless the text
SO st at esir, a far bon- car bon do_ubl e bond depi ct ed_ arbitrarily h_erei n as
trans145 may 6 SoH wifiiShalshlendtio agbitis@elPds ROE!; L WonilitiBay exdinppar t i on.

The synt hesi zed conpounds can be separated froma reaction m xture and

further pefsminegrosetiag geaupdacludect-Gelkosyeatbonyhfcogratedthutpsmsarbenyyar pressur e
l'iquid chigEBLABsaBEYy!, Y- mEREkybehA ha&aﬁyl,@nu&%nﬁﬁﬁu%xggﬁs jated by the
skilled arti'san, further methods of synthesizing the conpounds of the
formul ae bewgl, p-méthexybenzakiddedimefoxgbenapls p-nudthaxyghenat, jpessayl, lor kasyk he art .
Addi t Cmalorl élthertsuﬁab\fggdl%%mﬁégt ﬂgﬁ-'li?niﬁﬁge&%m% ol? garboxylic acid protecting
20  group include C;-Csalkyl (c.g., tert-butyl, methyl or ethyl), benzyl, or silyl, all of
which protect carboxylic acid moieties in the form of esters.

Scheme 2
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performed in an alternate sequence or order to give the desired conpounds.
In addition, the solvents, tenperatures, reaction durations, etc.
delineated herein are for purposes of illustration only and one of ordinary
skill in the art will recognize that variation of the reaction conditions
can produce the desired bridged macrocyclic 25 products of the present
invention. Synthetic chem stry transformations and protect| n _group

met hodol ogi es (oorot ection and depr gt |onr) u epgl |n(R i zing the
conpounds descr{ bed W ﬁr@ﬁ(n t hg" ahd |ncI for exanpl e,
t hose such as cri bed 7 Lar ock, @orrpre nsi ve Organi c A anst,or mat i ons
VCH Publ i shers ) Yo v ene an Md)MtetlmqreoPr ot ect e 1 N
Organi ¢ Synt H&si 2d. %Ed John Vgé QNS d 30ns (1991); and M
Fi eser, Fieser @hd Fieser's Reagent s § Organi ¢ Synt hesi s,(.,,Joh WI ey and
Sons (1994), and L. Paquette, ed., Encycl opedia of Reagents fof Organic
Synt hesi s, John Wl ey and Sons (1995) and subsequent editions|sehereof .

The corrpound st his invention may he nodified by appending various

f unct i onal fti ia any synt hem ans del i neatgd, herein to ehhance

sel ective biol ogifcalpepr operti es rmdl f| catl Qir e Kn@v g the art
and include &h V\dl c AGncreas i pef¥triti on TR iven

bi ol ogi cal As%/m-?gm e.y.; Iood o@%ﬂst ' ral nervyQus systen),
i ncrease ora I |TyT,p‘ng°c4’e i | toy—Fo—aktew adni r {t longby
injection, alter habol i smand all e*H/a e of excﬁ“’étlon THE © 7
recitation of a|listing of chem cal egroups in any definition ofg & variable
herein includes |¢&f§ nitions of that variable as any single group or

combi nation of T0listed groups. The recitation clan enbodinment for a

vari abl e hgr, *hcl udes that enbodigyent as any single enbodijrent or in
conbi nat i on pany ot her enbdti S or portions thereg anpl es 15The
conmpounds and pr of the presea® invention will be bett under st ood
in connectioff & | owi ng gX r@;a V\/%ch are intenge gn
illustrati o o8y not—t+e—ki mi ty Phe ¢ °f~t—he—+nvent|\

fol | owi ng exanpl n be*Fepafed aycdt 'ng to &ther stwe Scherre 2
as descri bed abgve. Various changes ! frodi fications to the ! osed

enbodi ments wi | I be apparent to 20 tkbse skilled in the art anfl such
changes and nodifications including, without limtation, those relating to
the chem cal structures, substituents, derivatives, for tions and/or

nmet hods of the invention may be i t hout depardeph romthe spirit of
the invention and the scope dfth ended cl ai ns,~25Exanple 1. tert-butyl
(2R, 65, 13aS, 14aR, 16aS, Z) - 243- (benzo! dkt hi azol - 2

H-G
H
R, %N
L G
A J/

{m)
ek

{n)

In step 1, compound (a) reacts with compound (b) to form compound (c),
where the reaction can be conducted, as a non-limiting example, in the presence of
5  sodium tert-butoxide or potassium tert-butoxide. Preferably, the reaction is conducted
in the absence of lanthanum chloride. Also preferably, the yield of this reaction is at
least 50%. More preferably, the yield of the reaction is at least 60%, 70%, or 80%.
Highly preferably, the yield of the reaction is at least 90% or 95%. Preferred PG is

C,-Csalkoxycarbonyl, such as tert-butoxycarbonyl or Boc.
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yl ) qui noxal i n- 2-yl oxy) - 14a- (cycl opr opyl sol f onyl car banoy1l) - 5, 16- di oxo-
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 144, 15, 16, 16a- hexadecahydrocycl opropa | e

| pyrral oll,2-a | [1, 4] diazacycl opentadeei n-6- ylcarbamate 30 Exanple | a.
(2S, 6S, 13aS, 14aR, 16aS, Z) - et hyl 2-(4-bronophenyl sul fonyl oxy)-6-(tert-

but oxycar bonyl am no) -5, 16-di oxo-1, 2,3,5,6,7,8,9,10,1 | , |

3a, 14, 14a, 15, 16, 16ahexadecahydr ocycl opropal e] pyrr ol op

, 2-a] [ 1, 4] di az&ompoupd () sarethien be rdacted wathisoropbund(d),or askly theosef sch

(2S, 6S, 13 - | . 6- - rig ‘ -2 .

hydr oxy- 5%%"}@?{?)?%,@ ??ﬁc@ﬁ%d ge)ggt%ﬁ)l?&%%}a%ﬁ ,d?%gyit %@%@?}mggdec ahydr oc
ycljopr opa graippy :crefate cothpating (f) 41 dlsaliahergsfl (e.pe MGl dalo) (step 3 1L 4Rrefebred Rﬁhoxyl iat e

and DABCO, i ol .uene was .stirr af roomtenmperature (rt). TJoO is solution
was added’ r?%‘{?f"wﬂ‘it bﬁw"o\g?'"w- f%rﬁﬁ%@ﬁ&‘¥£@9@%ﬂﬂﬁo@mﬁﬂémé@%ﬁ“ {’%I uene.

Af ter Bhe rageidtvicotsout (®!16 fétm dinpolAd tH) ¢éteprt)s Which ivabsenirngyed Wi th 10%
aqueous sodi um carbonate and the m xture stirred for 15 mn. .

Tet r ahydr @rifaprojRstedde dam eamporne (h{sigp andalen wayrded Wiring-dosingv HC1, wat er,
and then sahuhalad BERhSouh é@ggbq;_@yr qi?éfeﬁé@ﬁegmmeg,%msq\ol Apfteg Was dri ed

over anhydrous magnesi um sul Iltered, and evaporated under reduced
pressure andCiedatkdxyearimmylisuch astiert-bitok ycathomplbermithe. [Senarsl prokesses for

el or bqui ABRAHEGRBSF RNt Pl bl B SRALARR ARARIGANE, 15 16

, 16a- N8 x adecase i ransitddrogpeta paitay sy suahl a3 tHos? descfibhedlind). 8 zBatgra INapent adeci ne- 14a
- boxyl at | ut i f ] 0,.9, .21.0 ) i
W (55 n S amhlls o Koo B FATBSAE ot lh-sriugry ) "

foll owed by Cs2CO8 (17.1 g, 52.6 nrnol). The regultihg, m xture was heat ed
to 70C for 18 hours. The reaction mxture was cogl ¢ to room tenperature,
and then partitioned between ethyl acetate (300 rgi.-y“,“ d1l NMI (100 m).
The organic | ayer was separated, washed with bri n.g,(a ng), dried 25 over
anhydr ous magnesi um sul fate, and concentrated under r iegd pressure to

bt ai 0 hexihileoPiAGE Ladfyd iafld:naT 0giaRalif s purl fikad byergol um

chromat ogr aphy on si Et OAc- hexan€ gradient) to obtain the title
conmpound &4esds 38\6-utingeghyiphenyl; 4Bodknowh 8y ZhavEd B0 Zhad £atal B5¢C3 [ MkH] 30
Example I c. pey

g
=
o
T 9
§=0
( NMe; where Cy is cyclohexyl), both of which are commercially available

15  from Zannan Pharma, Ltd. (Shanghai, China). De-protection of the amino moiety in
compound (j) leads to compound (K) (or its free-base) (step 7). In certain cases,
compound (h) can directly undergo the ring-closing metathesis reaction to make
compound (k) (or its free-base), without the amino protecting and de-protecting steps.

The carboxylic acid moiety in compound (k) can then be deprotected to form

20  compound (1) (step 8), which reacts with compound (m) to form compound (n) (step
9). G in compound (m) is defined as —E-Rs, wherein E and R; are defined
hereinabove.

A compound of formula I', as described herein, can be similarly prepared
according to Scheme 2.

25 The compounds described herein contain one or more asymmetric centers and

thus give rise to enantiomers, diastereomers, and other stereoisomeric forms that may

be defined, in terms of absolute stereochemistry, as (R)- or (S)-, or as (D)- or (L) for
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(2R, 65, 13aR, 14aR, 16aS, Z) - et hyl

6- (tert-butoxycar bonyl am no) -5, 16-di oxo- 2- ( 3-

phenyl qui noxal i n-2-yl oxy)-1,2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a- hexade
cahydrocycl opropal e] pyrrol o[ 1, 2-a] [ 1, 4] di azacycl opent adeci ne- 14a- car boxyl at
e( 1 c) To a mcrowave vessel was added the product fromlb (700 ng. 1.07
nunol e), 2- | tri,gut | st ann%/,l ) benzo[ d] t hi azol g 05 ng., .2,13 mole),

pal | adi unt@RiPARYIEY  Fhepiessy! ipkiesioniinasant mclréf?_,' such PPSTHRIF BPMERUPi oxane (5
m.). The y@ssaheipratenicndopidaly paRiohhd. ' OBIRAI isBnER kgD prefatedlTromms
repeated twice. The mxture was reacted in a nmcrowave reactor at 110

degr ees C thejf respestive gpticaly aetiviepmeouesorsdiyl the prpcedures desctiediabbvraehyd 3 ti nes
wi th hexa : . v i

chr omat ogr B AT mE Kk R DR ARRNEHE, BECL] bl Shoplestiedfd |
conpourfd (169itving ageng ychicwhatggraV(dESY yepeated erystallgBlich ¢riyldpme10 Exanpl e |d.
(2R 65, | &ufFhahdf e heaTedbidiet SHiRPEGIN & Wtk solasiothd Srifg) | ™ >

but oxycar demils a¢garding fesdlOtichis@u@ bd folnd ibJdequesSet )., Bnahfiorhds, Hatehdms,15, 16, 16a-

T e Tsac) dareiolugbi PR ek Rors g, Bt SOt e nbedchsgsn g 008
mnol) in &afaﬁxa&mﬁieagm@b&rﬁiﬁr& bther @"%ﬂ“ ge()ﬁxeﬁic?@mﬁlleﬂ?taﬁﬂ uhRsd Nil.) was

added | it hi um_hydroxi de nonohydrate ( ng.,. 3.7 mmole). The resulting
mi xt ur'® wespetibied ethemisesyas intandeshthatibe coraprunds)ing e bethtEand A gsomatifer at ur e.

The organi; % : : r q e re, EtOAc (100
@J‘gﬁgaﬁﬁk?ﬁwﬁam’%ﬁh% f({rﬁlg}a}’eﬁﬂsﬁéﬁgﬁgeg t%%!;' GRfidel CFRY!

m.) was ad i en washe ( ). The organic |ayer was
separ at ed,copfigireidonwfiany laibar-cérbon dbyble bioridegpeariag harein/id sedessedtps4, and

concentr at ] 1 .aftfar r . 25

Beanpl e | reonyHERE HERME RORATID b diehuc X RO BRBrRGR R HE °

|, 2- di chl aestshataees{ Busrh Jarbarscabaledbublelbond deotey larchitraril yhereinas (246 ng, 1. 52
The react.ion m xtur.e was Bti rred at 40 degrees C for 2 hours. To the

nmol ) .
abov)e 1901 UPPORE S anirdl 2EBYE PHBE 5t IMADY BEPOFResul f onani de (184 mg, 1.52
ol ) fol | owed 1 siihesifed23mMbounds 2dn B&SpiratedTRom 8 fdabidnNgixiirs bad € was

stirred at_40 degrees C for 1 hour. The reaction m xture was, djluted with
Et 0Ac ( 100ufthgr PGB h B thedisHeh asgolymn ehyomatperpphh Sighpagssirgdighids odi um
chloride (Zfm@dgragtye ol Halizh@NE AVGS be aPFreahed by Hel ki@ 4RIsagNhydr ous

Meal , filtered, and’concentrated under reduced preSsure. The residue was

purified bjrthesimgthodsief syrshestzingthe compainds efthg farmulgeiherin willowevideati ent) to
20  to those of ordinary skill in the art. Additionally, the various synthetic steps may be

performed in an alternate sequence or order to give the desired compounds. In
addition, the solvents, temperatures, reaction durations, etc. delineated herein are for
purposes of illustration only and one of ordinary skill in the art will recognize that
variation of the reaction conditions can produce the desired bridged macrocyclic

25  products of the present invention. Synthetic chemistry transformations and protecting
group methodologies (protection and deprotection) useful in synthesizing the
compounds described herein are known in the art and include, for example, those such
as described in R. Larock, Comprehensive QOrganic Transformations, VCH Publishers
(1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 2d.

30  Ed, John Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995), and

subsequent editions thereof.
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obtain the title conpound (322 ng, 38%yield). M5 (ES'): mz = 830.0

[ MF11] . Exanpl e 2.

(2R, 6S, 13aSJ4all4, 16aS, Z) - 2- (34benzo[ cl i t hi azol - 2-yl ) qui noxal i n- 2-

yl oxy) - N- (cydopr opyl sul fony1) - 6- (i soni coti nam do) -5, 16-di oxo-
L2,3,5,6,7,8,9, 10,11, 13a, 14 141415, 16, 16a-

hexadecahydroc¥clopropaa pyrrol o(1, 2-al f1, 41di azacycl gpent adeci ne- 14a-
car boxami de 10 m@n tt{rgm\@gtlgrgmg_ngggmdlf ed by appending various

ﬁf‘fc 52:1 gprﬁgngﬂgna%neéwafaﬁyzﬁmlk WearOderideatid HeH:iAQY BhtianeSserdediy) -

f ony1) - 5, bi®lagicakproperdies Sueclsripdicatidns atelknbda, it shelavartspdleda baseexadecahydr ocy

cl opr opa r.r o 4 cl ope tad xam de 15 To

oD opeL ShiPhapctene bisTodierl peastre b R EH T B R S O T o

M) wes abistgthatc dysténg @bnttdl aervoibs dysikm) incte s and a(/ﬂ:ldﬂllhjg inckeabermol ). The

reaction m s stirred at.roamtenperatu e forag%q h. Th sol vent was

evapor at e r under
Pk lbiio Ml chmifaelh bk T ror ST Betbotm s el s phg

vacuum t oegrétiinde 20 (2R, 65, 13aR, 14aR, 16aS

, Z) - 6- am no- 2- i_m(benzo[ d] t hi azol - 2- yOgui noxal i n- 2- yl oxy ‘)1
N- (cycl opr opy! ¢ restigtpn®f adisingafrhemicabgmups in agy definjtion ofjmyaripble1 45, 15, 16, 16

a- hexadeo RiNANASNAARRARGHELANEBHAIL & M sinele totd sPUshiRpARnagect ne- 14a- car

boxar ni de oric 'e 2b. To a
sol ut1®n bstecEg:anpd &he secitadomef, an@rdedinmmb for alvanahlchemmndnwnbat(o 5 nL) was

dded i ' | d. I
nd di | soBPERJRY Aok e crebYhentor’s o5ty Ytkkad Pl (On i vt ur o wab

stirred atmB&didentCof portidndwhereofind evaporated. Purification of the crude
material via reverse phase chromatrography eluting with
acetonitrile/water/ TFA provided the title conpound. M5 (ES!'): nfr = 835.0
[ MF11] . Exanpl e 3. Example

(21R, 6S, 13aS, 14aR 16aS, 7) - 2- ( 3- (benzol dl t hi azol - a qgui noxal i n- 2-

35yl 0}¥) - N- ( eyﬁkrp?qsmﬂugﬁﬁ #r@rgr%)ess(?azf #ne@msetﬁéwzc&ﬁ%w Be bgtedi oxo-

1, 2,3, 5, burfdefstcbdlifl cdinel @6h with Wtaroltowh ed&fples, which are intended as an

illustration only and not to limit the scope of the invention. The following examples
can be prepared according to either Scheme 1 or Scheme 2 as described above.
Various changes and modifications to the disclosed embodiments will be apparent to
20  those skilled in the art and such changes and modifications including, without
limitation, those relating to the chemical structures, substituents, derivatives,
formulations and/or methods of the invention may be made without departing from

the spirit of the invention and the scope of the appended claims,

25 Example 1. tert-butyl (ZR,68,13a8,14aR,16a8,Z)-2-(3-(benzo|d] thiazol-2-
ylquinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-$,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale|pyrrolo(l,2-a|[1,4]diazacyclepentadecin-6-
ylcarbamate
30
Example la. (2S,68,13aS,14aR,16aS,Z)-ethyl 2-(4-bromophenyl sulfonyloxy)-6-(tert-
butoxycarbonylamino)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-
hexadecahydrocyclopropa[e]pyrrolo[1,2-a][ 1,4]diazacyclopentadecine-14a-

carboxylate
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hexa deca hydrocycl opropa lel pyrrolo 11, 2-all 1, 41di azacycl openta deei ne-14
a- carboxam de Exanple 3 was prepared according to the procedure utilized
for the preparation of 5 Exanple 2, replacing isonicotinic acid with
2-fluorobenzoic acid. Purification of the crude material via reverse phase
chromatrography eluting with acetonitrile/water/ TFA provided the title
conpound. M5 (ESP: mz = 851.9 [M+1l-1]. 10 Exanple 4.

N4( 2R, 65, 13a5, 14aR, 16a5, Z) - 2- ( 3- (benzol dl t hi azol - 2-yl')qu i nexal in-

i )2/I gX)Sl)G ?(g&tg %Q%@?%B%H%Véa gﬁ%@{%ﬁe&&&ﬂhﬁ&% eca?{yd rocycl opr opa

| el pyrr oIl'qdfbe—Salﬁldxo)doldﬂazﬁc,y;S | Qe hit, Edhdlel, I4ad 5)16;16a-

15net hyl | ol.e- 3- e rbox epared according to the
pr ocedur eﬁ\ﬁ‘%f’%ﬂmﬁ ORrpga frﬂp Eﬁ'raimk?éld'%@f?@ qpgnigdetingsi4az i g i soni cot i ni c
aci d wist h darbary1Btglahd DABCD ¢n Rlvene bxaxyﬁrrea 28 ¢doih tel?tpl‘efahlre&t)i aro thfs t he crude

material via reverse phase chromatro aphy el Ltl r}g

acet oni t r iSPUHGAMES ?dﬁﬁﬂxaﬁP'&W'éiéﬁd"PW pgege-d R hl"?é?\/@ teluens. jnk = 838.9
[114+11] . Apiif RAdRion was cgm lete the reaction mixture was quenched with 10%

(2R 68, 1325, 14aR, 16aS, 7) - 2- [ 3-

benzol dl t hi azol - é) qui noxal iri - 2-
yl oxy) - M(aawuamﬁwpmommmdl eeustsrmnnwwrSazmn eprahygrafesentagdo) - 5, 16- d

| uxe- 1,2,,

25hexadeei gﬂyﬁoél}% gcrt)\?rgaﬂa%\fa%d}gwﬁn%ﬁg,%&%a%ndg%% %tﬁ(eiﬁglgigeci ne- 14a-
car bod@m cediEmainirele5 Thasrganie payee oandial diengnhydroub eagnasomdsulfate)t i | i zed for
the pr eparfqtere an%fevaporated under reduced pressure and dried to provide the title

compound.

Example 1b.

15 (2R,6S,13aR,14aR,16aS,Z)-ethyl 6-(tert-butoxycarbonylamino)-2-(3-
chloroquinoxalin-2-yloxy)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolo[ 1,2-a][ 1,4]diazacyclopentadecine-14a-
carboxylate (1b)

20  To a solution of compound 1a (15.0 g, 21.0 mmol) in NMP (55 ml) was added 3-
chloroquinoxalin-2-ol (4.56 g, 25.3 mmol) followed by Cs;CO3 (17.1 g, 52.6 mmol).
The resulting mixture was heated to 70°C for 18 hours. The reaction mixture was
cooled to room temperature, and then partitioned between ethyl acetate (300 ml) and |
N HCIl (100 ml). The organic layer was separated, washed with brine (100 ml), dried

25  over anhydrous magnesium sulfate, and concentrated under reduced pressure to obtain
the crude product as a solid. The solid was purified by column chromatography on
silica gel (EtOAc-hexane gradient) to obtain the title compound as a solid (6.2 g.,
45% yield); MS(ESI): m/z = 656.3 [M+H]

30  Example lc.
(2R,68,13aR,14aR,16aS,Z)-ethyl 6-(tert-butoxycarbonylamino)-5,16-dioxo-2-(3-
phenylquinoxalin-2-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropa[e)pyrrolo1,2-a]{ 1,4]diazacyclopentadecine-14a-

carboxylate(l¢)
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Example 2, replacing isonicotinic acid with 5-nethyl pyrazi ne-2-carboxylic
acid. Purification of the crude material via reverse phase chromatrography
eluting with 30 acetonitrile/water/ TFA provided the title conpound. M
(ES1): mz = 849.9 [M1-1]. Exanple 6.

N-4( 2R, 65, 13414a11, 16a5, 14- 2- ( 3- (benzol dtt bi azol -2-yl)q u inoxal in-

2-yl oxy) - 14a- (cycl opropyl sul fonyl ea rbanoyl) -5, 16- di oxo-

351,2,3,5,6,7,8,9, 10, 11, 134, 14, 144, 15, 16, 16a- hexad ecahydroeyclopropa | e]
pyrr oI of \ | | rboxam de
Exanpl e 6%‘8/265%5?0&&3’5?3%%@@%& hgd@&? éﬁc?jﬁ& bernggg uaroexﬁg IB(TI ze gzsl t he

pr epar a]t i anoﬁyls?nﬁmmﬁd]tgﬁmmﬂofﬂgng s:hm nmlolcl)l, q)ﬁbadudnw th I

i soxazol e- 5- ar 0, L rifi t|o t he ude. material via
reverse phEKISERP pﬁ‘Bﬁﬁ‘H’ﬁPﬁ&” 083 - S éit‘%?f“fgtf‘g)/'\xgﬂé‘f#%lFA provi ded
the tisl ewageRRUMEd addnilr n)mtrédd&ecF which \9as{ Nbéatéd‘ﬁmcﬂﬁé’fﬁb&ur% was

N (( 2R, 65, 13a$, 14aR, 16aS, % ﬁ(l enzo |ld] thiazol-2-yl)quinoxa |lin-

2-yl oxy) - 1ee5ted i/ & FEHPYAYA r§6°‘1"f AP degrersfoler )l -hs. Hhe rgacyien was diluted

101, 2, 3, SyGmimeeN. a&@w%%ea%atu&ésv&ﬁahéénel%é@@ecmfaﬁéd&&%v bysiaeg ¥id opropa | el
pyrrol o[1,2-a l 4] di azacydopent adeci n-6 | azol e-4- car boxam de
Exanpl e 7pua§eqob>eqséuremcleremm y PO sﬂm&h(@%ﬁﬂ:ﬁé)m gtadieay t¢ obtainhe

i arol e. HeRiesBPRESs s By MEERSTEMAL P8R U Lo ot via

rever $&@ phase chromat rography eI ut| ng with acetonitril e/ water/ TFA provi ded
the title corrE agd M5 (ESI): nih = 840.9 [ M+11]. Exanpl e 8.

