WO 2010/ 075376PCT/ US2009/ 069177 ANTI - VI RAL COVMPOUNDS Thi s application
clains the benefit fromand i ncorporates herein by references the entire
content oWOUN®/07TR376Vi si onal Application No. 61/140, 262, prirlusdoo@ecanber 23,
2008. 5 FIELD The present invention relates to conpounds effective in

inhibiting replication of He ! The present invention
also relates to conpositi onsg@éﬂﬁb’ﬂ%ﬁéb@#&@ rrpounds and net hods of

usi ng these conpounds to treat HCV infection. 10 BACKGROUND HCV is an
RNA virus belonging to the Hepacivirus genus in the Flavi vi ri dae famly.
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Thespol yprotein conprises a core protein, envel ope proteins El and E2, a
menbr ane bound protein p7, and the raEL®t ruct ural prot eins N52, N53, N4A,

NS4B, NS5A and NS5B. HCV infection is ci ated essive liver
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many ust%?l%(’dw R e R R L F%aéggklgﬂgm\lﬂnr al elimnation fromthe body is
of tien i nadequate. Therefore, there is a need for new drugs to treat HCV

i nfection. SUMVARY 25The present | i feat ures conpounds of Formul ae
I, I'l and Ill, and pharnaceuti calé%@%@%l e salts thereof. These
conpounds ardiCga insREAe0apEilgngad thahepatitirmgzchinein niedf lvd eitid@nfaafly. HOYV

has enveloped virions that contain a positive stranded RNA genome encoding all known virus-specific
proteins in one single, uninterrupted, open reading frame. The open reading frame comprises
15  approximately 9500 nucleotides encoding a single large polyprotein of about 3000 amino acids. The
polyprotein comprises a core protein, envelope proteins E1 and E2, a membrane bound protein p7,

and the non-structural proteins NS2, NS3, NS4A, NS4B, NSS5A and NS5B.
HCV infection is associated with progressive liver pathology, including cirrhosis and
hepatocellular carcinoma.  Chronic hepatitis C may be treated with peginterferon-alpha in
20 combination with ribavirin. Substantial limitations to efficacy and tolerability remain as many users
suffer from side effects and viral elimination from the body is often inadequate. Therefore, there is a

need for new drugs to treat HCV infection.

SUMMARY
25 The present invention features compounds of Formulae I, II and III, and pharmaceutically
acceptable salts thereof. These compounds and salts are capable of inhibiting the replication of HCV.

The present invention also features compositions comprising the compounds or salts of the
present invention. The compositions can also include other therapeutic agents, such as HCV helicase
inhibitors, HCV polymerase inhibitors, HCV protease inhibitors, NSSA inhibitors, CD81 inhibitors,

30 cyclophilin inhibitors, or internal ribosome entry site (IRES) inhibitors.

The present invention further features methods of using the compounds or salts of the present
invention to inhibit HCV replication. The methods comprise contacting cells infected with HCV virus
with a compound or salt of the present invention, thereby inhibiting the replication of HCV virus in
the cells.

35 In addition, the present invention features methods of using the compounds or salts of the

present invention, or compositions comprising the same, to treat HCV infection. The methods
1



The present invention also features conpositions conprising the conpounds
or salts of the present invention. The conpositions can also include other

t her apeutwo 2agen1sxs such as HCV helicase inhibitors, HC¥Cpalisgomenesa?
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wherein:
20 A is C3-Cyycarbocyclyl or 3- to 14-membered heterocyclyl, and is substituted with —X;-R,,

wherein said C;-Ciscarbocyclyl and 3- to 14-membered heterocyclyl are optionally
substituted with one or more R,;
X; is selected from a bond, —Lg—, —O—, —S—, or —-N(Rg)—;
R; is selected from hydrogen, —L,, Cs-Cipcarbocyclyl, or 5- to 10-membered heterocyclyl,
25 wherein at each occurrence said Cs-Cjgcarbocyclyl and 5- to 10-membered heterocyclyl are
each independently optionally substituted with one or more Ra;
7, is selected from a bond, —C(RcRc:)—, —O—, —=S—, or —-N(Rp)—;
W; and W, are each independently selected from N or C(Rp);
R; is selected from hydrogen or Ra;
30 R; and R4 are each independently selected from hydrogen or R,; or R; and Ry, taken together with

the carbon atoms to which they are attached, form a Cs-Cygcarbocyclic or 5- to 10-membered
2



wherein: 20Al is C3-Cntarbocyclyl or 3- to 14-nenbered heterocyclyl, and is
substituted with -X1-R7, wherein said C3-Cntarbocyclyl and 3- to

14- menberwo 2hevesaveycl yl are optionally substituted w tirCoriS2aw/onnre RA; Xi
is selected froma bond, -Ls- , -0-, - S-, or R7 is selected from

hydr ogen, C5- G ocar %0 red heterocyclyl,
Suheret n arBEERI5CTEr FOHCD i G Cesonill Bob yory D AHE S TG o eser ed
het er ocycl ylarasioalRubsiaeaendant bymepRri,onal |y substituted with one or nore
RA, Zi is , sel e(%edfro a ong Cgl?c(ﬁ(]:‘%J v -0-, - S'é or .and W
are each MOSHRTABRETSSLE! BAt SmFPbIHARGTodr kbl Reralorbutue! Vibh
hydr ogen or drfora3QR3 and R4 are each independently sel ected from hydrogen
or RA; or R3 and R4, taken together wigh the carbon atons to which they are
attached, forma C5-C ocarbocyclic or - to 10- menber ed
2010/ 075376PCT/ US2009/ 069177 heter g wher ei o sai/ P
C5- Ci ocar bocyclic and 5 t o 10 rre e edy é'?f’g?) @H'B%’ ri re optionally
substituted with on Aa PCS Cntar bocycl N~g O
14- Renber Bdlshﬁ(%r)G@)@K%ﬂR@I‘&?\d T_§D0p?l onal |y substitute vﬁ th offe %rlwor e
RA; RD 17?1 ).C( R5R6) N(R8) - T- RD.
Rsis Re;
Rg is R¢, and Ry is Rp; or Rg and R, taken together with the atoms to which they are attached,
form a 3- to 10-membered heterocyclic ring which is optionally substituted with one or more
Lx is a bond; C;-Cealkylene, C,-Cealkenylene, or C,-Cealkynylene, each of which is
independently optionally substituted at each occurrence with one or more substituents
selected from halogen, Rg (except hydrogen), —O-Rs, —S—-Rs, —-N(RgRg)), —-OC(O)Rs, —
C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano; or -N(Rp)C(O)— or —C(O)N(Rg)—;
15 B is C5-Cypcarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with one or
more Ry;
T is independently selected at each occurrence from a bond, —-Lg—, -Ls—M-Lg—, -Ls—M-Lg—M’—
Lg—, wherein M and M’ are each independently selected from a bond, —O—, —S—, -N(Rgp)—, —
C(O)=, =5(0)2—, =S(0)-, ~08(0)—, ~0S(0),~, =5(0),0-, -S(0)0-, ~C(0)0-, —~OC(0)-,
20 0C(0)0-, -C(O)N(Rp)—, -N(Rp)C(0)-, -N(Rp)C(O)O—, —~OC(O)N(Rp)—, -N(Rg)S(0)-,
N(Rp)S(0)—, —S(O)N(Rp)—, —S(0)N(Rp)—, —C(O)N(Rp)C(O)-, —N(Rp)C(O)N(Rg)-,
N(Rp)SO,N(Rp:)—, —=N(R)S(O)N(Rg:)—, Cs-Ciocarbocycle, or 5- to 10-membered heterocycle,

and wherein at each occurrence T is independently optionally substituted with one or more
Ry;

25 R, is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,
carboxy, nitro, phosphate, oxo, thioxo, formyl, cyano, —L,, or —Ls—Rg;

Ry and Rp- are each independently selected at each occurrence from hydrogen; or C;-Cgalkyl, C,-
Cealkenyl, C,-Cgalkynyl, C;-Cgcarbocyclyl, Cs-CgearbocyclylC;-Cealkyl, 3- to 6-membered
heterocyclyl, or (3- or 6-membered heterocyclyl)C;-Cgalkyl, each of which is independently

30 optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano;

Rc and Re- are each independently selected at each occurrence from hydrogen; halogen; hydroxy;

mercapto; amino; carboxy; nitro; phosphate; oxo; thioxo; formyl; cyano; or Ci-Cealkyl, C,-
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Cs-Cyocarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said Cs-Cjgcarbocyclyl and 3-
to 10-membered heterocyclyl are each independently optionally substituted at each

20 occurrence with one or more substituents selected from C;-Cgalkyl, C,-Csalkenyl, C,-
Cealkynyl, Rs (except hydrogen), halogen, —O-Rp, —S—Rp, —N(RgRp:), “OC(O)Rg, —
C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano; and

Rs, Rg and Ry are each independently selected at each occurrence from hydrogen; or C;-Cgalkyl,
Cy-Cgalkenyl, C,-Cgalkynyl, C;-Cgcarbocyclyl, Cs-CgcarbocyclylCi-Cgalkyl, 3- to 6-

25 membered heterocyclyl, or (3- or 6-membered heterocyclyl)C;-Cgalkyl, each of which is
independently optionally substituted at each occurrence with one or more substituents
selected from halogen, —O—Rg, —S—Rg, -N(RgRp:), “OC(O)Rp, —C(O)ORg, nitro, phosphate,
oxo, thioxo, formyl or cyano.

A; preferably is selected from Cs-Cgecarbocycles or 5- to 6-membered heterocycles (e.g.,

30 phenyl, thiazolyl, thienyl, pyrrolidinyl or piperidinyl), and is optionally substituted with one or more

Ra. Aj is substituted with —X;-R;. The ring system in A; can be identical to, or different from, that in
A,. For instance, A; and A, can both be phenyl, or A; is phenyl and A, is thiazolyl, thienyl, furanyl,
imidazolyl, pyridinyl, pyrimidinyl, pyridazinyl, benzoxazolyl, benzothienyl, benzimidazolyl, indolyl,

X
?
or N (where X is O, S or N(Rp). Z; and T can be attached to A; via any two substitutable ring



WO 2010/ 075376PCT/ US2009/ 069177 C6al kenyl , C2-Cé6al kynyl, or
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C5- C6car bocycl es or 5- to 6-nenbered het ek (e.q. 30 phenyl,
thiazolyl, thienyl, pyrrolidinyl or piperidipyl),. and is optionally
substi thHlecqe (\Mrl;(ﬂ a%% tQ Wwhl¥R e att‘ftﬁieai SorpH lxs Tl le\érE R ’19(9- a1'1%17R11 -'ﬂé%aé}f ng
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i nst and@depmeﬁﬁdswteéaﬁo%dwﬁf%@% dredogg:, orof-Aalkyk @ﬂ%ﬁ%n}’én@r@@l@ﬁyl Cs'

t hi azolylardhiigny! 6.- @HJ@&%I Cl- @J,aﬂ(glz eéaalofwﬁaéﬁ nsqhd%&ndeﬁwdpm&wm!lbsmuted at
pyri dazi nyI , “benzoxazol y %enzot i eny benzi m dazol yl, indolyl, or X N

(wheér e excli geegrrenge G‘flthN(IRB’}f mZp sghyttugnty aq%eCEfé faqm deker, hylra, wicacapiay amine,
substi tc'zlf‘b@p}, %1tfo', BEbsphate, oxo, thioxo, formyl or cyano. Highly preferably, Ro is selected from C;-
Cealkyl, C,-Cealkenyl, C,-Cgalkynyl, C;-Cgcarbocyclyl (e.g., C5-Cocycloalkyl), or Cs-CeecarbocyclyC-
Cealkyl (e.g., Cs3-CseycloalkylCi-Cealkyl), each of which is independently optionally substituted at
each occurrence with one or more substituents selected from halogen, hydroxy, mercapto, amino,
20 carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano; and Ry and Ry; are hydrogen.
Ry can be, without limitation, hydrogen or C;-Cgalkyl. Preferably, R; is hydrogen.
X is preferably selected from —CH,—, —O—, or —S—.
R; can be selected, without limitation, from Cs-Cecarbocycles or 5- to 6-membered
heterocycles, and is optionally substituted with one or more Rs. Preferably, R; is phenyl, and is
25  optionally substituted with one or more R, (e.g., —-N(RsRg), such as -NH; or -NH(C;-Csalkyl)).
A, can be selected, without limitation, from Cs-Cjocarbocycles or 5- to 10-membered
heterocycles, and is optionally substituted with one or more Rs. Preferably, A, is selected from Cs-
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N , where X is O, S or N(Rp). T and R; can be attached to A, via any

T, X | X 1
T I i
two substitutable ring atoms on A,. For instance, A, can be N or T N .

limiting example, A, is

10 R, can be -N(Rp)C(O)C(RsRs)N(Rg)-T-Rp, where Rs is R¢ (e.g., hydrogen) and Rg and Rg,
taken together with the atoms to which they are attached, form a 5- to 6-membered heterocyclic ring

which is optionally substituted with one or more R,. Rg and Rg, taken together with the atoms to
Q )bm k/&n

which they are attached, can form, without limitation, , each of
which is independently optionally substituted with one or more R, where nis 0, 1 or 2, and m is 1 or
15 2. Two adjacent R,, taken together with the atoms to which they are attached, can form a Cs-
Cecarbocycle or a 5- to 6-membered heterocycle.
—T-Rp, preferably is —C(O)-Ls—R, or —C(O)-Lg—M’-Lg—R 5, where Ry, is (i) hydrogen, (ii)
C;-Cealkyl, C,-Cgalkenyl or C,-Cgalkynyl, each of which is independently optionally substituted at
each occurrence with one or more substituents selected from halogen, -O-Rg, —S—Rgs, -N(RgRg:), —
20 OC(0O)Rs, —C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano, or (iii) Cs-Cyecarbocyclyl or 3-
to 10-membered heterocyclyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from C;-Cgalkyl, C,-Cgalkenyl, C,-Cealkynyl, Rg
(except hydrogen), halogen, -O—-Rp, —S—Rp, -N(RgRp'), “OC(O)Rp, —C(O)ORg, nitro, phosphate,
0xo0, thioxo, formyl or cyano. —T-Rp can also be, without limitation, —Ls—Cs-Cygcarbocyclyl) or —
25  Lg(3- to 10-membered heterocyclyl), where said C;-Ciocarbocyclyl and 3- to 10-membered
heterocyclyl are each independently optionally substituted with one or more substituents selected
from C;-Cgalkyl, C,-Cgalkenyl, C,-Cealkynyl, Rg (except hydrogen), halogen, -O—Rp, —S—Rp, —
N(RgRg:), -OC(O)Rp, —C(O)ORp, nitro, phosphate, oxo, thioxo, formyl or cyano. In addition, -T-Rp,
can be, without limitation, —Lg—Rg, —C(O)-Ls—Rg, —C(O)O-Lg—RE.
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N
3 ( PCRRIN(R)}T-Roy
N
R, can also be Rof , where Rs is R¢ (e.g., hydrogen), and R4 and R,
taken together with the atoms to which they are attached, form a 5- to 6-membered heterocyclic ring

which is optionally substituted with one or more Rs. For instance, Rg and Rg, taken together with the

L L
w5 T T

20  atoms to which they are attached, can form, without limitation,

§£ ) £ ))m
t , each of which is optionally substituted with one or more R, where nis 0, 1
or2,and mis 1 or 2. Two adjacent R,, taken together with the atoms to which they are attached, can
form a C;s-Cycarbocycle or a 5- to 6-membered heterocycle.
—T-Rp~ can be, without limitation, —C(O)-Lg—R1, or —C(O)-Lg—M’—Lg—R;,, where Ry, is
25 (i) hydrogen, (ii) C;-Cgalkyl, C,-Cgalkenyl or C,-Cgalkynyl, each of which is independently optionally

substituted at each occurrence with one or more substituents selected from halogen, -O—Rg, —S—Rg, —

7



two substitutable ring atons on A2. For instance, A2 can be 10R2 can be
-N(RB) C(0) C(R5SR6) N(R8) - T-RD, where R5 is Rc (e.g., hydrogen) and R6 and RS,
t aken t ogwOhlero/ors37h t he atons to which they are attache@CTiuseenmacH77t o
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nor e an ether wth the |ch t he re
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a oge itro, phospha

o298 Mhesstaredsierary T ard DRt %vt@wﬁ%meg% i 5o sigtiients

10brrerrt:se1reaeid fhieh ex-ogaehyt,,Cemetyl, a- Gﬁdﬂky&bl LIRS (dxﬂﬁﬁ? pyanggeﬁ;, hylogat +@u?l 1S/ Ry, f

substit r ce. Wt ne or u ti1 tuent ect rom

& L ek, Q- SRR PR OIEES Bkt OIS, . TG etm i oongn SRSy

- 0-18B, RpScitbBye, withdBRBit)tion; AG(R,), RBO)-1G(Q), C—RED)(ngm phosphat e, oxo, thioxo,

formyl or cyano. -T-RD can also be vvlth i mtation,
-Ls- (C3-Ci ocar bocycl y1) @y - g&]’*&ko a(%) P

t7het er ocycl b), where

sai d C3-Ci ocarbocyclyl a Q rrenb het er yl argue
i ndependent |y optl onal | J;i}mtl t Ut ey),w t/&n nor obstit t})nsel ect ed
from G - Coal kyl, aI K t_gydroge Ral ogen,
-0-RB, -S- R ug, C(O)RB ntro osphate, oo,
t hi oxo, forR%ﬁ “8 Eg%ﬂ'fo. IR addition, ’T RD can be, wthodt Iimitation,
- Ls- RE, whefd(©)s-0, 3 -drRE, m-iC{ @) 0 dnsl-kRE.0, 1,\&)3%310/1&552&%6&@?@;52@0%&&&9 Wtk the

atoms to which they are attached, can form a Cs-Cgcarbocycle or a 5- to 6-membered heterocycle. Ri,

can be, without limitation, —LT—N(RB)—LTT—RE, —LT—N(RB)C(O)—LTT—RE, or —LT—N(RB)C(O)—LTT—RE,

15  wherein Ly and Lyp are each independently selected from (i) a bond, or (ii) C;-Cealkylene, C,-
Cealkenylene, or C,-Cgalkynylene, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, Cs-Cypcarbocyclyl, 3- to 10-
membered heterocyclyl, —-O-Rg, —S—-Rg, —N(RgRg:), —OC(O)Rgs, —C(O)ORg, nitro, phosphate, oxo,
thioxo, formyl or cyano. Preferably, Ry, is —Lt—N(Rp)-Ltr—Rg, -L1—N(Rg)C(O)-L11—Rg, or —L—

20 N(Rp)C(O)-Lir—Rg, where Lt and Lyr are as defined immediately above. Ry, can also be, without
limitation, —Ls—Rg, such as —Ls—O-Rg, —-Ls—S—Rg, or -Ls—N(RgRg). In addition, R, can be, without
limitation, —Ls—(Cs-Cypcarbocyclyl) or —Ls—(3- to 10-membered heterocyclyl), where said Cs-
Cigcarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally substituted
with one or more substituents selected from C;-Cgalkyl, C,-Cealkenyl, C,-Cgalkynyl, Rg (except

25 hydrogen), halogen, -O-Rp, —S—Rp, -N(RpRp-), —-OC(O)Rg, —C(O)ORg, nitro, phosphate, oxo, thioxo,
formyl or cyano.

Furthermore, R, can be, without limitation, —Lx—B, where B is Cs-Cjgcarbocycle or 3- to 10-

membered heterocycle, and is optionally substituted with one or more Ra. Non—limiting examples of

\\//

ED %‘LW Lﬁ £> £> £ £>

suitable B include



is 0, 1or 2, mis1or 2, and kis 0, 1, 2, 3 or 4. Tw adjacent RA taken
together with the atons to which they are attached, can forma

C5- Cocar bwoyelon7sd76a 5- to 6-nmenbered heterocycle. R12 eam/useqoomwsdinput
limtation, -LT-N(RB)-LTT-RE, -LT-N(RB)C(0)-LTT-RE, or

-LT-N( RB)C(O) LTg RE 5 wherein LT and LTT are each independently sel ected

from (|‘?\\ ond | ) G -Co6al kyl ene, C2- C6al kenyl ene, or

C2- CGaI ch of which is independently optionally substituted at
each oc nce one or nore substituents sel ected from hal ogen,

C3-Ci océr bocy(bky , te@chl(ﬁwhiﬂhﬁbﬁlﬁtﬁﬂalh%ﬁs&ﬂﬁé&%yﬁ one-@nfdse Rz. STRS adjacent

-N(Rs tro pho hat e, oxo hi oxo, for
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10 N(RB)C(0)-LTT-Rs, where LT and LTT are as defi ned Romedi atel y aRove. R12
can al so be, vvithout limtation, -Ls-RE, such as -L-O\ -Ls- SRy or
“Ls-N(RsRs,). In addition, R12 can be, without |init ti;:%n,

-Ls-(C3- G ocarbocyclyl) or -Ls-(3- to 10-nenbered h cycl ),N\vvhere said
C3- Ciocarbocyclyl and 3- to 10-nenbered heterocyclyl a{r/e each v

i ndepensaiaiticteyl IRipirogoial | Preferibs tekdruiled ofvkditablon® isdlud¥or e subBtj t uent s Be ect ed
from G - C6al kyl, C2-C6al kenyl, C2-Co6al kynyl, Rs (except 15hydr gen)

hal ogen, -0+(®RB, -S- RBRA)m N( RQRB IRA 0C(0) RBRA C(0) njitro, hate

oxo, thigxo/ for cyands—RZ N ) - )N(R8 ”éo be RD,
where R5][1S)Rc (e. }hydr@g ny ) and and R8, akg}n t og ﬁ[%r/vmth t he
atons t I ch tr%%are at tgchgd, forgm aN5- to nbered% l§irocyc| ic ring
which is oQ,tl onal 'y é,ubstl t ut ec} W th one\\/or nor e For instagce, R6 and

R8, taken togﬁai her Wltﬁmt he 20at\Bmzs to whiBh they ar éiuattached Rean §orm
wi t hout |Id’ﬂ6atl on, s' Vr="
\YJ

2 LS//(RA)m

N
\

AN
5 Riz whereinnis 0, 1,2,3 0r4, mis 0, 1, 2 or 3, V is —C(O)- or —=S(O),—, and Ry, is —Rg,
—ORg or —N(RgRg), and wherein two adjacent Ry, taken together with the atoms to which they are
attached, can form a Cs-Cgcarbocycle or a 5- to 6-membered heterocycle. In one example, R, is

(RA)n
g
o=(
O—Rs, where nis 0, 1, 2, 3 or 4, and two adjacent R,, taken together with the atoms to which

they are attached, can form a Cs-Cgecarbocycle or a 5- to 6-membered heterocycle.
o N/RD
10 R, can also be, without limitation, i%* S%N\RD', where Rp and Rp- are independently
selected from (i) C;-Cgalkyl, C,-Cgalkenyl or C,-Cealkynyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, -O—Rg, —S—Rg, —
N(RsRg), —OC(O)Rs, —C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano; (ii) —Lgs—Cs-
Cigcarbocyclyl or —Ls—(3- to 10-membered heterocyclyl), each of which is optionally substituted with
15  one or more substituents selected from C;-Cgalkyl, C,-Cgalkenyl, C,-Cgalkynyl, Rg (except hydrogen),
halogen, —O-Rgp, —S—Rjg, -N(RgR5-), “OC(O)Rp, —C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or
cyano; or (iii) -Ls—O-Rs, —Ls—S—Rg, or -Ls—N(RsRg:). Alternatively, Rp and Ry can join to form a

5- to 6-membered heterocycle.



00 )m, each of which is optionally substituted with one or nore RA, where
nis O, 1 or 2, and mis 1 or 2. Two adjacent RA, taken together with the
atons to wbi2etv/a7hizy are attached, can form a C5- C6car boegtlus2am/069157 t o

6- menber ed heterocycl e. -T-RD- can be, without limtation,

-C(0)-Ls, - or - 0%1;/"5’_ R12 IS 25(1) hydrogen (1)
G - Cal kyl , é%é%fé Wlﬂb‘iu%lt"t%’% m%m@gg}% B ch i s i ndependent |y

optionally subs uted at h OCCU$ ence h one nor ersubstiRuent s
sel ect ed fromré:gg 6@% 10/(3 PCT/ Hszooglr)gw 77
N(RsRs,), -0C(0) , nltrd\I hosp a (& hi 60 f oAy HOpr

cyano, or (i ||) C3- CI ocar bocyclyl or to 10 rrenbered het erocycl yl, each
of which is i dentlsy_apiio lsy titut at each, \accurrence Wi th
one or nore sgbﬁl’ uent’s sel Bt gx%l\fé o%%g C% nyl% i

C2- C6al kynyl, Rs (except hydrogen), hal ogen, -0- %S-RB, - N(RB 5(
-0C(0) RB, -C(O)CRB 5 nitro, phosphate, oxo, thi oxo fornyl or cyano.
-T-RD- can al.se wi tthout i@ tation® E OOFbcar bocy@ y&k} or
-Ls-(3- to 10% ere e o Ny1~g) ssali car @MWI,\%% and 3-
to 10- nenbered het erocycgyl are leach i nq pendentlf& opti ona ostituted
with one or nore substituents selected from C - C6al ky C2- CGa kenyl ,

C2- C6al kynyl, Rs (except hydrogen), hal ogen, -0-RB, -S— RB, -N(RBRB,),
-0C(0)RB, -C(0Q)OR

) nltro hosp oxo, tdi Q%0, formyl or cyano. In
(9] R
addi ti on, _Té ORI Rz.[;)j\ E;i)d ;notatlbnN Ls)RF_R OZ,L_NSOREE
-C(0)0-Ls-RE :
o(0) alk : IR Ry

2 Ao om

3 Ny s 3

YN X ENCON

R
where k is 1 or 2, R and R* are independently hydrogen or C;-Cealkyl, and R’ and R’ are

independently C;-Cgalkyl or Cs-Cjparyl.
5 Preferably, T is selected from Table 4 described below.

More preferably, T is —Ls—N(Ry)-Lgs— (e.g., -CH,—N(R1)-CHy—), or -Ls—C(RtRt’)-Lg—
(e.g., CH,—C(RtR1’)-CH,-). Ry is C;-Cealkyl, Co-Cealkenyl, or C,-Cealkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, -O-Rg, —S—Rg, -N(RgRg"), -OC(O)Rs, —C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or

10 cyano; or Ry is Cs-Cgcarbocyclyl, C3-CycarbocyclylCi-Cgalkyl, 3- to 6-membered heterocyclyl, or (3-
or 6-membered heterocyclyl)C;-Cgalkyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from C;-Cgalkyl, C,-Cgalkenyl, C,-Cgalkynyl, Rg
(except hydrogen), halogen, -O-Rg, —S—Rgp, -N(RgRp), -OC(O)Rp, —C(O)ORGp, nitro, phosphate,
oxo, thioxo, formyl or cyano. Ry-is Ra, and preferably Ry is hydrogen. Ls, Ls-, Ra, Rp, Rp-, Rg, and

15  Rg are as defined above.

In one embodiment, A; is 5- to 6-membered carbocycle or heterocycle (e.g., phenyl, thiazolyl,
thienyl, pyrrolidinyl or piperidinyl), which is substituted with —X;-R; and is optionally substituted
with one or more Ry; and A; is 5- to 10-membered carbocycle or heterocycle (e.g., phenyl, pyrazinyl,
pyridinyl, pyrimidinyl, pyridazinyl, oxazolyl, thiazolyl, thienyl, furanyl, imidazolyl, pyrazolyl,

20 triazolyl, benzoxazolyl, benzothienyl, benzimidazolyl, benzofuranyl, benzothiazolyl, indolyl, indenyl,
naphthalenyl, quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl, quinazolinyl, or phthalazinyl) and is
optionally substituted with one or more R5. R; and Ry, taken together with the carbon atoms to which

10



)rn n))m N )SN-R 2 Preferably, R2
1S00000r0, where nis O, 1 or 2, mis 1 or 2, and k is O, 1, 2, 3 or 4. Two
adj acent W@,20t0ake376t oget her with the atons to which thepCans2@wvenhed, can
forma C5-C6carbocycle or a 5- to 6-nmenbered heterocycle. R12 can be,
without limtatjon, -LT-N -LTT-RE, -LT-N(RB)C(0)-LTT-RE, .
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- Ls- ( C:miledianbipg ve -)l),-QhaledlismgB-. Myrd prefRibbiered ferted owclyi) or where said
C3- G ocgfa]%{)ﬁ)cycl yl and 3- to 10-nenbered heterocyclyl are each

i ndepend®hiPly optionally substituted with one or nore substituents sel ected
fram G - Coallkylill atetheombdinyit, R Card G adakannigbethedRsvith @ epion 2%dnysctb Ggdm) they

hal ogen, -0-RB, -S-RB, - gRBRB,), -0C(0)RB, -C(O0)ORB, nitro, phosphate,

oxo, thioxo, fornyl or cyano, Furthernore, R2 can be, w thout
limtation, -LK-B, @ C3-Ci ocarbocycle or 3- to 10- nenbered

het erocycle, and is opt|i onal ly substituted with one or nore RA
Tt ) 0o - : .
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hydrogen or R,. Preferably, W, and W, are N, Z; is -N(Rp)- (e.g., -NH- or —N(C;-Cgalkly)-), and

Xi is —=CH,—, -O— or —S—. R; preferably is phenyl, and is optionally substituted with one or more Ra.
Also preferably, R; is hydrogen; and Ry, Ry, and Ry; are each independently selected from hydrogen;

15  halogen; or C;-Cealkyl, C,-Csalkenyl, C,-Cgalkynyl, Cs-Cgcarbocyclyl, or Cs-CecarbocyclylC;-
Cealkyl, each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo,
formyl or cyano. Highly preferably, Rip and R;; are hydrogen; and Ry is selected from C;-Cgalkyl, Cs-
Cealkenyl, C,-Cgalkynyl, Cs;-Cgcarbocyclyl (e.g., Cs-Ceeycloalkyl), or Cs-CgecarbocyclyCi-Cealkyl

20 (e.g., Cs5-CgeycloalkylCy-Coalkyl), and is optionally substituted with one or more substituents selected
from halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano.

In yet another embodiment, R; and Ry are each independently selected from hydrogen or Ra;
and R, is a 5- to 6-membered carbocycle or heterocycle (e.g., phenyl), which is optionally substituted
with one or more Ra.

25 In a further embodiment, R; and R4 are each independently selected from hydrogen or Ry; A4
is 5- to 6-membered carbocycle or heterocycle (e.g., phenyl, thiazolyl, thienyl, pyrrolidinyl or
piperidinyl), which is substituted with —X;-R and is optionally substituted with one or more R4; and
A, is a 5- to 10-membered carbocycle or heterocycle (e.g., phenyl, pyrazinyl, pyridinyl, pyrimidinyl,
pyridazinyl, oxazolyl, thiazolyl, thienyl, furanyl, imidazolyl, pyrazolyl, triazolyl, benzoxazolyl,

30  benzothienyl, benzimidazolyl, benzofuranyl, benzothiazolyl, indolyl, indenyl, naphthalenyl,
quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl, quinazolinyl, or phthalazinyl), and is optionally
substituted with one or more R,. Preferably, A, is 5- to 6-membered carbocycle or heterocycle (e.g.,
phenyl), and is optionally substituted with one or more Ry; A; is phenyl and is optionally substituted

with one or more R,; Xj is -CHy—, —O—, or —S—; and R, is 5- to 6-membered carbocycle or
11



WO 2010/ 075376PCT/ US2009/ 069177 00 N r2re.NH, orH, each of which is
optionally substituted with one or nore RA. Two adj acent RA, taken together
wi t h t he wbenm/t7637¢hi ch they are attached, can form a CecCasasdhoeyct e or a
5- t06- 5R12wherein nis 0, 1, 2, 3 or 4, mis 0, 1, 2 or 3, V|s-C(0)

and wh nt RA,
Chken dbgendr G 1pﬁelfya>ewl§5151ﬁgp?°ala\(fahﬁu@Hgtwﬁ@ysf“%Plée S Req v el SHAES
(C5 )Clgslca\mbcz@mi Be GN(Ra)-5suchQis BNIETOR(E A HRly B, le@alkhgll)ene\l(@émlkﬁyl)& S
RA is.0, , or 4, and two adj acent RA,
t aken t éFg}@f"a@')ﬁ M@ﬁg ?.)lﬂ‘@k I)V\’/r?ff]:ﬁ(ctzlﬂ%gal%ﬁngnﬁlg_t ached, can forma
C5- C6car bocycle or a 5- to 6-nenbered heterocycle. R QR2y ca | so be,
PCt, foom (i)

wi thout limtation, where RD and RD are dependently $

G - Coal kyl, C2- Ccsal kenyl or C2-Céal kg , eqctrpf  whi CR |sN|n pendent |y

optionally substituted at each occurren th one or nore tuents
-

sel ected frdm Bﬁsl oxpénanothgr RgnbodigieRs, - RSRs, ), 130C(0)Rs, ,omnitro,
phosphat e, ~0Xx§, oxo, fornyl or cyano; (ii) -Ls-C3- Ciocarbocyclyl or
-Ls-(3- t 0- e ed heterocyclyl), each of which is optionally

subst i t yt &d V\,Nth one or rmre substituents selected from G - C6al kyl ,

C2- Coal kenyl , - (except hydrogen), hal ogen, -0-RB, -S-RB

-N(RBRB, ), - OC( 0) 130(%9(@@55 Onf or N(Replvod Bieat By Ryisrab RostoCi- @@}kwylcmr
cyano; @khikkdyh )cz-cL§1r<§hyFS1c3 d—éarl%cﬁﬁn% &3 C%%bel(ﬁ@E@laaau&t' terngt i gl e &P and

RD, can j ol n eteroc cl
heterocyclyl or (3— or 6 membered heterocyclyl)C1 Cealkyl, each ‘of which is independently

optionally substituted at each occurrence with one or more substituents selected from halogen, —O—
Rg, =S—Rg, -N(RgRg"), —OC(O)Rp, —C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano. X

10 preferably is O, S, NH or N(C;-Cgalkyl).
The present invention also features compounds having Formula II or III, and

pharmaceutically acceptable salts thereof,

(R1s) T
J N
N \\/ R2
7, X
\

R1q
R
wZ | Sw, 7
)\ /k
Rg Ws W, 'R,
15 1I
T
R
( 15)& R2
Z3
X4
Wg _ 7
W3
R4
111
wherein:
20 X is independently selected from a bond, —Ls—, —O—, —S—, or —-N(Rg)—;

12



WD 2010/ 075376PCT/ US2009/ 069177 T can be selected, without limtation,

the following noieties: 000 R AArri- \ANl)y- I RRR\.INL'-- R 1*

1ir N."WOR010B7RIROOR R* [1R 1 AJkN ')ANN,, V k)kNi ) PCAVUS2009M68177 K,

: 20y0K

10

15

20

25

30

1R

R; is selected from hydrogen, —L,, Cs-Cipcarbocyclyl, or 5- to 10-membered heterocyclyl,
wherein said Cs-Cigcarbocyclyl and 5- to 10-membered heterocyclyl are each independently
optionally substituted with one or more Ra;

7, is selected from a bond, —-C(RcR¢:)—, —O—, —=S—, or —-N(Rp)—;

Wi, Wy, W5, and W4 are each independently selected from N or C(Rp), wherein Ry is
independently selected at each occurrence from hydrogen or R,;

Ri, Ro, Ry1, and Ry; are each independently selected at each occurrence from hydrogen or Ry;

p is selected from 0, 1, 2, or 3;

A, is C5-Cyycarbocyclyl or 3- to 14-membered heterocyclyl, and is optionally substituted with one

or more Ry;

Rp
’l‘ o) So
§&70<R5R6)N<Rg>-T-RD-- JX
N , S N\RD" or

R, is -N(Rp)C(0)C(RsRs)N(Rg)-T-Rp, Ro
B;

Rsis Re;
R¢ is R¢-, and Rg is Rp; or Rg and Rg, taken together with the atoms to which they are attached,

Ly

form a 3- to 10-membered heterocyclic ring which is optionally substituted with one or more
Ra;

Lx is a bond; C;-Cealkylene, C,-Cealkenylene, or C,-Cealkynylene, each of which is
independently optionally substituted at each occurrence with one or more substituents
selected from halogen, Rg (except hydrogen), —O-Rs, —S—Rg, -N(RsRg), —OC(O)Rs, —
C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano; or -N(Rp)C(O)— or —C(O)N(Rg)—;

B is C;5-Cypcarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with one or
more Ry;

T is independently selected at each occurrence from a bond, —-Lg—, -Ls—M-Lg—, -Lgs—M-Lg—M’—
Lg—, wherein M and M’ are each independently selected from a bond, —O—, —S—, -N(Rgp)—, —
C(0O)-, =8(0),—, —=S(0)—, —-05(0)—, —0S(0),—, —S(0),0—, =S(0)O-, —-C(0)0-, -0C(0)-,
0C(0)0-, ~C(O)N(Rp)—, -N(Rp)C(0)-, -N(Rp)C(O)0O-, ~OC(O)N(Rg)—, -N(Rg)S(0)-,
NRg)S(0):—, —S(O)N(Rp)—, —S(0):N(Rp)—, —C(O)NRp)C(0)-, —NRp)C(O)NRp)-, -
N(Rp)SO:N(Rp-)—, -N(Rp)S(O)N(Rg')—, Cs-Cjgcarbocycle, or 5- to 10-membered heterocycle,

and wherein at each occurrence T is independently optionally substituted with one or more
Ra;
Ra is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,

carboxy, nitro, phosphate, oxo, thioxo, formyl, cyano, —L,, or —Ls—Rg;

13
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O luROO RRRO IT -1-QNl- R where k is 1 or 2, Rand R* are independently
hydrogen or C -C6al kyl, and R and R' are independently C -C6al kyl or

C6- G oar Wo 26fwgbaprably, T is selected from Tabl e 4 desecirhsdoodvebanr NMore
preferably, T is -Ls-N(RT)-Ls- (e.g., -CH2-N(RT)-CH2-), or -Ls-C(RTRT")-Ls-

e.g., 2- RT")-CH2-). is C,-Cb6al kyl, C2-C6al kenyl, aqr

5. Bl kv R P BL ek e yferkien TG ar e oI e oy et Catel G each
occurrence WhReyneCalalkpiye, SuhSirbbdyeRt, C:sRtLedcedylCr-oralial Dgerﬁ—mcrﬁbdﬂé‘d,

o Sonyans: Torrdelr oo, bRt arBeR R I AT bt e enht o'
6f rTenbel’hed h@tlgfaﬂ(}ylg)lsfy'ﬂﬂied af eaétﬁoccﬁhlfeinfie Wﬁﬂﬂbl&r(ﬁdlolﬁﬁiuesftﬁ&yiﬁﬁéd&dt@ fréadBdlégeh, ﬁach
(0] | C 1S .| ependent 0 na ut e at ac occurrence W t
e o iyl st BR B Pl sy o g ORA P

C2- Coal kyRYhpd RS a excepd fi r}ted Biedacig@iurrende RBn hy&okdB; hal RBRB ;
-0C(0) RBy C:é %\ag & Preghwh%g@ %t,e o;‘g uhT o§< hy n?a e a ;?]?T

R o o e ;b BB Hofihatf So: X R Rt ¢ BT 1 b
as gefl nled al%@lﬁﬁlyl C,- c6a1kmloaecem@¢h b@gerytl,,eaéli oflsmﬁch isqn&paiﬁiaiswr ephonalg |
car pocycl e or eteroc e aZO n 1 dl n
ey & AU S ook R ot o eneenl st & htp S
subgti t ut ed Iﬁwr&dptooﬁtﬁmorcaﬂiakﬁ nfgA; ptﬁw@ldaa&Zoxosthﬁmotﬂami;@ n@zﬁi&gr ed carbocycl e or

i bt G T N A T )

triazolyl L, Esanaapmmlwdeleche azathb&nytnce lﬁeﬁlza: A EBZ ICY-ICcalleanlz of O Gdabkkynyl

i moxal |yl SHEPRRGT Hy DR PRI B L e PRy ea G SpBnal |

substituted swbdtlhleﬁtﬁ@elélﬂedniﬁd’rﬁ hiRbegenR30-ad-RR s, tN(ReR )t ogetd)RE, \W(OJORheitrcar bon
at orgs to whi 010/ 075?76PCT/ US2009/ 069177

p(flosp ate, 0xo, tl%oxo formy[l or cyano;

Lg, Lg and Lg- are each independently selected at each occurrence from a bond; or C;-Cealkylene,
C,-Cgalkenylene, or C,-Cealkynylene, each of which is independently optionally substituted at
cach occurrence with one or more substituents selected from halogen, -O—-Rg, —S—Rg, —

N(RsRs), -OC(O)Rs, —C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano;

20 Ry is independently selected at each occurrence from —O—Rg, —S—Rg, —C(O)Rgs, —OC(O)Rg, —
C(O)ORs, -N(RsRs), -S(O)Rs, -SO:Rs, -C(O)N(RsRs), -N(Rs)C(O)Rgs, —
N(Rs)C(ON(Rg-Rg), —N(Rg)SO-Rg, —SO,N(RsRg), —N(R5)SO,N(RgRg~), -

N(Rg)S(O)N(RgRg+), —OS(0)-Rs, —OS(0),—Rs, —S(0),0Rg, —S(O)ORg, —OC(O)ORs, —
N(Rg)C(0)ORg, ~OC(O)N(RsRs:), -N(R$)S(O)-Rg:, —S(O)N(RsRs), —C(O)N(Rs)C(O)Rs:,

25 Cs-Cyocarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said Cs-Cygcarbocyclyl and 3-
to 10-membered heterocyclyl are each independently optionally substituted at each
occurrence with one or more substituents selected from C;-Cgalkyl, C,-Cgalkenyl, C,-
Cealkynyl, Rs (except hydrogen), halogen, —O-Rp, —S—Rp, —N(RgRp:), “OC(O)Rg, —
C(0O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano; and

30 Rs, Rg and Rg~ are each independently selected at each occurrence from hydrogen; or C;-Cealkyl,
C,-Cgalkenyl, C,-Cealkynyl, C;-Cgcarbocyclyl, Cs-CgcarbocyclylCi-Cealkyl, 3- to 6-
membered heterocyclyl, or (3- or 6-membered heterocyclyl)Ci-Cgalkyl, each of which is
independently optionally substituted at each occurrence with one or more substituents
selected from halogen, —O—Rg, —S—Rg, -N(RgRp:), “OC(O)Rp, —C(O)ORg, nitro, phosphate,

35 0x0, thioxo, formyl or cyano.