(2R, 6S, 135%2rmRlg 16aS, Z) - 2- (3- (benzo[ dI t hi azol - 2-y1) qui noxal i n- 2-

yl oxy) - N- (2,685, | 54K, 04uR, 56:45{2)r2y B~ béiizofetHiydol-2 h1)qpiniosal - ByBx gpéHena

M 0] - 5, L o iaimiiias) 5, Pb-Siono-1 23, 3.7, 10,01, 14, T4 faan3; e rend 2
hexadecahydrocyclopropa[e]pyrrolo[1,2-a][ 1,4]diazacyclopentadecine-14a-carboxylic
15  acid(1d)

To a solution of the product of Example 1¢ (692 mg, 0.95 mmol) in tetrahydrofuran (5
ml) / ethanol (2.5 ml) / water (2.5 ml.) was added lithium hydroxide monohydrate
(154 mg., 3.7 mmole). The resulting mixture was heated to 50°C for one hour and

20  cooled to room temperature. The organic solvents were mostly removed under
reduced pressure, EtOAc (100 ml.) was added and then washed with 1 N HCI (30
ml.). The organic layer was separated, washed with brine (20 ml), dried over
anhydrous MgS0Os, and concentrated under reduced pressure to afford 666 mg of
product 1d.

25
Example If.

To a solution of product of Example 1d (666 mg, 0.92mmol) in 1,2-dichloroethane (9
ml) was added 1,1’-carbonyldiimidazole (246 mg, 1.52 mmol). The reaction mixture
was stirred at 40 degrees C for 2 hours. To the above solution was then added the

30  cyclopropanesulfonamide (184 mg, 1.52 mmol) followed by DBU (0.23ml, 1.52
mmol). The resulting mixture was stirred at 40 degrees C for 1 hour. The reaction
mixture was diluted with EtOAc¢ (100 m!) and washed with 1 N HCI (20 ml) then
saturated sodium chloride (20 ml). The organic layer was separated, dried over

anhydrous MgSQs, filtered, and concentrated under reduced pressure. The residue
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hexadecah ydrocycl opropa le] pyrrolo[1l,2-aj [1,4J diazacycl opent adeci

ne- 14a- earboxam de Exanple 8 was prepared according to the procedure
utilized for the preparation of Exanple 2, replacing isonicotinic acid with
1- net hyl - 1H pyrazol e- 3-carboxylic acid. 25 Purification of the crude
material via reverse phase chromatrography eluting with

acetonitrile/water/ TFA provided the title conpound. M5 (ESI): mz = 838.0
[ MeH] . Ex34#pperified by column chromatography on silica gel (CHCl; /EtOAc gradient) to

2R, 65, 1336 dARR:: _ dit hi 2y QO - 2-
§/| oxy) - \- ?E‘;‘i"f‘ﬁ?}‘%ﬁiﬁﬁ?gﬁfyﬁ*@%@’%’g’x?“%*?’% AL ARSORR. 2 do) -
30112, 3,5, 6, 7, 8, 9, 10, 11, 13al114, 14a, 15, 16, 16a-

hexadecahy Examplel 1 (2 BS, HaSylidaB|1628,2)-2(3H(bfrizold] thinzad 2eyliquipexaliadeci ne- 14a-
b i de Exanpl ding.to t o geci ne- 1
o e Ry R Rubcs A e R ol BB £ e T

pyri m di ne- 4- car boxyl i c12¢3,5]6,7,8i%10,11, I3 14014acls, k6lsacr ude material via
reverse phase chromatrography el uting._wth a\cet oni iri | e/ wat er/ TFA provi ded
the title chsplssanydyecyciepropalelpyrrololl@=ni(ififiaragyclopentadecipglda-1

(2R, 6S, 13aS, 14aR, 16aS, Z) - 243- ( bengpttantie azol - 2-yl ) qui noxal i n- 2-

5yl oxy) - N- (eyel op

ropyl sul fonyl)-6-(1, 3-di net hyl - 111- pyrazol e- 4- ear boxam do) -

5, 16- dhox s hgle§a51 6,7,8,9, 10,11, 13a, 14, 148, 15, 16, 16a-
hexadecahyéroeyelopropa lel pyrrolo I'1,2-al [1,41diazacycl opentadeci ne-14a-
car boxani R,65498, HaR0l 6a8.2)6ramine-3e3dberao ] thipzole2-yheuipexsbiaduylexydt i | i zed for

t he preparat.| = 2 L PG d | COt i N i ith
13- i ot Ao By SRR Fo fipxd T £S5 280, FEPL AL LA Gl " e
mat eri al UWexadeaahipdreeycidpacym] chyresiofd i 2-ajpr,4)dugacyklopentgdecini 4a-
acetonitril %/V\ﬁt. r/ TFA provided the title conpound. MsS (ES!'): rez =
852. O M1 fjrooxamice
15
To a suspension of the product of Example 1 (320 mg, 0.39 mmol) in EtOAc (3 mL)

was added a 4 M solution of HCI in dioxane (1.9 mL, 7.7 mmol). The reaction
mixture was stirred at room temperature for 20 h. The solvent was evaporated under
reduced pressure and the resulting solid dried under vacuum to provide

20 (2R,6S,13aR,14aR,16aS ,Z)-6-amino—2-(3-(benzo[d]thiazol-2-yl)quinoxalin—2-yloxy)-
N-(cyclopropylsulfonyl)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-
hexadecahydrocyclopropa[e]pyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-
carboxamide, Hydrochloric Acid (295 mg, quant. yield).

25 Example 2b.

To a solution of Example 2a (28 mg, 0.037 mmol) in dichloromethane (0.5 mL) was
added isonicotinic acid (5.0 mg, 0.040 mmol), HATU (16.7 mg, 0.044 mmol) and
diisopropylethylamine (0.021 mL, 0.12 mmol). The reaction mixture was stirred at 25

30  °C for 2 hrs. and evaporated. Purification of the crude material via reverse phase
chromatrography eluting with acetonitrile/water/TFA provided the title compound.
MS (ESD): m/z = 835.0 [M+H).

Example 3. (2R,6S,13a8,14aR,16a8,Z)-2-(3-(benzo|d]thiazol-2-yl)quinoxalin-2-
35 yloxy)-N-(cyclopropylsulfonyl)-6-(2-fluorobenzamido)-5,16-dioxo-
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15Exanpl e 11.

(2R, 65, 13aS, 14aR, 16a5, 2) - 2- (3- (benzol cl i t hi azol - 2-yi ) qui noxal i n- 2-

yl oxy) - N- (eyel opr opyl sul fonyl) - 643-f| uor obenzam do) - 5, 16- di oxo-
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 148, 15, 16, 16a-

hexadecahydr ocycl opropafel pyrroloil, 2-al[1,41cliazacycl opent adeei ne- 14a-
car boxam de 20 Exanple 11 was prepared according@to the procedure utilized

for the preparation of Hda#pioe89,10dbi13mdhd42,EBk0.460- nic acid with
3-fiuoroben | L L QF . | .2 reverse
phalsg chromg r%‘é&%‘%‘“@? ‘H?Fﬁ”&%ﬁ'@ﬁ"‘é@@fgﬁl‘?’?ﬁ'g’zt”\%g?gwcglfaivﬁﬁaed ;/heS

title conpound. MS (BSl): nfr. = 8boRaiidel-1]. 25Exanple 12. tert-butyl
2R, 6S, 13 14 16aS, 7) - 2- (3-(b f - 2- yl .

oxal | n- Exmih Seaereptrsdacs it Gife B wiliehd o the mepaspigner

1, 2, 3, B, 6,Bkafhp® 2 CGcpldcingdidoridotidacldwith 2 fharobeaxaicl asiahperificaciys bbheopa | ei

rrolol 1, 2-al 11, 4]di azacycl open tadecin-6- ylca rbam 30 Exanpl e 12a.
{D gr t - but y|crude material ]vga reversey phasg ghromatrography elut%g “?ith acetomttg]e/water/T FrrAD

(2R, 6S, 13%@4@3}1&@@0&)@%@; (cycl opropyl sul fonyl car banoy1) - 2- hydr oxy-5, 16-

di oxo-1,2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opr opa] e]

pyrt ol o[ 1,MS (B§):1maFfsaPdMtilbpent adeci n- 6-yl carbamate. To a sol ution of

tert-butyl (2R, 65,13a5, 14aR, 16aS, Z) - 2- (9H-f | uor en- 9-

yli deq?am' nooxy) - 14a- (cycl opr opyl sul f onyl car banoyl ) - 5, 16- di oxol, 2,3,5,6, 7,8
, 11

2] [ 1, 41 o EOBDIE o LR S BRI SRS A P RS T e et
2001 1 on wab compl ore he £eac o KE L e nmt or L Erod At 40 € for | hour
'?'he m xture wasrr{)hen cogl’eze%ggy'é’g’gﬂﬂé&&i‘i&%fﬁe%'hﬁ'ut ed with tol uene, and
filtered thﬁé&éﬂ@ca@yﬂ%&y@lopﬂtﬁ[ﬂPS{ﬂ;@Iﬁ[i,ﬁﬁ?ﬂ@é&ﬁiad%ﬁxb@ﬁa&éimﬁy, 1 N HC,

and saturated aqueous sodi um chloride, dried 10 over anhydrous magnesi um
sul fat!l® and filtered. The fprthylsoxaggie-3rqaeboxamider at ed under reduced

pressure texaRipRV4 H8s préfarkd hdcBrduf BBk shodedrd vhitiz8d Sor (R Pleydridhof
Example 2, replacing isonicotinic acid with 5-methylisoxazole-3-carboxylic acid.
Purification of the crude material via reverse phase chromatrography eluting with
acetonitrile/water/TFA provided the title compound.
20 MS (ESI: m/z = 838.9 [M+H].

Example 5. (2R,6S,13aS8,14aR,16a8,Z)-2-(3-(benzo|d]thiazol-2-yl)quinoxalin-2-
yloxy)-N-(cyclopropylsulfonyl)-6-(5-methylpyrazine-2-carboxamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
25 hexadecahydrocyclopropale]pyrrolo|1,2-a][1,4]diazacyclopentadecine-14a-
carboxamide

Example 5 was prepared according to the procedure utilized for the preparation of
Example 2, replacing isonicotinic acid with 5-methylpyrazine-2-carboxylic acid.
Purification of the crude material via reverse phase chromatrography eluting with

30  acetonitrile/water/TFA provided the title compound.
MS (ESI): m/z = 849.9 [M+H].

Example 6. N~((2R,68,13a8,14aR,16a8,Z)-2-(3-(benzo[d|thiazol-2-yl)quinoxalin-
2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
35 1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
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Exanmpl e 12b. tert-butyl

(2R, 6S, 13aS, 14aR, | 6aS, Z) - 2- ( 3- chl or oqui noxal i n- 2-yl oxy) -

14a- (cycl opropyl sul f onyl car banoyl ) - 5, 16- di oxo- 151, 2,3,5,6,7,8,9, |

0,11, 13a, 14, | 4a, 15, 16, 16a- hexadecal rydr ocycl opropa[ e] pyrrol o[ 1, 2-

al [1, 41di azacycl opent adeci n- 6- ylcarbanate A solution of conmpound 12a (10.0
17.6 nmrnol), cesjium carbonate

22;’ 3-dichl or odlﬁ"ﬁ%(’él‘”fé‘cle\!"mgalell’ﬂ' BOIH‘H 9111,1*.1%?%%%?'&%%‘% (175 20 )

was heated to 70C for 18 houg;,soﬁgo@ggdéatrbm,dportl on of
2, 3-di chl gr oqui noxal i ne ( | ) was added and the reactlon

m xt ur e wkxampledrvas pigpaygl @C¢Yémg18ih¢m§¢@dm%1'?@aféfﬂ"érﬂ“‘rﬁa%f'm‘@ was cool ed
to roomt g?&?é[g &Ufﬁ‘fa acﬁx%qsotnﬁ:%ﬂnﬁ%f \Ln'tlpﬂ&gxzmis‘ﬁ@a‘?ﬁbx‘?fel@x&d aﬁﬁﬁﬁéaﬁoﬁ 300 ni)

and 1 N H he or gani c ayer was separa d wth brine
(100 nb), oaﬂwewd@wmterahhydcmmp’mgmémrmnogtﬂpha?btmamh% concentrated under

duced t.h duct d
Lﬁr???edprﬁg‘m’ Eer%atgﬁ?%n:f?%w?giptﬁéygﬁc rOOUH Mg?E?%t'd&c%exa e gjr :adl \é\ﬁts) to
obtain the title conpound as a solid (4 7 g., 37%yield); MS(ESI): ink =
731.1 [ M+ T i d th duct
{rom Lob. (RSP0, BARIRERIES. IBAGH G S Seepee NG SOMANmAARe 245 g.
0.602 inmate), trIﬁflékhemay(kydgﬂ%gshH&méuraﬁhbﬂwsqrmﬂbxﬁ0 ng, 0.055

ninol), 1,3,5 7-tetranmeth trioxa-6- -6 phospha- adanmant ane

(32 md0 0.11 rnrnol), sé&r%@ﬂts@%ﬂbbhh?@@l%lﬂ@,wﬁ 2547 nmum ) and di oxane (3

nth). The ve m%?_ Xt ure was

reacted in aq%lﬁé?ég@ﬁxﬁ%r@ggﬁﬁp @Mﬁ@"@ ]’&gz? eng_ reaction

m xture was dil ut ed with et hyl)tlaemlaﬂ@ﬂrhne&sm vvlth 1 N NC! 5 followed by

sat ur at ed 1 [ i . r nesi um

sul fate. m xt ur ga%&g[:@dﬁr&ﬁ)rg{rnggo {l}%‘;}’gﬁ%ﬂur@gf'ﬁ%{% fgﬁ@%\%%?"g g under .

nextng (1LKG L LES] gt Lhen evapol al oo under 1 adaced pr ossur e, The resi dug

was pﬁ? Pgﬁleﬁg}‘ 6’% Eﬁf&%ﬁeﬁg 'Bzﬁmﬂalpf‘%ﬁluﬁﬁ BC13- Et 0AC gr adi ent )

E ?v?th?I n E«id?&uﬂéﬂigeﬂt@mwmhé 886 cdBpound NS xEsell)d)z/z NGO M+HT. N/ z = 813.0
+ anpl e

N ((2M5, 13aS, 14aR, 16aS, Z) - & benzof ur an- 2- Iéﬂui noxalin-
2- yI oxy) 1Bxampledt 2R &5, 1Ba81 b%élﬁ@%%ar@;@enzsydi #obRol)quinoxalin-2-

1, » 6, (10Ry)INkCyddprbp fsdiforyt26-t Rnrcthyt 3 #-pyrazole-3-carboxamido)-5,16-
20 dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a}{1,4)diazacyclopentadecine-14a-

(Da

carboxamide
Example 8 was prepared according to the procedure utilized for the preparation of
Example 2, replacing isonicotinic acid with 1-methyl-1H-pyrazole-3-carboxylic acid.
25  Purification of the crude material via reverse phase chromatrography eluting with
acetonitrile/water/TFA provided the title compound. MS (ESI): m/z = 838.0 [M+H].

Example 9. (2R,68,13a8,14aR,16a8,Z)-2-(3-(benzo|d]thiazol-2-yl)quinoxalin-2-
yloxy)-N-(cyclopropylsulfonyl)-5,16-dioxo-6-(pyrimidine-4-carboxamido)-
30 1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a)[1,4]diazacyclopentadecine-14a-
carboxamide
Example 9 was prepared according to the procedure utilized for the preparation of

Example 2, replacing isonicotinic acid with pyrimidine-4-carboxylic acid.
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15hexadeeahydr ocycl opropat el pyrrol 011, 2-al [ 1, 41t hazacycl opent adeei n-6-y1) -5
- nmet hyl i soxazol e- 3- ear boxam de. Exanple 13a. 20

(2R, 6S, 13aS, 14aR, 16aS, Z) - 6- am no- 2- ( 3- (benzof ur an- 2- yOgui noxal i n- 2-yl oxy) - N
- (cycl opropyl sul fonyl1) -5, 16-di oxo-1, 2, 3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16
a- hexadecahydr ocycl opropa[ e] pyrrol o[ 1, 2-a] [ 1, 41di azacycl opent adeci ne- 14a- ca
r boxam de hydrochl ori de 25 The product of Exanple 12 50.38%%..gi475 nmol )
was di ssol RarHicatiomolithg eryde material Yig revarss phpss °E“2°“2P“'t?§5ap RHEUHNEVI i n di oxane
(2.4 ni) a&étoatmreyme@tm BRIV de8 TIREG R donpohid. MO EESIPUA/. = B38.9(M¢HYr e was t hen
evapor at ed under reduced pressure to provide the title conpound (0.338 nyg,
100% vyield). 30 Exanple 13b. A nlxture of the product of Exanple 13a (30

ol ) N SRRt RS RS BRI S 7y SR phbio i 2P quiipraith 00,

(18.3 16y, O ymg) qulgupnopyuutfomdrmshﬁmetmlH~m)azm—mb¢mddax- room

rmteri al via reverseophigochd- SRk FEOBIT R e Igapea ot O e crude
acetoni tri | ehoadeednitifo El@prdtﬁfﬂelflbﬁ'old[l L&) aonpasig clopéntaBecid¥aasi el d) . VS

(ESI'): in& = 822.0[ M+1-1]. Exanple
(2R, 6S, 13aS, 14al12, 16aS, Z) - 2- ( 3- ( b&AsRAXIPUMe 2- y| ) qui noxal i n- 2-

%'_ 0>£y)2 g*é@mﬂl@m %ygégérwm}m@gl @gﬁobé/du?é/ﬁtﬂﬁe&%r?twﬁ*ébﬁéﬁdﬂ §o) -5, 16-di o

hexad e@ahy@*@@%?dpﬂe‘pag isPpigptini¢ afid “zﬂtallq dirpthyldFhpyerdpdredesdine- 14a-

or the priis PurfaRRFortfe Wafe RRGRAI 8 rARRS ANl dEraBB ORI 0l boxy 1
acid with ﬁahrmdtgdan/wmnféFBpmadd@bkytnlcccanpqimdm&(ESI)mz@n of the crude

mat eri al $5§(&§i/2{]se phase chromatography eluting with
acetonitritéf /| TFA provided the title conmpound. Ms (ESI): mz 833.0

[ MF11] .
15  Example 11. (2R,6S,13a8,14aR,16aS,Z)-2-(3-(benzo|d]thiazol-2-yl)quinoxalin-2-

yloxy)-N-(cyclopropylsulfonyl)-6-(3-fluorobenzamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a](1,4]diazacyclopentadecine-14a-

ﬂ

carboxamide
20  Example 11 was prepared according to the procedure utilized for the preparation of
Example 2, replacing isonicotinic acid with 3-fluorobenzoyl chloride. Purification of
the crude material via reverse phase chromatrography eluting with
acetonitrile/water/TFA provided the title compound. MS (ESI): m/z = 838.0 [M+H].

25 Example 12. tert-butyl (2R,6S,13aS,14aR,16a8,Z)-2-(3-(benzofuran-2-
yl)quinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropalejpyrrolof1,2-a}[1,4]}diazacyclopentadecin-6-
ylcarbamate
30
Example 12a. tert-butyl (2R,68S,13a8S,14aR,16aS,Z)-14a-
(cyclopropylsulfonylcarbamoyl)-2-hydroxy-$5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2~

a][1,4]diazacyclopentadecin-6-ylcarbamate.
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15 Exanpl e 15. (2R 6S, 13aS, 14aR, 16aS, Z) - 2- ( 3- (benzof ur an- 2-yl ) qui noxal i n- 2-
yl

oxy) - N-(cycl opropyl sul fonyl)-6-(1-nethyl-111-pyrazol e- 3- car boxanddo) - 5, 16-
di oxo-1, 2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a-

hexadecahydr ocycl opropa(4 pyrrol oll, 2-al [1, 41di azacycl opent adeci ne- 14a-
20car boxam de Exanple 15 was prepared according to the procedure utilized
for the preparation of Exanple 13, replacing 5- nethylisoxawﬁe-S-carboxyIic

aci d Wi ¢ b aBRABY b chIRIRES 35S MROISIA AGkflnudur b  cat i on of the

crude rraterlapﬁwa revers)[ Fr o ing with
acet on| tr ylxdrlmahmbb)EBA4p{®clujmﬁbyﬂ§nﬁ”onyltdrbamwk)35),mﬁdloxw5 (EST): mz = 821.1

j OR 65 135@%@%3%5%“2 J 38514, a5 S, Gphexadesahydsogysippsopal elpymolol1,2-

yl oxy)5N- énvdwﬁwl@dh&w&by&af&nﬁtmmtgh% SHIﬁolp}ﬂaTté@&. gcid¢svanhoxam do) -
5, 16- di oxo- 7,8,9,10,11, 132, 14, 142, 15, 16,

hexadecahff'él’l"‘&%%‘f%&Uﬁ%ﬁ‘""eﬂ’“sbgllroriglgdi 66 mnof). ﬂ@?’éﬁ%ﬂd&%ﬁﬁﬂ‘%&ﬂ@!ﬁt%e 14a-
car boxam g red%}‘n@mxﬁuﬂef\vé/ﬁﬁn% W@fo?fﬁ@ﬁxd g nﬁx?mﬁ-é‘@asothﬁ?é‘éﬂl'éoetom ilized

for the preparation of Exanple , replacing 5-nmethylisoxazol e-3-carboxylic
acid wt h@nswnmwnyerdilhltedwﬂatpbieee,and:ﬁl’tmwplcgba@qllﬂe Thermnétherat i on of the

crude mat r

cet oni ¢ r e WBelBARP SRR AIE HT RBpARIARLed bl Mdlle, aicd, ) _ g5,
[ M+1.1Q . Exelrzph)eirdﬁ magneswm sulfate and filtered. The filtrate was then evaporated

(2R 68, 1328, 14aR, 1P preés%x)e to pgo%ncge A cl:Jorn?pQ)-wzl& Y54 REXS go,é%/ol ylnélgj‘

Example 12b. tert-butyl (2R,68,13aS,14aR, 1 6aS,Z)-2-(3-chloroquinoxalin-2-yloxy)-
14a-(cyclopropylsulfonylcarbamoyt)-5,16-dioxo-
15 1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-hexadecahydrocyclopropale]pyrrolo[1,2-

a][1,4])diazacyclopentadecin-6-ylcarbamate.

A solution of compound 12a (10.0 g, 17.6 mmol), cesium carbonate (17.2, 52.8
mmol), and 2,3-dichloroquinoxaline (3.50 g, 17.6 mmol) in dimethyl{formamide (175

20  ml) was heated to 70°C for 18 hours. An additional portion of 2,3-dichloroquinoxaline
(0.70 g, 3.5 mmol) was added and the reaction mixture was stirred at 70 °C for 18
hours. The reaction mixture was cooled to room temperature, and then partitioned
between ethyl acetate (300 ml) and 1 N HCI (100 ml), The organic layer was
separated, washed with brine (100 ml), dried over anhydrous magnesium sulfate, and

25 concentrated under reduced pressure to obtain the crude product as a solid. The solid
was purified by column chromatography on silica gel (EtOAc-hexane gradient) to
obtain the title compound as a solid (4.7 g., 37% yield); MS(ESI): m/z = 731.1
[M+H].