Z, preferably is -N(Rg)—, such as -NH- or —-N(C;-Cgalkyl)—.

14



they are attached, forma 5- to 6-nenbered carbocycle or heterocycle which
is optionally substituted with one or nore RA. Preferably, A2 is 5- to

6- menmber edlocaranosdzeél e or heterocycle (e.g., phenyl), an@&Crasemoioonat |y
substituted with one or nore RA Al is phenyl and is optionally substituted
w th one or(;gm I}ﬁ inL} CH2-s 0-, or -S-; and R7 is 5- to 6-nenbered
carbocycl e o HEE@Ry &y (_(9 ~§" S5phenyl) which is optionally substituted
Wi th one or RyJa@ HRPsglected witHoBGt Hﬂﬁ?ﬁti&ﬁl Sﬁ?&@l@bmmt ar ko Meﬂ%re’ﬂr etdheyaled Zi
is -N(RB era IS selecte rom

- N( C2- é%%ah R%ﬁ@?ﬁ ® OPR%'&%Y&%?I ﬁy‘ich Phe R o= ‘ﬁa|P6gN%@P])E6 EII%Q and s
fC:6ha| oaipkamyli);ubstlltefedwﬁdﬁ&e@ﬁhh&é R@té@n&\@ﬁgRs)Whas pNHﬁ)erabI Y, gl is selkect ed
ro NH or, Cea anot her 0] and, R4, taken
togat ner it ch Pl b SHBUHE ot DIt (Mmoo Sy CRITOoCS it & o cAcHEREmbgin -
V\,he][ e RMRferdyfes, amis Rﬁﬁonanﬁm@mhted ndle paa cienbdie R ,s erefelasigl, Ammlaydrﬁa@ﬁnjsor RA.
Prefer

N(C kI
o 1 egitstge S0 Yo' flefgbled FengPyi b ang s of Bt v ik BheGiimingrt o)
substi tmoezdu aw:ﬁt m@ﬁ %ﬁ,(lﬁkeffﬁ)d’gem%lthladhs ﬁng[)ditelflefoa?il(}lm thér?laré Stabyed mgemﬁn am;i R9
R10, a re ea i n sel ecte rom al o
o coa et Gs g s any e REReE Ridatk. “Eat Bathemsmry f Ljpoe A RuGEE"
C3- g@Gp@hh@@,y@Wi@l%G@yﬂdybl pﬁﬁﬁd@&lﬁv@rmbzihﬁ id&dﬁﬂg&,gdﬁﬁidw Qm%my@n&’hﬂaiyyl, f
substi t.ut eac ccurr Wi t e or re stituents sel ecte rom
o ooty BEDC SRS et ol 130T o SRS BBt oxo.
folr nyl Hdaﬁzfoﬂyza;ngl intlgyl yndpiiyef ﬁz[pﬂithbl}énleﬂplﬂn(&fggl g@rﬁbmypy@fgsﬁgggnyl aﬂldlom}ilj i
sel ecte nyl , a n s - al QOCYyC
Cor o eIV R . 617 e bab S Uil ST e Moo g i, Ao ehon
C3- C6cycl oal kyl G - %al@)ﬁ% and is oEti onally substituted with one or nore
substit c C r X
. 1H§912gp%xﬁﬁgﬁ s S e e?e%’% X} y dr ﬁg%@j *f‘%ﬁ&ﬁ?l&a% ble%%crﬂ?d ano%&’ Koy

nitro,
enbodi mrent, R3 and R4 are each |ndependently sel ected fTkQ drogen or RA;

LA
and R7 is a 5- to 6-nmenbered carbocycle or heterocycle :@

whigh 't%oop&ﬂst@tﬁﬁtlleynﬁg'b-ﬁ&m@ Ugi£dA Wi T Bo,0NEibe, AL € dfA be 251 M8 or
enbodi ment, R3 and R4"are each |ndependently sél ected from hydr ogen or RA;

Al is 5- nbered carbocycl e or heterocycle (e.g., phenyl, thiazolyl,
thi enyl ,, ol ¥ T%yl or piperidinyl), which is substituted with -X1-R7 and
i s optiohalty §hbst|tuted w th one or nDre RA, and A2 is a 5- to

10- menber ed carbocycl e or heterocycle ( phenyl yrazinyl, pyridinyl,
pyri ni di nyl Raggp P%iaNWQO)%@a%@Nﬁ/ > Trﬁpad’i@lfey]ﬁs is (R (@ﬁy!eydrvgj:ﬁhﬁw R¢ and Rs,

i m dazqheh todeeAG R Wk atohdsit@FAlcH they RRNAQXREObMh o 5- to 6-membered heterocyclic ring

which is optionally substituted with one or more Rs. For instance, Rg and Rg, taken together with the
RS -
U)n { )bm

20  atoms to which they are attached, can form, without limitation,
5_-,5“\ 2,
C—N
AN

n, cach of which is independently optionally substituted with one or more R,, where n is 0,
lor2,and mis 1 or 2. Two adjacent R4, taken together with the atoms to which they are attached,
can form a Cs-Cecarbocycle or a 5- to 6-membered heterocycle.

—T-Rp preferably is —C(O)-Lg—R;2 or —C(O)-Ls—M’—Lg—R 12, where Ry, is (i) hydrogen, (ii)

25 C;-Cealkyl, C,-Cgalkenyl or C,-Cgalkynyl, each of which is independently optionally substituted at
each occurrence with one or more substituents selected from halogen, -O-Rg, —S—Rgs, -N(RgRg:), —
OC(O)Rs, —C(0O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano, or (iii) C;-Cjecarbocyclyl or 3-
to 10-membered heterocyclyl, each of which is independently optionally substituted at each

occurrence with one or more substituents selected from C;-Cgalkyl, C,-Cgalkenyl, C,-Cealkynyl, Rg
15



30 benzothienyl, benzim dazolyl, benzofuranyl, benzothiazolyl, indolyl,

I ndenyl, napht hal enyl, quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl,
gui nazol iwgl2010007537kt hal azi nyl ), and is optional |y subst PCutusdoosiosf17one or
nore RA. Preferably, A2 is 5- to 6 menber ed carbocycl e or heterocycle

oy G disgtD o haPeep S oGe i Erkad NReT or GO Rtora ke RS SHOWHBE, | 0.
gglofb%og%ntggg ft)jgngggrg ;;ﬁohnglgsnmﬁfaﬁi(hl%afef)@ﬁycﬁ]k ﬁmﬁﬁtiOﬁlstl—(Cg Clocarrl;ocyclyl) or — | |

erocycle (e, g., y ich i's optiona y
cubst i tiaras i LHRERETr REPe R R e S RN i 21t cuh P eRbei e
SN l(,l(C:: h aSwteMdy(;lyl-zNé @hch%aépléhdé)lﬂy optNO&IR- Cbatditked ywhith- one- dﬂ(rﬁﬁc l@ﬁl&h’tﬁyﬂﬂy :h%lccted- |

, Or al O n -, n
S P YR AR b ot Rdnt et £ IR gl hyied. ere e 55U% 61
?;(ZR(B;% MRQRBlSOG:&))R%arngFj@' ﬁllﬁbyphoﬁlﬁte &, ﬁhﬁ)él@fmg@aléﬂgglhlﬁoquﬂa%diﬁ?ngﬁ{by |,
a - , -

6- nenbé?%ggﬁg@@?$@§8P?1 ﬁ% B(’“IFﬁ gﬁwgkﬁgfﬁﬂ %%terocyclyl)Ci Ceal kyl , each

of which is |ndependently optloaally substituged at th occ rrence mnth
one or nore substituents elecgﬂg f r&m fal og A RBRB, ) ,

-0C(0) RB, -C(0)ORB, nitr pHat e, NOX h)L(Bm fc111rry&%/§é cyano X
ffzﬁg C6aIEyI /Q

10preferably is 0, S, NH or

~O
(Rak , or , where n

Preferably, R, is

is0,1or2, mis 1 or2,and kis 0, 1, 2, 3 or 4. Two adjacent Ry, taken together with the atoms to

10 which they are attached, can form a Cs-Cgcarbocycle or a 5- to 6-membered heterocycle. Ri, can be,
without limitation, —L;—-N(Rp)-Ltr—Rg, -Lr—N(Rp)C(O)-Lrr—Rg, or —Lr—N(Rp)C(O)-Li—Rg,
wherein Ly and Lyr are each independently selected from (i) a bond, or (ii) C;-Cgalkylene, C,-
Cealkenylene, or C,-Cgalkynylene, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, Cs-Cypcarbocyclyl, 3- to 10-

15  membered heterocyclyl, -O-Rs, —S—Rgs, -N(RgRg-), —OC(O)Rs, —C(O)ORs, nitro, phosphate, oxo,
thioxo, formyl or cyano. Preferably, Ry, is —L—N(Rg)-Lt1r—Rs, ~LT—N(Rp)C(O)-Lr1—Rs, or —L1—
N(Rp)C(O)-Lrr—Rs, where Ly and Ly are as defined immediately above. Ry, can also be, without
limitation, —Ls—Rg, such as —Ls—O—-Rs, —-Ls—S—Rg, or -Ls—N(RsRs:). In addition, Ry, can be, without
limitation, —Ls—(Cs-Cypcarbocyclyl) or —Ls—(3- to 10-membered heterocyclyl), where said Cs-

20 Cyjecarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally substituted
with one or more substituents selected from C;-Cgalkyl, C,-Cealkenyl, C,-Cgalkynyl, Rg (except
hydrogen), halogen, -O-Rp, —S—Rp, -N(RpRp-), —-OC(O)Rg, —C(O)ORg, nitro, phosphate, oxo, thioxo,

formyl or cyano.

Rp
|

N
) CRSRIN(R)-T-Ro>
N
R, can also be Ro , where Rs is Rc (e.g., hydrogen), and Rg and Rg,
25  taken together with the atoms to which they are attached, form a 5- to 6-membered heterocyclic ring

which is optionally substituted with one or more Rs. For instance, Rg and Rg, taken together with the

L O
e Tk

atoms to which they are attached, can form, without limitation,

16



The present invention also features conmpounds having Formula Il or 111,

and

phar maceutically acceptable salts thereof, Rllzixi 1/?/WR7 | ROW W2 R1

1511 11 Iwetrerodgi7sa7620X1 i s i ndependently sel ected from aClharsdgoontss7 - 0-,

-S-, or WD 2010/ 075376PCT/ US2009/ 069177 R7 is selected from hydrogen, -LA
C5- G ocar bogycl yl , or 5- to 10-nenbered heterocyclyl, wherein said

Co- Clocarbgcyclyl - to 10-nenbered heterocyclyl are each independently

opti ona pbstji:ﬁgd mnth one or nore RA; Z1 is selected froma bond,
C(RcF@?L: S-, or 5W, W, W5, and W6 are each |ndependently

sel ect €d fnvémd}l or "8 RRlon m%k@hpoﬂ%@nal@ S\Fla&gta@&mgtﬁgdexér Hehact adeRh ieqah

occurrence from hydrogen or

, an

sel ect et 2atndemisH e TMoarisgent Rorths) éFrgG@éanIGi? thatomp tq whiglethey: fre gttgch

2, of Forma C;s-Cgcarbocycle or a 5- to 6-membered heterocycle.

10

15

20

25

30

—T-Rp~ can be, without limitation, —C(O)-Lg—R1, or —C(O)-Lg—M’—Lg—R;,, where Ry, is
(i) hydrogen, (ii) C;-Cgalkyl, C,-Cgalkenyl or C,-Cgalkynyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, -O—Rg, —S—Rg, —
N(RsRs), “OC(O)Rs, —C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano, or (iii) Cs-
Cigcarbocyclyl or 3- to 10-membered heterocyclyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from C;-Cealkyl, C,-Cgalkenyl,
C,-Cgalkynyl, Rg (except hydrogen), halogen, —-O—Rgp, —S—Rp, —N(RgRp:), -OC(O)Rp, —C(O)ORg,
nitro, phosphate, oxo, thioxo, formyl or cyano. —T-Rp- can also be , without limitation, —Ls—(Cs-
Cyecarbocyclyl) or —Ls—(3- to 10-membered heterocyclyl), where said Cs-Cjocarbocyclyl and 3- to 10-
membered heterocyclyl are each independently optionally substituted with one or more substituents
selected from C;-Cealkyl, C,-Cealkenyl, C,-Cealkynyl, Rg (except hydrogen), halogen, -O-Rp, -S—Rg,
—N(RgRg"), -OC(O)Rp, —C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano. In addition, -T—
Rp- can be, without limitation, -Ls—Rp, —C(O)-Ls—Rg, —C(O)O—LS—RE.

(R )
(Rak (Ra)k % O

B By e 15 e,

N%Ru R >/R12 )/Rm )/Rm
O 2 O 2

wherenis 0,1 or2, mis 1 or2,kis 0, 1,2, 3 or4. Two adjacent R,, taken together with the atoms to

Preferably, R, is

which they are attached, can form a Cs;-Cgcarbocycle or a 5- to 6-membered heterocycle. Ri, can be,
without limitation, —L1—N(Rg)-Ltr—Rg, -Lr—N(Rp)C(O)-Li—Rg, or —-Lr—N(Rp)C(O)-Li—Rg,
wherein Lt and Lyr are each independently selected from (i) a bond, or (ii) C;-Cgalkylene, Cs,-
Cealkenylene, or C,-Cgalkynylene, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, Cs-Cypcarbocyclyl, 3- to 10-
membered heterocyclyl, —-O-Rs, —S—Rg, —-N(RsRg), —OC(O)Rs, —C(O)ORg, nitro, phosphate, oxo,
thioxo, formyl or cyano. Preferably, Ry, is —L—N(Rg)-Lt1r—Rs, ~LT—N(Rp)C(O)-Lr1—Rs, or —L1—
N(Rp)C(O)-Lrr—Rs, where Ly and Ly are as defined immediately above. Ry, can also be, without
limitation, —Ls—Rg, such as —Ls—O—-Rs, —-Ls—S—Rg, or -Ls—N(RsRs:). In addition, Ry, can be, without
limitation, —Ls—(Cs-Cypcarbocyclyl) or —Ls—(3- to 10-membered heterocyclyl), where said Cs-
Cigcarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally substituted
with one or more substituents selected from C;-Cgalkyl, C,-Cealkenyl, C,-Cgalkynyl, Rg (except

17
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A2 is C3-Cntarbocyclyl or 3- to 1l4-nenbered heterocyclyl, and is optionally
substituted with one 10or nore RA;, RDI NRD )-C(RGR6)N(R8)-T-Ru. NN, R2
i s - N(RB)WOQp(R5:6) N( R8) - T-RD, RD EYu or -LK- B; R5 i #CRaAjS2009/069177 R6
is Ru, and R8 is RB; or R6 and R8, taken together with the atons to which

opt | ond b RAELE L Bci P ond R roPE (R LU0Vl o Caen I ine.

C2- Coal fisemy bedyano. or CZ CGaI kynyl ene, each of which is i ndependently
optionally bstituted at eachocurren th o r rmresbst uents
2B eotod §r HREMBHeR: cRebcCRRRup iR iRogany. hes Bds Chgiptoctqly Rty

- 0C( 0) Regmbered heterocycle, and is optionally substituted with one or more R,. Non- hmltmg examples of

\//

o EDELWELW £> £>£ £>
> 70

H |, each of which is optionally substituted with one or more R,. Two adjacent

Ra, taken together with the atoms to which they are attached, can form a Cs-Cgcarbocycle or a 5- to 6-

(RA)n (Ra)
L ZJ\N
\
Ve jaN
membered heterocycle.  Preferred examples of suitable B include Riz, Riz,
0O
(Ra)m Ram  qQ  (Ram (Rakm s (Ra)m ¢ R

X N X % Y S

Riz Rz, Ri2 Ri2 Ri2 R12 or

2 2 2 2

\\//

£ 5 (Ram
V

~
10 Riz wherenis 0,1,2,30r4, mis 0, 1,2 or 3, V is -C(O)— or —=S(O),—, and Ry, is —Rg, —

(Ran
e
N
ol
ORjs or —N(RsRg-). In one example, R, is O_RS, wherenis 0, 1, 2, 3 or 4, and two adjacent Ry,

taken together with the atoms to which they are attached, can form a Cs-Cgcarbocycle or a 5- to 6-

membered heterocycle.
Rp

@) /
N
. R /KN\R , .
R, can also be, without limitation, S D', where Rp and Ry are independently
15  selected from (i) C;-Cealkyl, Cr-Csalkenyl or C,-Cealkynyl, each of which is independently optionally
18



20C(0)ORs, nitro, phosphate, oxo, thioxo, fornyl or cyano; or -N(RB)C(O)-

or Bis C3-Ci ocarbocycle or 3- to 10-nenbered heterocycle, and is

opt i onal Iwo=otm75376t ed with one or nore RA;, T is indepemdemslzgm@e&hett ed at
each occurrence froma bond, -Ls-, -Ls-MLs, -Ls-MLs,-M- Ls--, wherein

Mand M are each independently selected f rom
25 [ 0)subs 1 W Eac oc%grg?ce,wﬂw% @ more, sa@s(tl&)egts sele%&tdofn %halogeg,(%—éls, §g€ G) 0_
- 0C( 0) “N(RsRO-OI00)IRs; CCA)NRRBitro, pMNSRBKC(dXD; thiox REG( @) Gyano: QY 0).NCRB) -

e L e DT oo TN

or 5- tame ﬂ;ﬂmﬁi&@tﬂﬁﬁﬁr@nthﬁ:ﬂ@fed(ﬁyﬁﬁi cel, C(,alksill w@egaﬂ{enylacz-e@ndynﬂcmex&pﬂed%g&rs

et Loy 8By Kotdas bl ehidloR it A EREHS hovPsy T Eapt o,

ami no a0 (i) NistO-R, Phosmhabte;LaX@sRE i Dxednatil €@y, MRy and Rya6m, joinlté\for@ra

- Ls- RE; 20 0/(50)75376PCT/ US2009/ 069177 RB and RB' are each independently
sel ect €4 B MERRHORLEPPEce from hydrogen: or G -Osal kyl, C2- Csal kenyl ,

C2- Coal kynylT, ca%e@&ﬁa’db@ﬁycﬁﬂ mkntatﬁa 8 fue RWelgth&btic6al kyI 3- to

6- menber ed heterocycl yl, - or 6 menber ed het erocyclyl G - C6gl kyl , each
of which is |§j’|§ent |on s g ted ach oécurren e with
one or nore s ent ecte 3? § ﬂroxyg‘/rmgc W’ﬂ
carboxy, nitro, phosphate, oxo, thioxd, form or cyaho; Rc and lar e
each independently selected at each occurrence from hydr og{te hal ogen

hydr oxy; nercdptesxanm nd-=satboky™ni kr®i pjﬁ% (J-Bl hi o ognyl ;
cyano; or C -Ceal kyl, C2- Céal kenyl, C2-Cé6al kynyl¥; o&car&%

each of which is independently optionally substrtute at each occurrence
w th one or rmre ubst i tdrents lected grom hal ogen,g hydr oxy, 10rrer capt o,

am no, carbok.,y ’tro hi oxo, far Qr cyaro; RRD, RDand
RD' are each independe g se?'ze f\‘ed;( at %e hfoccfi‘rré'nc froWNogen or
a

LA is independently sel ected at Bach occmrence frBm G - Ceal kyd,
C2- Coal kenyl , or C2-C6al kynyl, each of which is independently optionally
substituted at each occurrence vmth one or nore substituents selected from

hal ogen, -0-R% Rs, ON( GO(C(O)RS RC(F{’J)ORS F@ltro 14\5phosphate,
oxo, thioxo, iﬂb,(lnaTJ; or%{ély R" % N o4 ;3 (v)/“& %’N Og’ a{N oﬁ/’g
R" R
R
z* AN

R
10 where k is 1 or 2, R and R* are independently hydrogen or C;-Cgalkyl, and R’ and R’ are

independently C;-Cgalkyl or C4-Cyparyl.
Preferably, T is selected from Table 4 described below.
More preferably, T is —Ls—N(Ry)-Lgs— (e.g., -CH,—N(R1)-CHy—), or -Ls—C(RtRt’)-Lg—
(e.g., CH,—C(RtR1’)-CH,-). Ry is C;-Cealkyl, Co-Cealkenyl, or C,-Cealkynyl, each of which is
15  independently optionally substituted at each occurrence with one or more substituents selected from
halogen, —-O-Rg, =S—Rg, —-N(RsRg"), —OC(O)Rs, —C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or
cyano; or Ry is Cs-Cgcarbocyclyl, C3-CgcarbocyclylCi-Cealkyl, 3- to 6-membered heterocyclyl, or (3-
or 6-membered heterocyclyl)C;-Cealkyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from C;-Cgalkyl, Co-Coalkenyl, C;-Csalkynyl, Rg
20 (except hydrogen), halogen, -O—Rg, —S—Rg, -N(RgRg:), “OC(O)Rgp, —C(O)ORG, nitro, phosphate,
oxo, thioxo, formyl or cyano. Ry-is Ra, and preferably Ry is hydrogen. Ls, Ls-, Ra, Rp, Rp-, Rg, and
Rg are as defined above.
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Ls, Ls, and Ls- are each independently selected at each occurrence froma
bond; or C -C6al kyl ene, C2-C6al kenyl ene, or C2-C6al kynyl ene, each of which
i s i ndepemodentdozspti onal |y substituted at each occurreRrCa&/UsWG/0641€7 Or NOr e
substituents selected from hal ogen, -0-Rs, -S-Rs, - N(RsRs,), -OC(O)Rs

0) ORs t hat
| ndopendent 1) S SERIRRRL rabnSoich l Pisbaed Ll RGP (e o
- a(C(Rgg %froazmyﬁ(@)‘lﬁﬁijl, [;yN(ﬂéﬁﬁﬂ,, byr&da%@%\l%azoisyggﬂ%plyi C(h&)lw( Refsyl) ,imidazolyl,
N o) SRR pt DUpRp o irbeiRy bR o hd, PspoTat deioiidor
- gg 0) ORndolyd ClndddyR, nap hthIERyC( Ry 1 Q@Lﬂioﬂ‘icsﬁﬁ% $1n()xagn§m,( Rﬁﬂo‘ﬁ@@l) qﬁi?azo%inyl, or
- - ar ,. r - (0]

o e hid BT YIRS VNN i P P Sear BUGHa o i SoR mprgbered
10 hnenbemee&cteeéle{m%c@blyl(e A pheagy,hanidnigl @ peuddidyn bubytitoRl ivamadde Yor s ttéei?i llxg @FI at
eac occurr ce t ne o r.e u ent se a
C5° Comb PoBatHen aPiye s TR v RR B st GEBRpSTeh  sle o gerpgoveled ",
- N( RBRBnJl is op@ﬁi(aﬁl)/ RibstituteCAh@RBor Mbfe IRQ; a@l@&sph@(lR%) (©X%9; NHhIo@XIQQCIf(QdiH’@A
cyano; .and 30Rs, Rs, and Rs- are each independently selected at each

occurre)nce from hydrogen or G -Ceal kyl, C2-C6al kenyl, C2-C6al kynyl,
C3-106car bocuﬁlayibthercfefinlﬁﬁﬁr&hboxzycwylaﬁil -WZ;G:&EK\Wand 3N6 tsOC(@F) 'K%ﬁbﬁp(ﬁdgen R, is

het er oc .3- .or 6-nenbered het er | k h of ich
o nadbenieit P b S TR RLors o b Ae B Secth Rereeisl eirREr nor e
suc(bst i tseleqted asedcembeﬂreﬁcreommaiym@gm hﬁﬁgdﬂB Cl{ﬁaIBB, Cr-8ERBRE, Ts- Czaﬂl%ﬁ]z RB, o
ro, 0 t hi r or, cyano. ef er
is - N(Oé%:aﬂ? fhflh rgg ép o%/lclyig(ﬁlz%%)lkéscéﬁcﬁygyvhlcﬁ s\r}%dependen y optlonaa'ly s%gstltuteda y
2010/b 073531706%&1‘6&%0\9&1(1 X &&%Zﬂoré(ﬁub@ﬂit&érﬁ ebked ifionr IGHgen, hy@rox@rmer&pto, amino, | R7
can _be sel ecte thout linitation re
RRAER 1118 AN R A S oy S T G al s
Pr ef er ablGralkRF1,i 6;-pheibytyclyare.g), scgmbydémadyl)y o8 L(Qﬂgbdrw(:?ﬂy@\#-@dﬁlkgmee Qr ogD][ e RA
e.g., C e.sel ecte tation, from
. & o Pshe Ry R b wBER i BB PR SoARG0 ok e R iraes,
subst i twithe Ghenbit hoﬁn@lbﬁﬁudﬁﬂrseleaéd fBEreflzﬂdS@bJ WydrdZ, mercﬁetbea:mﬁd Eariaray Chitro,
Cb6ecar bo es or b5- nber ed eroc cle and i
Sobar LIRS S Bised ormion cas: gt SHRReHE HigkOBR- 15 P b N Rebsier with
t heori rrg{ablermcg O?]a\vvryﬂ)ej)m ey Hr e- (}94 macshed],d A¥RYn f)élﬂ () a(]z %mb@ﬁ%‘@dﬂhmgzqmblel 0] (r]I a
5- t e mt| esosta i ncl ude
20 ondRITOU e Bb L By D iny P AR TR s Rl asRarii
t hi azolfytanylf i‘]hlu&zﬁ:y]yl ﬁymzagay |t1;1azbl|5ﬂ (ﬂ)aﬁ'zﬂkayzb],yl p)ﬁﬁﬂ)ﬂﬁ)ényl, ,beﬁzimﬁlzmllwl benzofuranyl,
benzoxazol I aza henzof ur enzot hi Iyl
SR Cr TRk o R MR TN St RO i S T S
CI nnol iqujdazoligl alqﬂﬂlalammbl,) aad 1spdphhlaalllgzubwﬂu¢edexamhnebr vbiic ). |P$efﬁ|aitliz oqaé By
t t ted or, tin l.e, A2 wher e
S T e e e R L R Y

substltmﬁrahke ring atonms on A2. For instance, A2 can beNor X

‘ ﬁ >—G YGE >—U
In yet another embodiment, g a i O Ris or O Ris, where

X is O, S or N(Rg), and Ry; is Rg. Preferably, Rys is Ci-Cgalkyl, C,-Cealkenyl, C,-Cealkynyl, Cs-

Cecarbocyclyl, Cs-CocarbocyclylCi-Cealkyl, 3- to 6-membered heterocyclyl, or (3- or 6-membered

30 heterocyclyl)Ci-Cealkyl, each of which is independently optionally substituted at each occurrence

with one or more substituents selected from halogen, —O-Rp, —S—Rp, -N(RgRg"), —-OC(O)Rp, —
C(0O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano; and X is O, S, NH or N(C;-Cealkyl).

The compounds of the present invention can be used in the form of salts. Depending on the

particular compound, a salt of a compound may be advantageous due to one or more of the salt’s
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R2 can be -N(RB) C(0) C(R5R6) N(R8)-T-RD, where R5 is Rc (e.g., hydrogen) and
R6 and Rg, taken together with the atons to which they are attached, forma
5- to 6- wohzeroadsivet erocyclic ring which is optionally ®abaiseemgved’w t h one
or nore RA. For instance, R6 and Rg, taken together with the AC-ft\2;i"

AC- 14 20at.o to which the r tt ached form without.limt
S T P PR R it N SR 8 SN e
one or soRbityRA,watdeF 6il.NIn S, inslan0ds, 2 salted¥d coinbSundl ndy b2.usdfiofoRll: &oRIbn HA,
t aken toget her th the atons to which they are attached, can forma
C5- CGCFJPPgE% er 8%? C‘ﬁnpé’yncf'lo 6- menbered heterocycle. -T-RD preferably is
C( 0) - :_i - Rl\ﬁh@é a selmf(iﬁ))trte:naed-thc h(ﬁninilsisﬂea,tcl) M\@&ieﬁhﬁégalﬂ{ﬁeféﬂablyW[ﬂfag%mtlcéliyi I) 25
6a al ke or C6 each of s i.nde ent
St Coniat Yeptablip T Dt SRy Yestbig ot TR g ol S et G b R e &
sel ect edditicosathahogedl mell-skes. - S-Rs, -N(RsRs'), - OC(0)Rs, -C(0)ORs, nitro,

h h , h b clyl 3-
PO o e e B act Sl ac d@?/tww%shm?} be e R R Ea St

subst i ][ddliidle.dE;aﬁnp&a@lh?(L@t@lﬁlbl ifogfkie awlui clOMe b@trard vt Emaeds] hyldttehlosc, hedrebiomit f rom
Ci - Coal k) al. ken a , Rs. 15 ) .

50107 0-Feky BERPUR S0 G FEOTT S SN PR B aR Frarplgap vl egreonicsasids

- N(18BRBhglyde; Q6 )nbBimitdd(t6) )aGRBtic, m&&lbﬂnphﬁhpﬁmhﬂtCEaralq}h@uc héreroxelyl, fc@ﬂbﬂthor
cyano. -g-ﬁgca al sq. be, vvltg{; }.mtat'on, C3 Ci ocar.boc glt)

Ls- (3- 10 1 enbafe s a5 cl%f“il © GHEPES 9 iS‘Ht ‘t‘i&gaé‘tcaar" 9@‘!‘%1“ "G 3

10- mremgfledodsether ﬁﬁmetls,ybroplbﬂat@a@bmmmm;l@b@nﬂ&ntgluyomm |dﬁgn&bhaye Sadigt,i hsthied wi t h
one or nore Su(]gzt' tuents, sel ected 5 frq?m Ci - C6al ky Cbal ken

C2- Coal B | 21 RCITUS cBETOHS R YGRS, HY erfumarﬁteRﬁymvge’RﬁgpaﬂatN( g&%atf
- OC( 0) FBanoaﬂ Ogn€iRiilicni detdQ, mpéyﬁﬁephaeaeate 0X%6ljcytakt, Op-QydrbgibBRoater pchy@metaﬂe,n

iti on,

é) 0 T@dﬂﬁe WW%@%W@F% P}fﬁ]a?esu aTSf’%i} W@ﬁtﬁenﬁ% F‘ﬁ?lﬁte PiLytengtes s o,
1 or 2,tolitdesulfbnare, 2hycﬁdibd'eﬂhaﬂe§ulﬂ)naté, su@anilie Oéyc%e;@%lﬁdpl&ﬁﬁmt alR&nic taaideb-

t oget h th the whi ch t af t n form
o oo c P BieipuE g ety e 2nathRbity HEbis, BEyaice DoRER: S e S Fias
| i m t atdamphorsulfonds, RBycldpbdtafdpropidndte N( di8B3c@(sQifatt, T Lyckhep@noate, glycerophosphate,

LT N LI MLl BT a0 L1108 S0 DUGReTApatLY ashes! o
CZ-2@6aIﬁe;snydtenmhe@alﬁbplmiatag\,bmakb plszalatadelpe,radz&atubsyla&pﬁndamaéchgba&ubst ituted at
(e:g'?g gggggggﬁgﬁv\ﬁéé 1§a1f?/t agce%%lb ase acfdt%f%% Isglg mc ude | %get neoq hmltecmoh %let%ﬁlc shlts
and organic salts. Non-limiting examples of suitable metallic salts include alkali metal (group Ia)
salts, alkaline earth metal (group Ila) salts, and other pharmaceutically acceptable metal salts. Such
salts may be made, without limitation, from aluminum, calcium, lithium, magnesium, potassium,

25  sodium, or zinc. Non-limiting examples of suitable organic salts can be made from tertiary amines
and quaternary amine, such as tromethamine, dicthylamine, N,N’-dibenzylethylenediamine,
chloroprocaine, choline, diecthanolamine, ethylenediamine, meglumine (N-methylglucamine), and
procaine. Basic nitrogen-containing groups can be quaternized with agents such as alkyl halides (e.g.,
methyl, ethyl, propyl, butyl, decyl, lauryl, myristyl, and stearyl chlorides/bromides/iodides), dialkyl

30  sulfates (e.g., dimethyl, diethyl, dibuytl, and diamyl sulfates), aralkyl halides (e.g., benzyl and
phenethyl bromides), and others.

The compounds or salts of the present invention may exist in the form of solvates, such as
with water (i.e., hydrates), or with organic solvents (e.g., with methanol, ethanol or acetonitrile to
form, respectively, methanolate, ethanolate or acetonitrilate).

35 The compounds or salts of the present invention may also be used in the form of prodrugs.

Some prodrugs are aliphatic or aromatic esters derived from acidic groups on the compounds of the
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15 nmenbered heterocyclyl, -0-Rs, -S-Rs, -N(RsRs,), -0C(0)Rs, -C(0)ORs,
nitro, phosphate, oxo, thioxo, fornyl or cyano. Preferably, R12 1S

- LT- N( RB)WOTDat0Ry5376 LT- N(RB) C(0) - LTT-Rs, or -Lr N(RB) C( 0) PCTrsSEw9/061eTe LT
and LTT are as defined innediately above. R12 can al so be, w thout
limtat.ion

or -Ls- Rs,). |
addi ti dﬂVe“FéT‘z @Bﬂfs Bé, aﬂ%‘*’flﬁ 8{1?”1“??1‘? ‘ESFRSI ?Jjﬂ‘ydmfgs"( E3CI DR E}gﬁ&?c?f’%?ﬁ?ung? of
- Ls- ( 3-thd lavébBomerioeihad phﬁlh%@ @ﬁwzﬂrwyl)growaafeq)ra‘amﬂ pedhugd0 G ocar bocycl yl and

3- to 10-nenhered heterac are each i.ndependent t.io
Subsei 1ot od Ut maasyo i el e et B SR T Y SR e Bty atoms

C2- Coaluneny las chizd Coatky l'IYll:se desip s el R rvatedt) imikdibo gs n;mg}eOs-tHanmrﬁrsRB

-N(RBRB, ), -0C(0)RB, - nitro, hos hate, oxa, thi for r

cy aﬁo. E(e.ﬁD S}n_gg %%Snﬁ(r s%QE dlasterganect’ uLes %festﬁﬁnsom%g % zhgnlictg eR?;fO
(e.qg., daydioagsnyr dﬁﬁléreaﬁer@.)md)r R&cenﬂ&rﬁk&ﬂﬂest ogakrpelindwi itiéntifie® Hatedimhs tsingihi ch
they are attached, ered heter.ocy rin

bt} onaTT LTS BEGH SR S HOTBP D Ag: B PRGR 1 bih it SRae S Re S aken
t oget heffonwother tstbﬁmsc\&‘&rs?(@&@l @lﬂﬁﬁﬂt@ﬁﬂﬁd&ﬁ?@ﬂ%&ﬁ@ﬂ%ﬁoﬁers% diastereomers). By

)m NNr,.s

or e RACHHEPE e, iofes dfir i e dolgoroRa caipiond v *Spesiihs BaoeielReh”

t oget hekeraviisbhet; h}ﬁetafablﬁi at deashioots bhepe ab@paintamhedeongasitiorintie described

o ool BorIELe 8 bl TGS A i SR
composition is the described sterecoisomer. Where the stereochemistry of a chiral carbon is not
specified in the chemical structure of a compound, the chemical structure is intended to encompass
compounds containing ¢ither stereoisomer of the chiral center.

15 Individual stereoisomers of the compounds of this invention can be prepared using a variety
of methods known in the art. These methods include, but are not limited to, stereospecific synthesis,
chromatographic separation of diasterecomers, chromatographic resolution of enantiomers, conversion
of enantiomers in an enantiomeric mixture to diastereomers followed by chromatographically
separation of the diastercomers and regeneration of the individual enantiomers, and enzymatic

20 resolution.

Stereospecific synthesis typically involves the wuse of appropriate optically pure
(enantiomerically pure) or substantial optically pure materials and synthetic reactions that do not
cause racemization or inversion of stereochemistry at the chiral centers. Mixtures of stereoisomers of
compounds, including racemic mixtures, resulting from a synthetic reaction may be separated, for

25  example, by chromatographic techniques as appreciated by those of ordinary skill in the art.
Chromatographic resolution of enantiomers can be accomplished by using chiral chromatography
resins, many of which are commercially available. In a non-limiting example, racemate is placed in
solution and loaded onto the column containing a chiral stationary phase. Enantiomers can then be
separated by HPLC.

30 Resolution of enantiomers can also be accomplished by converting enantiomers in a mixture
to diastercomers by reaction with chiral auxiliaries. The resulting diastereomers can be separated by
column chromatography or crystallization/re-crystallization. This technique is useful when the
compounds to be separated contain a carboxyl, amino or hydroxyl group that will form a salt or
covalent bond with the chiral auxiliary. Non-limiting examples of suitable chiral auxiliaries include

35  chirally pure amino acids, organic carboxylic acids or organosulfonic acids. Once the diastereomers
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5 (1) hydrogen, (ii) C2-C6al kenyl or C2-Cb6al kynyl, each of which is

i ndependently optionally substituted at each occurrence with one or nore
substi t uewb20pal7e375ed from hal ogen, -0-Rs, -S-Rs, - N ReRI/US200906%10) Rs,
-C(0)ORs, nitro, phosphate, oxo, thioxo, forrryl or cyano, or (iii) C3-
Ci ocar bocyc het er oc each of

 ndepertesPry 8 ge i iR BHbDT TSR R LT BRRER nEREMBF or e
subst i tohRfltagxifigl ead Rdedok ol Gidustbdginl , C2- Coal kenyl 10 C2-Ceal kynyl, Rs
(xcopt hyorogenl, 08! 208 O SRl sk s S s i) SF°
W t houtdetitdiivesadfietantiombss il £anaktioaras bhaayre! Ydr)exnple, lad eftd-detiGatid0 oNEsddiRNked
hel 8 ool ATLS SRS G pcaibocyel i and S LR A0 TR e
subst i tdﬂgﬂcbrﬁ: (ﬁ‘&h@éﬁaﬁﬁbnﬁd’ri)m 3 -nﬁ:ﬁtaﬂekyi’he eRitag adn ki@ iovnkrically pGadclkdy eyl thenRse
E];a;((r:gpt 5&‘%@%@ e e e h12?'| O?EFﬁe%ﬁ% T £ or rryIS- (IjrB cigny( R:BEBazjdl t?%O) R$ Rg( ?) (C:J;rl?’
be, without Altemﬂahaély QAlts ofleGardlbmers & Q)mhﬁreREm be fileParélt bissrgRiny n{dRA) K&y ko O
or 2, 1" Tl el ey S G okt pricd et S Teither
wi tih t he hefFthytaminthi Edllotvb@y bar @reaipitaﬁ)lﬂerr cantaliDationde-Chsthieatonocyclie: or a
S o S AR G e T A0 SR e 3 et n 17
and LTEtadosomash incndegendeit | pixaedseciede floam (i ENANhOnERS, RACEMAYES, AND
6 N o TP B0 SRSy 2%, o1 el 1
substi t uent sA sehgahedf f}ﬁ@ﬁmﬁﬁbﬁ)gﬁﬂ po@ss@n@%ﬁrb)@@yﬁsbtylfa,ted&arlioﬁ—cﬁl@on gaivier ed
pndapndle YbIBEHT BTGy BF CByAHIN P RIsaag, e Rercor are
-LT- N( RBEnded To RS encompash(dRBHG] @he-skdpE-dRS, redited cdshpound unless otherwise specified. In
addition, where a compound exists in various tautomeric forms, a recited compound is not limited to
any one specific tautomer, but rather is intended to encompass all tautomeric forms.
Certain compounds of the invention may exist in different stable conformational forms which
20 may be separable. Torsional asymmetry due to restricted rotations about an asymmetric single bond,
for example because of steric hindrance or ring strain, may permit separation of different conformers.
The compounds of the invention includes each conformational isomer of these compounds and
mixtures thereof.
Certain compounds of the invention may also exist in zwitterionic form and the invention
25  includes each zwitterionic form of these compounds and mixtures thereof.
The compounds of the present invention are generally described herein using standard
nomenclature. For a recited compound having asymmetric center(s), it should be understood that all
of the stereoisomers of the compound and mixtures thereof are encompassed in the present invention
unless otherwise specified.  Non-limiting examples of stereoisomers include enantiomers,
30  diastereomers, and cis-transisomers. Where a recited compound exists in various tautomeric forms,
the compound is intended to encompass all tautomeric forms. Certain compounds are described
herein using general formulas that include variables (e.g., A, A, Z1, T, Rg, or R4). Unless otherwise
specified, each variable within such a formula is defined independently of any other variable, and any
variable that occurs more than one time in a formula is defined independently at each occurrence. If

35  moieties are described as being “independently” selected from a group, each moiety is selected
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immediately follows the prefix. To illustrate, the term “carbocyclylalkyl” contains two components:
carbocyclyl and alkyl. Thus, for example, C;-CscarbocyclylC;-Cealkyl refers to a Cs-Cgcarbocycelyl

10 appended to the parent molecular moiety through a C;-Cgalkyl group.