30 Example 12¢.
To a microwave vessel was added the product from 12b (0.40 g 0.547 mmole),
benzofuran-2-yltributylstannane (0.245 g., 0.602 mmole),
tris(dibenzylideneacetone)dipalladium(0) (50 mg, 0.055 mmol), 1,3,5,7-tetramethyl-
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yl oxy) - N- (cycl opr opyl sul fonyl ) -5, 16- di oxo- 6- (pyri m di ne-4-car boxam do) -
1,2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a-

10hezadecahydr ocycl opropai el pyrrol o[ 1, 2-al [ 1, 41di azacycl opent adeci ne- 14a-
car boxam de Exanple 17 was prepared according to the procedure utilized for
the preparation of Exanple 13, replacing 5-nel hylisoxazol e-3-carboxylic
acid with pyrimdine-4- 15 carboxylic acid. Purification of the crude

mat eri al  Qj4B-reweibgdhepylasphashhoadiegtaap (32 0.1 hgmel); sodium

acetonitr TFA | de [ = 818.9
[ M+11] . Ib cg{bwgég ; é @%‘Pfl gagu f quaﬁe 8 rﬁ%%%%eb@aé g%c&ated" ax{dz

(2R, 68, 13aﬂmg&aﬁxrbﬂﬁ&dzrheﬁﬁﬁmﬁrbw @éabletl vk ﬂﬁﬁﬁﬁwﬂve reactor at 110 degrees C

20y i | | 14 f b 6-d -
T L R TeroTeadionmixte VAL e i gy 452 SRe AL DD opa e
pyrrol gl 1f@roaded@;,s4ﬁlﬁur@z@1w&ls%e@inhﬁamﬁﬂdé £ird ot VO @roddmBERRERE 18 was

prepared according to the procedure utilized for the preparation of Exanple
12, repl as¥frie bEe Bxgre was fijtered thyoegh @qlaﬁmawwdmﬁ%fwu ophen- 2-

VL LrE DUt YLALARRANG: roBlad LhCRHARG) abdifiie R PRHEL bah niddhcthyd o2, o°!

chr omat ogra uting w exane provi ded the title
conpound, tiMss)dn8!then avalzoratea Bdet ré¢dviedd ﬂr)assu&() Teaegiive W purified by

g*o‘;ﬁf‘nﬁialﬁas iy R s eh o e Bk ROED IR ot e 88 i oo

2, 310, 6cdmPound (886lihg | 82%icldY MS(ESDOmAGa813.0 [M+H].

Example 13. N-((2R,6S,13a8,14aR,16a8,Z)-2-(3-(benzofuran-2-yl)quinoxalin-
2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,142,15,16,16a-
15 hexadecahydrocyclopropale]pyrrolo|1,2-a]{1,4]diazacyclopentadecin-6-yl)-5-

methylisoxazole-3-carboxamide.

Example 13a.

20  (2R,6S,13aS,14aR,16aS,Z)-6-amino-2-(3-(benzofuran-2-yl)quinoxalin-2-yloxy)-N-
(cyclopropylsulfonyl)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-~
carboxamide hydrochloride

25  The product of Example 12 (0.386 g, 0.475 mmol) was dissolved in a mixture of
ethyl acetate (2.4 mL) and 4 N HCl in dioxane (2.4 mL) and stirred at room
temperature for one hour. The mixture was then evaporated under reduced pressure to
provide the title compound (0.338 mg, 100% yield).

30 Example 13b.
A mixture of the product of Example 13a (30 mg, 0.040 mmol), 5-methylisoxazole-3-
carboxylic acid (5.1 mg, 0.040 mmol), N-ethyl-N-isopropylpropan-2-amine (15.6
mg, 0.12 mmol), and HATU (18.3 mg, 0.048 mmol) in dichloromethane (0.5 mL) was

stirred at room temperature for one hour and then evaporated. Purification of the

56



hexadecahydr ocycl opropa [el pyrrolo 1112-a 111, 4)di azacycl opent ad

eci n-6-yl)-5- nethylisoxazol e-3-carboxam de 5 Exanpl e 19a.

(2R, 65, 13414aR, 16aS, Z) - 6- am no- 2- ( 3- (benzo[ b] thi ophen-2-yl) qui noxal i n-2-
yl oxy) - N- (cycl opropyl sul fonyl ) -5, 16-di oxo- 101, 2,3,5,6,7,8,9, 10, |

1, 13a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropal e] pyrrol o[ 1, 2-

a] [ 1, 4] di azacycl opent adeci ne- | 4a-car boxam de hydrochl oride The product of
Exanpl e 18crude poBrigl vig reystae phasie chigmmmtatiraphy lehusigg ivithacetonitrileavagnr/ Idhy |
acetate (1 'y | .98l sb4 t room

t enper at ur gl%lyomlre}l i@qglr%oﬁlgg%d dn‘ﬁé‘%m%?’ reelé&/aﬁgs ﬁ%%%a%%ir'g(l\gg}{ inder reduced
pressure to provide the title conmpound (0.262 ngy, 96%yield). Exanple 19b.

A m xture of_.the prod 9 .03 | .

5- et yl 1 s EXARE 18 Bt eSaags R fonS A-1-E gty Ly Difiloatin-2-

N- et hyl 5 N- iyfaxip)-Dip(ey €16 pfdplyisdfafyIN6-(5-hretRylpPrazthelZl SariboRd idopS g 6Hdidld- ( 17. 9 Ny,
0.047 nmol ) in dichloronethane (0. s stirred at roomtenperature for

5 nb) wa
one hour and then evaporb?éef’@béf%]f%’tl 3add: 14, 161816pude naterial via
reverse phas ' kbl hdvici &0 provided
the title coﬁﬁ%d 518 nygm)é%%lt/‘rpgﬁ%g’l’tﬁgl?Eg?‘)a%én)ﬁo?%&gggﬁégﬁﬁkﬂ 25
Exanpl e 20. (2R 6S, 13aSa4aR, 16aS, Rarbexamideenzo[ bl t hi ophen- 2-yl ) qui noxal i o-
2-yl oxy) - N-(cycl opropyl sul fony1l) - 6- (5-net hyl pyrazi ne- 2- car boxam do) - 5, 16-
di oxo-1, 2,3,5,6,7,8,9, 10, 11, 134, 14, 144, 15, 16, 16a-
hexadet@hy Brauple 1 é pras peepansy acaiding j(dheprocedure utilized for the preparation of

(1,4l diaz aﬁ)(&'xﬁg ?9,%%;919&%&‘ . 1e%€ﬁ%>?arzgf%-x3-ga%odx%ﬁc acid with 5-methylpyrazine-2-
carboxylic acid. Purification of the crude material via reverse phase chromatography
eluting with acetonitrile/water/TFA provided the title compound.

MS (ESI): m/z = 833.0 [M+H].

15
Example 15. (2R,6S8,13a8,14aR,16a8,7)-2-(3-(benzofuran-2-yl)quinoxalin-2-
yloxy)-N-(cyclopropylsulfonyl)-6-(1-methyl-1H-pyrazole-3-carboxamido)-5,16-
dioxe-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale|pyrrolo{1,2-a][1,4]diazacyciopentadecine-14a-
20 carboxamide

Example 15 was prepared according to the procedure utilized for the preparation of
Example 13, replacing 5-methylisoxazole-3-carboxylic acid with {-methyl-1H-
pyrazole-3-carboxylic acid. Purification of the crude material via reverse phase

25  chromatography eluting with acetonitrile/water/TFA provided the 'title compound.
MS (ESD): m/z = 821.1 [M+H].

Example 16. (2R,68,13aS,14aR,16aS,Z)-2-(3-(benzofuran-2-yl)quinoxalin-2-
yloxy)-N-(cyclopropylsulfonyl)-6-(1,5-dimethyl-1H-pyrazole-3-carboxamido)-
30 5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale|pyrrolo{1,2-a}{1,4]diazacyclopentadecine-14a-

carbexamide
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Exanpl e 20 was prepared according to the procedure utilized for the
preparation of Exanple 19, replacing 5-nethylisoxazol e-3-carboxylic acid
wi th 5-net hyl pyrazi ne-2- carboxylic acid. Purification of the crude
material via reverse phase chromatography eluting with
acetonitrile/water/ TFA provided the title conmpound. IVB (ESI): nilz = 848.7
[ MMH] . 5Exanpl e 21.

( 2R, 6S, 13BsniplaR Yas Srepired 4Gcofding mothb ptdcccb.pbletnh@d)fmue pepadation of

= Ui oo 1A TR o s ihbaseable ROy NGB 5 et figxam o) -5, 10

hexadec abwﬁamecglcemmﬂw MWﬂrﬁic@ﬁdn arthd fridéndiehiay ﬁdv@ﬁe phasgeci ne- 14a-

car boxam de 10 Exanple 21 wa ared accordin ﬁi& procedure utilized
for the p%ﬁ@ﬁt&gtaahy @Pt‘Bdé(HBIaée@y ”}? &ﬁ‘eé(g%ﬁd"'g"‘ ql‘i?l“?%&?(‘&ﬁ?ﬁ + 3-carboxylic"
aci d vé t hvks @byl 1 k9y6 paekg: 3- carboxylic acid. Purification of the crude
material via reverse phase chromatography eluting with

acetonitrile/water/ TFA provided the title conmpound. 15 M5 (ESE): mz =

836. 9 [ MH|p a)'%g@?%)e( 2865, 1548, PR, 1653, 212 3 - 10870 okark 2 yhiolhfRaR-2L

t hi ophen- 2-
2-yl oxy) - N- chxyb-(b{s(cgplpbmﬁylmlfpﬂlywﬁrdioxb-ﬁpmﬂlﬁdihbpwaalmﬂamiae)ear boxa

m do) - 5, 16-di oxo-1, 2,3 T I 0 I I I ad%1 15, 16, 16a-
20hexadeeahydr ocycl opr o’pg‘f’% %y‘gt%llolﬁlﬂé éal?f]lg %@h‘cycl opent adeci ne- 14a-
ear borx@ani de h&xoked dz&mrwsqmyﬁdmﬂtccuml,ﬂgmtz@c)td@eﬁfaaeadmeautI lized for

t he prepar at i on of Exarrpl e 19, replacing 5-nethylisoxazo]e-3-carboxylic
acid with 1,5-di nethyl-1H carboxamide

Example 17 was prepared according to the procedure utilized for the preparation of
Example 13, replacing 5-methylisoxazole-3-carboxylic acid with pyrimidine-4-

15  carboxylic acid. Purification of the crude material via reverse phase chromatography
cluting with acetonitrile/water/TFA provided the title compound.
MS (ESI): m/z = 818.9 (M+H).

Example 18. tert-butyl (2R,68,13a8,14aR,16a8,Z)-2-(3-(benzo|b]thiophen-2-
20 yhquinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,142,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a]{1,4]diazacyclopentadecin-6-

ylcarbamate

25 Example 18 was prepared according to the procedure utilized for the preparation of
Example 12, replacing benzofuran-2-yltributylstannane with benzo[bJthiophen-2-
yltributylstannane. Purification of the crude material via silica gel chromatography
eluting with hexane/ethyl acetate (1:2) provided the title compound.

MS (ESI): m/z = 829.1 [M+H]. '
30
Example 19. N-((2R,6S,13a8,14aR,16a8,Z)-2-(3-(benzo|b]thiophen-2-
yl)quinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,142,15,16,16a-
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25 pyrazol e-3-carboxylic acid. Purification of the crude material via
reverse phase chronmat ography eluting with acetonitrile/water/TFA provi ded
the title conmpound. Ms (ES!): niz 851.0 [ M+H]. Exanpl e 23.

(2R 6S, 13aS, 14aR, 16aS, Z) - 2- ( 3- (benzoi Nt hi ophen- 2-yl ) qui noxal i n302-yl oxy) - N-
(eyel opropyl sul fony1)-5, 16-di oxo-6- (pyri m di ne-4- ear boxam do) -
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16a- hexadecahydr oeycl opropa | el
pyrrol or 1, 2-hexadecabydrorycleprgpalshmreeledi2ali hdldiazagydenentadegia-6-H-dnpl e 23 was
prepared according to the p 4] t he preparation of Exanple
19, replacing 5-nethyli soxa?%ﬁ'@gg?gaaz%%igﬁgx%@{dg wi th pyrimdine-4-
carboxylic acid. Purification of the crude nmaterial via reverse phase
chromat ography eluting with acetonitrile/water/ TFA provided the title
conpound. 5 M5 (EST): mlz = 835.1 [M-H). Exanple 24. tert-butyl

(2R, 6S,83aS, 14aR, 16aS, Z) - 14a- (cycl opropyl sul f onyl ear banoy1l) -

5, 16- di oxo: Zéé@hggant hri di n-6-yloxy)-1,2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16
, 16a10hexab& §drdcycl opropal e] pyrrol o[ 1, 2-aJ11, 41di azacyclopent adeci n- 6-
yl carbamat e Exanpl e 24a. (2S, 6S,13aS, 14aR, 16aS, Z) - et hyl. )

2- (4- br ormé’ﬁe?rcyi k%ﬁjpgé,@-ﬁgmxgq-gﬂ-(benzo[b]thxophen—Z-yl)qumoxalm-z-

15but oxycayj hdSpko 9% as i ena3, D, 6, 7, 8,9, 10, 11, 13a, 14, 14a, 15, 16, 16
a- hexadecgﬁgmgfﬁzzl opr 6%&%5??3% 10?2- al[ 1, 4] di azacycl opent adeci ne-

14acar Boxyl3365,.0780. 14 1 lolBad, 423548, 6a-hexatacahydoeys|opropal ¢]pyrrolo[ 1,2-
6-(tert-but; a ] - - . .
20§1ydr oxy- é-'ffi’é@g%%%%‘%%‘?é,4‘?',°§',b§f‘?fﬁ‘,diT?"i‘?‘é"fli‘l‘?el4a, 15, 16, 16a-

The product of Example 18 (0.296 g, 0.357 mmol) was dissolved in a mixture of ethyl

acetate (1.7 mL) and 4 N HCl in dioxane (1.7 mL) and stirred at room temperature for
15  one hour. The mixture was then evaporated under reduced pressure to provide the
title compound (0.262 mg, 96% yield).

Example 19b.

A mixture of the product of Example 19a (30 mg, 0.039 mmol), 5-methylisoxazole-3-
20  carboxylic acid (5.0 mg, 0.039 mmol), N-ethyl-N-isopropylpropan-2-amine (15.2

mg, 0.118 mmol), and HATU (17.9 mg, 0.047 mmol) in dichloromethane (0.5 mL)

was stirred at room temperature for one hour and then evaporated. Purification of the

crude material via reverse phase chromatography eluting with acetonitrile/water/TFA

provided the title compound (18 mg, 53% yield). MS (ESI): m/z = 837.9[M+H].

25
Example 20. (ZR,68,13aS,14aR,16aS,Z)-2-(3-(benzo[b]thiophen-2-yl)quinoxalin-
2~yloxy)-N—(cyclopropylsulfonyl)-6-(5-methylpyrazine-2-cafboxa mido)-5,16-
dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropale]pyrrolo|1,2-a][1,4]diazacyclopentadecine-14a-
30 carboxamide

Example 20 was prepared according to the procedure utilized for the preparation of

Example 19, replacing S-methylisoxazole-3-carboxylic acid with 5-methylpyrazine-2-

59



hexadecahydr ocycl opropal e] pyrrol o[ 1, 2-a] [ 1, 4] di azacycl opent adeci ne-14a-carb
oxylate (22.1 g, 44.8 mmol) and DABCO (8.5 g, 76.7 mmol) in toluene (88 nlL)
was stirred at roomtenperature. To this solution was added a sol uti on of
4- bronobenzene-1 -sul fonyl chloride 17.2 g, 67.2 nunol) in toluene (44
m.). After the 25 addition was conplete the reaction nixture was quenched

w th 19% aqueoys sqodium.carbonate (110 nl.) and the m xture stirred for 15
mn. Tet r%ﬂ‘iq%‘ﬁ'g? e?té-nl’egﬁcqﬁrey caigarpten visgeverse,RbateChiRRatgsapdy with 9.5

M HCL, wadigfing Wi addiGiiriiviicaTeA ;oHERURe AO8lEdPpuRliori de. The organic |ayer
was dried over anhydrous rra?ﬁem umsul fate, filtered, and evaporated under

reduced pMSIESHem&rid 8487 BM+Hd provide the title 30 conmpound (27.7 g, 87%
yield), which was used wi thout further purification. Exanple 2413

(2R, 6S, 13aS, 14aR, 16aS, Z) - et hyl 6-(tert-butoxycarhonyl am no) -5, 16-di oxo- 2-
( phenant hExaiinplea2ly |(2Ry65;1Ba8,13aR, 16a9,23-293 4D erizb] ] BeippHent 2-y]) G BindSalirta -

hexadecahydr oc ropal c rolql, 2- 4] di azagycl.opent, | he- 14acar bo
xyl at e To¥a¥"&¥¥ﬁ‘f¢§ﬁ'°§f‘£&ﬁ@@8ﬁ@%ﬂaf“‘é‘ﬂ{;fé'a%r%’@%g*(‘i"fﬁa"b&g%i nmol) in
NVP (100 nml) 5 was adiigeb-p23(567)8(9, 0, E1Aa({{MadBa6(1%al5 g, 16.2 nmmol )

foll owed by Cs2CO3 (7.53 g, 23.1 mol i’ The resulting mxture was heated to
55C for fouhexpdasabydresyclopsenaleinyrriolaltleal A diagrayslopentafdecine-darper at ur e,
and then partitioned between ethylgrpe@hide (250 m) and 5 % aqueous sodi um
bi carbonate solution (200 m ). The organic |ayer was separated, washed with
5 % aflieous sodi um bi carbonate sol ution (200 m) 10fol | owed by brine (150

m), dri i : J0d reduced

pr essur e PO 2F Ry BiBUR SOBLMIL BHAE BloBoa 0 ERRAEIA Bepiatlitet

di ssol vedExampiet hyeplacihgifpetiatlisexazoR0carboxylic had mathul-methyl-sHspensi on was
stirred at_ro t enper.at ur of 1.ho and.filtered. The filtrate contained
The desi {BACRIGUSEPORAL Ak diiedtptindidpos mabBlT e red@8ephot o one o n 7. 05
g of prodgigém@Adraphy elussy with addonvitiddehtet/ TRNGrovidell thétittd dcompouadpl e 24c

(2R, 65 13&3, 148R’ 16_a§§§3- 6-{{ ert - but oxycar bonyl am no) - 5, 16- di oxo- 2-

( phenkht WWSdERDEmADE3N? IMBHE 5 67, 8,9, 10, 11, 13a, 14, 144, 15, 16, 16a-
20hexadecahydr ocycl opropa[ e] pyrrol o[ 1, 2-a] [ 1, 4] di azacycl opent adeci ne- 14a-ca

rboxylic acid (24c) To a solution of the product of Exanple 24b°(7.8 g,
11. 6 nr noExample:22; K&Ry&ésléﬂﬁrléﬁk(lées»@jz-(ﬁégmmltl(iamﬂ-;-gﬁasmawéu an
aqueous | ist hi j j Jok i nde in 40 m
019 H20) . ﬁ;elbr ﬂ-?(ﬁfc%irﬂ@l?ﬂ?ﬁﬁ’lvéﬁs‘— (l&%g?ﬁgﬂygﬁg%gr#lg?@%&g}%gfng’&ghd cool ed
to room t enper at ur e3,16dxorlghdisd, 589,181 d 3ed4d4aBds16,06aenoved under reduced

pres e, apd the .resulting residue acidified wt 0.%cjtric acid
aque sol ?’iagﬁcagxg"é?’f*”gg?peagaﬁkyfrﬁloﬁﬁgﬁ?ﬁﬁjﬁ?ﬁ?CJCWQG'g'aéﬁc)".‘c“ % organic
| ayer was separated, washed w th darbsy@n(idd0 nl ), dried over anhydrous
Na2SO4, filtered and

Example 22 was prepared according to the procedure utilized for the preparation of

Example 19, replacing S-methylisoxazole-3-carboxylic acid with 1,5-dimethyl-1H-

25 pyrazole-3-carboxylic acid. Purification of the crude material via reverse phase
chromatography eluting with acetonitrile/water/TFA provided the title compound.
MS (ESD: m/z = 851.0 [M+H].

Example 23. (2R,68,13a8,14aR,16a8,Z)-2-(3-(benzo|b]thiophen-2-yl)quinoxalin-
30 2-yloxy)-N-(cyclopropylsulfonyl)-5,16-dioxo-6-(pyri midine-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrecyclopropale|pyrrolo|1,2-a][1,d]diazacyclopentadecine-14a-

carboxamide
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30 concentrated under reduced pressure to give a light yellow solid, which
was further dried in a vacuum oven at 45C for 18 h to afford 7.5 g of
product 24c as a light yellow solid; M5-DCl / NH3: 643 (Mt 1)+. Exanple
24d. teft-butyl (2R 65,13414aR, 16aS, Z)- 14a4cycl opropyl sul f onyl car banoyl) -
5, 16- di oxo- 2- (phenant hri di n-6-yl oxy)-1, 2,3,5,6,7,8,9, 10, 11, 13a, 14, 144, 15, 16
, 16ahexadecahydr ocycl opropal e] pyrrol o[ 1, 2-a] [ 1, 4] di azacycl opent adeci n-6-yl c
ar bamat e Exmwple ovastpremragfacperdibgde thefpravedwns jusilizeddfor the pgparation gf i nnol ) in
DVF (80 m 1.k - [ kI s .nunol ). The
reaction rﬁx%%e@\’/\ggg“g## r%ﬁ‘ﬂgﬁ&%@n‘% ?ghn%g%gicﬁ‘}cﬁ@?p%lﬂ%ﬁ}e? To the above
sol uti on warbokyleracatl drudificytidnoyfitixpendsmhtenalana weerselplite ghroddtographanol )

foll owed by DBU.(5.73 ni., 6 36. | ). e resulting mxture was stirred at
room terrpér"é‘tngr“'ét(‘1f38?t°'i'31lﬂ&ﬁ?&‘%g?h@e{g‘eﬁ’élgﬁ?‘mmﬁi xture was added EtbAc
(200 nb), \gs smuppe3siit{Mid]aci d solution (200 nl) and saturated aqueous
sodiumchloride (50 mM). The organic |ayer was separated, washed with

sat urated aqueous sodi um chl oride (100 m:%, dried over anhydrous Na2SO4,
filtered, and concdifamnledd-uaeichuty@Re451398d4aR10aS:Hd4Resi due was purified

by col um chromat ography on si | / heptane gradient)
to obtain 15 the title corrpounék@%g%l%?g%gﬁaﬁﬁgﬁlgo ? 74% vyield). M5
( ES! ) crn/ 5,E‘¢ﬂ@'l’Qm§nM}dlan)el,25,5,6,7,8,9,10,1 ,13a,14,144,15,16,16a-

(2R, 6541345, < | fr - = i -2 (phen

ant hr ﬁgl n- 6- ﬁ)@g@ﬁ%@%z?é@)@k@&r@@}(&(kﬁi‘gg?ﬂ Ydﬂza%yél@p eincs
201,2,3,5,6,7,8,9, 10, 11, 13a, 14, 14§lchbthdngté 6a-

hexadecahydr ocycl opr opai el pyrrol 011, 2-21[ 1, 41di azacycl opent adeci ne- 14a-
car boxam Exargal e 25a 25

(2R, 65, 136*8XB1%<*#6aS, Z) - 6- ami no- N- (cycl opropyl sul fony1) - 5, 16- di oxo- 2-

(phenant hr%jéii ? Jp Y, %}{é 3, % , 8,9, 10, %Rjg 13a, 14, 14a, 15, 16, 16a- hexadeca
hydr ocycl (S ’8&1 %ﬁ\{ ‘%Q?F ’,eé‘_—ygf }_’[‘Z’Zﬂ"&‘?péf% €°B¥5‘8ﬁij’)é%é8‘i‘"ne- 14a- car boxani de
hydr ogBl ombufiRyc#boh9lamifid)SHERGioRE- 1,3 § 887, 99,00luch 30f4, Beaisplesi6a4 (0. 35 g, 0. 47
rnmol ) in_ acefonitrile (5 nL) was added a_ 4 M ?ol ution of HCl in di oxane
(0.6 niL, Acxadseabydrogyclonrepalelpymolai hi-all b4{diazacyclopertadesine; #8m t enper at ure for
4 h. The sohbygibtewas evaporated under reduced pressure and the resulting
solid dried under vacuumto provide the title conpound (0.32 g, quant.
yield).
A solution of (25,6S,13aS,14aR,16aS,Z)-ethyl 6-(tert-butoxycarbonylamino)-2-
20  hydroxy-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[ 1,2-a][ 1 ,4]diazacyclopentadecine-14a-
carboxylate (22.1 g, 44.8 mmol) and DABCO (8.5 g, 76.7 mmol) in toluene (88 mL)
was stirred at room temperature. To this solution was added a solution of 4-
bromobenzene-1-sulfonyl chloride 17.2 g, 67.2 mmol) in toluene (44 mL). After the
25  addition was complete the reaction mixture was quenched with 10% aqueous sodium
carbonate (110 mL) and the mixture stirred for 15 min. Tetrahydrofuran (44 mL) was
added and the mixture was washed with 0.5 M HCI, water, and then saturated aqueous
sodium chloride. The organic layer was dried over anhydrous magnesium sulfate,
filtered, and evaporated under reduced pressure and dried to provide the title