When words are used to describe a linking element between two other elements of a depicted
chemical structure, the leftmost-described component of the linking element is the component that is
bound to the left element in the depicted structure. To illustrate, if the chemical structure is A;-T-A,
and T is described as —N(Rp)S(O)—, then the chemical will A;-N(Rp)-S(O)-A..

15 If a linking element in a depicted structure is a bond, then the left element in the depicted
structure is joined directly to the right element in the depicted structure. For example, if a chemical
structure is depicted as —Ls—M-Lg—, where M is selected as a bond, then the chemical structure will
be —-Ls—Lg—. For another example, if a chemical moiety is depicted as —Ls—Rg where Lg is selected as
a bond, then the chemical moiety will be —R.

20 When a chemical formula is used to describe a moiety, the dash(s) indicates the portion of the
moiety that has the free valence(s).

If a moiety is described as being “optionally substituted”, the moiety may be either substituted
or unsubstituted. If a moiety is described as being optionally substituted with up to a particular
number of non-hydrogen radicals, that moiety may be either unsubstituted, or substituted by up to that

25  particular number of non-hydrogen radicals or by up to the maximum number of substitutable
positions on the moiety, whichever is less. Thus, for example, if a moiety is described as a
heterocycle optionally substituted with up to three non-hydrogen radicals, then any heterocycle with
less than three substitutable positions will be optionally substituted by up to only as many non-
hydrogen radicals as the heterocycle has substitutable positions. To illustrate, tetrazolyl (which has

30  only one substitutable position) will be optionally substituted with up to one non-hydrogen radical.
To illustrate further, if an amino nitrogen is described as being optionally substituted with up to two
non-hydrogen radicals, then a primary amino nitrogen will be optionally substituted with up to two
non-hydrogen radicals, whereas a secondary amino nitrogen will be optionally substituted with up to
only one non-hydrogen radical.

35 The term “alkenyl” means a straight or branched hydrocarbyl chain containing one or more

double bonds. Each carbon-carbon double bond may have either cis or trans geometry within the
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alkenyl moiety, relative to groups substituted on the double bond carbons. Non-limiting examples of
alkenyl groups include ethenyl (vinyl), 2-propenyl, 3-propenyl, 1,4-pentadienyl, 1,4-butadienyl,
1-butenyl, 2-butenyl, and 3-butenyl.

The term “alkenylene” refers to a divalent unsaturated hydrocarbyl chain which may be linear

5 or branched and which has at least one carbon-carbon double bond. Non-limiting examples of
alkenylene groups include —C(H)=C(H)—, —C(H)=C(H—CH,—, —C(H)=C(H)—CH,—CH,—,
—CH,—C(H)=C(H)—CH,—, —C(H)=C(H)—CH(CH3;)—, and —CH,—C(H)=C(H)—CH(CH,CH;)—.

The term “alkyl” means a straight or branched saturated hydrocarbyl chain. Non-limiting

examples of alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-
10 butyl, pentyl, iso-amyl, and hexyl.

The term “alkylene” denotes a divalent saturated hydrocarbyl chain which may be linear or
branched. Representative examples of alkylene include, but are not limited to, -CH,-, -CH,CHa-, -
CH,CH,CHz-, -CH,CH,CH,CHj,-, and -CH,CH(CH3)CH,-.

The term “alkynyl” means a straight or branched hydrocarbyl chain containing one or more

15  triple bonds. Non-limiting examples of alkynyl include ethynyl, 1-propynyl, 2-propynyl, 3-propynyl,
decynyl, 1-butynyl, 2-butynyl, and 3-butynyl.

The term “alkynylene” refers to a divalent unsaturated hydrocarbon group which may be
linear or branched and which has at least one carbon-carbon triple bonds. Representative alkynylene
groups include, by way of example, -C=C-, -C=C-CH;-, -C=C-CH,-CH,-, -CH,-C=C-CH,-, -C=C-

20 CH(CHj3)-, and -CH,-C=C-CH(CH,CHj3)-.

The term “carbocycle” or “carbocyclic” or “carbocyclyl” refers 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. “Ring atoms” or “ring members” are
the atoms bound together to form the ring or rings. A carbocyclyl may be, without limitation, a single

25  ring, two fused rings, or bridged or spiro rings. A substituted carbocyclyl may have either cis or trans
geometry.  Representative examples of carbocyclyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl,
cyclopentadienyl, cyclohexadienyl, adamantyl, decahydro-naphthalenyl, octahydro-indenyl,
cyclohexenyl, phenyl, naphthyl, indanyl, 1,2,3,4-tetrahydro-naphthyl, indenyl, isoindenyl, decalinyl,

30  and norpinanyl. A carbocyclyl group can be attached to the parent molecular moiety through any
substitutable carbon ring atom. Where a carbocyclyl group is a divalent moiety, such as A; and A; in
Formula I, it can be attached to the remaining molecular moiety through any two substitutable ring
atoms.

The term “carbocyclylalkyl” refers to a carbocyclyl group appended to the parent molecular

35  moiety through an alkylene group. For instance, C;-CgcarbocyclylC,-Cealkyl refers to a Cs-
Cecarbocyclyl group appended to the parent molecular moiety through C;-Cgalkylene.
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C;-Cealkyl substituent wherein one or more hydrogen atoms are replaced with independently selected
halogen radicals. Non-limiting examples of C;-Cghaloalkyl include chloromethyl, 1-bromoethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, and 1,1,1-trifluoroethyl. It should be recognized that if
a substituent is substituted by more than one halogen radical, those halogen radicals may be identical
or different (unless otherwise stated).

The term ‘“heterocycle” or ‘“heterocyclo” or “heterocyclyl” refers to a saturated (e.g.,
“heterocycloalkyl”), partially unsaturated (e.g., “heterocycloalkenyl” or “heterocycloalkynyl”) or
completely unsaturated (e.g., “heteroaryl”) ring system where at least one of the ring atoms is a
heteroatom (i.e., nitrogen, oxygen or sulfur), with the remaining ring atoms being independently
selected from the group consisting of carbon, nitrogen, oxygen and sulfur. A heterocyclyl group can
be linked to the parent molecular moiety via any substitutable carbon or nitrogen atom(s) in the group.
Where a heterocyclyl group is a divalent moiety, such as A; and A, in Formula 1, it can be attached to
the remaining molecular moiety through any two substitutable ring atoms.

A heterocyclyl may be, without limitation, a monocycle which contains a single ring. Non-
limiting examples of monocycles include furanyl, dihydrofuranyl, tetrahydrofuranyl, pyrrolyl,
isopyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl, isoimidazolyl, imidazolinyl, imidazolidinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl, isothiazolidinyl, thiodiazolyl,
oxathiazolyl, oxadiazolyl (including 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl (also known as “azoximyl”),
1,2,5-oxadiazolyl (also known as “furazanyl”), and 1,3,4-oxadiazolyl), oxatriazolyl (including 1,2,3,4-
oxatriazolyl and 1,2,3,5-oxatriazolyl), dioxazolyl (including 1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-
dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, pyranyl (including 1,2-pyranyl and 1,4-pyranyl),
dihydropyranyl, pyridinyl, piperidinyl, diazinyl (including pyridazinyl (also known as “1,2-diazinyl”),
pyrimidinyl (also known as “1,3-diazinyl”), and pyrazinyl (also known as “1,4-diazinyl”)),
piperazinyl, triazinyl (including s-triazinyl (also known as “1,3,5-triazinyl”), as-triazinyl (also known
1,2,4-triazinyl), and v-triazinyl (also known as “1,2,3-triazinyl), oxazinyl (including 1,2,3-oxazinyl,
1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as “pentoxazolyl”), 1,2,6-oxazinyl, and 1,4-oxazinyl),

isoxazinyl (including o-isoxazinyl and p-isoxazinyl), oxazolidinyl, isoxazolidinyl, oxathiazinyl
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(including 1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl), oxadiazinyl (including 1,4,2-oxadiazinyl and
1,3,5,2-oxadiazinyl), morpholinyl, azepinyl, oxepinyl, thiepinyl, and diazepinyl.

A heterocyclyl may also be, without limitation, a bicycle containing two fused rings, such as,
for example, naphthyridinyl (including [1,8] mnaphthyridinyl, and [1,6] naphthyridinyl),
thiazolpyrimidinyl, thienopyrimidinyl, pyrimidopyrimidinyl, pyridopyrimidinyl, pyrazolopyrimidinyl,
indolizinyl, pyrindinyl, pyranopyrrolyl, 4H-quinolizinyl, purinyl, pyridopyridinyl (including
pyrido[3,4-b]-pyridinyl, pyrido[3,2-b]-pyridinyl, and pyrido[4,3-b]-pyridinyl), pyridopyrimidine, and
pteridinyl. Other non-limiting examples of fused-ring heterocycles include benzo-fused
heterocyclyls, such as indolyl, isoindolyl, indoleninyl (also known as “pseudoindolyl”), isoindazolyl
(also known as “benzpyrazolyl”), benzazinyl (including quinolinyl (also known as “1-benzazinyl”)
and isoquinolinyl (also known as “2-benzazinyl”)), phthalazinyl, quinoxalinyl, benzodiazinyl
(including cinnolinyl (also known as “1,2-benzodiazinyl”) and quinazolinyl (also known as “1,3-
benzodiazinyl”)), benzopyranyl (including “chromenyl” and “isochromeny!”), benzothiopyranyl (also
known as “thiochromeny!””), benzoxazolyl, indoxazinyl (also known as “benzisoxazolyl”), anthranilyl,
benzodioxolyl, benzodioxanyl, benzoxadiazolyl, benzofuranyl (also known as ‘“coumaronyl”),
isobenzofuranyl, benzothienyl (also known as “benzothiophenyl”, “thionaphthenyl”, and
“benzothiofuranyl”), isobenzothienyl (also known as “isobenzothiophenyl”, “isothionaphthenyl”, and
“isobenzothiofuranyl”),  benzothiazolyl, benzothiadiazolyl, benzimidazolyl, benzotriazolyl,
benzoxazinyl (including 1,3,2-benzoxazinyl, 1,4,2-benzoxazinyl, 2,3,1-benzoxazinyl, and 3,1,4-
benzoxazinyl), benzisoxazinyl (including 1,2-benzisoxazinyl and 1,4-benzisoxazinyl), and
tetrahydroisoquinolinyl.

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 may not be oxidized to N-oxide. In addition, the nitrogen
heteroatom(s) may or may not be N-protected.

The term “pharmaceutically acceptable” is used adjectivally to mean that the modified noun is
appropriate for use as a pharmaceutical product or as a part of a pharmaceutical product.

The term “therapeutically effective amount” refers to the total amount of each active
substance that is sufficient to show a meaningful patient benefit, ¢.g. a reduction in viral load.

The term “prodrug” refers to derivatives of the compounds of the invention which have
chemically or metabolically cleavable groups and become, by solvolysis or under physiological
conditions, the compounds of the invention which are pharmaceutically active in vivo. A prodrug of a
compound may be formed in a conventional manner by reaction of a functional group of the
compound (such as an amino, hydroxy or carboxy group). Prodrugs often offer advantages of
solubility, tissue compatibility, or delayed release in mammals (see, Bungard, H., DESIGN OF

PRODRUGS, pp. 7-9, 21-24, Elsevier, Amsterdam 1985). Prodrugs include acid derivatives well
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dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4-dimethoxybenzyloxycarbonyl,

4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3.,4,5-
25  trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)- 1 -methylethoxycarbonyl, dimethyl-3,5-
dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, t-butyloxycarbonyl,
diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl,

allyloxycarbonyl, 2,2,2-trichloro-ethoxy-carbonyl, phenoxycarbonyl, 4-nitro-phenoxycarbonyl,

cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, or phenylthiocarbonyl;

30  alkyl groups such as benzyl, p-methoxybenzyl, triphenylmethyl, or benzyloxymethyl;, p-

methoxyphenyl; and silyl groups such as trimethylsilyl. Preferred N-protecting groups include

formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and
benzyloxycarbonyl (Cbz).

The compounds of the present invention can be prepared by coupling a compound of Formula

35 1V to a compound of Formula V as showed in Scheme I, where A4, Ay, Z1, W1, W5, Ry, Ry, R3, Ry, and

T are as defined herecinabove. Compounds of Formula IV can be prepared according to the processes
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preferably is pharnmaceuticall | 5 écceptable Phar maceuti cal |y acceptabl e
salts include, but are not |jim\{et\to, acid addition salts, base addition

2

sal s, and alkali metal salts " Pharmaceutical |y acceptable acid
addition salts may be prepared frominQpgani ¢ or organic acids. Exanples of
sui tabl e i norganic acids include, but are not limted to, hydrochloric,
hydrobrom c acid, hydroionic, nitric, carbonic, sulfuric, and phosphoric
aci d. Exanpl of, skt able rgﬁll el |, p Ut cafdl igpted
to, aliphat |§sac§% fn% Y13 cC, gr0§ﬁ1§§‘?‘@§ Oarlgel Plja%at ?%ent eter ggﬁ%feld w

car box womdmgar@dmsmnﬂ @ﬁF(@mglaeWé@s C@ﬁpwn@afrﬁ ogmigle Wd@ sh@pvele iSEhamedk apteds isof

sui bablaecagogﬁw &1@%‘ sﬂ§wﬁ 'af: Lﬂ’l?& Vgtg(?h‘rq'fvgﬁve srukﬁ !15“8{ %:%Fa{l(%c@’or fa9 E‘E%%d ester

propi onate, succlinate, glycola conate, digluconate Iactate mal at e,
tartarilegady hydr@wtman@ldea@rcmmﬂumplgm@@ﬂe@h ané T> mradreamioe of supstiteted amine.

Dy Uvat g @R L@p@%,rg%%gnms %@néﬁahepyxﬁ@&n R8BS TERY

stearate, roxybenzoat e yl acetate el ate,
enbonatoastlcrpaﬁ@rbﬁr@) an gpghh hwwmhf @rta@téylaletnha)mé@mgf sobrat & 2 Ivelnene meshiLAsFRYIES e,
pantothﬁﬂﬁbeTngk Bﬁ%ﬂkﬁ& 2- hydr oxyet hanesul f onate, sufanil ate,

cycl ohexy anlnosu onate genlc aci d, bhydroxybutyric acid, galactarate,

gal acturonate, adipate, alginate, blsulfate but yr at e, canphorate
canphor sul fonat e, cycl opent anepr opi onat e, dodecyl sul fate, gl ycoheptanoat e,
gl ycerophosphat e, hem sul fate, heptanoate, hexanoate, nicotinate,

2- napht hal esul fonat e, oxal ate, pal npate, pectinate,

29



20persul fate, 3-phenyl propi onate, picrate, pivalate, thiocyanate, tosylate,
and undecanoat e. Phar maceutically acceptabl e base addition salts

i ncl ude, WotomvEs3tet limted to, nmetallic salts and or gaoTwssa@dnss177
Non-limting exanples of suitable netallic salts include alkali netal
(group la) salts, alkaline earth netal, (group Ha) salts, and other

phar maceutical |y acceptabl e rres. Such salts may be nmade, w thout
limtation, fromalumnum calc A\t hi um magne 1 potassium 25
sodium or zinc. Non-linitingz€xanpl eof suitabi e okganic salts can be
made fromtertiary am nesgand|quaternary anj ne, such as tronethamn ne,
diethylam ne, N, N -di benzylaﬂ%l\ enedi am ne, chl oroprocafne, choline,

di et hanol am ne, et hyl enedi pe~.egl um ne (N-nethyl gl ucam ne), and
procai ne. Basic ni trogen-@bnt af anhg groups can be glWaternized with agents
such as al kyl halides (e.g., methyl, ethyl|, propyl, butyl, decyl, lauryl,
myristyl, and stearyl chlorides/brom des/ijodides), dialkyl 30 sulfates
(e.qg., dinethyl, diethyl, dibuytl, and didnmyl sulfates), aral kyl halides

(e.g., benzyl and phenethyl brom des), and others. The conpounds or
salts of the present invention may exi in theformof solvates, such as
wth water (i.e., hydrates), or vm'thT ents (e.g., with nethanol,
et hanol or acetonitrile to form resp8ctivel ys_€thanol ate, ethanol ate or

be used in the form of prodrugsR prodrugs are aliphatic or aromatic
esters derived from acidi c groups n//t\he conpounds of the WO

2010/ 075376PCT/ US2009/ 069177 i nwent WenR: Ot hers are aliphatic or aromatic
esters of hydroxyl or am no groups onst he frrpounds of the invention.
Phosphat e prodrugs of hydroxyl groups 81968163 ef erred prodrugs. The
conpounds of the invention may conprise asymmetrically substituted carbon
atons known as chiral .centers. These co unds may .exist, wthout

o taton AR ST RaRare SRR R T el b bR b g o
di ast eroeoptiag Ja,conipotind o€ BorafulasiVemn @a@omporar ©f Fengla @ agshotvd lie Safeme M Nt hea®r s Or

di astere rs),.or racemc mxtures.. Conpounds, identified rein as single
St or cor B0 Tor & Ui AR b e e SRSt hii0e & o alE e 15 For m
t hat | shyswhgdedidimadel oy pbiiteftuotapbenydthes) Bt escion satren sine. . spbssittxstt airihd ad | y

free fromother, enantiopers or, di ast ) "s tially free, " it
oars IR s TR LR R SUASKHACTHAY, pyBop SR o bl | 1

10 st erveidi howoption (iraddieg abhiyiine dbsclsedsis t8E%ylahint e Hooigjsdusdini ansobvestosnplosd t 1 on
i s the cry reoi,s r: .and re,.preferabl at |least 95% 96% 97%
oaony 18955 DG, THE T SOURRRRiuRRS RLBRohRL 32, cbngRled) R AR e P oy

Wher e tshanstrier godhenirsseqyentdllyatocdive adn-gamipatic piodiet Bpead fRzedrei a3 defiged

chem cal structur.e om he chem cal structure is intended to
encorrp}%emé1 %oﬁlﬂﬂg?é%ﬁ]t{éi_ﬁpﬁgwﬁglcf@éfsg‘t ereoi soner of the chiral center.

151 ndi vi dual stereoi soners of ke gonpounds of th®s mvention can be
prepared using a variety of H kﬁlsqmﬂ_anpggeHhese nmet hods
include, but are not limtedZto, stereospecific synthe&s, chronmatographic
separation of diaster eomsrRé,| “phr omat ogr aphi ¢ resol ution of enanti omers,

conversi on of enanti onersnrgj wém enant i orreE c mxtur®& to di astereoners

acetonitrilate). 35The corrpound:ﬁj;sl ts of the present invention nmay al so
3

fol |l owed by chromat ographi calyy separation of the di astereoners and
regeneration of the individual enantioners, and enzymatic 20resol ution.

St ereospecific synthesis typically involves the use of appropriate
optically pure (enantionerically pure) e substantial optically pure
materials and synthetic reactions thatifdg Tause racem zation or

i nversion of stereochem stry at the chiral cenkrers. M xtures of

st ereoi soners of compounds, includi*hg w.acem ¢ m xtures, resulting froma
synthetic reaction may be separataﬂ,vﬁbn 25 exanpl e, by chromat ographic
techni ques as appreci ated by those of ordinary skill in the art.

Chr onmat ogr aphi ¢ resol uti on of enanti ofg¥8eddn be acconplished by using
chijsal chromat ography resins, nmany of which are commercially available. In
a non-limting exanple, racemate is placed in solution and | oaded onto the
colum containing a chiral stationary phase. Enantioners can then be
separated by HPLC. 30Resol ution of enantiomers can al so be acconplished by
converting enantioners in a mxture 3



to diastereoners by reaction with chiral auxiliaries. The resulting

di astereoners can be separated by col umm chromat ography or

crystal | iwatoon7sgeécrystal li zati on. This techni que is ugeTaiS2alemirhe

conpounds to be separated contain a carboxyl, am no or hydroxyl group t hat

will forma salt or covalent bond with the h|ra auxi. ting

exanpl es of °f aisiher & alP’éHm%EIS'f‘fnPlea‘th ¥R NE S&Jéhe%%sﬁl?tr‘%ewynﬁﬂ]!r‘\lg %Fﬁli’aﬁ%l

aci ds, wfogafling acampany lof Borailady t0h cOmpPANO SEIF drdndiacy acihdsn idBubemé e where

di ast ereoner WO 2010/ 075376PCT/.US2009/ 069177 are se ar at.