30  compound (27.7 g, 87% yield), which was used without further purification.
Example 24b
{2R,68,13aS,14aR, 1 6aS,Z)-ethyl 6-(tert-butoxycarbonylamino)-5,16-dioxo-2-

(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,133,14,14a,15,16,16a-
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35 Example 25b. (2R, 65,134, 14aR, 16aS, Z) - N- (cycl opr opyi su
fonyi)-5, 16-di oxo- 2- (phenant hrid in-6-

yl oxy) - 6- (pyr azi ne- 2- car boxam do) -1, 2, 3,5, 6,7, 8,9, 10, 11, 13a, 14, 14a, 15, 16, 16
a- hexadecahydr ocycl opropa[ e] pyrrol o[ 1, 2- 41, 41di azacycl opent adeci ne- 14a- 5
car boxam de To a solution of Exanple 25a (320 ng, 0.47 nmmol) in

di met hyl formatnide (5 nL) was added pyrazi necarboxylic acid (0.065 g, 0.52
mol ), HAexadecehydrgeycdhasopatelpyrrelad ,aaffbélﬂmpwcamwmml 480.2 m_, 1.18
nunol ) . T@§b§§ﬁﬁ5i°” m xture was 10 stirred at 25 Cfor 2 h and then
partitione tween 5% aqueous sodi-um bi carbonate and et hyl acetate. The
organic | ayer was dried over anhydrous magnesiumsul fate, filtered, and
evapor at e@o aFbitioe st the eompsumlofiBxamgleddact 8 gal 3.4 pendlpin NMB(l@d in})l acetate

/| hexape to giVv he desjre odugt. (1 , % Vyi el.d) _as .a f-white
sol i d. ws“’@fz%%‘ﬁes Pﬁff‘kaﬂﬂ“*ﬂgfr%“‘{g’&zﬂﬂﬁ &*‘15(58@5&?%{’@6?8&3/‘@9’&)%%@99 ETQJ

(2R, 65, 13893l  avhiol )L TBSreéhiltihg @iixture was heated to 55°C for four hours. The reaction

(cycl opropyl sol conyl car banoy1l) -5, 16-di oxo- 2- ( phenant hri di n- 6-yl oxy) -

1, 2, 3, 5, 6miixtareoyasGooled t@pomtemparatie, pad Uda partitioned between ethyl acetate
hexadecah Q | OpG, | byr | - | L n- 6-
20yl car ba#rgoég Ig%(r%?oI@P%guféﬁgﬁglf%géﬁiéﬁtﬁg@%@%'?‘ hg?ﬁghi?g%r opentylo
xycar bonyassapadated, Washetd wdth- % aqueous sodium bicarbonate solution (200 mi)
(phengnt h if}i’in- -yl.oxy)el ’(&?16 7% 10@1 13 4, 14a, 15, 1 6a-
25hex€@ec§ﬂ H’Fggﬂ’%ﬁ{}g&ﬁ‘é’] EPH% ,y%-o%ﬁ f%&ﬁﬁ%@%?%ﬁﬁag ci ne- 14a-
car boxyl atider reduced pressure to obtain the crude product as a solid. The solid was then

dissolved in methyl t-butyl ether (200 ml), the resulting suspension was stirred at

room temperature for 1 hour and filtered. The filtrate contained the desired product

was concentrated under reduced pressure to obtain 7.95 g of product 24b as a solid;

15  MS-DCI/NH;: 671 (M+H) ™.

Example 24¢
(2R,68,13aS,14aR, 1 6aS,Z)-6-(tert-butoxycarbonylamino)-5,16-dioxo-2-
{phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,144,1 5,16, 6a-

20  hexadecahydrocyclopropale]pyrrolo[ 1,2-a][ 1,4]diazacyclopentadecine-14a-carboxylic
acid (24c)

To a solution of the product of Example 24b (7.8 g, 11.6 mmol) in tetrahydrofuran (40
ml) /ethanol (40 ml) was added an aqueous lithium hydroxide solution (0.84 g of

25  lithium hydroxide in 40 ml of H;0). The resulting mixture was heated to 50°C for two
hours and cooled to room temperature. The organic solvents were mostly removed
under reduced pressure, and the resulting residue was acidified with 10 % citric acid
aqueous solution and extracted with ethyl acetate (200 ml). The organic layer was
separated, washed with brine (200 ml), dried over anhydrous Na;SO,, filtered and

30 concentrated under reduced pressure to give a light yellow solid, which was further
dried in a vacuum oven at 45°C for 18 h to afford 7.5 g of product 24c as a light
yellow solid; MS-DCI/ NH;: 643 (M+H) ™.

Example 24d.

62



Exanpl e 26a was prepared according to the procedure utilized for the
preparation of Exanple 24b, repl acing the conpound of Exanple 24a with
conmpound 30 (2S, 6S, 13aS, 14aR, 16aS, Z) - et hyl 2-(4-bronophenyl sul f onyl oxy) - 6-
(cycl opent yl oxycar bonyl am no) - 5, 16- di oxol, 2, 3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15
, 16, 16a- hexadecahydr ocycl opropal ei pyrrol o[ 1, 2-

al[1, 4] di azacycl opent adeci ne- 14a- carboxylate, to provide the title
conpound. te/BbYDIREES) t3afyiAaR, 1683 Zp [ favicydppropxisyHiinylcadymoyi)-

(2R, 65, 134, 14 1§ TRy TRV nit l,am = | 0OXO0- 2-
(phenant he 5 Ao tohetafsg = UBRAN 43 P6E80 101 BTIA N P 1016050 %%
hexadecahdxaeyahlydgorc yiadrepaiyipyotlo[ 112-2} b} |diazad ytlopenlegesim poitasdbomitane- 14a- car b

oxylic acid Exanple 26b was prepared according to the procedure utilized

for the preparatjon_of anple 24 repl aci d..24b with
Conpoutd I8 Solop P BroductafExprpled 35 - hplddamNas Ch RTINS, 1h = 655 0
[M1-111. aB3adm| ecadbtiinyl@ildandl /64 g, 34.8 mmol). The reaction mixture was

(2R, 6S, 13a5, 14aR, 16aS, Z) - 14a- (cycl oprogyl sul fon}/_I car banoyl) -5, 16-
15di oxo- 25&5%@{5%%&%%@%&3}9%,% € sbayesolgtion was then gaded14 142 15, 16, 16

a- lopropanesulfonamide (4.21 g, 34. I) followed by DBU (5.73 ml, 36.0
hexadecah)%cr S%ryg?ngf)‘f c?pr)la (laepg/r r (%’ o?%,ng[-l%] [ 1, Z/] di %zacygl opent adeci n- 6-yl car ba

mat e Themel).t The resuimgumiatusé was strsdeat penwgmpgrayse fasd 4deussr dortbe t o t he
procedyr e bl r j o 24 ' conpound
DiacuilBn Selekoh Rt cies bt OR300 il 0 olat: SichCocid SRS Of FRTETT
758. 0 [ M+il) arkdksargoated 2gficous sodium chiloride (50 ml). The organic layer was separated,
(2R, 65, 13a8, 14aR,,16aS, Z) - N- (cycl opr opyl. ug nyl),-.65 (5- met hyl -
i oy az o ESEEA R e aglet fodiih A B i ied v FEbfes, )
251, 2, 3, 5 NmpSOS fikerk, shll cdicenkdicd dAdel vedubedlfi@ssure. The residue was purified
hexadecany g o Ne! SeRSS SR Shelgh fuh el FhRASELRRE b 281 ne- 142

15  the title compound as a white solid (6.40 g, 74% yield). MS (ESI): m/z = 746.1

[M+H]. ‘

Example 25. (2R,6S,13a8,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-5,16-dioxo-2-
(phen anthridin-G—yIoxy)~6~(pyrazine-2-carboxamido)—
20 1,2,3,5,6,7,8,9,10,11,13a,14,142a,15,16,16a-
hexadecahydrocyclopropale)pyrrolo[1,2-a}[1,4]diazacyclopentadecine-14a-

carboxamide

Example 25a

25 (2R,6S,13aS,14aR,16aS,Z)-6-amino-N-(cyclopropylsulfonyl)-5,16-dioxo-2-
(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,133,14,14a,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-

carboxamide hydrochloride

30  To a suspension of the product of Example 24 (0.35 g, 0.47 mmol) in acetonitrile (5
mL) was added a 4 M solution of HCI in dioxane (0.6 mL, 2.4 mmol). The reaction
mixture was stirred at room temperature for 4 h. The solvent was evaporated under
reduced pressure and the resulting solid dried under vacuum to provide the title
compound (0.32 g, quant. yield).

35
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car boxam de Exanple 27 was prepared according to the procedure utilized for
the preparation of 30 Exanple 25, replacing 2-pyrazinecarboxylic acid with
5- et hyl - 1H pyrazol e- 3- carboxylic acid. Purification of the crude naterial
via reverse phase chromatrography eluting with acetonitrile/ water/TFA
provided the title conpound. M5 (ESE): raiz = 754.2 [WEI]. Exanple 28.

| 4- ( (2R, 68, 13414aR, 16aS, Z) - 14a- (cyclopropy|sulfonylcarbannyl)-

5, 16- di ox5*3mplg@ehant hri di n- 6-yl oxy)-1, 2, 3,5, 6, 7, 8, 9, 10, 11, 13a, 14, 14a, 15, 16
, 16a- 2R,6S,13a8, 14aR, 16aS,Z)-N-(cycl 1 lf 1)-5,16-dioxo-2-(phenanthridin-6-
i exadeeaftydroeayel gproSal % (clyfg}:)mﬂ . ony) ;' 41di azac(;l/)c opent adeci n-6-y1)-5

- nmethyli sbxnk@{m&JMZ-bmbamrmdoBI Eﬁsﬁrﬁﬂé 9218) Malagiddad 8d6d6eording to the

procedur e e IaC|ng

2- pyr azi ng?L:Qard %ﬁ%ﬁ%&ogyc ocptrgm\[ﬁ ﬂ‘?@oﬂej[ ﬁgll %gggcfgﬁ égrggé_’eggxre ngyl ic acid.
Puri f i®at taboxaimiidhe crude material via reverse phase chrornatrography
eluting with acetonitrile/water/TFA provided the title conpound. 10 M5
(ES1) : rt 755.

(3R b5, 13505 salon BLBRFBINE (32D By B el i mpthghfgmmamide (5 mL)

met hyl pyr gai Ekﬁreargﬁk ,ﬁm aad%@osis %@sﬂm&mheﬂamb@udlnrg 656l oxy) -
1,2,3,5,6, 11, 13a, 14, 14a,
15hexadec§'ﬂ}ﬁd}@@yhlsmfpmﬂathbllamﬁer@lzdn& bl&mmply)Hhedoastigr migarewaseei ne- 14a.
car boyam b H“?f?d r ilized for
t he p@pagg{%ggf@@np e @E&B?{elg aeglcb%{(} hB@}a& |e é\%?gg{)ﬁ@ #é@na(‘t:’% d wth
5- met hyl pyndethylac@ateailborsganic la&r aas driedomer ﬁuﬂndtommaghemum sulfatlgle nmat eri al
\rglr ided ﬁﬁ%rg{i‘,i g%‘p{?‘g&)e{]ag{ ARV Sl UnRRALRRN FhimmRt e/ TFA

acetate / hexane to give the desired product (155 mg, 44% yield) as an off-white solid.

MS (ESI): m/z = 752.0 [M+H].

15
Example 26. Cyclopentyl (2R,6S,13aS,14aR,16a8,Z)-14a-
(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropaje|pyrrolo|l,2-a}{1,4]diazacyclopentadecin-6-
20 ylcarbamate

Example 26a
(2R,6S,13a8,14aR,16aS,Z)-ethyl 6-(cyclopentyloxycarbonylamino)-5,16-dioxo-2-
(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,1 6a-

25  hexadecahydrocyclopropa[e]pyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-

carboxylate

Example 26a was prepared according to the procedure utilized for the preparation of
Example 24b, replacing the compound of Example 24a with compound

30 (28,6S,13aS,14aR,16aS,Z)-ethyl 2-(4-bromophenylsulfonyloxy)-6-
(cyclopentyloxycarbonylamino)-5,1 6-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,1 6a-hexadecahydrocyclopropafe)pyrrolo{1,2-
a][1,4]diazacyclopentadecine-14a-carboxylate, to provide the title compound.
MS (DCUNH3): m/z = 683.0 [M+H]
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M5 (ES!'): mz = 766.1 [ M+t1-1). Exanpl e 30.
N- Q21t, 68, 13a5, 14aR, 162S, Z) - 14a- (cyel opr opyl sul f onyl car banoyl ) -

255, 16- di oxo- 24phenant hri di n-6-yl oxy)-1, 2, 3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15,1
6, 16a- hexadecahydroeyel opropai el pyrrol ol 1, 2-alll, 41di azacycl opent adeci n- 6-
yQ hi azol e- 5- ear boxam de Exanple 30 was prepared according to the procedure
utilized for the preparation of 30 Exanple 25, replacing

2- pyrazi nec, arboxylic acid with thiazol e-5-carboxylic acid. Purification of
the crude_material via reverse phase chromatography eluting with
acetonitrFF@?&é@g?/TFA provided the title conmpound. M5 (ES!): mz = 757.1

[ MtH] . 35(2@9!‘3348‘?143?(;l6aS,ZK-L6-(cyclopentyloxycarbonylamino)—S,16-dioxo-2-
(2R, 65, 13aS, 14a12_16a8, Z)- N (cycl opropyl soli'onyl) - 6-( 2-
f I uor obenérbanandridin-¢eloxy, e?—:%iéﬁkﬂe&é@»ﬂn”%l%”@, H&x&ﬁ&a: '

1,2, 3,8, 6hdvaBecdhn o%@?@a%@e%{%éﬁlEl:,iilﬁﬁ'zacyclopentadecine-I4a~carboxylic

hexadecahydr ocycl opro

[ 1, 41di azewgcl opent adeci ne- 14a5car boxani de Exanpl e 31 was prepared
according to the procedure utilized for the preparation of Exanple 25,

repl aci ng 2-pyrazinecarboxylic acid with 2-fluorobenzoic acid. 10

Puri f i cat Eeamplé 26 eacprepaedadodrding tothaproeedereailized & tidhpropastégrefphy el uti ng

2 s Bkl 8 Y e oo A5 Sih Sombbuina 268 B mdFuf =5 1) rai 2 =
(2R, 680 13asmpotalR, 16aS, Z) - N- (cycl opropyl sul fonyl) -5, 16- di oxo- 2-

15(phenant hri di n- 6-yl oxy) - G-fMp ridazi ne-4-carboxam do) -
1,2,3,5, 6Mp @Cé{li‘éa)im{zré§51% %63-15, 16, 16a-

bexadecahydr ocycl opropal el pyrroloil, 2-alll, 41di azacycl opent adeci ne- 14a-

Example 26¢.

Cyclopentyl (2R,6S,13aS,14aR,16aS,Z)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-
15  dioxo-2-(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,142,15,16,16a-

hexadecahydrocyclopropa[e]pyrrolo]1,2-a][ 1,4]diazacyclopentadecin-6-ylcarbamate

The title compound of Example 26 was prepared according to the procedure utilized

for the preparation of Example 24, replacing compound 24c with compound 26b, to
20  provide the title compound.

MS (DCUNH,): m/z = 758.0 [M+H].

Example 27. (2R,6S,13a8,14aR,16a8,Z)-N-(cyclopropylsulfonyl)-6-(5-methyl-
1H-pyrazole-3-carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
25 1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropafelpyrrolo[1,2-a}{1,4}diazacyclopentadecine-14a-

carboxamide

Example 27 was prepared according to the procedure utilized for the preparation of
30 Example 25, replacing 2-pyrazinecarboxylic acid with 5-methyl-1H-pyrazole-3-

carboxylic acid. Purification of the crude material via reverse phase chromatrography

eluting with acetonitrile/water/TFA provided the title compound.

MS (ESI): m/z = 754.2 [M+H].
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car boxam de 20 Exanple 32 was prepared according to the procedure utilized
for the preparation of Exanple 25, repl acing 2-pyrazinecarboxylic acid with
pyri dazi ne-4-carboxylic acid. Purification of the crude material via
reverse phase chromatography eluting with acetonitril e/ waterfTFA provided
the title conmpound. M5 (ES1):= 752.1 [MtH]. 25 Exanpl e 33.

(2R, 65, 1385, 14aR, 16aS, Z) - N- (cycl opropyl sul fonyl) -5, 16- di oxo- 2-

( pge gant grEﬂdBmplﬁ-Z)}l OHIRB8Y130a8]1da RA 64S,Z31 bpxeylopodpylsulfonylcarbamoyl)-
1 5 7

), 10 13a,14,14a, 15, ocycl opr opa
PRRRRR 82 1 LX T r el m Sl PRy FTERTREREINY R RLX) 01 SR
was prepar e@leﬁf&@él@d’? lepr@falarp?FﬁﬂéﬂQ-dﬁl' 4|um9c,fcwpehaaeahmométl on of
Exanple 25, replaci'ng py ra2|necarboxy c aci
pyri mi di ne- 4-carboxylic aci mctlwumwelaﬁrmb@xamﬁ@ cr ude material via
revers§ phase chromat ography eluting with 35acetonitril e/ water/ TFA provided
the title compound. M5 (ES!): nth = 752.1 [MtH . Exanple 34.
(2R, 6S, 13aaimtdd 8 Saprepardd (wyﬁmobwpmm@mwilm@ fqr thenprepaybtion of

1 23 5 o, SRt 4t ML e R g MRS kbl idbbicie ¥ 0

5hex adeeah;aetm&gb(«:b@@r Puéficatipy of the otulle Araddriallyid teliensz physe| chfmmdugephpe- 14a-

ear boxam d |l e 34, \A/F\ezag%ogeda ording to the procedure utilized for
the prepar ‘t‘f'?cgri"’ aqelonjijelv Bfoé’ éh"z‘“ ROMBL ar boxylic acid with

1-met hyy - NaSkiesyr A% B33 [M+H).

Example 29. (2R,6S,13aS,14aR,16a8,Z)-N-(cyclopropylsulfonyl)-6-(5-
methylpyrazine-2-carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
15 hexadecahydrocyclopropale]lpyrrolo(l,2-a]}1,4]diazacyclopentadecine-14a-

carboxamide

Example 29 was prepared according to the procedure utilized for the preparation of

Example 25, replacing 2-pyrazinecarboxylic acid with 5-methylpyrazine-2-carboxylic
20  acid. Purification of the crude material via reverse phase chromatography eluting

with acetonitrile/water/TFA provided the title compound.

MS (ESI): m/z = 766.1 [M+H].

Example 30. N-((2R,6S,13a8,14aR,16aS,Z)-14a-(cyclopropylsulfonylcarbamoyt)-
25 5,16-dioxo-2-(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropale]pyrrolo|1,2-a}{1,4]diazacyclopentadecin-6-

yDthiazole-5-carboxamide

Example 30 was prepared according to the procedure utilized for the preparation of
30  Example 25, replacing 2-pyrazinecarboxylic acid with thiazole-5-carboxylic acid.
Purification of the crude material via reverse phase chromatography eluting with

acetonitrile/water/TFA provided the title compound.
MS (ESD: m/z = 757.1 [M+H].

35
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10 carboxylic acid. Purification of the crude materi al
chromat ography eluting with acetonitrile/water/ TFA provided the title,

conpound.

MS (ES!): mlz = 754.2 [Mr1-1]. 15 Exanple 35.

(2R, 65, 13aS, 14al1l, 16aS, Z) - Nt ycl opr opyl sul f ony1) - 6- ( 2- hydr oxy- 2-
met hyl pr opanam do) - 5, 16- di oxo- 2- (phenant hri di n- 6- yl oxy) -

1,2,3,5,6,7,8,9,10, 11, 13a, 14, 144, 15, 16, 16a- hexadeeahyd rod%clopro
| el pyrrol ol 1, 2Eaamplef1d(2R;68; y31 SoPailR, B8 o) N-(dyttopropylhwfanyl)

via reverse phase

(20 Exanple 35

was prepared accor w %}e% é:ﬁﬁio &(ﬁur e% i'éﬂeg 5@\4 'F 6-§lpfy)pr epar ation of
y W

Exampl e 25, repl aci i

2- hydr oxy- 2- net hyl propanmssas;‘!ﬂ,Q wuuutaaaa,um,msas 164 crude nateri al

Vi a

he (1116 conpapemssoayoplassciorioll Feutafgfagtiopfaifane e P o' oo

(2R, 68,5l3aS, 14aR, 16aS, Z) - N- (eyel oparsiMintad f onyl ) - 6- (1, 5-

di net hyl

- 1H pyr azol e- 3- ear boxam do) - 5, 16-d i oxo- 2-

301, 2,3,5,6,7,8,9, 10, 11, 13a, 14, 144, 15, 16, 16a-

hexadecahydr ocycl opr opal el pyrrol op 2-al

ear boxam

t he prepar at
1, 5- di met hxXamigle %@ﬁqﬂaﬁmgapmambwl;dxwhc amdduthﬁuﬂmdrohmmlonmdf t he crude

BN SopRUABE A T R RE Bt shttibael vine it o

mat erlﬁi
acetonit
flvl+H

15

20

25

30

35

placi ng 2-pyrazi necar boxy

acetonitrile/water/TFA provided the title compound.
MS (ESI): m/z = 768.1 [M+H].

Example 32. (2R,6S,13aS,14aR,16aS8,Z)-N-(cyclopropylsulfonyl)-5,16-dioxo-2-
(phenanthridin-6-yloxy)-6-(pyridazine-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropaje]pyrrolo[1,2-a]{1,4]diazacyclopentadecine-14a-

carboxamide

Example 32 was prepared according to the procedure utilized for the preparation of
Example 28, replacing 2-pyrazinecarboxylic acid with pyridazine-4-carboxylic acid.
Purification of the crude material via reverse phase chromatography eluting with
acetonitrile/water/TFA provided the title compound.

MS (ESI): m/z = 752.1 [M+H].

Example 33. (2R,68,13a8,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-5,16-dioxo-2-
(phenanthridin-6-yloxy)-6-(pyrimidine-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a- -
hexadecahydrocyclopropale|pyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-

carboxamide

Example 33 was prepared according to the procedure utilized for the preparation of
Example 25, replacing 2-pyrazinecarboxylic acid with pyrimidine-4-carboxylic acid.
Purification of the crude material via reverse phase chromatography eluting with
acetonitrile/water/TFA provided the title compound.

MS (ESI): m/z =752.1 [M+H]).
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Exanpl e 37. Cycl opentyl (2R, 65, 13aS, 14aR, 16aS, Z) - 14a-

5(cycl opropyl sul f onyl ear banoyl) - 2- (2- f | uor ophenant hri di n- 6-yl oxy) -5, 16-di ox
o- 1,2,3,5,6,7,8,9,10, 11, 13a, 14,142, 15, 16, 16a-
hexadeeahydr ocycl opropal el pyrrol o[ 1, 2-al (1, 41di azacycl opent adeei n- 6-

yl earbamate 10 Exanple 37a. 5'-Fluoro-2'-nitrobi phenyl-2-carboxylate To a
m crowave vessel was added 2-(nethoxycarbonyl ) phenyl boronic acid (63.4 ng,
0.352 mml ), 2-brono-4-fluoro-1-nitrobenzene (77 ng, 0.35 nmol), 15

di acet oxypditangple 34.( RRES,13pS, IMaR, béas,Z)-N+(clyclopropylsulfonyl)-6-(1-methyl-

di cycl ohexyl (24,.61-di hoxybi phenyl- 2-.. pr@s hipe (3,4 , 8.45 gnol).
Et hanol (1760 W)PY&W@%&P%X@EP@%%%@%%' ?',e ?j‘.tgg'gg"ﬁﬁ'ﬁé";'?' re added and
the m xture was react edl,izg_v,,sle’ryi,ggg, V,834, PAL4015,06,16400 DC for 30 min. The
reaction mxture was diluted wth dichloronet hane, dried over anhydr ous

sodi un?sul f desadecphydrogyrioprgaalelneedloZ-aldl dldinzacydonratadeginesidar e, The
20resi due was purified by preparagfpgxddiida | ayer chromatography (el uant:

9: 1 hexane/ ethyl acetate) to provide nethyl

51-fl uor o- 21- ni trobi phenyl- 2- car boxyl ate (37a, 54.8 ng, 0.199 nunol, 56.6%

yield). - | - B r | di.n- -gpe To a

2or Ut on SRURRE 34 s pfchafed il 1 I Hh Ut RHARA Yol fhe Biclritler OF

5' - f | uor oE2amplet2Soteplabmp 2 IpyRazimaatboxylicadcel wiblo 1 -ieting); | Hopy@foleddnl ) in

met hapgl (9, nl). was ded 10%pal | adi um on carbon (.15. ,.0.015 mnel).
The. 1 1 k CRAONic Ry TRRTFR PRy Riie B Bofs naeebh s YRty co (1 nes
wi th hydr emeiRg th'ﬂQcét@ﬂiﬁ’ilEthq_@vM@@tl'féttitl'ékeﬁxpoﬂidl uted with

di et hyl f or . de, ang filtered. The filtrate was concentrated to provide
2-f | uor o- H ¥ 85 pHehadMittldi n- 6(5H) - one (37b, 46.36 ng, 0.202 rnrnol, 98
% yield). Exanple 37c. 2-Fluorophenanthridin-6(5H)-one A mxture of the

product of Exanple 37b (2-fl uoro-5- hi/droxy henant hfi di n- 6(5H) - one, 46.4
my, 01202 Exspiple 3% c@R:6S, HaiSel 4B, 1af, Z)Nrdcyelaprop dsulfanyl)46-Q1iry $- was

heat ed under T ef | Qo rdfhathiliB-s 2o Miob 2 fHekbhbiidtREylblyyt €0 W Th
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
hexadecahydrocyclopropale]pyrrolo[1,2-a]|1,4]diazacyclopentadecine-14a-
carboxamide

20
Example 35 was prepared according to the procedure utilized for the preparation of

Example 235, replacing 2-pyrazinecarboxylic acid with 2-hydroxy-2-methylpropanoic
acid. Purification of the crude material via reverse phase chromatography eluting
with acetonitrile/water/TFA provided the title compound.

25 MS (ESI): m/z = 732.2 [M+H].

Example 36, (2R,08,13a8,14aR,16a8,Z)-N-(cyclopropylsulfonyl)-6-(1,5-
dimethyl-1H-pyrazole-3-carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
30 1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropaje]pyrrolo[1,2-a}|1,4)diazacyclopentadecine-14a-

carboxamide

Example 36 was prepared according to the procedure utilized for the preparation of
35 Example 25, replacing 2-pyrazinecarboxylic acid with 1,5-dimethyl-1H-pyrazole-3-
carboxylic acid. Purification of the crude material via reverse phase chromatography

eluting with acetonitrile/water/TFA provided the title compound.
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5 dinethylformam de and filtered and the filtrate was concentrated to give
a tan solid (100 ng). The solid was partitioned between

di chl or onet handdi net hyl f ormam de (2/1, 50 nL) and sodi um carbonate (10 m).
The organic | ayer was washed with water (2 x 10nml) and concentrated to
provi de 2-fluorophenanthridin-6(5H)-one (37c, 38.2 ng, 88%yield). 10

Exanpl e 37d. %i 6S, 13aS, 14aR, | 6aS, Z) - et hyl

6- (cycl opéﬁﬂé Eard8hy I MRiHHo) - 2- (2-

f I uor ophenant hri di n- 6-yl oxy) -5, 16-di oxo-1, 2, 3,5,6, 7, 8,9, 10, |

1, 13a, 14, 14a, 15, 16, 16a- hexadecahydr ocycl opropa[ e] pyrrol o[ 1, 2-a] [ 1, 4] di azacy
cl opent adeci ne- 14&xanmedbokyelopente@RifiSel 333d40Rd 63%.&)rdf%d according to t he

g;gﬁggg;rlga@g@%@%ﬁ@ﬁ@%ﬁ&@%@hu@&mﬁtﬁﬁhm-éym}i-s,wdmo-
Y O X e el baocs oy omaki pyr T o
Cort o o O eadeciRudrorciiroanilineclon - A PARGAST I g%, R oPaK! PY

substituting 2- fluorophenanthri dyrafifankdte one (80c) for

phenant hri di n-6(5H)-one, to provide the title conpound in 48%yield. 25
Exanpl e 37e. (2R, 6S, 13aS, 14aR, 16aS, Z) - 6- (cycl opent yl oxycar bonyl am no) - 2- ( 2-
f | uor pphegaamprisdan- 6- yl oxy) - 5, 16-di oxo-1, 2, 3,5, 6,7, 8,9, 10, 11, 133, 14, 144, 15
, 16, 16ahexadecahydr ocycl opr opa@ﬁ)yr roloil,2-a][1, 4] di azacycl opent adeci ne-1
4a- car boxyHFlEorecd -witmbinheayiy)-earbpylaleis prepared according to the procedure
used for the preparation of Exanple 67c, substituting the product of

Exanpl e 37d for the product of Exanple 24b. Exanple 37f. Cycl opent yl

( 2R, 65, 1348 amigRWage SesByl-wasadded 2 (rgthopypbanyliphgnyiborpainwgid (6324 mg,

1 uor 0phea3s el B ol Mhcrs Wit P 638 whndh, o 10- 11, 132

14, 14a, 15,
5hexati®c adiadetoxypallajiurn (& P2 gy 4.1 gimdi Lait didyclohék vl( 24 'adimethoppbipleniglz2 n- 6- yl car b

are The Comstncly SIS Rl bRl B b bRy o oo
for the poogpeaimél) weeadBéEanddbe nhdu Wil reabittoil b dicbhwaldrebrof £300: Mz =
7761 M+J'CA5 %6r 30 min. The reaction mixture was diluted with dichloromethane, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
20  residue was purified by preparative thin layer chromatography (eluant: 9:1
hexane/ethyl acetate) to provide methy] 5'-fluoro-2'-nitrobiphenyl-2-carboxylate (37a,
54.8 mg, 0.199 mmol, 56.6 % yield).

Example 37b.
25  2-fluoro-5-hydroxyphenanthridin-6(5H)-one

To a solution of the product of Example 37a (methyl 5'-fluoro-2'-nitrobiphenyl-2-
carboxylate, 56.79 mg, 0.206 mmol) in methano! (9 mL) was added 10% palladium
on carbon (15.6 mg, 0.015 mmol). The flask was fitted with a hydrogen balloon and
30  de-gassed three times with hydrogen. The reaction mixture was stirred, diluted with
dimethylformamide, and filtered. The filtrate was concentrated to provide 2-fluoro-5-
hydroxyphenanthridin-6(5H)-one (37b, 46.36 mg, 0.202 mmol, 98 % yield).

Example 37c.
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Exanpl e 38. tert-Butyl (2R 6S, 13aS, 14aFt, 16aS, Z) - 14a-

(eycl opropyl sul f onyl car bai nny1) - 2- (2, 9-di f | uor ophenant hri di n- 6-yl oxy) -5, 16-
di oxo-1, 2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a.

15hexadecahydr ocycl opropal el pyrrol o[ 1, 2-al | 1, 4l di azacycl opent adeci n- 6-

yl car bamat e Exanpl e 38a Met hyl 5,5'-difluoro-2-nitrobi phenyl-2-carboxyl ate
20 To 2-brono-4-fluorao-l -nitrobenzene (185.16 ng, 0,842 rnnol) was added
Pd2dba3 (E%H§?°Hﬁ”mbm02@*ﬂﬁﬁpPn%nd copper powder (271 ngy, 4.26 mmol).

Di met hyl sy fpthde i prodilcl omﬂbniﬂ?éhrmaZﬂnwr&mﬁr&yymam(sﬂw 122

0.842 nrnol) were added and the m xture was stirred vi gorously at 100 C for

2 h. The 28ef6d mee. %%?smm& agstie acid 6 mL).cangd @inet(@P g, 4S5 imseplhiveh et hyl
acetate (20 nl), . an te e filtrate wa with water and dried
(anhydr oudiepigd tiedey F egk!a 6?figﬁfqrd[5edmedn@qWewasaévtpiwr (279.8 ng). This
oi I vag Utdﬁ&xétﬁﬁ@od%aHMB%ndRer‘ré‘d‘ &n@t(l‘x@ﬂtxfa@rw&s%n&hﬁ‘rﬂéﬂ%%xQ@a@Jn sxanpl e 38b.
30 Exanpl e 38b. Di f I uor o-5- hydr oxyphenant hri di n-6 -one To the

pr ﬁjugt of(lmwﬂmmhd way pargtingpd hﬁaseeadmrmuhamm(eﬁw fatmamaide %0%
o
E\?drgg:&z %:11 %‘%‘%’EZQ"G“( {ngaﬁ?hca}(rp ur(Z:e](/\/atﬁwplbﬂ)e'n(}:;asga"I g%&%ﬁ@”&‘f# aﬁhx E h ﬁydrogen

t hree ti nmesiterThe 10mlxdndrconcsungasd ko predida 2dbrordphénagieidid-6(SH)6one (3, | ut ed with
di met hyl f(gg%mggg E] filtered. The filtrate was concentrated to give a
red solid % was triturated with dichl oronet hane/ hexane (9/1)
and fifptered to provide the title conpound (Exanple 38b, 43.15 ng, 0.175
nmol , quantitative yield).
Example 37d.
(2R,6S,13a8,14aR, 16aS,Z)-ethyl 6-(cyclopentyloxycarbonylamino)-2-(2-
fluorophenanthridin-6-yloxy)-$,16-dioxo-1,2,3,5,6,7,8,9,10,1 1,13a,14,14a,15,16,16a-
hexadecahydrocyclopropalelpyrrolo[1,2-a][ 1,4]diazacyclopentadecine-14a-

15  carboxylate

Example 37d was prepared according to the procedure used for the preparation of
Example 37b, substituting (2S5,6S,13a8,14aR,16a8,Z)-cthyl 2-(4-
bromophenylsulfonyloxy)-6-(cyclopentyloxycarbonylamino)-5,1 6-dioxo-

20 1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-carboxylate for 1a, and substituting 2-
fluorophenanthridin-6(5H)-one (80c) for phenanthridin-6(5SH)-one, to provide the title
compound in 48% yield.

25 Example 37e.
(2R,68,13a8,14aR, 16a8,Z)-6-(cyclopentyloxycarbonylamino)-2-(2-
fluorophenanthridin-6-yloxy)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolo[ 1,2-a][ 1,4]diazacyclopentadecine-14a-carboxylic
acid

30
Example 37¢ was prepared according to the procedure used for the preparation of
Example 67c, substituting the product of Example 37d for the product of Example
24b.

70



5 Exanpl e 38c. 2,9-Difluorophenanthridin-6(5H)-one Exanpl e 38c was
prepared according to the procedure used for the preparation of Exanple
37c, substituting the product of Exanple 38b for the product of Exanple
1080b. Exanpl e 38d. (2R, 6S, 13aS, 14aR, 16aS, Z) - et hyl

6- (tert-butoxycarbonyl am no)-2-(2, 9-

di f1 uor ophenant hri di n- 6-yl oxy) -5, 16- di oxo- 151, 2, 3,5,6,7,8,9, 10, 11, 133, 1
4, 14a, 15, 16, 16a- hexadecahydr ocycl opropa[ e] pyrrol o[ 1, 2-
a][1,4]diaﬁg£¥@ggppntadecine-14a-carboxylate Exanpl e 38d was prepared
according TO e procedure used for the preparation of Exanple 24c,

SE;(.IbSt : t ug igﬁgclbﬁmét)ggug,ﬁsnuﬂ;: 1zgmrgas;z%aae-(mtommmmtmmﬁxmn ontza. 309
i 1 or ophaRIARHPRETOIE- 8575 B dlorit drbods i o £l o 16 T4 S 1818 141 Tua 1
5, 16, 16m- h@k@d&@%@dﬁ%%p@&ﬂﬂﬁﬂﬁﬂl}2)’6(]g@]ﬂﬁiacglclopemadecin-&yIcarbama

25a] 11, 4] di azacycl opent adecI ne- 14a- carboxylic acid Exanpl e 38e was prepared
according to the procedure used for the preparati on of Exanple 24c,

substituti : e 24b, 30
Bampl o 380 er BRI ST Etasile & PASh eyt BLabe's, BE AR s XI T 04

f onyl car bapmepdritigh-¢fE>@mpli X4, suhstptieg thetpnedudt of Bxapipbedfe-for the prhidosicod
1,2,3,5,6, , J4a, 15,16, 16a-

hexadecahy%’r‘ oc@%%%pééﬁéﬁ%?g%}’%@[ 1,2-a][ | ,4]diazacycl opent adeci n- 6-

yl car bdrat BIS (ESI): m/z = 776.1 [M+H].

Example 38. tert-Butyl (2R,68,13a8,14aR,16a8,Z)-14a-
(cyclopropylsulfonylcarbamoyl)-2-(2,9-difluorophenanthridin-6-yloxy)-5,16-
dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a, 15,16,16a-
15 hexadecahydrocyclopropalelpyrrolo[1,2-a}|1,4]diazacyclopentadecin-6-

ylcarbamate

Example 38a.
Methyl 5,5'-difluoro-2'-nitrobiphenyl-2-carboxylate
20
To 2-bromo-4-fluoro-1-nitrobenzene (185.16 mg, 0.842 mmol) was added Pd;dba;
(23.12 mg, 0.025 mmol) and copper powder (271 mg, 4.26 mmol).
Dimethylsulfoxide (2.3 ml) and methyl 2-bromo-4-fluorobenzoate (0.122 ml, 0.842
mmol) were added and the mixture was stirred vigorously at 100 °C for 2 h. The
25 mixture was cooled to room temperature, diluted with ethyl acetate (20 ml), and
filtered. The filtrate was washed with water and dried (anhydrous Na;SQO,) and
concentrated to give a yellow oil (279.8 mg). This oil was utilized without

purification for the preparation of Example 38b.

30 Example 38b.
2,9-Difluoro-5-hydroxyphenanthridin-6(5H)-one
To the product of Example 38a (279.8 mg) was added methanol (7.5 mL) and 10%
palladium on carbon (76 mg, 0.071 mmol). The flask was fitted with a hydrogen
balloon and the mixture was de-gased and back-filled with hydrogen three times. The
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Exanpl e 38 was prepared according to the procedure used for the preparation
of 5 Exanple 24, substituting the product of Exanple 38e for the product of
Exanple 24c. M5 (ES!'): mz = 782.1 [ Mt1-1]. Exanple 39. tert-butyl

(2R, 65, 13aR, 14aR, 16aS) - 14a-

(cycl opropyl sul fonyl ear banoy1l) - 5, 16- di oxo- 2- ( phenant bri di n- 6-

10yl oxy) oct adecahydr ocycl opropal ei |l pyrrolol |, 2-all11, 41di azacycl opent adeci n-
6- ylcar bam&uewmgmddagastsdcbgnlﬁmiélh dﬂutadmt)ldwmsthyalﬁﬂmnudﬂadde product of

ol ) (eﬁ‘*n% e 47 R B8 i APRARRE ol BloBeLA (el O

three ti neh &whlbrommne/aaﬁnbwm) mdefﬁmdl ta @ebvidet the tijlelc@ppoun@s50 psi). The

m xture s ha 0 50 der ydrogen and stirred for 4.5 hr at 50C
The reac §§€r4é Rdeedo éH'E“P it 'deb’l??qfl ed by reverse phase

chr omat ogr aphy, eluting with an acetonitrile(1% TFA)/water gradient to
provi de the 20 t|tIe conpound as a white solid (70.41 ng, 0.094 mol, 89 %
yield). 8. mz = 748.2 [Mr11l]. Exanple 40. Cycl opentyl

(2R, 65,1 %ﬁ\g% opropyl sul fonyl ca
r banoyl )?2?Q dﬂh@ﬂ@‘w én}?yhﬂedl n- 6-
25yl oxy) (ﬁnam@c%ﬂwrhsmqp@mdmcqgameltcpwcmmcc{iurpzsm fofl thejpaéraratiop ©f opent adeci n- 6
- ylcarb re cedure utilized
for the BrapRied Fe By St P e BB 101 B2 Bt SR e e 24 wi e
t he pi0odwob. of Exanple 26. 30 M5 (ES!'): miz = 760.2 [ M+11l]. Exanple 41.
tert-Butyl (2R 6S, 13aR, 14aR, 16aS) - 5 16 di oxo- 24phenant hri di n- 6-
yl oxy) - 14a- (t hi ophen- 2-

Example 38d.

(2R,685,13a8,14aR, 16aS,Z)-ethyl 6-(tert-butoxycarbonylamino)-2-(2,9-
difluorophenanthridin-6-yloxy)-5,16-dioxo-
15 1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-hexadecahydrocyclopropafe]pyrrolo[1,2-

a][1,4]diazacyclopentadecine-14a-carboxylate

Example 38d was prepared according to the procedure used for the preparation of

Example 24c¢, substituting the product of Example 38c for phenanthridine-6(35H)-one.
20

Example 38e.

(2R,6S,13aS,14aR, 16aS,Z)-6-(tert-butoxycarbonylamino)-2-(2,9-

difluorophenanthridin-6-yloxy)-5,16-dioxo-

1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropale]pyrrolof1,2-

25  a][l,4]diazacyclopentadecine-14a-carboxylic acid

Example 38e was prepared according to the procedure used for the preparation of
Example 24c, substituting the product of Example 38d for the product of Example
24b.

30
Example 38f.
tert-Butyl (2R,68,13aS,14aR,16aS,Z)-14a-(cyclopropylsulfonylcarbamoyl)-2-(2,9-
difluorophenanthridin-6-yloxy)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,14a,
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35yl sul f onyl car banoyf | oct adecahydr ocyclopropal e] pyrrol ol 1, 2-

al[1, 41di azacycl opent adeci n- 6-yl carbamate Exanple 41 was prepared
according to the procedure utilized for the preparation of Exanple 24,
repl aci ng cycl opropanesul fonam de wi th thiophene-2-sul fonam de. M5 (ES!):
mz = 788.0 [ Mr1l-11. 5 Exanple 42.

(21c6S, 13aS, 14aR, 16aS, Z) - N- (cycl opropyl sul fonyl ) - 6- ( 2-

met hyl pyr ilfildilGe~tBxadeciiodardydioprobaltipydiof b2 2](( 3 dikesnydontntadpdinbol -

yQqui noxalk b%rr?él oxy)-1,2,3,5,6,7,8,9, 10,11, 13a, 14, 14a, 15, 16, 16a-
hexadeeahyd roeyeel opr opa | el pyrrol ol 1,2-al [1,4]

di azacycl opent adeei ne- 14al0ear boxam de Exanpl e 42a.

(S)-2-(2-nethy rlmdlneSCarboxa enoic acid. .15

Boc- 2(3) - zﬁ‘? \éleﬁéﬁ”@p&l’laﬁed&?&?ﬁdﬂgé‘}/ &fg rﬁHf?ﬁ‘%%é‘Ft"'?&f‘Puﬁgoguspended in
i sopropy! Exa@pRi2a, sdh@ﬁthﬁﬂ’% f18\peddRkt 4 EXBmpW 388 férthe predait S Exhrhple 2a6.i d
solution and then once with water. The washed product, concentrated and

then re- diMY{ED iz Fg8pd dptHlacet ate, can be reacted with 1-1C to produce
2(3)-am no-non-8-eoic acid MZl salt. 2- Methyl pyrimdine-5-carboxylic acid,

N, N - di succi ni m dyl Efﬂﬁpﬁ%t S rt_g)r& I%‘%mﬁgaﬁt}%i{i Lgﬂ&oprl di ne can be

di ssol ved in N-nethy pyrroli
2('S) - Am no- non- 8c)etnpa'0md8tdfdfﬁllcasla§tmoyl);5,§G-Msmtﬂemﬁeyam!iddm-ﬁ ol | owed by

uni o Ban Do FARARh bRy PR R ry S i PSRRI o E £, 200

42b. ylcarbamate
(1R, 25) - et hyI 14(23,4R)-N-(tert-but oxycar bony1l) - 14(S) - 242- et hyl pyri m di ne-

T v oo et bassed SRABY AR el ebadion i G Broda S Exanlec A P . 50~
(28, 3R) - NoBOG windly sl ORSAT3 S ni2A24Sol (Wi 0 iR &L (1 i ophen- 2

yl ) qui noxal i ne 1 n” NVP, he pfesence of sodi umt-butoxide, to produce
(25, 4/p- 1 pressure bottle. The vesscl was sparged three times with argon and then pressurized

(tert-but %m%a&%ex@o@g( ?nd ﬁ@{mwﬂ&m@a@&@' S0P ndSt iy ﬁ:h'aﬂa Si¥dd0xy) pyrroli

di ne-2- carboxylic aci tertiary butyl ether BE) and water can
t hen be ad@re‘hl5hﬂmé03§ueous | ayer is separat ed, vvashed and then HCL is

added, fol XL on W BE. e _extr d product can be

m xed V\ntglhg g%%?‘@d@?’%t“%gF%‘E‘ﬁcﬂ"at%‘gi"%&b“ﬁﬁggyﬁf&’%e? RS # 148893-10-1), and
t hen reactchﬂbnmdgk'ameMS‘)g-\eitmmackmnth}% WA ater @radieno pegrecide bexyl at e

t osyl in d| nmet hyl f or (.DVF) d to] e.. The reaction produces
(2S, 4%) té‘? CB'BP?H" pad ag‘x‘(‘ ?énaz%%)‘“f“%@t(f?g){“’?@agg%hyi‘fpzvi nyl cycl op cop
yl car bamowis ESIB-mbermagbdM+#H]azol - 2- yOqui noxal i n- 2-yl oxy) pyrrolidine- 1
-car boxyl ate, which can be extracted with MIBE and washed with HCI, further

extracted, washed, dried, and dissolved i - pr HC can be added to

The 2-propanol ol BEFBAIHY. SrastARsEH! FESEISERAIHRABYA4eaR) 2.
(cyclopropyisulfonylcarbamoyl)-5,16-dioxo-2-(phenanthridin-6-

25 yloxy)octadecahydrocyclopropale[pyrrolo[1,2-aj[1,4]diazacyclopentadecin-6-

ylcarbamate

Example 40 was prepared according to the procedure utilized for the preparation of
Example 39, replacing the product of Example 24 with the product of Example 26.
30  MS (ESI): m/z = 760.2 [M+H].

Example 41. tert-Butyl (ZR,6S,13aR,14aR,16a8)-5,16-dioxo-2-(phenanthridin-6-
yloxy)-14a-(thiophen-2-
35 ylsulfonylcarbameyl)octadecahydrocyclopropale|pyrrolo(1,2-

a][1,4]diazacyclopentadecin-6-ylcarbamate
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10( 3- (benzo[ d] t hi azol - 2-yl ) qui noxal i n- 2-yl oxy) pyrrol i di ne-2-car boxam do) - 2-
vi nyl cycl opr opanecar boxyl ate, which can be crystallized out by neutralizing
with NaOH (1R 2S)-ethyl |

-((2S,4R) - 4- (3- (benzo[ d] t hi azol - 2-yl ) qui noxal i n- 2-yl oxyl pyrrolidine- 15

2- car boxam do) - 2- vi nyl cycl opr opanecar boxyl ate, the title conmpound of

Exanpl e 42a, N hydroxy-5-norbornene-2, 3-di car boxi m de, and

N- ( 3-di rnet hyl am nopropyl)-N - ethyl carbodiim de hydrochl oride can be ni xed
and st i r r Bgample Blwap prephrsd mecordiog othe drdsgdurel diilizedrfoshe repamtioeehy| et hyl ene

di am ne. t] . - . - - .