St A I et e Y SR T

t he C hicabocyaX halidag &Iodi@khb@n ﬁlﬁS@Mﬁlé ad) &ﬂﬁﬂhlﬁ@dld&gﬁ?dnﬁmon metal cdelZY.NES{s asuch
sterases,,. phos ses,  can.be usef el t he resol ution of

Gor Sy atiebREy Ui B SRPRSTEr nf R ¥ dRa iSRG i P Segy SRR Sodih

ester decirkatd ft@n Ofdragmadriox yrhd L,5 1s§H’sQldﬂnddrhetd'h&tb6@rprlwmda$wé1@ a{meyl sepanat ed

can be tr ated th .an ich se zes on f the
onant | GHE 2 et T g T P Ry LRI OrB Pk Pt

t Pen behaiép ar &ifﬁd:s ﬁlﬁ@mﬁahgowﬂ@y@lg@isy Pedatel§f§dt§§uch as Pd(PPIA), toe Pax@pp @l piay lSeal th S

of enantionmers in a mxture can be red usi in the
ot S gt Pl Of (e gr gl GO (ool QNG TaBTe B8Rt Pl |y
puri@ basgnsphokphafmusalikalig lbldlﬁi as _EBI’B;@)E’ PplmmetRhydtﬁm IlﬁEy bd @hﬂ&\éﬁdvmi)addltlon of a .
precipitatio r.cr i.zation/re the e antl nerjcally
Dre Sairs s eRurshef RiPbatf & wBint wef et BRI odebblined gt S it o of
St er eoicoautkstly th @5k Wethmerit poestCorRequbhtialls to gi@efholﬁe;ylfnﬁidﬁﬂ pkd’dluENANﬂ OMVERS,
RACEMATES, AND RESOLUTI ONS (Jacques et al., 1981, John \WIley and Sons, New
York, NY). A conpound of thB@mg on|-FEY -POSSEES,EOAQ. Pr nore unsaturated
car bon- carbon double 15 bg Al'l doubl e bond isone such as the cis
(Z) and trans (E) isongy nd m xtures thereof are intended to be
enconpassed within the sﬁE; of a recited conmpound upl ess otherw se
specified. In addition,g; a conpound exists in various tautoneric
forms, a recited conpound is not limted to any one specific tautoner, but
rather is intended to enconpass al | tauton;ric forms. Certain conpounds of

the invention may exist in different stable conformational fornms which 20
may be separable. Torsional asymretry due ¥o restricted rotations about an

asynmmetric single bond, for exanple beeayse teric hindrance or ring
strain, may permt separation of difch rmers. The conpounds of the
invention includes each conformationd Tsomer Ofgthese conpounds and

m xtures thereof. Cer tFi gpnpounds of’ the invention may al so
exist in zwitterionic formand the |nuent|on 25 includes each zwitterionic
form of these conpounds and mi xt UtiesVe Hor eof . The conpounds of the

present invention are generally descrg ed @§re|n usi ng standard

nonencl ature. For a recited conpound aV|ng asymmetric center(s), it should
be linderstood that all of the stere0|soners of the conpound and m xtures

t hereof are rese i nvent i ess 0

S peCI fied. Nbg stﬁmn(ﬁﬁer nonqlmlrI ?% Qxa eS ttléer g(())rln Oélﬁgsr gf‘l rhe Pre%?e 1nverw{0|no%1rbe 30
di ast erpeqmdsby caupding asemp@ms io§ Bormu& I\/\fdhearocem@ownelmf tFenhnna)Vpue uslnrdvneishmd n

var i OUSVt ah I‘ Ic?gé%rerrl?a’hdes 10dc(f%n&)ml‘|1 g Irerallct:t?l;]l V%‘ ﬁ(nceor;%ass

t aut oner’i ¢ 1 t ounds’ ar & desér ere| usi ng gengrﬁ

f or mul asmbtlhal‘sllyl m'EMSﬁ er aarhicabliekle (pmt@ling Adbpp AR, S(iipgasﬂ'lra RB;tioo rus1@\)a suithblees s

ot herw s i e ch n_such a fornula i ned
"nddperaghety tstefil SRRer ik Pt aiy SO s bt bR e ¢ han
one ti riel (Hmceaalj'zsm suw:h IPg(OAs:)ﬁefPldf@dl)gl an_d e@mj)bmphgrom ligeadshsuole euPrhe nck(t-Bhif;.

35ni etAl?e{na?veefy,dEEfug(i)![ Ctégl c'jiijysfa I§1aybbeeI GQI%IO}IIGQ CAE en(t%rﬁ) 1Xd1de %e%gtgo%gmfagl Be condgc (f'l P,

each noie
with addltlon of a base such K,COs; or K5PO4 or an amine base such as triethylamine or Hunig’s base
in a solvent such as THF or DMF. The TMS protecting group may be removed using a base such as
25  K,COs in a solvent such as methanol or THF. A second Sonogashira reaction with V may be

conducted under the analogous conditions to the first coupling. Couplings may be conducted

concurrently to give symmetric products or sequentially to give non-symmetric products.
31



WO 2010/ 075376PCT/ US2009/ 069177 i ndependently fromthe other. Each noiety
therefore can be identical to or different fromthe other noiety or

noi et i €s.WO0 2010/07337@¢ nunber of carbon atons i n a hydrocarPbyluseewessr7tan be
indicated by the prefix "CC " where x is the mninumand y is the maxi num
nunber of carbon atons in the noiety. Thus, for 5 exanple, "G -C6al kyl"
refers to an al kyl substituent containing from1 to 6 carbon atons.
Il'lustrating further, C3=C6cycl oal kyl means a urat ed hyqd acarbyl ring
containing from3 to 6 'onﬁrf'g atons. A pr@fﬁx —attached™¥o a

mul ti pl e- conponentl§u8ét|tuent only appI|Q§ £o the first comp®nent that

i mmedi ately foll ows® g%preflx To |IIustrqEéﬁ@the term "carbocycl yl al kyl "
contains two conpo 'R,car bocyclyl and aiky.'rR, Thus, for exanpl e,

C3- C6car bocycl yl G - Coalvkyl refers to a C3-C6carbocycliyl 10appended to the
parent nol ecul ar noiety through a G -C6al kyl group. l When words are
used to describe a |linking el ement between two ot her 'el enents of a depicted
chem cal structure, the |eftnost-described conpoT he | i nki ng el enent
is the conponent that is bound to the left el empn deplcted
structure. To illustrate, if the chem cal st e |s AliT A2 and T is
described as -N(RB) S(0)-, then the chem cal wi J xN N(RB)-S(0)-A2. 151f a

| inking elenent in a deplcted structure is aond™then the left element in
the depicted structure is joined diregtletyo the rlght element in the
depicted structure. For exanple, if a chemcal structure is depicted as

-Ls-MLs,-, where Mis selected as a bond, then the chemcal structure wll
be <Ls-Ls, - -Astﬁlr@a%mfml«%?aémlnspe ihf cBmpaM Sethe PRIGE Wvbiiof SR Eet a@‘&i
-Ls-RE where Ls is sel ected as bond hen t he chem cal noi et be

_RE. 20WfeHplingcheemrosnd pbF il DS 18 sgmperndedfdianpea &7 gpplesp, ing eraﬁé’ﬁ( s)

i ndi catigsmiifev BRI ViaRbodf alHéTh?dé{an%tc){n bdhherdiasitt fankih€® M BRERLNVT (step 1) | f
a noiety is described a eln? ‘optionally substituted", the noiety be
ei t her Byulsductivy pamaign Eﬁﬁ%mw aplgt teghicingf aggitiyrle ey NaGNBHs ©F |1‘{?@BI(%éC)be1Pr?g

opt i onabl¥niSHBshd THFEH dMah&l With bOwRNRARTR &dditRh JTURBR acRl RORahBANGERM
radi cal s, that noiety may be either unsubstituted, or substituted by up to

t hat! 25111@a?ltncctﬁa§kylrﬁu%@r te DUA S -HPERDSly Srr CroseiPReaFle segh ByPhapy 1t & e lfaxi mum

nunber Iﬁémb%%%ﬂe;dé;@éal&ud@l@gﬂv&lyqoﬁlaﬁﬂe b PRt LENup, \M&'h%"ﬁéﬁ%{zl dr2 4L &8Sthoxkhus,
for exanple, if a noiety is described as a heterocycle optionally

subst i th§bad WiHEhmEbe EIOKTdEm Xih MR Pulessne byt easireaiieh Withyn Rgtevolt gl e

With | egs &hao tARSR SRS kdal baRAIR aR ARV KBS sWinl ds tRELrORIdL QRAN, ¥nBilelsdd t ut ed
by up to only as many non-hydrogen radicals as the heterocycle has

subst i t'ithathf Broges iof reéh@ve ‘F@lqat%@tep At ef alddydaopith thevgmigntoHasn VEGtenly one

subgt | tmmy@aﬁ&@%hh% AMde W lnlaytb% @R&dcrDah ik &bﬁ%ﬁée' $tUl B, Wubth ad!Raltl ONSIVE,
non- hydrogen radical. To illustrate further, an ami no nitrogen is

descr i WSS bassi pigNYIVIPSHAIY SPhspbReh b TEd i IPMFupTlteohatl% apch AR P BigEG

rad'Cak@nméﬁﬁﬁvﬁnﬁ§b@ﬁk&aﬁ&hﬂ@&?ﬂdzp9@&&&%&&hﬂ%h&@&h@ﬂ%&kwﬂ§QP%%@%H&&Q with
up to two non-hydrogen radicals ereas a secondary am no nitrogen will be

opt | onatsing aéaft?sswwt Oppx Hunigs's bese g jolesmbsush As R H BN Nitlp gwpps BayThe t er m

" al kenyibducBRRANSiR SbiRl G ©F orM80CREG N A RERE Y08 RRLInE PO T ahdpRGnaNe or
nmore doubl e bonds.” Each car bon-carbon doubl e bond may have either cis or

trafs geImely Hid t 4i seetihacidvgndofytberofpsgirapetd Wszonprindo 1 aping) the mycestsi et y,
rel ati vo@scrnoaecgmp@spafeumlsﬁhw;oﬁ%maﬁ&mgomlml@md z@oazb bonss almrooidzm@s ng

exanpl es of al ken roups include ethen (VI EQ rope ropenyl

D perbdaARS T4 3h e aaelngt - hpsspud ek RG SVatdidis
WO02006133326, WO02007070556, W02007070600, W02008021927, W02008021928,
W02008021936, W0O2008064218, and WO2008070447. T is -CH,-N(R)-CH;- or -CH2-NH-CH2-.
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The term "al kenyl ene” refers to a dival ent unsaturated hydrocarbyl chain

which may be linear 5 or branched and which has at | east one carbon-carbon

doubl e bowa.20Nans376m ti ng exanples of al kenyl ene gr oups PCmalise@e/069177

-AH=C(H-, -qH=CH-CH2-, - = -CH2 G-, -C2-(H =C(H) - CH2-,
-C(H) =C(H) - CH( CH3) - ang - CH2- ( Cé Ct@%R The term "al kyl "
nmeans a straight nched saturét 8 h chiin nllrn#}ng

exanpl es of al kﬁ % ps i n€Plide A@jn prop?T@Bpropy

n-butyl, isobutykN sec-butyl, t- 10buty| Ooh) entyI |so anyl, and hexyl .

The term "al kyl ene" Ndenot s a _di val ent saturated drocarByI chai n which
may be linear or br am@me% '% r@rab ve exanpit Jof al kyl ene incl ude, but

are not limted to, -CH2 CH2- CH2CH2CH2- CH2CH2CH2CH2-, and

- CH2CH( CH3) CH2- . The term' aIkynyI means a straight or branched
hydr ocar byl chain conta?nlng bne or more 15 tripl Rbonds. Non-limting

exanpl es of al kyny dg et hynyl , 1- propynyl - ptopynyl , 3 propynyl,
decynyl, 1- butyn % and 3- butynyICl“—w erm "al kynyl ene"
refers to a div éht unsat ted hydr ocar bonogy oup whi may be |inear or
branched and whi ch has at |ead{od9@ car bon- car bon triple Qomde,)
Representative al kynyl ene groups include, by way of, exanple, -CC,

-CC- CH2-, -CC CH2-CH2-, -CH2-CC-CH2-, -CC ZOC}KC}BY and

-CH2-CC—CH(CH2CH3)-. The term "carbocycle" or carbocyclic" or
"carbocyclyl" refers to a saturated (e.qg., "cycloalgyl"), partially
saturated (e.qg. or "cycl oal kynyl~ r conpletely
unsat urat ed (e j’y | ng syst em cont ai n et eroatomring
atom "Ring atonsz 0 ri pRenbers" are the 2o bowat t ogether to form
the ring or rifa carbocyc yl may be, wr,t hqut Ilnltatﬁen a single 25
ring, tw fused |m S, or bridged or spiro Efﬁ $. A substltuted car bocycl yl
may have eithé¥ VzsRor trans geonetry. Remes@niRati ve exanpl es of

carbocyclyl groups include, but are not limted to, cyclopropyl,
cycl obutyl, cyclopentyl, cycl ohexyl, %9@W6 Néptyl, cyclooctyl,
cycl opentenyl, cycl opent adi enyl, cycl ohexadi enyl, adanantyl

decahydr o- napht hal enyl , oct ahydro-i ndenyl , cyclohexenyl yI prap thyI
i ndanyl, 1,2, 3, 4-tetrahydro-naphthyl, indenyl, |50|ndenyl g€ a

and nor pi narmladdlﬁmpa{elt@w&innt ofIF M Bla G 3 tted@ettl;aalaeﬂed@mﬁ 10 ecul ar
noi ety throu?h any substjtutable carbon ring atom \Were a carbocyclyl

grodp i% % ivsdetfrivipicdbgeols Uik cagmma: taﬁaom@umiﬁ pothmpregent inyeptinyganple

attac hqﬂeﬂaedtftta 't %@éroﬂhdlgf FRMERUIAK sAREhYScheMOVANWRIBY cdii p%ﬁa&hltmut%ab
ring atons term "car boc cIy al kyl " refers to a car bocyc

|
gr oup a?ﬁbemaeld\’ 0y PhditpRe chlorqranddr ity fsiYoridh V- t Hieotge and awyﬂuéﬁwtiﬁl oup.
For i nsbhapeuds OB neh bardasy Gty h@r Q@alokuétertatm@htle taoﬁ?épheﬁzﬁmt Reghedoysl

group appended to the garent nmol ecul ar HDIetX t hr ough Coal kyl ene. WO
2010/ 075328 Pese/SdpB ol 8 91 fmig’s base inp solycat sy e%ti%at Rfhy Nitrp é’f"éli’%m‘t‘yobea

nonpar Qh@kbcio dpakd gratﬂsyusmg%t SHrah&OANCakDIeY ﬁ%'dfd)gefmioﬁtoy u iRV FOG tK@ﬁI@sence
heteroatomrlnﬁgl nber. Representative exanpl es of cycloa kenz groups
€

i ncl udef tacr:tw%dartdoﬁméifcfuaﬁtweﬂw to corpIPeht ehipe, the pEIcEHEX ey |

and octphydsenapstmaheylicatibl @ublRhitn CHkCL®@aDIY b7, Q@f7©[95755'83ar@ matazmmsd
contai ni ng zero heteroatontrl % Non-1limting

car bocycl yl 0
exanpl &&d oW@@ﬁééﬁ@l i weflude 89e ofsPoiye , eyW 8%%0%3130%’989%911%52
cycl 0hetwh@%@mb@,hep&lmboommls@,octwbzo@b@t?@dob,ny| wangognerR7 Namyn2008021928,

15 W02008021936, WO2008064218, and WO2008070447.
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The prefix "halo" indicates that the substituent to which the prefix is
attached is substituted with one or nore independently sel ected hal ogen
radi cal s.wban1awasrpl e, " C - C6hal oal kyl " neans a C - Coal pgir/usatotbtiaent
wherein one or nore hydrogen atons are replaced with i ndependently sel ected
10 hal ogen radicals. Non-limting exanpl of G - C6hal oal kyl incl ude

chl oronet hyl, 1-bronoethyl, fl UOCT@ﬂQMIWNOM'{ hyl, trifl uoronethyl,
and 1,1,1-trifluoroethyl. It shog resegni zed that if a substituent is
substituted by nore than one halogen ray |cal t hose hal ogen radi cals nay be
i dentical or dlfferent (unl ess othermns stated) The term "heterocycl e" or
"heterocycl 0" or "heterocyclyl"” refers to a saturated (e.g., 15

"het erocycl oal kyl "), partially unsaturated (e.g., "heterocycl oal kenyl" or
"het erocycl oal kynyl ") or conpletely unspturated (e.g., "heteroaryl™) ring
system where at | east one of the ring atons is a heteroatom (i.e.

nitrogen, oxygen or sulfur), wth 't renati ng ring atons being

i ndependently selected fromthe gr consAgti ng of carbon, nitrogen,
oxygen and sul fur. A heterocycIyIZgroup can™Re |inked to the par ent
nmol ecul ar noi ety via any substRa abl e carbon or nitrogen aton(s) in the

group. 20 Were a heterocycly%4C rd%f is a divalent noiety, such as Al and
A2 in Formula I, it can be att hed Yo the remai ni ng nol ecul ar noi ety
t hrough any two substitutable ring atQiBme Vil A heterocyclyl my be,
wi thout Iimtation, a nonocycle which contains a single ring. Non-limting
exanpl es of nonocycl es include furanyl, dihydrofuranyl, tetrahydrofuranyl,
pyrrolyl, i seRYtheblls haRWoFOlh ¥ 1 alY T &h ip@lkimdarly bﬂzt)aﬁl@@ Qb blding 18 AlcHpg@zol yl,
|n1dazoI|nyI i m dazol i di yI 25 pyrazolyl, pyrazolinyl, pyrazolidinyl,
tri ézolsylllemeﬁaé‘ﬁ pRpzestad bydhasppiglisd in et hi ol yI, oxazol yl, isoxazol yl,
thiazolyl, igqt lttb@g,otéétnbett MeR#PLd &Y INF) &otbt@ap tlbtnydmpatlttb %91 mél s{j}mthem
|soth|azoI|d|nyI t hi odi azol yl , oxat hi azol yl, oxadiazolyl (inclu

1, 2, 3- onabfidazbt yroictyimay be prRiseed #éhpupalsprolAEErerey thalzt bl 10 the reaction

1, 2, 5- Quadhiag Usydlin( @ %tﬂé@@%h@ﬁm&ﬁt{gag@ﬁwtna% be aaﬂovtd C’at 4 sﬁmw ARl Ho
oxatrlazolyl (i ncluding 1, ,4- oxatrrazolyl and oxatriazolyl),
di oxaz GF3FHoY sepgnGRIfnRyondo? desipd iugrppdipte Ottazgencmw%é o$lytable projecping grogps
di op@az Oaln?zf Imeth%ﬂ@foiL protcifh (Qxc@ Ble¥ting mOXRE BicaldMdow 1ﬁ)YHe ﬂ%’éxaﬁ}pﬁﬁ' bP@hi8 can
1,2-p and 1, 4-pyran di hydr opyr anyl , g peri di nyl,
di azi n;}te %Wﬁctnu@teﬁ@j’ Hifr V4 zrwv FLEYMCTARAIRN £€0 '“10“2 -l a5 tﬂpes fyreadh di nyl
(al so kiawduStep a3 vﬁltya&bam g)on tﬁéﬂﬁhrﬂ%tamae&tts cRbBPeddM@WbsBfients present in

1 4-di azi nyl" ? era2|ny§ triazinyl (including s-triazinyl (also known

" Shfste@ttwéwﬁ@l Sylve% sqnpreEsrenyAnd (o4fics Erartinganditions guay rbieggqdily sylectadey

V tf'a&m@%fmﬁﬁh§gmh@@M@aﬁ%ww&o@ﬂépk%&@%haﬁmﬁ oxazi nyl (|nclud|ng

1 2, 3- oxa2|n{ oxazi ny 6- oxazi nyl (al so known a

" pefit oxazol y gfyuldbe zn@sttfa@dzhahw af)‘a’ﬁdieS_Eﬂthoe)@i)?ﬁWP‘f ang %s‘éaezsuaﬁwhe(ftlmntgdu ng
0- i soxazhfyibs #0diven b V4aBF NNk datioR XRE BhnktElodY Varidus KRS dndin¥ificafor@tihazi Nyl
WO 2010/ 075376P /USZOO /069177 (including 1,2,5-oxathiazinyl or
1, 2, 6- SRRERPRLT Hy Pyesen WERtion; Wil begauecapdFHgo those slpdAnthezarhipm dhegpresent
1, 3,5, Ze@x¥pdbazi nyl ), norpholinyl, azepinyl, oxepinyl, thiepinyl, and
dlazeplnyl A heterocyclyl may al so be, wi t hout Iinitation, a bicycle
containing two fused rings, such as, for exanple, naphthyridinyl (including
[1,8] naphthyridinyl, and [1, 6] naphthyridinyl), 5 thiazolpyrimdinyl,

t hi enopyri m dinyl, pyrimdopyrimdinyl, pyridopyrimdinyl,
pyrazol opyri m dinyl, indolizinyl, pyrindinyl, pyranopyrrolyl,

4H qui nol i zi nyl, purinyl, pyridopyridinyl (including
pyrido[ 3, 4-b] -pyridinyl, pyrido[3,2-b]-pyridinyl, and
pyrido[ 4, 3-b] -pyridinyl), pyridopyrimdine, and pteridinyl. O her
non-limting exanples of fused-ring heterocycles include benzo-fused

het erocycl yl s, such as indolyl, isoindolyl, indoleninyl (also known as
"pseudoi ndol y1"), isoindazolyl 10 (also known as "benzpyrazol yl"),
benzazi nyl (including quinolinyl (also known as "1-benzazinyl") and

i soqui nolinyl (also known as "2-benzazinyl")), phthalazinyl, quinoxalinyl,
benzodi azi nyl (including cinnolinyl (also known as "1, 2-benzodi azinyl") and
qui nazolinyl (also known as "1, 3- benzodiazinyl")), benzopyranyl (i ncluding
"chronenyl " and "isochronenyl "), benzejhi opyranyl (also known as

"thi ochromenyl "), benzoxazol yl, indoxazinyl (also known as

"benzi soxazol y1"), anthranilyl, 15 benzodi oxolyl, benzodi oxanyl,
benzoxadi azol yl , benzofuranyl (also known as "counaronyl"),

isobenzofuranyl benzothienyl (al so known as "benzot hi ophenyl ",
thlonaphthenyl , and benzothlofuranyl ), |sobenzoth|enyl (also known as

o L, e - o Ly



25het eroatonm(s) may or may not be N-protected. The term
"pharmaceutically acceptable"” is used adjectivally to nean that the

nodi fi ed wouno/g53ppr opri ate for use as a pharnaceuti calPCprusdeotear7 as a
part of a pharnmaceutical product. The term "t herapeutically effective
amount” refers to the total anmount of ch active substance that is
sufficient to show a neani ngful patTéhP deneflt e.g. a reduction in viral

| oad. 30 §j:e(4-ﬁﬁ1mpmﬁMrd}g"(7ﬁ@b@p§1py1moghe3 d]mﬁmmem ohmitdgNc@npoumds of the

i nventi on which haye vabl groups and
becone, by soIvoIﬁ% d@lxﬁﬁygnﬁ% ﬁﬁdbﬁ H?ml e conpounds of
the i nvention which are pharnaceutl IIy active |n vivo. A prodrug of a
conpound may be forned in a convenrl naI manner by reaction of a functional
group of the conpound (such as " hydroxy or carboxy group).

Prodrugs often offer advantag f 3 S Iub|I|ty, tissue conpatibility, or
del ayed rel ease in mammal s (see, Bung , H, DESIGN OF PRODRUGS, pp. 7-9,

21-24, Elsevier, Ansterdam 1985). Pro gs include acid derivatives well WO
2010/ 075376PCT/ US2009/ 069177 known toypractitioners of the art, such as,
for exanple, esters prepared by reactionf of the parent acidic conpound with

a suitable alcohol, or am des prepared reaction of the parent acid
conpound with a suitabl e am ne. Exanpl of prodrugs include, but are not
limted to, acetate, formate, benzgap! t her acyl ated derivatives of

al cohol or am ne functional graqup yﬁi e conpounds of the 5invention.

The term "solvate" refers to theg pHysical asdbci ati on of a conmpound of this
invention with one or nore solvent nol ecul es, whether organic or inorganic.
Thi $ physical association often |nE¥%m®%l®ydrogen bonding. In certain
instances the sol vai g Whdo-fi€nG@RaRIEs giftm|b§192!0gtalcgqnetﬁﬂgst§xarrpl e when one or
nore sol vent nol ecul es are |ncorporate inthe crystal lattice of the
crystalline solid. "Solvate" 10enc es both sol ution-phase and i sol abl e
sol vates. Exenplary solvates includel but are not limted to, hydrates,

et hanol ates, and net hanol at es. he term "N protecting group" or
"N-protected” refers to those qég apabl e of protecting an am no group
agai nst undesirabl e reactions. |y used N-protecting groups are
described in G eene and Wits, PROTE(ﬁ'PS I N CHEM CAL SYNTHESI S (31d

ed., John Wley & Sons, NY 15 (1999). -limting exanpl es of
N-protecting groups include acyl groups~SudtHas fornyl, acetyl, propionyl,

pi val oyl, t- l aCf%X]illbliO%—mQ‘Obe zoeli‘(?etd’/methzl ets)trr ﬁ?a%g%%/%fﬁlf)f) f l UO l%e%gpll

trichl oroacé HT mﬁﬁ o- ni enoxy enzoyl ,
4- brondbémz@ymnmbmdeﬂ®®f@bémz&ymnmguhDoﬁymsgnmmpeshﬂmhaaQOﬁbﬁmeﬁdowkfonyI
or tol ue su f sulf I 0 | sul f -) or
tri @heny%ﬁ @ F y su F%t/ TC, (aEl Pg.g f%?o Lﬁl(be(FlS& g CPGYSUI’I’I%%E@Y qu(egus m1¥ture

p- met hywgs hemgdteslumh eyl aCcgate Zmﬁeﬂnhyl”fihh @Rtydct @@Q?vas)hedb IW1th HoOt B tudsf amiybrine,

(t-Bu- sd(nod 02 rﬁ/l 4, t?aglor% q‘to %Vg{h(e)lclr%%%groﬁlfct as ora gﬁ C?’S%ll The rude rod ct wasI

benzyloxycar enz I oxycar enzy ony
nitr ob sasfpzydedxly d;w ﬂnL @lﬁyszQ-and stirald aervoyl tempcn'atanetfor 1 hour. The crystal was collected

Onyl dI mg,t %%2?1 h?&%%’” B%n(il dﬁ% %%ngt hrog(é{ ber]Zd/er &R regsdfe f;ave purified

oxycar hox enz oxyc r
15 title compound as orange crystal (18 6 g, 90% yield).

Example 1B

4-(4-tert-Butoxycarbonylamino-phenylsulfanyl)-3-nitro-benzoic acid methyl ester
Ox O~

O,N

RO
NHBoc
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4- met hoxyb enzyl oxycarb onyl,2-nitro -4,5- di nmethoxyb enzyl oxycarb
onyl, 3, 4,5- 25trinet hoxybenzyl oxycarbonyl,1 -(p -biphenylyl)- 1

- met hyl etWwoxywear7ss7enyl , di met hy1- 3, 5- PCT/US2009/069177
di met hoxybenzyl oxycar bonyl , benzhydryloxycarbonyl t - but yl oxycar bonyl ,

oo e ot By SRR TS5 320y ior bt dcabonr

2,2, 2- uzésgjmamnﬁnhmﬁyh@ahbcﬂyhﬂophemﬁ&yaﬁmhbnyi3hdnmmmmamﬁ&enmnmeambbnyl,

oheny | (R RO T2 T SHOARL e Mo s RS O K ey engytnd

tr|phenmﬂmmmﬂyimnmnwb@aﬁyha%xnﬁagyhImﬁmyuh@xmﬂmﬁnmhemamﬂeaad&hmgmompﬁzsuch
as rlqp £¥I5|I Pr ef erred h+ 1 ectln rou Hclude for%y%h acgﬁyl
benZoy!1o" JUF Teattiop, s uEE o0 é G TEITIReGHUE A gD graporated? The fesidu

t- f b;JLWv(ZES)CEI&ﬁ'efDWh P&{@)Qﬁo aild abe ﬂ%}&hl&bﬁy&ﬁﬁ@@ﬂyﬂ af ﬁbﬂl)temperature for I(;'ha%rcgm)oulnds
0 e present jnventi n re oun or mul a
351 vt JPHTRE Ay o ro R AT ARGiEL SERlon ™ S Rl e §R TP QY etfief el T

WL, W2, re®@ted R&ssuilR3aveRe titRkdmpowdid@s adlodeiysaed23ar, e3nakaye. Conpounds of
Forrmul a 1V can be prepared according to the processes WO

2010/ 075376PCT/ US2009/ 069177 described in U S. Patent Application
Pubiloi cat i on hbs 20070232627 2007ﬁiﬁﬁﬁéacand 20070232645 and

W)2008/ 13375 unds of . For a Vv re ording to
DR oy el it F TR s Sl b g 580 BB SRR s a6 255 0o
W2007070556, W2007070600, W2008€ @27 W?2008021928, W2008021936,
W2008064218, and W2008070447. V 5

RO
NHBoc

A suspension of the product from Example 1B (22.8 g, 56 mmol), Fe powder (16.4 g, 282
mmol) and NH4CI (15.1 g, 282 mmol) in aqueous EtOH [prepared from EtOH (228 mL) and H20

HoN

15 (228 mL)] was gradually heated to reflux and gently refluxed for 2 hours. The reaction mixture was
cooled to room temperature and filtered through celite pad. The filtrate was evaporated. The aqueous
residue was portioned between Ethyl acetate and H20, made basic to pH 9 with K,CQO;, and then
filtered through celite pad. The organic layer was separated, washed with H,O and brine, dried over
MgSO, and evaporated. The oily residue was crystallized in the treatment with i-Pr,O (200 mL) and

20 stirred at room temperature for 30 minutes. The resulting crystal was collected by filtration, washed
with i-Pr,O and dried at 60 °C overnight under reduced pressure gave the title compound as colorless

crystal (13.9 g, 66% yield).
Example 1D

25 4-(4-tert-Butoxycarbonylamino-phenylsulfanyl)-3-(7-isopropyl-pyrido[2,3-d]pyrimidin-4-ylamino)-

benzoic acid methyl ester
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Schene | As a non-limting exanple, the conpounds of the present

i nvention can be prepared by coupling a conmpound of Fornmula IVto a
conpound wb 2povated7a V as shown in Schenme |1, where T1 i #CTWSaccoasnoxylic
acid as shown or an activated derivative such as an acid chloride or an
activated ester (e.g., N hydroxysucciqii nhde or pentafluorophenyl esters),
and T2 is an anine or substituted ami ng’ Anmi de bond coupling reagents such
as DCC, EDAC, PyBOP, and HATU nmay be eppl oyed with the option of adding an
am ne base such as triethylam ne or 's base in a solvent such as DVF,
DMSO, THF, or dichl or onet hane. 075376PCT/ US2009/ 069177 | V1
Scheme |1 As another non-limting eka I e, the conpounds of the present

i nvention can be prepared by 5 npound of Fornula IV to a

< nilsch where T1 and T2 are
carboxylic acids or activatef dérivatives SuchNHBSc acid chl orides or
activated esters (e.g., Nhydroxysuccini mde or pentafl uorophenyl esters) by
reaction w Uh saspeiminne Nk (Gsyhst 4-tsoprewy]-amidie 2 a$)-/6 NalimethyArfboulentidind (Z@upl i ng
reagentgs; su , U option
of - adiny R0 4R el PSR OSSRt SR ERe ARe R DRI 5 Ve
such aSIZQO’CIJdF 20DMBQgs Tihifer Mor Adicc hbcdmgrtatrhaneem@mwm ﬂl@SreMyn bextoendact ed
congurren Vi Lrj 0 al | ive .

mon sy rhapiome by n G HCEL 118 BEPOT®, Loadith B0 3 bl Bl 6har g win

- C( 0) N(K=BYs 'ﬁhdeh&l(sﬁw)lgl("lfh)s-orgaslc'ﬂayer was separated, washed with 10% NaHCOQOs, HZO and brine,

dried over MgSQ,, and evaporated to give a pale brown oil. The oily residue was separated by silica

gel column chromatography (ethyl acetate/n-hexane = 5/1) gave yellow crystal. Further purification
by washing with cold ethyl acetate (15 mL) gave the title compound as slightly yellow crystal (3.27 g,
10 65% yield).

Example 1E
4-(4-tert-Butoxycarbonylamino-phenylsulfanyl)-3-(7-isopropyl-pyrido[2,3-d]pyrimidin-4-ylamino)-
benzoic acid

Os OH

HN
=z | <N S\@\
SN NHBoc

To a solution of the product from Example 1D (3.25 g, 6.0 mmol) in THF (32.5 mL) was
added aqueous LiOH [prepared from LiOH monohydrate (1.02 g, 24 mmol) and H,O (10 mL)]

15

dropwise at room temperature. The mixture was stirred at room temperature for 26 hours, and then
evaporated. The aqueous mixture was diluted with 100 mL of H,O, washed with ethyl acetate (50
20 mL), and then carefully acidified to pH 4-5 with 10% HCl at 5 °C under stirring. The resulting solid
was collected by filtration, washed with H,O, and dried at 60 °C overnight under reduced pressure

gave the title compound as pale yellow crystal (3.09 g, 98% yield).

Example 1F
25 (S)- 1-tert-butyl 2-(2-(4-nitrophenyl)-2-oxoethyl) pyrrolidine-1,2-dicarboxylate
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WO 2010/ 075376PCT/ US2009/ 069177 As yet another non-limting exanple,
t he conpounds of the present invention can be prepared by coupling a
conmpound wb 2pvated7a |V to a conmpound of Fornula V as sheem/useooSobane |V,
where T1 and T2 are independently boronic acids or esters as shown by
reaction with heterocyclic or carbocyclic haljdes (iodide shown in Scheme
V) or triflates and a transitionpnetal @ T is a5 heterocyclic or
carbocyclic, and R can be, withouf |imt n, |ndependently sel ected at
each occurrence from hydroger oy LA ajfid CA is as defined herei nabove.
Alternatively, alkyl stannanes-fsugh aOtributyl- or trinethylstannanes) nay
be enpl oyed in place of the boronat and coupled with halides or triflates
under anal ogous conditions. Pd cat sts such as Pd(PPh3)4 or

Eoen Pl cray B S G R 048 G b st R i achioffSElet 5

or P(t-(Bd)®Bg, Rsatimdlp hSacafayﬁtrbe(momIdu@ts @dde‘dlldlilkbpmﬂ)g]ethyﬁﬁm&f(o a9 baser2s mhh)l)KZ c3
K3P t THE o 1

concur rEHLTy Y BRGFTI e T RACCTGRD B Lo REQULRTAT Y bt D brne ina

non-5sy naeidtddCingor coldill @t e3ate, dSednevm sbdluthSulfate, filtefdd, &idi the finat Wi@rconemtrhtedriot i ng

exanpl e, the s of t resen nvent| an be prepared by coupling
a conmpdtiid C&éélflg%) Ptgatlvvs t'5d 3 Wﬁ’Sﬂﬁﬁmfﬁ? 8%%’ kﬁ V as shown in Schene V,
where T1 and T2 are halides (iodide as shown) by reaction with an al kyne,
where R may be trinethylsilyl (TNB%‘ or 1ap(%)t her suitable protecting group,
by Sonogashira reaction using a su ta O catalyst. Pd catalysts such as

Pd( PPh3) 4 or R@Q-ﬁb}ﬁtﬂfu)}ﬂ:224-r(ﬂ&yitrbpheﬁm}llHyﬁdiam’l 2geperralidad- i-carlsixylateusi ng a Pd

(I'1) catalyst such Pd(OAc)2 or ba)3 and or ganophosphorous |i gands,

such as PPh3 or P(t-Bu)3. Alter na 1V I) catal yst may be enpl oyed,
Q d

such as Cu (1) iodide. Reacti BN be ed with addition of a base
such K2CO3 or K3PO4 or an ami Neppase such as triethylam ne or Hunig's base
in a solvent such as THF or DWF. protecting group nmay be renoved

u5| @g a base such as 25 K2CX3 in@ | vent such as nethanol or THF. A
nd Sonogashira reaction with V may be conducted under the anal ogous
condl ti ons the 4 sedution o§the Condotti frign ECmnd 11gs77fy 2.68 mowhida delede ¢Bholy wvent | y

g‘i gi Vead&éﬁgiﬁﬁﬁ&duﬁn RIRAHGLE 06 1.5 GRS ThioRL hdib® BheVifixRONG SR W foPEqgHct s.

16 hours. The dark red solution was poured into brine, extracted into ethyl acetate, concentrated, and
purified by combi-flash 12g column, eluting with 0-30% ethyl acetate in dichloromethane to give a
15  waxy solid (0.545 g, 74%).

Example 1H
(S)-4-(4-nitrophenyl)-2-(pyrrolidin-2-yl)-1H-imidazole

HN N\

O/&}‘@\NOZ

NH

20 To a solution of the Product form Example 1G (0.545 g, 1.52 mmol) in dichloromethane (15
mL) was added trifluoroacetic acid (2.34 mL, 30.4 mmol) dropwise at ambient temperature. The

solution was stirred for 16 hours then concentrated and azeotroped with toluene twice to give an

orange waxy solid TFA salt (0.367 g, 65%).

25 Example 11
(S)-1-(2-(4-(4-nitrophenyl)- 1H-imidazol-2-yl)pyrrolidin-1-y1)-2-phenylethanone
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5As a further non-limting exanple, the conmpounds of the present invention
can be prepared by coupling a conpound of Fornmula IV to a conpound of
Formul a Wea=08most6i n Schene VI. Forrmula 1V and V are beCh/uskaelydes, and
can be reacted with an amine to formFornmula VI (step 1) by reductive

am nation using a suitable reduci agent such as NaCNBH3 or NaBH(QAc)3, in
a solvent such as THF or ethanol thout the addition of acetic
acid. Rmy be, without 10 | pm p Co%lkyl such as tert-buyl or

i sopropyl, C6-C ocarbocycl e s\ycC or 6- to 10- nenbered
heterocycle. Al ternatively, R mayHe a protecting group, such as benzyl or
2, 4- di met hoxy benzyl, which may bg renmoved from VI using hydrogenol ysis or
by treatnment with an acid, such asyyTRQ or HClL. Alternatively, V nmay contain
an al kyl halide, such as the brom de _ghown, and reacted with the product of
reductive amnation (step 2) of aldehyde IV with the amne to formVl (step
3). 15 The’BhkmhﬁmhOﬁmushﬂqnhamﬂﬂﬁmenEMObegp@ﬂﬁﬁﬁbﬁdndHAEUHOQDEgﬂh&% of a

or D e TR ARt BoRL BurPRie s bReones Wr oy BeD (BRERSPh tn

al kyl , HﬁmﬂUmmmzh@&&ﬂ@ﬂmyjoa3ﬁmhmlﬁmeEMHmhsw%Qheamﬁs160mmthh@pmﬁmﬂhﬁﬂu5|ng

ab se 'S base.in.a so F o Nitro
o odne T 88 Tttt e R gD hEued 13 RE R 2R e Y
hydrogemahmahndmhh&mﬂ@mﬁangnemhemp@aseggﬁ%ozo of NH4Cl HC1l, or acetic
acid, and further functionalized to conpounds | using the processes

described in U S. Patent Application Publication Nos. 20070232627,
20070197558 and 20070232645, and WI200RE 183753, as wel|l as those descri bed

in W20040143 04014 2007070556, W2007070600,
WD2008021927, Sias666 zafé‘%’ -l6a0aT gg %?gg’é‘ol@éﬂ%‘gge%?&laW’fooso70447 T
is -CH2-N(R) - CH2- or -CH2- NH CH2+HN In addition, the conpounds of
Formula | can be directly prep«re--iﬁLﬁ<::>Fﬁmg activated derivative

t hereof. For exanple, the compounds 'of t present invention can be

W 20Vl as shown in Schene VII, which can be
prepared through Schenmes -V by spbstituting chloro and/or nitro for 1V and
V. The halide and nitro substituted-onmpounds VI may be reacted with al kyl,
aryl, or heteroaryl alcohols, thio phenol s, or thiophenols using a base
sucfp as K2CO3 or Hunig's base in a“setvent such as THF or DW. Nitro groups
may be 10 reduc n r usi ng catw

hydrogenatlgﬂ or%ﬁgwﬁgq‘eBPﬁl?ﬁﬁmﬁ%%g@Eb%<§#?&ﬁﬁg%?%ﬁeb ln%ce ?%ngid

and fur(. ﬁ@mh‘) mmlhanolr(alﬁnz{achnﬂ c«:tmhmlmﬂnaniel 3 mU}swangadﬂhEqumr(Oﬂ@%g,els&dmsch wkled i n

U S. Patent. P |cat 0070232627 197558
500700 i AUC SR B £450ugRbn 8 B R b e § T e O B 5f 08 4315
W020040i4852ﬁnV@@0@6133&2@nm%ﬂ%ﬁ&?ﬁ%@55&msWﬂ%@@ﬁﬁ&@ﬁ@@ﬁe%ﬂ?ﬂﬂ&@&kﬂ@ﬁm

201%?3%%%%@%?@%@%%%%%1& 2\9a058(:9)r§cAé%t]f§éd anIa parti 10neod8t)oe V&QeAe'rAf ZO% IQ%QCO3

solution and ethyl acetate. The organic layer was dried over sodium sulfate, filtered, and concentrated

to give a waxy solid that was used without purification (97%).
Example 1K

20 (S)-tert-butyl 4-(2-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)-4-(4-(2-(1-(2-
phenylacetyl)pyrrolidin-2-yl)- 1H-imidazol-4-yl)phenylcarbamoyl)phenylthio)phenylcarbamate
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Schene VI | The conpounds having Fornulae Il and Il can be
simlarly prepared according to the above 5 schenes, as appreciated by

t hose skiwbediowaisizhe art. If a noiety described hec®ius2¢e/062177 - NH2 or
-OH) is not conpatible with the synthetic nmethods, the noiety may be
protected with a suitable proteciing group that is stable to the reaction
conditions used in the nethods.{ The protecting group nay be renoved at a
suitable point in the reaction Seuence to provide a desired internediate
or target conpound. Suitabl e/pKote
protecting or deprotecti (oI eDi
whi ch can be found in G &

s.ae well knowin the art, exanples of
¥ and Wit{s, supra. Optinmumreaction conditions
and reaction tinmes for eaCt i step nmay vary dependi ng on the
particul ar reactants enpl oyed and §tituents present in the reactants
used. Solvents, tenperatures and othgér reaction conditions nmay be readily
sel ected by one of ordinary skill imNthe art based on the present

i nvention. 15It shoul d be understood tfhat the above-descri bed enbodi ments
and schenes and the foll ow ng exanpl gs~are given by way of illustration,

not limtation. Various changes and fi cations within the scope of the
present invention will becone appaxéntyto those skilled in the art fromthe

present description. WD 2010/ 09/069177 Exanple 1 S)-4-
AR
\-kb- pheny N 5 pyrro lidin-2-yl)-1H

(4-am nophenylthio)-3 -(7-is
5%xanp|e | AH

pyrimdin-4-ylam no)-N (
i m dazol - 4-yl ) phenyl )b enza 'd

4- (4- Ami no- phenyl sul fanyl)-3-ni tro-benzoic aC|d met hyl ester 0 C) 02N NH2
To a solution of the Product from Example 1E (0.16 g, 0.30 mmol) and HATU (0.12 g, 0.316

mmol) in DMSO (5 mL) was added diisopropylethylamine (0.184 mL, 1.05 mmol) followed by the

Product from Example 1J (0.115g, 0.33 mmol). The solution was stirred at ambient temperature for
S 18 hours, then diluted with water and the crude product was filtered off an purified by combi-flash
12g column, eluting with 0-10% Methanol in dichloromethane to give a solid (0.092 g, 36%).