45 o ( BT Ry e R PSS ie Rk i Ml thipphld 2 Angice.

20( benzo[ M3 (EiS&z ol/z 27§00 (Mardial i n- 2-yl oxy) pyrrol i di ne-2- car boxamn do) - 2-

vi nyl ¢ cl opr opanecar boxyl ate, which can be dissolved in isopropyl acetate
and extracted w th agueqQu PO4 nd then extracted wt eous K2HPO4.
The product c%awy?‘&aaﬁgsﬁ?ﬁ%ﬂé?gﬁ%&i&;@)’ﬂ?fb’éﬁ%ﬁﬂ%@%‘ﬁ‘%ﬁe presence of
di met hyl ami oyt yRfmidim-$-e4¥sdxnidosis] AL dioRd 29 (Berko [l WiinZoR-20f a citric
acid solution 25 and a sodium chloride solution, to produce the title
COTTpOUﬂd of EXaﬂﬂﬂ@nmﬂ-aﬁmbzﬁﬂﬁ,sﬂ,w,l 1,138,14,143,15,]6,168-

o 3o pabeRiR Ao Gu o b4 o iy T oD | BT e tatREsRE{ART 0) - S, 16- !

301, 21®,5,6, 7, 8,9, 10, 11, 13a, 14, l4arbéxabfidé 6a- hexadecahydr ocycl opr opar el pyrr
olo[1,2- a][1,4)di azacycl opent adeci ne- | 4a-carboxyl ate hydrochl ori de The
product of Exanple 42b can be subject to ring-closing netathesis in the
presence Bkardplan28 catal yst in toluene to produce

(2R, 6S, 13383,.l 4aR, 16aS,.7) - 15-tert - buty| 4a-et h

642- net hyfsﬁgzr-énmaf#xﬁmm ?%B'Q%PPW’ﬂé),HEB: HQIEA. (3- (benzo[ d] t hi azol -2-yl)q
ui noxal i n-2-yloxy)-2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 16, 16a-t et r adecahydr ocycl
opropa e] pyrrol o[ 1, 2-a] [ 1, 4] di azacycl opent adeci ne- 14a, 15( 1H) -

di car BoxyBage(S)amine-aceriByesic asithdipycloheamiemine sptchn besuspersled imf t er t he

reaction. islé%r-gpgg[c%tgﬁ; &L@;&g%vgmﬂuﬁg wit ah Qht&Rs cwac@@smﬁﬁh i tched to

acetonitri owed I'tion of hydrogen chloride in dioxane and
heat ed t oomeodticeateh clheiwdashedopraguntronedntiied apd then 2e-diluted iaxiaogrbpyl42d.

Car boxam 86 CaUeeahd Vit SHCUERESR At alementde RBUBGIRE &1 Oy
1, 2, 3, 5, 6 Mt Brihildihd-5icenok4lid dad, PE N1 G@istibeininad pdarbehydrad N, Nopr opa[ e] pyr r ol
ol L, 22_0 ] Li%ﬁeﬂy?grr?iﬁgg%%lir%pceag tbg ﬁ%%él@‘ee& %ﬁh\%:?}[y?- )-(p%frrnr.oﬂgor%:S(NMP) and

stirred. 2(S)-Amino-non-8-eoic acid HCI salt is subsequently added, followed by

triethylamine, and stirred to produce the title compound of Example 42a, which can

be crystallized out by adding HCI followed by water.

25 Example 42b.
(1R,28)-ethyl-1-((2S,4R)-N-(tert-butox ycarbonyl)-1-((S)-2-(2-methylpyrimidine-5-
carboxamido)non-8-¢noyl)-4-(3-(benzo[ d]thiazol-2-yl)quinoxalin-2-
yloxy)pyrrolidine-2-carboxamido)-2-vinylcyclopropanecarboxylate

30  (2S,4R)-N-Boc-4-hydroxyproline can be reacted with 2-chloro-3-(thiophen-2-
yhquinoxaline in NMP, in the presence of sodium ¢-butoxide, to produce (28,4R)-1-
(tert-butoxycarbonyl)-4-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)pyrrolidine-2-
carboxylic acid. Methyl tertiary buty! ether (MTBE) and water can then be added.
The aqueous layer is separated, washed, and then HCl is added, followed by
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The isol ated product of Exanple 42c can be m xed with tetrahydrofuran,

wat er and Li OH+120, and then heated and stirred. The reaction m xture can
be | ater cool ed, added with aqueous 113PO4, aqueous NaCl and 2-net hyl
tetrahydrofuran, and the organic |layer is separated, washed and filtered.
MeCN i s added to the concentrated 20 organic |ayer, heated and cool ed, and
then diethylanine is added. The slurry is heated and cooled to form

(2R, 6S, | 34xtapipn yehIMTBEG The extracted| chéagbeamiged withboxarmi

C1]|O)2 g é66ﬁ|7%9%0%1%@%%@%gﬁ@@}m}g&g@@gg%@% ell:%llglgnﬁé%%l opr opa[ e] pyrrol
ohren ) H‘Z?%;““’”'b‘“M‘Mﬂ?”?ﬁémiﬂ#:*%‘?tmymﬁamaﬂ r®eon be

can
e w ¢ Ao e PR R Sy, i s fomapaites [ AaRudddus BPOs. The
organi § | auR(28)9- @ﬂmy@mﬁwl)m&hﬂdymﬁrbpﬁ@ﬁ#@@h@lﬁh@-(beamtdﬁhﬁfblﬁzoncent rated

and/ or purjfied. The prqduct can be subsequently m xed wt

NVP,
fol | owned pqu‘aa%ﬁaéwnylery)emﬂm Licprhprdats) ‘?éh'E‘tﬂD berfortragied,with MTBE

di azabi cy ghdivasiitd With EE fufteP&xtfabRlY) wash¥d larRd, Ry uskb i A piepan be
subsequent |y added. The'reaction mxture'is stirred for hours | sopr opyl

acetate can then be added, followed by aqueous KH2PO4 and t hen aqueous
H3PO4. Th f to produce
FSPOY, | TRSCLBER Saack e 2SRl ARGl E HrogtB1RCS) 3 PHCAT 4

N- ((2R) 65 (31:335;4@&:1@&5;1@4@431“( Rotagy)ynohdme @tcatboxamido)-2-

Y Ui N0l B ek AR S SR SRS ARG B TRikaiR S %O
hexadecahwﬂotpnycl opr opal el pyrrol o[ 1 2 aj j 1, 41di azacycl opent adeci n-6-y1) - 3-

met hyl i soxazol e- 5- car boxam de 10 Exarrpl e 43 can be prepared according to
the procedure described for the preparation of Exanple 42, replacing

2- et hyl pyrR, EfS)détH'ﬂ 15«29nkpxx31(senaspdqihfa§am- x%m@aywm olidine-
3- et hyl i soxazol e- 5-carb oxylic acid in anpl e 43a to produce (S)-2-(3-

net hyl so%ﬁ&oé%meb?ﬁ’@mm}%ﬁe@b@ﬁﬂia@ teitige cmmmsiwé@qa@ﬁle 438eps shoul d
Beanpl o 43 TR B Binehe ) AP ORI BN dri R ARHEPropt P © 4
ethylcarbodiimide hydrochloride can be mixed and stirred in DMF for hours, followed
by addition of N,N-dimethylethylene diamine. The reaction produces (1R,2S)-ethyl
1-((2S,4R)-1-((S)-2-(2-methylpyrimidine-5-carboxamido)non-8-enoyl)-4-(3-
20  (benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)pyrrolidine-2-carboxamido)-2-
vinylcyclopropanecarboxylate, which can be dissolved in isopropy! acetate and
extracted with aqueous H3iPOys, and then extracted with aqueous K;HPO4. The
product can be reacted with di-tert-butyldicarbonate in the presence of
dimethylaminopyridine, followed by extraction with a mixture of a citric acid solution

25 and a sodium chloride solution, to produce the title compound of Example 42b.

Example 42c.
(2R,68,13a8,14aR, 16aS,Z)-ethyl-6-(2-methylpyrimidine-5-carboxamido)-5,16-dioxo-
2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-

30 1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-
a][1,4]diazacyclopentadecine-14a-carboxylate hydrochloride

The product of Example 42b can be subject to ring-closing metathesis in the presence
of Zhan-B catalyst in toluene to produce (2R,6S,13a8S,14aR,16aS,2)-15-tert-butyl
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yl ) g ui noxal i n-2-yl oxy) - 14a- (cycl opropyl sul fonyl carbanoyl) -5, 16-di oxo-
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16a- 20hexadecahydr ocycl opropa |

el pyrrolo[ 1, 2-al 11, 41di azacycl opent adeci n-6-y1)-5-

met hyl i soxazol e- 3- car boxam de Exanpl e 44 can be prepared according to the
procedure described for the preparation of Exanple 42, replacing

2- et hyl pyrim di ne-5-carboxylic acid from Exanple 42a 25 with

5- et hyl | ddx-ethyl 6(Bnetnhoxinidine detatbdxamidedFplbedidxia 4 3-(enzofditbiagel) - 2- ( 5-

met hyl i soxazol e- 3- carboxam,do - B ' i d. subsequent steps shoul d
proceed ié'yé?qé‘?'}ﬁx?lg}'ETng?‘g%’i’g'c)l%}i\lrgFlgi%ﬁ‘fcl c?qt}ré @Jgh'ce Exanpl e 44. Exanpl e
gg ' (2 Rj G%t?aaa&ihﬂcd&@cl(lﬁﬁ@;a?]?%&f)[lb}g]{ Qh%ﬂidzbd;)&grplenﬁdgc_i:?jeql 4a,5] 5 g IGH)(;I _

yl oxy) - N:- (cycl opr opyl su 0 -6-(3-f|uor nz 0) -5, 16- di oxo-
1,2, 3,5, 6!}?‘23@0@5)@%; ﬂ%efS‘é!Yiﬁ?aP%,csz‘}q‘é&%‘E-‘mﬁgﬁ‘ifiéﬁgﬁb‘a#@ % opr opa
| el pyrgol o[ 1, 2-al 11, 41di azacycl opent adeci ne- 14a- car boxam de Exanple 45

can be prepared according to the procedure described for the preparation of
Exanpl e 43 herisgiclasedproduetdn Infpengcpmbelsaleent switehsd kg aqetonitrile fqllowed Exanpl e 42a

with 3-fl yor ' i.d J .

(92 o~ PP SBERE 8t Exdtiuch bR BroRadk e Wl RifG e the it compoupd | 4
proceed i rf&xsnpliel4de. fashion to Exanple 42 5 to produce Exanple 45, Exanple
46. (2R, 65, 13a8, 14aR, 16aS, Z) - 2- ( 3- (benzol d] thiazol - 2- yOqui noxal i n- 2-

yl oxy) - N- (eyel opropyl sul fonyl) -5, 16-di oxo- 6- (pyri m di ne- 4- ear boxam do) -

1, 2, 316, 6 FkapR 424, 11, 13a, 14, 14a, |5, 16, 16a- ‘

Lohexadecahydr agyel onr opargl pyrrol of 1, 2;al [ 41di azacyel apen adeci ne- 14a-

carboxamido)-5, 16-dioxo-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,1 6a-hexadecahydrocyclopropa[e]pyrrolo[ 1 ,2-
a][ 1,4]diazacyclopentadecine-14a-carboxamide

15
The isolated product of Example 42¢ can be mixed with tetrahydrofuran, water and
LiOH H;0, and then heated and stirred. The reaction mixture can be later cooled,
added with aqueous H3POy, aqueous NaCl and 2-methy! tetrahydrofuran, and the
organic layer is separated, washed and filtered. MeCN is added to the concentrated

20  organic layer, heated and cooled, and then diethylamine is added. The slurry is heated
and cooled to form (2R,6S,13a8S,14aR,16aS,Z)-6-(2-methylpyrimidine-5-
carboxamido)-5,16-dioxo-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo{1,2-
a][ 1,4]diazacyclopentadecine-]4a-carboxylate diethylamine salt, which can be further

25  washed and dried.

The diethylamine salt can be mixed with tetrahydrofuran, 2-methyl tetrahydrofuran
and aqueous H3PO4. The organic layer is separated, washed with aqueous NaCl, and
then concentrated and/or purified. The product can be subsequently mixed with

30 NMP, followed by addition of carbonyldiimidazole (CDI) and then 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU). Cyclopropylsulfonamide can be
subsequently added. The reaction mixture is stirred for hours. Isopropyl acetate can

then be added, followed by aqueous KH;PO, and then aqueous H3PO4. The organic
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Exanpl e 46 can be prepared according to the procedure described for the
preparation of Exanple 42, replacing 2-nethyl pyrimdine-5-carboxylic acid
from Exanpl e 42a 15 with pyrim di ne-4-carboxylic acid in Exanple 46a to
produce (S)-2-(pyrimdine-4- carboxam do)non-8-enoic acid. Al subsequent
steps should proceed in a simlar fashion to Exanple 42 to produce Exanple
46. Exanmpl e 47. .

N4( 2R, 65, 1ays cambersalated, wyshed, @ad purfieddp gradupeithe titlp compound of Example

20Aqui noxghiyn- 2- yl oxy) - 14a- (cycl opr opyl sul f onyl ear banoyl ) - 5, 16- di oxo-
1,2,3,5,6, % 8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a-
hexadecahydrocycloproparelpyrraI0|I 2-1411, 41di azacycl opent adeci n- 6-

yQ soxazol e- 5- ear boxam de 25 Exanple 47 can be prepared according to the

procedsre descBxampié 43. NJ(IﬂmGS:mSc’;Itdaml@S,M(m(benﬁﬂd]th'ﬂapblabi ng

2- nmet hyl 5- df l e 42 | .
i sggazgl gyr5| (r:né ‘Il)'ggﬁql’(%?%&%ﬁﬁ #&&Hﬂ?@rl’?‘(%ﬁ)ﬁgng’? iaﬂ?gl)%&ﬁ'ol‘?éoxazol e-5-

car boxami do) non- 8- enoi ¢ 1@,03 967"39 ,10,4038484414a, 58, 6@ 8645 houl d proceed in a
simlar fashion to Exanp produce Exanp e 47. 30 Exanp

(2R, 68, 13ashq_waﬁcaiwas>czylopmadﬁememl,mlaﬂqitazawpamtﬁeﬁcmﬁaybz-‘v-

yl oxy) - N- (eyel opr opyl sul forﬁiét)nyﬁs‘lﬁaf@& BYdabP¥éxadiide- 2- car boxam do) - 5, 16- di oxo
-1,2,3,5,6,7,8,9, 10, 11, 13a, 14,140, 15, 16, 16a- hexadecahydrocycl opropa | el

pyrrol‘l@[ 42-4 11, 41di azacycl opent adeci ne- 14a- car boxani de Exanpl e 48 can be
pr epar ed Feopti 43ccan de prepared aceuiding talths pracodufe ﬂmcnbﬂbfoml@pmmatr@n 5 of

P PP Ao Bt 2BV i SS RaBBLAR I ford Bulnble 4y S AP S 428
oroeed | n- g il Lol { aoh 00 A0 Bxamnle 42 1o b ?ﬂmﬁé@’?ﬂt 4o ot o
Po  CoR, 6 &dnilistkarile:s-Satksamyio oo B BhoiE a6, vt RESRUSH sfebf Hloufa 4 P

15  proceed in a similar fashion to Example 42 to produce Example 43.

Example 44. N-((2R,68,13a8,14aR,16a8,Z)-2-(3-(benzo[d]thiazol-2-
yl)quinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,144,15,16,16a-
20 hexadecahydrocyclopropale]pyrrolo[1,2-a]{1,4]diazacyclopentadecin-6-yl)-5-

methylisoxazole-3-carboxamide

Example 44 can be prepared according to the procedure described for the preparation

of Example 42, replacing 2-methylpyrimidine-5-carboxylic acid from Example 42a
25  with 5-methylisoxazole-3-carboxylic acid in Example 44a to prodilce (8)-2-(5-

methylisoxazole-3-carboxamido)non-8-enoic acid. All subsequent steps should

proceed in a similar fashion to Example 42 to produce Example 44.

Example 45. (2R,68,13a8,14aR,16a8,Z)-2-(3-(benzo[d]thiazol-2-yl)quinoxalin-2-
30 yloxy)-N-(cyclopropylsulfonyl)-6-(3-fluorobenzamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,164-
hexadecahydrocyclopropaje]pyrrolo1,2-a}[1,4]diazacyclopentadecine-14a-

carboxamide
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met hyl pyr azi ne- 2- car boxam do) - 5, 16- di oxo- 2- (phenant hri di n- 6-yl oxy) -
1,2,3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a-

hexadecahydr ocycl opropa(el pyrrol o[ 1, 2-a] [ 1, 41di azacycl opent adeci ne- 14a-
car boxam de 15 Exanpl e 49a. ‘

(S)-2-(5-nethyl pyrazi ne- 2- car boxam do) non- 8- enoi ¢ aci d.

Boc- 2(5) - am no-non-8-eoi ¢ acid di cycl ohexyl am ne salt can be suspended in
20i sopr opfkample#tarcen beprspared aespuding totthgrproceduredeseribed feths praparatien aci d

sol ution ] T W ted and
then re-di utﬁﬂﬁ?ﬁﬂﬁég%ro%g-ﬂ@;ﬁyﬁé?ﬁg% gggggﬁbv%?h Cga{'% pr oduce

2(5) - ani nwithSrfl@rateneoiaetid itHEgamsplk #5a ©-prodtch¥3)-2(pfluerebenzemidodnont i ¢ aci d,

NN - di sucgi ni.m dyl rbonate, and N di net hyl am popyri di.ne can,be

i ssol vedsieRosty AJFBRaRH s1dPS Shend RSt o ol iSRS ERmfiE%:

2( 5) - A ner-produc8 Brampleassi d HC1 salt is subsequently added, followed by
triethylamne, and stirred to produce the title conpound of Exanple 49a,
which can be crystallized out by adding HCl followed by water. Exanple 49b.
ﬁg( %R, 23) ghivphe d6. (QRESHIasN 46 RET6a s 212008V @A AN A Mhihzdi-A- (iR aidokatindEL hy| pyT azi
car boxar ni da)em-"B(cyalopropydsulfonhHattrdione-a=(Bysjmidips-draarboyamide)-2- car boxami d
0) - 2- vinyl cycl opropari r I ﬁa}gﬁ)‘a -4- hydr oxyprol i ne can be
reacted with 6-chlor ophg’%’eajhsgﬁ?ﬁkt??fnogul"n : Tl’?;ll:%ﬁ@apr esence of sodium

t - but ®&i de, hexndecaiydracycRPrdpd|e]plyrrolo[1,2-a][1,4]diazacyclopentadecine-14a-
-(tertbutoxycarbonyl)-4-(phenant hridi n- ﬁagl oxy) pyrrolidine-2-carboxylic
acid. Methyl tertiary butyl ether®® '®8nd water can then be added. The
aqueous | ayer is 5 separated, washed, and then 1-1Cl is added, followed by

extractiop wth BE. The extracfed product, cap b Ixed with |

di i sopr opgi‘@t“ﬂ? f‘%‘ﬁ@ m@w&%&m@ ?"Qfﬁ@“ﬁe ‘%&%’Mﬁi@gi PrEPAFHOR hen

react ed Wi Exdmie Zﬁ)rg;ﬁ&chw%zwgmm@%amnwswwgh@9&@%ﬂﬁ@%ﬁﬁén@t e tosylate
salt in dinethylformde (DVF) and toluene. Thé reaction produces

(2S, 419 - t with ppiimidingd-carbexylizgridinixemple ASa e pivguge (8)-2-(pyrimidine-4-

carboxamido)non-8-enoic acid. All subsequent steps should proceed in a similar

fashion to Example 42 to produce Example 46.

Example 47. N-((2R,65,13aS,14aR,16a8,Z)-2-(3-(benzo|d}thiazol-2-
20 yl)quinoxalin-2-yloxy)-14a-(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale|pyrrolo[1,2-a|[1,4]diazacyclopentadecin-6-

yl)isoxazole-5-carboxamide

25 Example 47 can be prepared according to the procedure described for the preparation
of Example 42, replacing 2-methylpyrimidine-S-carboxylic acid from Example 42a
with isoxazole-5-carboxylic acid in Example 47a to produce (8)-2-(isoxazole-5-
carboxamido)non-8-enoic acid. All subsequent steps should proceed in a similar
fashion to Example 42 to produce Example 47.

30

Example 48. (2R,6S8,13a8,14aR,16a8,Z)-2-(3-(benzo|d|thiazol-2-yl)quinoxalin-2-
yloxy)-N-(cyclopropylsulfonyl)-6-(5-methylpyrazine-2-carboxamido)-5,16-dioxo-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
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10vi nyl cycl opr opyl car banoyO- 4- (phenant hri di n- 6- yl oxy) pyrrolidine- |

-car boxyl ate, which can be extracted with MIBE and washed with HCl, further
extracted, washed, dried, and dissolved in 2-propanol. HC1 can be added
to the 2-propanol solution to produce (1R, 2S)-ethyl 1-((2S, 4R)-4-
15(phenant hri di n- 6-yl oxy) pyrrol i di ne- 2- car boxam do) - 2- vi nyl cycl opr opanecar b
oxyl ate, which can be crystallized out by neutralizing with NaCH.

(1R, 2S) - et hyhexadecahydrocyclopropaje]pyrrolo[1,2-a}{1,4]diazacyclopentadecine-14a-

14( 2S, 4R) - 4- (phenant hri di n- 6-yl OX¥%%?‘£9‘ddl ne- 2- car boxam do) - 2-

vi nyl cycl opr opanecar boxyl ate, the e corrpound of Exanpl e 49a,

N- hydr oxy-5- 20 nor bonene- 2, 3-di car boxi m de, and

N ( 3-di nethyl am -N - | car,bodi i hl.ori de an be m xed

and stirr ﬁwl%mﬂpﬁrﬂrm aﬁg:/org?é it f}ﬁﬁrwmﬂea?#ﬁé‘ff?ylﬂﬁmﬁq W i ani ne.

The redct | SNEx@mPLBLL2e fep(aciRg2She@lipylimidind-§ 2arb8idlic acid from Example 42a
-((S)-2-(5-met hyl pyrazi.ne: 2- arboxam dg)xnon 8-enoyl),- nt hri di n6-yl ox

y) pyrrol i dvife2Zethyipgazing ¢rgsd QXX}lcri‘)‘/!dd? 6‘5‘P¥9;§'z§ﬁé‘b%"%‘%ﬂ&ggégaw| ch can be

25 di ssol Vrﬁéihylﬂyx‘aﬁiﬂ@h%é/rbo?a?ﬁh@)h@n-@%o@%fdaqﬁllﬁﬂxb‘é‘écfugnt%%ﬁQl'lb%ldl13PO4 and
then extracted W th aqueous K2HPO4. The product can be reacted with

di - t ert - burrgtesd itae pinlat fashign tm%xqmé%%@@r@ﬁuceﬁﬁemvl@m noppi di ne, followed
by extraction with a mxture of a citric acid solution and a sodi um
chloride solution, to produce the title conmpound of Exanple 49b. 30 Exanple
49c. 10 Example 49. (2R,6S,13aS l4aR,l6aS Z)-N-(cyclopropylsulfonyl)-6-(5-

625 (phenant AeatIpLaz s eAbgxamior St Hotett nennulfi R RS 10 T
hexadecahydr ocydopr opa[ a],zqy,sm,sw,lo 11,13a,14,14a,15,16,16a-

2-al[1,4]di aza cl opent adeci ne- 14aca dr.ochl or| de The product of
ol & 460 haad hgﬂmca@wwmqwm\%ﬁf A AP e ek T s broe  Sof

Zhan-B catal yst in toluene to proditRxamide

(2R, 6S, 13aS, 14aR, 16aS, Z) - 15-tert - butyl 14a- et hyl

6- ( 5- et hyl pyrazi ne- 2- car boxam do) - 5, 16- di oxo- 2- ( phenant hri di n- 6-

yloxy)-2, 3 ,1374 9,10, 11, 134, 14, 14a, |

6, 16at et radec ocycl opropal e] pyrrol o[ 1, 2-a] [ 1, 4] di azacycl opent adeci ne- 14
a, 15(1H) - (&i—ééﬁm@&lwrezin%@azbaxmiﬂehonémm&; agienched with i m dazole after
the reaction. 10 The ring-closed product in toluene can be sol vent sw tched
to acetonitrile, followed by addition of hydrogen chloride in dioxane and
heat ed t o Buce@($y-aniinendn-§ -bmcemﬂpbuyn%haiy!ﬁnmapﬁl&caﬁ% suspendedanpl e 49d.

o TS et LI P B 7
1,23, 5, 6, onde WithGvatek, TBawhshelprodibs, &&\ckﬁt?at&ﬁa\@ﬁﬂﬁaﬁhkﬁmwdyﬁ lisoprops{ e] pyrrol o]
1,2- al[l a% tgtleaga% e(i'La% e%n\;ﬂ(xjﬁ% E)eprggu%e%?épa%gg-ggr? % emc acid HCl salt. 5-
Methyl-2-pyrazinecarboxylic acid, N,N’-disuccinimidyl carbonate, and N,N-
dimethylaminopyridine can be dissolved in N-methyl-z-pyrrolidohe (NMP) and
25  stirred. 2(S)-Amino-non-8-eoic acid HCI salt is subsequently added, foliowed by
triethylamine, and stirred to produce the title compound of Example 49a, which can

be crystallized out by adding HCI followed by water.

Example 49b.
30  (1R,28)-ethyl-1-((2S,4R)-N-(tert-butoxycarbonyl)-1-((S)-2-(5-methylpyrazine-2-
carboxamido)non-8-enoyl)-4-(phenanthridin-6-yloxy)pyrrolidine-2-carboxamido)-2-

vinylcyclopropanecarboxylate
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The isol ated product of Exanple 49c can be m xed with tetrahydrofuran,

wat er and Li OH. H20, and then heated and stirred. The reaction m xture can
be |l ater cool ed, added wi th aqueous H31304, aqueous NaCl and 2-net hyl
tetrahycirofuran, and the organic layer is separated, washed and filtered.
MeCN i s added to the concentrated 25organic | ayer, heated and cool ed, and
then diethylamne is added. The slurry is heated and cooled to form

( 2R, 6S, 13@4%@&0@@@0%@4‘%@ P ppetad wivd-6chieroplisnanthridipe in
, 16- di 11, 13a, 14, 14a, 15, 16
' OXRII\ZFHyg c!é (ﬁ'sgalﬁm}/tl QB{AQ‘?J t@pr%dlgce(ifg 4%) Zi(%ﬁz. a, a,

16ahexadec cl opropa [ azacycl
0 pent adec butexydarbhagzﬁﬂb@hyﬂaatlmddt-é-tylmly};mmbdma&t—qarhdxybmm nMaehyl urt her

ot rany dr BroRuRRbaRE: GETEEC AT 0F IERR® 2 (PeaReots BIBS. The or gani c

| ayer §s sépanital @dshedpsiaalenHChisagden BsloNa@by eatsttivh WithadTBENtThat ed and/ or
purified. The product can be subseq uentlxetm xed foll owed by

addi ti on EftractEdmseaMchsanheqaixgd with@pgopr ?H@H‘HE%IPEA) and HATU
di azabi cyetRE#- 148@#[@?? ankd B1RA réa@!%@)wnhczmlz@pfe@mh&m jgpam de can be

subsequent |y added. The reaction m xture 1s stirred for hours. |sopropyl
acetate csinylchidnpiopanedarbaxylate tosyletasabiyn dmpélw%mnm@wmnd tqlpens. aqueous

A e e e T e S o

di ssoi&'edvmylcyslopmpply#rbameylaxﬂe(phmdnmhém &-hlexg)plyubilchm i sabokylaed with

et hanol . ter can be de e resulfi SOl rtion-w se
manner wi BiRsen AarE T aRa MBS R HER, Sih sl Eh st

de- super sati¢d, ahd GSsolWtinR-acgtnbl.on is terminated just as the ternary
sol vent system becones bi-phasic due to the partial immscibility of

i sopropyl acetate, ethanol, water solvent 10system The slurry can be

stirred f o) bgtbSadaed t& dﬂea ﬁrbﬁansr)ddnﬁmhso bﬁ)@h@é(‘?fl 28)RtHt hi((zfstmm and drying
to produce the cr(;l/sta ine hydrate of the | e conpound 50.

(2R, 655 136pbenantimi @-ésrhzaymr(aisdmeoﬁ'aﬁasb@namsqkf)c;’nwylcsclemoganecarboxylate,
di met hy1- 2- (phenant hri di n- 6-yl oxy) -
151, 2, )3/» 5, 093%{?39%% %Rﬁ% 14,14 8%5@1%@1{%38#}2 exglgecahydr ocycl oprzpa %/)el

pyrrol ol 1, 2-a) 11, 41di azacycl opent adeei ne- 14a- ea rboxam de Exanple 50 can

T e B AL e e AR SRR s PR o

W th vinylcyclopropanecarboxylate, the title compound of Example 49a, N-hydroxy-5-

20  norborene-2,3-dicarboximide, and N-(3-dimethylaminopropyl)-N’-
ethylcarbodiimide hydrochloride can be mixed and stirred in DMF, followed by
addition of N,N-dimethylethylene diamine. The reaction produces (1R,28)-¢thyl 1-
((2S,4R)-1-((S)-2-(5-methylpyrazine-2-carboxamido)non-8-enoyl)-4-(phenanthridin-
6-yloxy)pyrrolidine-2-carboxamido)-2-vinylcyclopropanecarboxylate, which can be

25 dissolved in isopropyl acetate and extracted with aqueous H3;PQy,, and then extracted
with aqueous K;HPO,4. The product can be reacted with di-tert-butyldicarbonate in
the presence of dimethylaminopyridine, followed by extraction with a mixture of a
citric acid solution and a sodium chloride solution, to produce the title compound of
Example 49b.

30
Example 49¢.
(2R,68,13aS,14aR,16aS,Z)-ethyl-6-(5-methylpyrazine-2-carboxamido)-5,16-dioxo-2-
(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
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-(1, 5-di net hyl- 1H pyrazol e- 3-carboxylic acid in Exanple 50a to produce
(S)-2-( acid. Al subsequent steps
shoul d proceed in a simlar fashion to Exanple 49 to produce Exanple 50.
25Exampl e St. (2R 65, 13aS, 14aR, 16aS, Z) - N- (cycl opr opyl sul f ony1) - 6- ( 5- et hyl -
1H pyrazel e- 3- ear boxam do) - 5, 16- di oxo- 2- ( pheaant hri di n- 6-yl oxy) -
1,2,3,5,6,7,8,9,10, 11, 13a, | 4, 144, 15, 16, 16a- hexadecahydrocycl op rope

| el pyr r ol ohékadecahydrodicloprapaRipstoNIent A0 Aaiapkydibpentaietinetam de 30 Exanpl e
51 can be prepared according to the procedure described for the preparation
of Exanpl ecaopxyjashydsesierslenet hyl pyr azi ne- 2- carboxyl i c acid from Exanpl e 4%
with 5-nmethyl-1 H pyrazol e-3-carboxylic acid in Exanple 51a to produce
(S)-2-(5-nethyl - 1H pyrazol e- 3-car boxam do) non-8-enoic acid. All

subsequent The ppduct hbExample 4% cab hersubjest tairingrclasingtmespthesss imthepresend® t o

roduces Ex . I :

(2R 65?5132%@??%’6%?%‘ E‘i&\!ﬁ(‘%@?‘%ﬁ?‘%p@&%r P83 43R 40a57)- 13-tert-butyl
if I2 u g r gbg n g@g&tgﬂﬁ-ﬁ ,-xib&hyﬂbmﬁmi-zéqahgnmidlmg-iscliéediﬁxoﬂ@hehanthridin-6-

) ) ) ) ) ) 3 ) a-
hexadecaby?ﬂl%@fcigﬁﬂ%g@l’lw?’?’&)?’a%q’l,é?@][ 1, 41di azacycl opent adeci ne- 14a-
car boxam detradecEnarglyeloprpsIpya®idpl 2 RN eXdiase 9dthentideciné- s, PS(OEpRAUr €
descri bed for the preparation of Exanple 49, ,repl&;&i n )

5- net hy| pyfisgrbmeviate.c hhegatalyst sanybg W@F%"Eﬁb‘ﬁﬂﬂ@" eb\ﬂ‘?ﬁeaﬂ‘?‘l‘-uor obenzoi ¢
acid iqp Exanpl e 52a to produce (S)-2-(2-fluorobenzam do)non-8- enoic acid.

Al'l subsequent steps should proceed in a simlar fashion to Exanple 49 to
produce Exahpiirg-gosedpsoduehimipluemacan be solvent switched to acetonitrile, followed

(2R, 65, 132, Afiikdn Sk A3dropdn D GaESh QAR hriitlebRBYd produckinélifte Gmpound

of Example 49¢.

15  Example 49d.
(2R,68,13a8S,14aR, 16aS,Z)-N-(cyclopropylsulfonyl)-6-(5-methylpyrazine-2-
carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropale]pyrrolo[ 1,2-
a][1,4]diazacyclopentadecine-14a-carboxamide

20
The isolated product of Example 49c can be mixed with tetrahydrofuran, water and
LiOH-H;0, and then heated and stirred. The reaction mixture can be later cooled,
added with aqueous H3POy4, aqueous NaCl and 2-methyl tetrahydrofuran, and the
organic layer is separated, washed and filtered. MeCN is added to the concentrated

25  organic layer, heated and cooled, and then diethylamine is added. The slurry is heated
and cooled to form (2R,6S,13aS,14aR,16aS,Z)-6-(5-Methylpyrazine-2-carboxamido)-
5,16-dioxo-2-(phenanthridin-6-yloxy)-1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropa[e]pyrrolof 1,2-a][ 1,4]diazacyclopentadecine- 14a-
carboxylate diethylamine salt, which can be further washed and dried.

30
The diethylamine salt can be mixed with tetrahydrofuran, 2-methyl tetrahydrofuran
and aqueous H3PO4. The organic layer is separated, washed with aqueous NaCl, and
then concentrated and/or purified. The product can be subsequently mixed with
NMP, followed by addition of carbonyldiimidazole (CDI) and then 1,8-
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(phen ant hri di n- 6-yl oxy) - 6- (pyrazi ne- 2-car boxam d o) -
1,2,3,5,6,7,8,9,10, 11, 13a, 14, 14a, 15, 16, 16a- hexadecahyd
rocycl opropai el pyrrolo(1l,2-411, 41di azacycl opent adeci ne-14a- 20car boxam de
Exanpl e 53 can be prepared according to the procedure described for the
preparation of Exanple 49, replacing 5-nethyl pyrazi ne-2-carboxylic acid
from Exanpl e 49a with pyrazine carboxylic acid in Exanple 53a to produce

(S) - 2- ( pYdi@abR§cld[5. L9 ]uﬁ@écbpémnm AstlfOfdnside Hrl besubsequent st eps
shoul d proceed in a simlar fashion to nPI e 49 to produce Exanple 53.
Exanpl e Swbseguently added. (T reaption ruxmugirstmed ozroqra,alsopropyl acetate can

I 4, I 4-vyl
vy Ca0n, S peadahpo SRl PPk KIS, Wl e spidie B POR el s | Y O
pyr rol oi |lagerakn pdisdlated| xazshcq,dnd peaﬁecﬂmq:roducsxhqﬁ[tbmobmnmdaof HXampk& ure of
OB S BB Ly AR5t S By ey Bnd R L) 2
1, ’:Ll - bi s%)wtmg-nslodjwéqoﬁmlspthamtﬂ) Wdfr@ﬁﬁbanlm:HltameuaSm:thiglcmhﬁen(irO 060 g, 0.094
nmo an odi um car bo 1.1 olutio in
Lot r ahy QrROFGARAMISE EmE i leguist foldianes e b SRUDER CATUE SbokPers h The
reaction ggurdudne Waér dddRidnhertAmhardl jR9ad thE%mﬁ? safelitlsiaalibeddinds. The

reaction m xture was then cool ed to rt, diluted with di choronethane (120

m) and dirpbesiyfyctetimparaal immisaibilitynd isepEapybacsiate, ethanelr watgsoltent The

(oS uMl NyRehl, hefunly30h 8L Sl (ol ROUUEA b (RIHARI QREE Viadfirkdy 11§ (€
Exanpl e SindSyyinghwspredise t}ndmygylbhq: bydratpof the titlesomps md

Example 50. (2R,6S,13aS,14aR,16aS,Z)-N-(cyclopropyisulfonyl)-6-(1,5-
dimethyl-1H-pyrazole-3-carboxamido)-5,16-dioxe-2-(phenanthridin-6-yloxy)-
15 1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,16a-
hexadecahydrocyclopropafe}pyrrolo{l,2-a}{1,4]diazacyclopentadecine-14a-

carboxamide

Example 50 can be prepared according to the procedure described for the preparation
20  of Example 49, replacing 5-methylpyrazine-2-carboxylic acid from Example 49a with

-(1,5-dimethyl-1H-pyrazole-3-carboxylic acid in Example 50a to produce (S)-2-(1,5-

dimethy!-1H-pyrazole-3--carboxamido)non-8-enoic acid. All subsequent steps should

proceed in a similar fashion to Example 49 to produce Example 50.

25 Example 51. (2R,6S8,13a8,14aR,16a8,Z)-N-(cyclopropylisulfonyl)-6-(5-methyl-
1H-pyrazole-3-carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-
hexadecahydrocyclopropale]lpyrrolo{1,2-a|[1,4]diazacyclopentadecine-14a-
carboxamide

30
Example 51 can be prepared according to the procedure described for the preparation
of Example 49, replacing 5-methylpyrazine-2-carboxylic acid from Example 49a with
5-methyl-1 H-pyrazole-3-carboxylic acid in Example 51a to produce (S)-2-(5-methyl-
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1 LiOH p-dioxane r.t., 3 h To a sol ution of

Boc- L- 2- am no- 8-nonenoic acid 42a (I .36g, 5 nol) and the 15 commercially
avai |l abl e ci s-L-hydroxyproline nmethyl ester 42b (1.09g, 6 nmol) in 15 m
DMF, was added DIEA (4 m, 4eq.) and HATU (4g, 2eq). The coupling was
carried out at OC over a period of | hour. The reaction m xture was dil uted
with 100 m EtOAc, and fol | owed by washing with 5%citric acid 2x 20 ml,
wat er 2x20d Hrpyrazalg-Riserboranidolnoni8-eneir asid nill sybsenuent stens shadd piasesd.  The
organic p : 1 nd then was evapor at ed,
af f or di nghﬁg’"gﬁ%ﬁfﬁ%%%{"Zl?agﬁwg&geﬁé?ﬁﬁét was identified by HPLC
(Retention tine = 8.9 mn, 30-70% 9098), and M5 (found 421.37, MI-Na+t).

The di peptide [ I AR ' e and 15 nL of |
N Li OH aqueousﬁég?lﬂ%?g'?ghmg’laég#ﬁg’@@ f‘ggﬂ’ f@;ﬁ ‘s\?\ﬂ/a@ﬁg‘z;%?(?ed out at room
tenper &ture for 4 flournbenzhinddo)rst6-diuxord-fphenantheidima-ythixy)-ed by 5% citric
acid and 10 extracted wit , d by washing with water
2x20 m, and brine 2x20 lﬁg’&ggﬁ%&&ﬁgﬁﬁl‘&%{%*ggg#c phase was dried over
anhydr ous Narfadecahgdriobpdloprd rk 6o MEEATH) didAakpilsjentdidRcinec@acar boxyl i c
acid conpound 42d (%‘ 790, %7&?&1}%“ cthajhsNused f or ﬂgxt step synthesis

wi thout need for further purificafddgxanfigleg sol uti on of the free acid

obt ai ned above (1.77, 4.64 rnnol) in 5 mM DM, 15 D 13-vinyl cycl opropane
am no acid et hi;l ester (0.95g, 5 mml), DIEA (4 nl, 4eq.) and HAT1J (4g,

eq re : 0

2eq) W€r e Examels 52198 be preppied geagading tar the precednre descobed foy the psepgeationd of 5

h . Th ' YT ' j g f db
wash ng et EXEpleRD, otk -y liaphEd Ry Roscl o Eame s I 0N o
bri ne 2x1@-fidorolreszgie atid wreEyamplh &2otogaoduce ($)ads€2- flagrobknzandidoywn-&anhydr ous
Na2SO4 and_t.h 2 ted. Th id . i . il | flash
chr omat o By g PG BRER S Sites @St o Sl Bobinf S Buile MR D
(5: 1-*3: 1pfddute Blampld $25) . The linear tripeptide 42e was isolated as an oil

after renoval of the elution solvents (1.59g, 65.4%, identified by HPLC
(Reteﬂ?i on time = 11.43 mn) and M5 (found 544.84, M-Na+), 25A solution of

the Iinear gxahi}?o83.0@RIGE1Iab, HhR, 16853-NARIopropyiniifonyl)-Fi16Laigkdlonas
deoxygenat ed ggﬁbubgﬁ ng N2. _Hm%yda'e@ S geo}l)er‘g{i on gie{t alyst (5 nmol % eq.)
was then added as s@hewjanthyidin-Sexyd¢-RyEazinerd-casbexamifi)- N2 at nosphere 12

hours. The solvent was Q&?Qﬂkﬁﬂseﬂ}@?ﬂliﬂﬁ,f&?iﬁﬂfm’ﬂas purified by silica

gel flash chromatography’ tsing’ di'tf’erent ratios of hexanes: Et 0Ac as el ution
phase 30(9: Hexaderahydroryclapropajelpyreglo[12al|Lldiszacyciopentadepineddasor was

i sol atzgd as a white powder after Eﬁ%)ﬁ%id@.f the elution solvents (1.24q,
87% , Tdentified by HPLC (Retention tine -= 7.84 mn, 30-70% 90%B), and MS
(found 516. 28, M1 -Na+).

Example 53 can be prepared according to the procedure described for the preparation
of Example 49, replacing 5-methylpyrazine-2-carboxylic acid from Example 49a with
pyrazine carboxylic acid in Example 53a to produce (S)-2-(pyrazine-2-

25  carboxamido)non-8-enoic acid. All subsequent steps should proceed in a similar

fashion to Example 49 to produce Example 53.

Example 54 tert-butyl (2R,6S,13a8,14aR,16aS8,Z)-14a-
(cyclopropylsulfonylcarbamoyl)-5,16-dioxo-2-(thiazolo[4,5-c]quinolin-4-yloxy)-
30 1,2,3,5,6,7,8,9,10,11,13a,14,142a,15,16,16a-
hexadecahydrocyclopropale|pyrrolo|1,2-a]|1,4]diazacyclopentadecin-6-

ylcarbamate
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(25, 65, 13a5, 14aR, 16aS, Z) - et hyl 244- br onophenyl sul f onyl oxy)-6-(tert-
but oxycar bonyl am no) - 5, 16- 41i oxo-1, 2, 3,5,6,7,8,9, 10, 11, 13a, 14, 14a, 15, 16, 16a
- hexadecahydrocycl opropa tel pyrrol ol1, 2-al f1, 4] di azacycl opent adecl ne- 14a-

car boxyl at e 5l a A solution of (2S,6S,13aS,14aR, 16aS, Z) - et hyl

6- (tert-butoxycarbonyl am no) -

2- hydroxy-5, 16-di gxo-1, 2, 3,5, 9..10, 3a, 14, 14a, 15, 16, 16 exadecahyd
rocycl opr dpRixiyie ptﬂ"‘l‘“@‘@ﬁ’@‘%ﬁﬁ’%h&?@% seec0re] 34?33381’%‘3)«} ate (22.1

g, 44.8 nupgls)s. éﬂgm%?m},ﬁ%léx&omiﬁbfgﬁﬁmhﬁe (O'Elucﬁ E@@‘?ﬂfﬁ@@ M- 10 was

stirred at room t enpefat’ure ol ution was added a 'sol ution of 4-
br ombbenz diséditt- tmwlplmsphm@)mrmcm@paimdmngchlwez(om ) 0.09¢ mmo@emi (44 ).

After the t] with 10%
aqueous < SaiimeaitPpliR.£P B ' A kol RRbAAD elraboforifil (RS BE 0

Tet r ah§dr @fmechm((edmtm‘gan avasfond8 &dThavdadtion mixkireiwes ﬂmmhmdo\ﬂﬁ:tﬂmr 0.5 M

Fro, water dth sgturated a ous 15 sodjym chl.oride.. The organic

| ayer was %F&@H%ﬁggha%&?a&%n §§Yaﬁh‘e§lﬁ°’f’i§#é°"f4 ﬁ'tteéf‘%‘(ﬁh and evapor at ed

under reddehdrddietisant { 20aA0) dfdcﬁﬂ:eﬂ@lf&h%xd@(%hﬁuaﬁdhﬁasﬁmﬁhmdt&27-7 g9, 87%
yield), which was used without flintier purifjication le 56 20

Measur emed0 BL). pbheresylting sqlidiyasiisqlaied by varup filiration WWW%E s8¢ enzyne The
activity Qhmh 8&&’@'2@?%% 5@% 3}\@3 ()tHfa%lS@sﬁé]qgﬁxle?{ ‘igsﬁ)gq?ﬁ)é' sol at es

representing genotypes r 4 1s neasured ‘eavage of the
fol | oWng pepti de substrate Ac Asp A u Asp G uCGuy EDANS orP

Example 55
Synthesis of the cyclic peptide precursor
H
i
HATU
B | H Me OMF Boc
i\\/\/\/« ——
HCI H 42c
42a azb
LiOH
p-dioxane
rt,3h
H H
DIEA
Hoveyda’s Cat H
DCM N Et DMF H
Reflux, 412 h Boc. Boc \
H HoN H
Et 42d
H _ | —
HCI
H
Boc Et
N
H /

To a solution of Boc-L-2-amino-8-nonenoic acid 42a (1.36g, 5 mol) and the
15  commercially available cis-L-hydroxyproline methy! ester 42b (1.09g, 6 mmol) in 15
ml DMF, was added DIEA (4 ml, 4eq.) and HATU (4g, 2eq). The coupling was
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TAMPA't P1 ' Ser Lys -NH2 DebeYl or CSY 25 The substrate is

| abeled with a fluor and a fluorescence quencher. C eavage results in

rel ease of the quencher and an increase in fluorescence. NS3 protease is

i ncubated with a dilution series of inhibitor in 150 triIMNaCl, 10%

G ycerol, 5irtMDIT, with or without 0.01% dodecyl naltoside for either 30
m nutes or 300 m nutes. 5Substrate is added at a concentration of 5 uMto
initiate tdagied®acitionG omd pEHioDs EiSliRn CEhé Fadtivaghixede ahs dilutedwitk 1001t er val s

for 30 m nu Enz entrations r nefr 0100 i.n the
absence ofm'égf% gqel YIVEASRING S8 % %@"g%éﬁg Skl Blé‘?lgent
Substrate IMNaH@lQﬁ mmwt,&% mlbhm%w&fw GPANG: GshiDARISY wak Gi6d t at i on 355

nm em ssion 485 urn (exci atlon 544" urn, 10em ssion 590

nm. For rayetsnhydogs aﬁélaeandritheatwa@nva@rmi,@ffg@mgama diperfidech?s (5918t i ng wi t h
I ni tials copGanlh Al AN eﬁx%e&i?gk@% (&Q{%HRM mﬁé-?xéﬂn.{v's@%vu%% t)Fé?xB conpounds

with K~ val ues approac ower € enzymé concéntration
t| ght - bi ndviSigfooad ¢21.31, |MrrNd or mat | s used with 24 diluti ons of i nhi b| tor

d
CheCti ont i noiins Sneaude At aTd] witirabvain B A SKeR S RrEafLe one V-
A{[ (K +I - NELIOH aé\l@EDﬁ-ﬂcﬁuhor{dﬁd'thd hydr(ﬂ)t&m redbvnSvas<airizd @t 4t1rboi t or

concent ration, E = ac zyne concentratiQ pparent, K.val ue and A
[ ccat ) Spmpgratyre fﬂrﬂgyﬁrs plepetion pisfire panhesd ‘56‘%&55@ Ferewiandy epl i con

cel loneSxgadiedRith 366! mLEORRRAMRHow ERh Rk Hid g it @atemxmhl akdll ture: one
derived from genoti/pe | a_and one derived fromgenotype I b. Both replicon

const ruct @“&F Jespestivelys %m@m@p\v oeranhydraps NasiQsi | ar to
those desghj bRl bRk S Qﬁ%Q\éQ{aK 1ie abldQohipaish £id '79 Sci ence
(1999) 285(5424 110 1113 ype rep |acon l(':Hé)&nstruct cont ai ns

97%), which was used for next step synthesns without need for further purification.
To a solution of the free acid obtained above (1.77, 4.64 mmol) in 5 ml DMF,
15 D-B-vinyl cyclopropane amino acid ethyl ester (0.95g, 5 mmol), DIEA (4 ml, 4eq.)
and HATU (4g, 2eq) were added. The coupling was carried out at 0 °C over a period
of § hours. The reaction mixture was diluted with 80 mL EtOAc, and followed by
washing with 5% citric acid 2x 20 ml, water 2x20 ml, |M NaHCO; 4x20 mi and brine
2x10 ml, respectively. The organic phase was dried over anhydrous Na;SO4 and then
20  evaporated. The residue was purified by silica gel flash chromatography using
different ratios of hexanes:EtOAc as elution phase (5:153:1>1:1->1:2—1:5). The
linear tripeptide 42e was isolated as an oil after removal of the elution solvents
(1.59g, 65.4%), identified by HPLC (Retention time = 11.43 min) and MS (found
544 84, M+Na"). |
25 A solution of the linear tripeptide 42¢ (1.51g, 2.89 mmol) in 200 ml dry DCM
was deoxygenated by bubbling N,. Hoveyda’s 1* generation catalyst (5 mol% eq.)
was then added as solid. The reaction was refluxed under N, atmosphere 12 hours.
The solvent was evaporated and the residue was purified by silica gel flash
chromatography using different ratios of hexanes:EtOAc as elution phase
30  (9:1-5:1-3:1-1:11:21:5). The cyclic peptide precursor was isolated as a
white powder after removal of the elution solvents (1.24g, 87%), identified by HPLC
(Retention time = 7.84 min, 30-70%, 90%B), and MS (found 516.28, M+Na™).
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25 the NS3-NS5B coding region derived fromthe 1-177 strain of HCV (la-H77)
(Blight et al., .1 Viral (2003) 77(5):3181-3190). The first cistron of the
construct consists of the first 36 nucl eotides of the HCV | a-H77 core gene
fused to a firefly lueiferase reporter and a neonyci n phosphotransferase
(Neo) selectable marker. The luciferase and Neo coding regions are
separated by the FMDV 2a protease. The second cistron contains 30 the

NS3- NS5B codi (A§,¢StiaSal4a8;16a8 )t athyh2-e-hrpmoptenylsulfonyliky)-Sdtertf adapti ve

mut at i ons 1 in NSHA.
The | b- Con- “%Q%ﬁrwnr?*é%ﬁ?sot)?ﬁ#ﬁ&ﬁgéht’ﬁgﬁﬁd@@ﬁé%‘ﬁr 8pli con, except
that the 5' hexatesahydFisyclopropaie]fyBeolodEn]hdjdinyacyfopentatecineddderi-ved from
the I b-Con-1 strain (Blight et al.. . Scjence (2000) 290(5498):1972-1974),
and the adaptive mitations are E1589% "‘rﬁ' T12801 in NS3 and 522041 in NS5A.
Repl i con conpound testing 5Replicon cell lines can be maintained in

Dul becco's nodi fied Eagl es nedi um ( / M containing 190 I U nil penicillin,
100 ng/ nmL streptomycin (Invitrogen) 00 ng/mM (418 vitrogen) and 10%
(v/v) fetal bovine serum (PBS). Repliconcontaining c s can be seeded into

96 well plates at a §énsity of 5000°:¢el I's per well 95400 p.1 DVEM

cont ai ni ng 5% PBS h qext day, the conpound can be’iAitially 10 diluted

i n di net hyl fto generate a 200x st qqhecolehhl bitor in a
series of 8 | &ions. The dilution s 6i’an @ be dil uted
100-fold in the rredl tai ning 5% FBS. One hundr'ﬁéd mcro |ters of medi um
with the inhibitor can be added to each well of the ove t cell culture

plate already containing 100 ttl of DMVMEM w th 5% PBS. Ip assays where the

2ot % 1, 1 D 8 R IR kB RSB O

cont ai ni ng. hﬁ@%anlwxakm,m iﬁnr&yw we3ﬂe§1ear16h)6 Balus 5% PBS as wel | as
conmpound. The ce ays in tissue_ culture incubators.

The i nhi bhmfiscabwrgefcgo%?pa&%wwﬁﬁé %bﬂi‘&za‘tﬁ?@t’?@ﬁ‘l’@wm@%an be determ ned
by ”easurl:ﬂgo@lé@?zrzF%%'@Mﬁlol%d'%é@r (83%, 9. 7';4910@11% Eﬁ@d%t, erase 20

assay can be conducted using a Luciferase ga)
f ol | oW ng Wah etirrdral feoam mwmer%urr:na"prtmwlm WIBrﬁdé{Kl g/soltnrm Q:fe‘l-l cuI ture nedi um

To cach apiripgbEntd-PlEnIRRRRRe 7 o, €72 pithoifly BISAEUAL SR 121 0% o

i ncubat edadditiorB®asaompiett kherreadtion gnikwrd \quutehrswd ehihsl,o%u:quebes sadigw| uti on (50

gl, Pronmega) is ed,, a | uci f er ase ty.is. 2 V\ntha\ﬁctor
P11t mofbetate @20 Bt 488 fherikhleE SRELBE 5. Teseatray L
extracti Oaddedand e MR Riro WaB tashet RGth (18 MCHICH, Skaitdregiid deed saﬁﬂratéu h«m@eg\) , and
the HCV RNA codgi nunber can be neasured usi %t he Super Scri pt [11 Platinum
One- sf@p &rifupehlonge Ths Qresrir laysgumy drisdpver shudrous pagnesium sfatee Hov 5
nont rans| #edd@alcoshordkd eﬁ&x ot Oﬁasmumné a6 (U fr6fidbhelliR
3-[ 4, 5-di met hyt hi azol - 2-y di phenyl tetrazol i um brom de (MIT)
col ori net eoropeund £37.38, 31% I}’tﬂ/@ Wh&ﬁbl“laé@wddélmosﬂ fusthpt purifigation. 96- wel | pl at es
(4000 cells per well), the next day conpound dilutions are added as in the
activity assay, and the cells are grown in the presence of the inhibitors
for 4 days The MIT sol ution is diExatpd 366 DVEM cont ai ni ng 5% PBS and 60 pl
gt)l LB?@ talﬁlgfnpx:fgt §ﬂmelf?qy oft nt;ll?lbltlon with /[AJ\]:I;[‘Iﬁed %SB prote t:aneeencz()arlmles are

The activity of recombinant HCV NS3 proteases derived from isolates

representing genotypes |, 2, 3 or 4 is measured by cleavage of the following peptide

Ac-Asp Glu Asp Glu Glu M Ser Lys -NH,

EDANS or
TAMRA or OSY

substrate:

25
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of 30 lii SDS (20%in 0.02 N FICl). The plates are incubated overni ght and
the optical density can be neasured at 570nm To determ ne conpounds' EC50
and TDso, luciferase, RNA inhibition and MT data can be anal yzed using the
G aphPad Prism 4 software (equation: signoidal dose-response - variable
slope). 5 Mutants in transient replicons Mut ati ons detected in

resi stance selection studies can be introduced into wild type transient

repl i con const rihstsubsteatedsl labaled aritta/fhes anhdia flagescgnes queneher.Boteavagspl i cons are
bi ci stroni - ] n u LD | ref | ase 10
reporter srlgsrﬁﬂgg? %f%?%tgtg%&u zltgl(rl:erri%g%ég g’%%e\%?mb%o%sﬁégﬁgdgg%H{ﬁ%afcs)ﬂsai n a Neo
sel ect abl eincobated withreddihution tériss of athébimn iny 1 HunMaNe@l, 16% Glyensl| 8ntMr epl i cati on

assays. T a-H77 repli for, transi ent .ass further differs fromthe
epi | con " 1T T At efiious BT dofiecs rafasive for st g miboRey S nsep | n

t he segondsybs@ité Radddd'@ al ddndénfrhtich &F 3 &Ml th eridifate Gigtradcrin,ha flubfee¢tdbe NS5B i n
the second cistron, wth adaptive nutations E1202G 15 in NS3 apd 822041 in

NS5A. Mt dggwasred & mipatejatervalsfar Lminest Fozyone sansgumbotsfaRehdPge XL | |
siLe-di T eclRd ITYhRIRAS MReitelor abUIGRAL 8r | RRANRAGE T BDrcRthcERRT I T TR,

pl asm ds can be |1 nearize restriction enzyne and used as
tenpl at e fdstergant.v$ubstrate paptistes aystlplmhed it eithen EDN ABCYH replicon RNA

for transi . t] ' SCI ey formed with
the T7 20 (E/E(étaatslé!??ﬁ %1 %n%?gi%%tﬂén%)t (ﬁr?%‘&r‘l@?%‘n@dr@%* ?%8&3 r"?%gmt i ons can be
per f oriffed «sisdot 59 riry). For desiac IGEWddgmiidmtion, Rfold fokinbdilwtronb stagmgt s Chenot her
(2005) 49(10):4305-4314). wi t | i i ficatjons. Fifteen m crograns of
t enpl at e ! ey 10%0&0@&1\32%0&;{%90@%1;%&88?@3 i°ﬁ°%{“12?}t5‘%i\| vol ume in
a 0.2 cm owivieK| ealuekapproading étd6ded thin the i doneintiatiom aiftight-bimdingcan be Huh7

cells obtaipned by curing replicon-containing cells with IFN ( t al.,
Supr a) | EBERAEH FITIEH st b ZdGHBARS of gkt oraingaange 9186 B8y ca) ' at

480V and ; tpO Kt i ifeluted to
2 S10acel T P PR Bl g (N RN GRABE a(38y (e RodsRai ol T

DVEM Wiot h tgdherBHoving equaion| | iml penicillin, 100 ng/m streptonycin

(I'nvitrogen). . yhatse 8t - st i 0 o] ed for

| uci fer as:@ne%gﬁ?gr%e%; §Ftt;ﬁéli@?pl a(?(reg?mﬁ %%‘%%d% gb?ar@é@%'?oer cg?&?ﬁg@ﬁount of

i nput RNA E fattivamzipee torenstraioedk =capgarehius; vafuetand s ¥ et SR Fi(8llency. To

the remai ning plates, test conpound serial dilutions in DVSO can be added

(0.5% DVSO final concentration), and plates are incubated for 4 days.
Replicon cell lines

20 Two subgenomic replicon cell lines can be used for compound
characterization in cell culture: one derived from genotype la and one derived from
genotype 1b. Both replicon constructs are bicistronic subgenomic replicons
essentially similar to those described by Bartenschlager and coworkers (Lohmann et
al., Science (1999) 285(5424):110-113). The genotype 1a replicon construct contains

25  the NS3-NS5B coding region derived from the H77 strain of HCV (1a-H77) (Blight et
al., J Virol (2003) 77(5):3181-3190). The first cistron of the construct consists of the
first 36 nucleotides of the HCV 1a-H77 core gene fused to a firefly luciferase reporter
and a neomycin phosphotransferase (Neo) selectable marker. The luciferase and Neo
coding regions are separated by the FMDV 2a protease. The second cistron contains

30  the NS3-NS5B coding region derived from 1a-H77 with the addition of adaptive
mutations E1202G in NS3, K1691R in NS4A, and K2040R and $22041 in NS5A.
The 1b-Con-1 replicon construct is identical to the 1a-H77 replicon, except that the 5’
and 3’ NTRs and the NS3-NS5B coding region can be derived from the 1b-Con-1
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Exenpl ary conpounds of the present invention were tested for their anti-HCV
activities. Many of the conpounds tested showed unexpected anti-HCV
activities, including excellent activities in biochem cal assays agai nst
HCV pretenses representing various HCV genotypes, superior activities in
standard HCV replicon 5 assays including activity against |a-H77 and | b-con
| HCV strains in the absence or presence of 40% human pl asma, and/or

excel | ent steaint (Blight etsal. ;&ttmﬁ%ﬁ!@h”&(éﬁ&)dﬁ?ﬁ 48Tayanddbpddaptivaimugtionssi st ant

mut ants i e%l?%gd? 8%5 fﬁﬁfgéd é—@[é“ggﬂ% £ backgr ounds. The contents

of all reteérences |nc re references, issued patents,
publ i shed pat ent appllcatlons and co-pendi ng patent. applications) cited
throughouk Ot hi s ap | i catiion are hereby expressly incorporated herein in
t hei r ent FFRAGOBLORPO B¢@Fgﬂée Unl ess ot herwi se defined, all technical and

scientgfic terl’@pli‘é&ﬁé’elf‘lﬂ’fe@béhBé@aﬁ:@&ﬁﬁddﬂ@u‘l%@cd@ﬂﬁﬁﬂ&d%ﬁl@@ﬂ{eﬁiuKﬂOVm to one
with ordlnarﬁsklll in the art Those skilled in t art w il

r ecogni ze(DMEM)eoutpining W0dbie} penicillins ngmg/@\l ﬁﬁ?@ow\% (Inyitrogery, 200

experi men }Q)% E?%}b ts of the 15
i nventi onltng}“gcrl B‘SW% :}éf?l uc 6”?&%21 ents are'in e??%g W th be

enconpas seushtdiying hellsfeah bgweldgd oit@aPerwell pEtesiats density of 5000 calls perposihia:

i oo~ 2- ( AR IEERP oG seckss I B, B8 LXMOIEAS bl
la(za&?h@a?%?tﬁ ﬁ,dhﬁethjll,esﬁﬁ'ofifi(ﬂzmz) it(5 géreratd 6200xne2ock of the inhibitor in a

Z] [1, 4}/di %%2%%9@%@8@ﬁ%&lﬁﬁﬁ?we{fﬁéiﬂlewﬁss&%ﬁaaé*}end?fe dijuisd 10f-feld e theal | y
accept abl gediamtcohfaBi®Oi% FBS. One Aundred RIdI6K1RE of medlum with the inhibitor

N (( 2R 6S, 13aS, 14aR, 16aS, Z) - 14a- (cycl opr opyl sul

car bary 192ande pddeg t@ﬁ@chzwelbﬁféthaﬁvwmgm ¢llgns tsaa}qte already containing 100 ul
1,2,3,5, I
of 11 2. "l PN Wit S P8, Eifackdfitne e bR N RURAR S PRNBLGE. PEC ol PG,
or a ‘pﬂwarpmwutls avadssed, &m@mltwrmﬁﬂemwmgﬁll culture platgs cafy h’;anqd@mdd

2R, 6S, 13 Z) - o
Eret hyl pyr 2?‘? %é@§ %Q@gﬁé%y "‘Fy‘@lw@ @BVO@%J@ oé'%l%‘%t‘fige c‘ll? péu {3 Xy) -

1,2, 3,5, 6FBS &8s \9¢116)s dolngpbdad. 1Fhd dalls ton b6 gbba- fbe«d@admhsmieoalmh opropal e] pyrrol

o[1,2- a]]1l C. ent adeci.ne- 14a-.car hox or har maceuti cal |
aE:cept ab}g ‘é'%i‘} ?ﬁléerég#’“ Ty e ec‘sz?f"%(“e‘&}?ﬂ a&éﬂﬂﬁle replicons can e y

N ( (2R 6SjetdimeliddinddBarin méﬂﬁae(n&&cbmémwew HCWNWRNA. The luciferase
car banoyl) - 5, 16- di oxo- 24p enanthrldln 6-yl o

1, 2, 320, pasyayscag begonductedysing alggi m@sqésm&ﬁe%&é!ée?mwb@l@wmtbpa[ e] pyrrol
o[ 1,2- a] L&Mﬁ%@ﬁxﬁba gt gggftw {l‘%@ceyllc%ﬁtﬂ}emuﬁng’s ,fe%bam{audats or. a

pharmaceutically accepta er eo ) conpound
(2R 6S, 138 whakeR W04 -okiptespbatebuipned salirfeoFiy ¢ychsveilPassive Lysis

i“ gxg g (M;?eg?%%%Q% 'VOI_,Egs Xclfgé ﬁd ﬁmfgaﬁ’%é e et R3O MR Wi Pcking to

16a- hexadysathy dell:sc )Imbﬂ’mmﬁﬂtﬁtm]nqﬁﬁ b Podrbegd) is added, and luciferase activity is

a1 1.4 0 azacusl anent ades] I datscabniamde, f1 oaaRNAL FRSARNAC! 'Y

acce

(2R 6S, 13@&1&4@& &ﬁaa'inzals din(be\petfomhadusifzthé 0BYsDirebt kil (tAvitrogen), and
di et hyI razol e- 3- car boxam do) - 5, 16-.di gxo- Zér&shenant hri di n- 6-yl oxy) -

1,2, 3,5, \GRING\ copy pymbericanbs messursd veag eSvaerSSARIIRIgENE P88l e] pyr r ol
o[ 1, 2- a] étl é}h@*trﬁzf@@é@waﬁﬂh@g&ﬁlaﬂ@p%ars%aé&@a@rtwﬁcws Rnlididaceutical ly

accept abl e sal t there ound

(SR BS. T aason SROLGHBINmRn ke cegeTined B giechid biimephygbipanl-2-yil-2.5-

met hygqy 1 [Q,Qi? a | ox

1, 2, 3§q5 "h‘g%%@é&b% qmﬁ%g 4, 14a)‘i§1 %g‘ %%%%&ﬁg@g&yg& Eﬁédg{‘%g?g%a[ e?%yrrol
o[ 1,2- aj ;plated}rd?t’awaliptaltasgﬁé@ﬁomaspcreveﬂk)aﬂxcac:b@lnnmrdmundrdllatx@‘rmmceut| cally
accept abl g adde@as in'the ac‘?nv?ty assay, and the cells are grown in the presence of the inhibitors

for 4 days. The MTT solution is diluted in DMEM containing 5% FBS and 60 pl of
the solution is added to the cells. After 4 hrs, the cells are solubilized by the addition
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8. Use of a therapeutically effective amount of a conpound of any one of
clains 1-7, or a pharmaceutically acceptable salt thereof for treating HCV
i nfection in a subject.

of 30 pl SDS (20% in 0.02 N HCI). The plates are incubated overnight and the optical
density can be measured at 570nm. To determine compounds’ ECsq and TDsy,
luciferase, RNA inhibition and MTT data can be analyzed using the GraphPad Prism

4 software (equation: sigmoidal dose-response — variable slope).

Mutants in transient replicons
Mutations detected in resistance selection studies can be introduced into wild

type transient replicon constructs based on genotypes la-H77 and 1b-N. Both
replicons are bicistronic sub-genomic constructs containing a firefly luciferase

10  reporter similar to those described above, but they do not contain a Neo selectable
marker and are therefore only suitable for transient replication assays. The 1a-H77
replicon for transient assays further differs from the replicon in the stable cell line in
that it contains NS2 through NS5B in the second cistron, The 1b-N strain replicon
contains NS3 through NS5B in the second cistron, with adaptive mutations E1202G

15 inNS3 and S22041 in NS5A. Mutagenesis can be performed using the Stratagene
QuikChange XL II site-directed mutagenesis kit. Mutants’ sequences can be
confirmed, plasmids can be linearized with Xba I restriction enzyme and used as
template for in vitro transcription reactions to make mutant replicon RNA for
transient transfections. In vitro transcription can be performed with the T7

20  Megascript kit (Ambion).

Transient replicon transfections can be performed essentially as described by

Mo et al. (Antimicrob Agents Chemother (2005) 49(10):4305-4314) with slight
modifications. Fifteen micrograms of template RNA can be used to electroporate
3x10% cells in a 200 pl volume in a 0.2 cm cuvette. The cells used for transient

25  transfections can be Huh7 cells obtained by curing replicon-containing cells with IFN
(Mo et al., supra). Electroporation can be done with a Gene Pulser 1I (Bio-Rad, CA)
at 480V and 25uF, using two manual pulses. Transfected cells can be diluted to
7.5%10% cells/ml and plated in 96 well plates at 7.5%10° cells per well in DMEM with
5% FBS and 100 IU/ml penicillin, 100 mg/ml streptomycin (Invitrogen). Four hours

30 post-transfection, one plate is harvested for luciferase measurement; this plate may
provide a measure of the amount of input RNA that can be translated, and thus of
transfection efficiency. To the remaining plates, test compound serial dilutions in
DMSO can be added (0.5% DMSO final concentration), and plates are incubated for 4
days.
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15

Exemplary compounds of the present invention were tested for their anti-HCV
activities, Many of the compounds tested showed unexpected anti-HCV activities,
including excellent activities in biochemical assays against HCV proteases
representing various HCV genotypes, superior activities in standard HCV replicon
assays including activity against 1a-H77 and 1b-conl HCV strains in the absence or
presence of 40% human plasma, and/or excellent activities in transient replicon assays
against drug-resistant mutants in a number of different HCV genetic backgrounds.

The contents of all references (including literature references, issued patents,
published patent applications, and co-pending patent applications) cited throughout
this application are hereby expressly incorporated herein in their entireties by
reference. Unless otherwise defined, all technical and scientific terms used herein are
accorded the meaning commonly known to one with ordinary skill in the art.

Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents of the specific embodiments of the
invention described herein. Such equivalents are intended with be encompassed by

the following claims.
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Claims:

1. A compound: (2R,6S,13aS,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-5,16-
dioxo-2-(phenanthridin-6-yloxy)-6-(pyrazine-2-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16, 16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-

a][1,4]diazacyclopentadecine-14a-carboxamide, or a pharmaceutically acceptable salt thereof.

2. A compound: N-((2R,6S,13aS,14aR,16a8S,Z)-14a~(cyclopropylsulfonyl
carbamoyl)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,16a-hexadecahydrocyclopropae]pyrrolo[1,2-
a][1,4]diazacyclopentadecin-6-yl)-5-methylisoxazole-3-carboxamide, or a pharmaceutically

acceptable salt thereof.

3. A compound: (2R,6S,13aS,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-6-(5-
methylpyrazine-2-carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,144a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-

a][1,4]diazacyclopentadecine-14a-carboxamide, or a pharmaceutically acceptable salt thereof.

4. A compound: N-((2R,6S,13aS,14aR,16aS,Z)-14a-(cyclopropylsulfonyl
carbamoyl)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2-
aJ[1,4]diazacyclopentadecin-6-yl)thiazole-5-carboxamide, or a pharmaceutically acceptable

salt thereof.

5. A compound: (2R,6S,13aS,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-5,16-
dioxo-2-(phenanthridin-6-yloxy)-6-(pyridazine-4-carboxamido)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16, 16a-hexadecahydrocyclopropale]pyrrolo[ 1,2-

aJ[1,4]diazacyclopentadecine-14a-carboxamide, or a pharmaceutically acceptable salt thereof.

6. A compound: (2R,6S,13aS,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-6-(1,5-
dimethyl-1H-pyrazole-3-carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[1,2-

a][1,4]diazacyclopentadecine-14a-carboxamide, or a pharmaceutically acceptable salt thereof.
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7. A compound: (2R,6S,13aS,14aR,16aS,Z)-N-(cyclopropylsulfonyl)-6-(5-
methyl-1H-pyrazole-3-carboxamido)-5,16-dioxo-2-(phenanthridin-6-yloxy)-
1,2,3,5,6,7,8,9,10,11,13a,14,14a,15,16,16a-hexadecahydrocyclopropa[e]pyrrolo[ 1,2~

a][1,4]diazacyclopentadecine-14a-carboxamide, or a pharmaceutically acceptable salt thereof.

8. Use of a therapeutically effective amount of a compound of any one of claims

1-7, or a pharmaceutically acceptable salt thereof for treating HCV infection in a subject.
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