Example 1L
(S)-4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)-N-(4-(2-(1-(2-
10 phenylacetyl)pyrrolidin-2-yl)-1H-imidazol-4-yl)phenyl)benzamide

To a solution of the Product of Example 1K (0.092 g, 0.11 mmol) in tetrahydrofuran (1 mL)
was added 4 M HCl in dioxane (1 mL, 4.2 mol) at ambient temperature. After stirred for four hours,

the solid HCI salt of the product was filtered off and taken up in a small amount of methanol and
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A m xture of 4-chloro-3-nitrobenzoic acid nethyl ester (15.0 g, 68 mmol),
4-am not hi ophenol (8.8 g, 68 nml) and K2CO3 (11.8 g, 85 mmol) in DV (150
m.) was hwatet/@s37®0 C for 1.5 hours, 10 cool ed t o r oomPCergsestaoeaie; and
then poured into H20 (450 nlL) under stirring. The aqueous nixture was
extract wth e cetat 00 nL The extr.ac ed with H20 (3
ooy i Tora NEHOH SRREHTe Pl Bescminh i o docrbD Sg0e D i

pr OdUCtpuﬁﬁed)bfﬂmglﬁblGﬂaylS t1a¢ colle, eutidewl ocll()% Maghsing Us mamdﬁdndtlﬁhna&o gik 20f

col | cotalongtd PEHaE 6h0 LB iF: mPhertuapt b b 8 W £ dP iy

under redu@Ed Py BSS Wde)-ga\se, Q-T HEj ed) 35’0| t3.8 @QApound as.2oangel) erepstal

(18 6 np.

(21 At SR LYo Ay0 i W R AT S AP AR T3 4 ATt T eroT 6 aET ek hyi
est er H)Q9ANRN HNHBag, 1 MYB. 20 U0/-823 3Z6PAY/ US2009/ 069177 A sol ution of
the product fromExanple A (18.5 g, 61 mmpol) and di-tert-butyl dicarbonate
(26.8 g, 122 mmol) inp-di oxane (280 nL) was heated at 90 C for 3 hours. An
additional di-tert-butyl dicarbonate (26.8 g, 122 mml) was added and the
m xture was heated at 90 C for 3 h§%%5.1§ second additional di-tert-butyl
di carbonate (13.4 g, 61 mml) was BH°nd the m xture was heated at 90 C

5hf1©r 4 mguhﬁnog%@umeﬁmmw((sj xt(uzle (W&ﬁ:tlﬁ}ﬁﬁhlﬁi)‘—ﬂpheﬂymmyt)@ﬁ%ﬁﬂﬂtw{}p1}r11and
t hen evaporat.e e residue was di 25 nd t he
it ur o nas Sorbrld AR AP B S it E GG cryst al

was col lected by filtration, wash ith i-Pr20 and dried at 60 C overnight

under reduced pressure gave conmpound as yellow crystal (22.8 g,
93@6yie|d) 10Exanp|e 1C

ester 0 0 H2N NHBoc of the product from Exanple 1B (22.8
g, 56 mmol), Fe powder (16.~ ¢ |) and NH4Cl (15.1 g, 282 mmol) in
aqueous EtOH [prepared from Et OH (22 and H20 15 (228 nL)] was
gradual ly heated to reflux and gentl | uxed for 2 hours. The reaction

m xture was cooled to roomtenperatureland filtered through celite pad. The
filtrate was evaporated. The aqueous

celite pad. The organic layer was separat ed, mashed wi th H20 and bri ne,
dried over MgSO4 and evaporated. Th resi due was crystallized in the
treatment with i-Pr20 (200 nL) and rred at roomtenperature for 30
m nutes. The resulting crystal Ne% ety filtration, washed with
i-Pr20 and dried at 60 C overni ndjar red pressure gave the title

0" 66% Y eTn.

Example 2A
15 (R)-2-(dimethylamino)-2-phenylacetic acid
/
—N  OH

O

A solution of (R)-2-amino-2-phenylacetic acid (1.0 g, 6.62 mmol) and 37% aqueous
formaldehyde (3.22 mL, 39.7 mmol) in methanol (22 mL) was treated with 20% Palladium on Carbon

(0.35 g, 0.66 mmol) under a hydrogen atmosphere for 5 hours. After purging with nitrogen, then

20 solution was filtered and concentrated. The residue was taken up in a small amount of methanol and

cther was added. The resulting solid was filtered and dried to give a white solid.
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Exanpl e 1D 254-(4- tert-Butoxycarbonyl am no-phenyl sul fanyl)-3 -(7-is

opropyl -pyrido [2,3 -d] pyrimdin-4-ylam no)- benzoic acid nethyl ester WO
2010/ 0753¥6RCVI3SZ609/ 069177 A suspensi on of  PCT/US2009/069177

N - (3-cyano-6-isopropyl -pyridin-2-y1)-/V, N-di net hyl - f ormam di ne (2.00 g,
9.3 mmol ) and the product from Exag‘gﬁle 1C (3.46 g, 9 3 mol) in Acetic acid
(40 nmL) was heated at 120 C for 20 PRt under N2. After cooling to room
t enper at ur eR)Lh@infe@Btihiia)- 1A YtME 4 wasophenyDFIH- @& B Y eblid¢ihhyl)-acet at e
(150 nL) and H20 (200 nmL), and then made basic to pH 9 with K2CO3 under
stirring. The organic |ayer was sBFZYSP&Ywashed with 10% NaHOO3, H20 and
brine, dried over MJSO4, and evaporate 0 give a pale brown oil. The oily
resi due was separated by silica gg| co@u chr omat ogr aphy (et hyl

acet at e/ n-hexane = 5/1) gave yel | oW stal \ ,Further purification by
washing with cold ethyl acetate fJLf veg the title conpound as slightly
yel l ow crystal (3.27 g, 1065% W ). a e |E 4-(4-

t ert - But oxycar bonyl am no- phenyl $ anyl)-3J-(7-is opropyl-pyrido [2,3 -d]
pyri m di n-4-yl am no)- benzoic acid 15

NO,
5 The Product of Example 1H (0.185 g, 0.49 mmol) and the Product of Example 2B (0.098 g,

0.54 mmol) was processed in the same manner as in Example 11.

Example 2C
(R)-1-((S)-2-(4-(4-aminophenyl)- | H-imidazol-2-yl)pyrrolidin- 1-y1)-2-(dimethylamino)-2-
10 phenylethanone

/

/NH
O N_~

NH,
The Product of Example 2B (0.21 g, 0.50 mmol) was processed in the same manner as in

Example 1] to give a waxy solid (0.085 g, 44%).
15 Example 2D

tert-butyl 4-(4-(4-(2-((S)-1-((R)-2-(dimethylamino)-2 -phenylacetyl)pyrrolidin-2-y1)- 1H-imidazol-4-
yl)phenylcarbamoyl)-2-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)phenylthio)phenylcarbamate
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To a solution of the product from Exanple 1D (3.25 g, 6.0 mmol ) in THF
(32.5 nL) was added aqueous Li OH [prepared from Li OH nonohydrate (1.02 g,
24 mmol ) wWoeadotA053760 )] dropwi se at room t enper at ur e. PCAISRI0I06Y1E7 Was
stirred at roomtenperature for 26 hours, and then evaporated. The aqueous
m xture was diluted with 100 nL of H20, washed with ethyl acetate (50 20
m.), and then carefully acidyfi@djo pH 4-5 with 10% HC1 at 5 C under
stirring. The resulting sotNd wias{col |l ected by filtration, washed w th H20,
and dried at 60 C overnight tmder retliiced pressure gave the title conpound
as pale yellow crystal ( #eld). Exanple 1F 25(S)-1-tert-butyl
2-(2-(4-nitrophenyl)-2-0 yI) pyrirol i di ne-1, 2-di carboxylate WO

2010/ 075376PCT/ US2009/ 069 0 a solution of BOC-L-Proline (0.485
g, 2.25 mml) and 2-Brorm-4'-n|tro 8t ophenone (0.500 g, 2.05 mmol) in

dropw se at anbi ent tenperature. Afgnver _otirred for four hours, the solution
was poured into brine and 5extracted ifnto ethyl acetate, dried over sodium
sulfate, filtered, and the filtrate was. concentrated to give a crude
material that was used wi thout purif ion (100%yield). Exanple 1G
(S)-tert-butyl HN

2-(4-(4-nitrophenyl)-1Him daz/ I )Spyr ol i d| ne 1- carboxyl ate HN NO2 100

A solution of the Product of Example 2C (0.081 g, 0.21 mmol) and the product from Example
1E (0.10 g, 0.188 mmol) was processed in the same manner as in Example 1K to give a solid (0.094 g,
55%).

Example 2E
4-(4-aminophenylthio)-N-(4-(2-((S)-1-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidin-2-yl)- 1H-
imidazol-4-yl)phenyl)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzamide

10 The Product of Example 2D (0.094 g, 0.10 mmol) was processed in the same manner as in
Example 1L to give a yellow solid (0.016 g, 19%). 1H NMR (400 MHz, Solvent) d ppm 1.36 (d,
J=6.71Hz, 6 H) 1.80-2.12 (m, 4 H) 2.17 (s, 6 H) 3.19 - 3.26 (m, 1 H) 3.38 (s, 1 H) 3.88 (s, 1 H) 4.25
(s, 1 H) 5.06 (s, 1 H) 6.66 (d, J/=8.54 Hz, 2 H) 7.02 (d, /=6.10 Hz, 1 H) 7.15 (d, /=8.54 Hz, 2 H) 7.23
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To a solution of the Product from Exanple 1F (0.775 g, 2.05 mmol) in

tol uene (10 nL.) was added ammoni um acetate (3.16 g, 41.0 mol ) in one
portion. Wbeororsitee was heated at 100 C for 16 hours. TPhe/usaeoe/osad?
solution was poured into brine, extract ed into et hyl acetate, concentrated,

and puri e y -fl 2 I 30 etate in
di chl oro Jnéeq E?H} 25'3 J—?g?éévaﬁy?ﬁf&ﬁr éiooms 87%1@)1%5‘&%1 Mil—glaﬁ

(S)-4- (A70bHz0PAENY1) - 2- (pyrro lidin-2-yl)-1Him dazo e HN crizz. NO2 20To
a solution of the Product form Exanple 1G (0.545 g, 1.52 mol) in

di chl oronet hane (15 nlL) was added trifluoroacetic acid (2.34 nL, 30.4 mol)
dropw se at anbient tenperature. Thexamplewti on was stirred for 16 hours then
congentrated and azeotroped with t qu&&\gtovvl ce to give an orange waxy solid
TFA“salt (0.367 g, 65% . 25Exanple™l

(S) - 1- (2- (4- ( §)nichaydpliepyt)amlibpherytriz 3 2isyepyylfyeidodidnd pyrindiflin- phenyl et hano
ne WO 2010/ 075376P /US 009/ 0 solution of the Product
from Exanpl e 1H (Oqfljgmﬁ’ eﬁzaﬁg&%ﬁﬂk*’é}?‘?&lw Igmﬁd?aﬁf"x}éatgs mol ) in DVSO
(5 nL) was added diisopropyleth ne (0 253 nmL, 1.45 mol) foll owed by
Phenyl acetic acid (0.066 nL, O he solution was stirred for 16
hours, then diluted with 5vvater ‘ pioduct was filtered off and
purified by conbi-flash 12g col um, /1 i
di chl oronet hane to give a solid (0.137 CQHN

10 Example 3A
(S)-benzyl 2-(4-(tert-butoxycarbonylamino)phenylcarbamoyl)pyrrolidine- 1 -carboxylate

O™,

O HN

To a solution of Carbobenzyloxy-L-proline (0.20 g, 0.80 mmol) and HATU (0.32 g, 0.84

mmol) in DMSO (6 mL) was added diisopropylethylamine ( 0.42 mL, 2.41 mmol) followed by tert-

15  buty-4-aminophenylcarbamate (0.175 g, 0.82 mmol). The solution was stirred at ambient temperature
for two hours, then diluted with water and the solid product was filtered off and purified by combi-

flash 12g column, eluting with 0-20% ethyl acetate in dichloromethane to give a solid (0.245 g, 70%).
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Example 1J (S)-1- (2-(4-(4-am nophenyl)-1Hi m dazol-2-yl)pyrro |idin-

1-y1l) - 2- phenyl et hanone To a solution of the Product from Exanpl e
11(0. 137 WP 20103653mol ) in a m xture of water (0.75 nl), PeEfUsacmoloc(1175 nl)
and tetrahydrofuran (1.5 nL) was added iron (0.102 g, 1.82 mml) and
ammoni um chl oride (0.030 g, 0.54 mmol) and the resulting m xture was heated
with vigorous stirred at 75 C for one hour. The warmreaction m xture was
filtered through celite and rinsedeEwehdleS8th 15 nmet hanol and

tetrahydrofuran. The filtrate.was concentrated.and rtitioned between 10%
NaHCO3 sol uti on aﬁgyg?ﬁ¥¥4@5@?%PE@W%ﬁ a%?ﬁ&ﬁF&“ﬁ%?EBgmﬁgﬁﬁried over sodi um

sulfate, filtered, and concentrated to a waxy solid that was used

Wi t hout purification (97%. Aaml e 1K )-tert-butyl

4-(2-(7-isopropyl pyrido[2, 3-d 0 dig- 4-y| ani no) - 4- (4- (2- (1-( 2-

phenyl acetyl )pyrrolidin-2-y1)-ITH i mda h- =@ ) phenyl car banoyl ) phenyl t hi 0) p
henyl carbamate WD 2010/ 075376PCT/ US2009//G69177 To a solution of the
Product from Exanple IE (0.16 g, 0.30 mm nd HATU (0.12 g, 0.316 mmol)
in DMSO (5 nL) was added dii sopropyl et hyl e (0.184 nm, 1.05 mmol)

foll owed by the Product from Exanple 1J (0. I145g, 0.33 mmmol ). The solution
was stirred at ambient tenperature for 518 hbfes, then diluted with water

and:the cru t ' § i~
col . ol ut G P b Tkt FEE S hile 3R Btz 03 pl FRTRLL EIRL TR,
(0.092 a@giedg@%—l_Cl dioxane (2.8 mL, 11.2 mol) and the mixture was stirred mmnetemperature for 17

() A RORRERA ARk SRR SR BHGIG9 Rs vl Y B 4], am no) -
10phenyl acetyl ) pyrrolidi n-2-y1)-1Hi m dazol - 4-yl ) phenyl ) benzam de NH2
Example 3C
10 (S)-benzyl 2-(4-(4-(4-(tert-butoxycarbonylamino)phenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-

4-ylamino)benzamido)phenylcarbamoyl)pyrrolidine- 1-carboxylate

y

The product from Example 1E (0.15 g, 0.28 mmol) and the Product from Example 3B (0.134
g, 0.395 mmol) were processed in the same manner as Example 1K to give a solid (0.155g, 64%).
15
Example 3D
(S)-benzyl 2-(4-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-
ylamino)benzamido)phenylcarbamoyl)pyrrolidine-1-carboxylate



To a solution of the Product of Exanple 1K (0.092 g, 0.11 mmol) in
tetrahydrofuran (1 nL) was added 4 M HC1 in dioxane (1 nL, 4.2 nol) at
anbi ent twopercat’ss’e. After stirred for four hours, the ®oriu$200@bemart of
the product was filtered off and taken up in a small anpbunt of nethanol and
40 WO 2010/ 075376PCT/ US2009/ 0691(7 added to a NaHCO3 sol ution. The free
am ne was extracted into ethyl ate concentrated and purified by

Y

conmbi -flash 12g columm, el utingXxy.&h Q5 1096 t hanol in dichloronmethane to
give a yellow solid (0.035 g, 43%. 00 MHz, Solvent) d ppm 1. 36
(d, J=7.02 Hz, 6 H 1.89 - 2.36 (m 4 324(dd J1389 6.87 Hz, 1 H)

3.50 - 3.81 (m 4H 509-520(m 1 > (d, 5J=8.54 Hz, 2H)6.98-
7.10 (m 2 H 7.12 - 7.35 (m 7H)755(_:,J854Hz 1H 7.66 - 7.79 (m
yl

SH 7.96 (s, 1 H 8.49 (s, 1 H 876 ( 8.24 Hz, 1 H) Exanple 2

104- (4- am nophenylthio)-N- (4-(2-((S)-1 - (di net hyl am no) - 2- phenyl ac
etyl)pyrro lidin-2-yl)- 1H i m dazol -4 phenyl)-3 - (7-is opropyl pyrido
[2,3 -d]pyrimdin-4-ylamno)b enzani d&® Exarrple 2A

15(R) - 2- (di net hyl am no) - 2- phenyl acetic acid / -N CH

RO\
NH

The Product of Example 3C (0.094 g, 0.10 mmol) was processed in the same manner as in

Example 1L to give a yellow solid (0.045 g, 33%). 1H NMR (300 MHz, DMSO-D6) d ppm 1.34 (d,

J=6.62 Hz, 6 H) 1.81 - 2.00 (m, 3 H) 2.16 - 2.31 (m, 1 H) 3.15 - 3.27 (m, 1 H) 3.41 - 3.56 (m, 2 H)

5 429-440(m,1H)4.92-5.14 (m, 2 H) 5.59 (s, 2 H) 6.64 (d, J=8.46 Hz, 2 H) 6.87 (d, J=8.82 Hz, 1

H) 7.15 (d, J=8.46 Hz, 2 H) 7.18 - 7.27 (m, 2 H) 7.34 - 7.42 (m, 2 H) 7.54 (t, J=8.09 Hz, 2 H) 7.62 -

7.72 (m, 3 H) 7.78 (d, J=7.35 Hz, 1 H) 7.95 (s, 1 H) 8.59 (s, 1 H) 8.89 (d, J=7.72 Hz, 1 H) 10.01 (d,
J=5.52 Hz, 1 H) 10.14 (d, J=5.88 Hz, 2 H)

10 Example 4
(S)-N-(4-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-
ylamino)benzamido)phenyl)pyrrolidine-2-carboxamide



A solution of (R)-2-am no-2-phenylacetic acid (1.0 g, 6.62 mmol) and 37%
aqueous fornmal dehyde (3.22 ni, 39 7 mol) in nmethanol (22 nL) was treated
wi th 20%wel2btdi7esmeon Carbon (0.35 g, 0.66 nmol) under aCHyuS2@YOH9177

at nosphere for 5 hours. After purgi ng wi th nitrogen, then 20sol uti on was

filtered an c ntrate was .t aken u smal | anount of
ot hanal - andTEdREEeL G g BT sl o P 85 ettt e RBPe IR AA od o
give a E/Mample 180 gidle thidPr2itQls@ mm&&m@%%ﬁa}m‘h@«awMﬂle}BQ d

i 1990 08 kYRl s o A sl Broe et o ek ot & 6 B

0. 49 mvebp2 and Hhe1Pr dowah, 1af) f%a(ﬂ@IJ% 88 5(30.1098 1y 5.59.(§4 Hye3)(d wes.4pHacessed

(4 6o 22%”%%%@2%%6% P TBp S 3 s 2Rl DO Tl 9 B 170G it iy - 2.
10phenyH)et P are) 8. N—dz, 1 H) 8.88 (The-6RPp onutt) 9H0 Exanpl @1 2@, (=0026Hg,,2 9) 50 mol )
was Pprocess

sane nner as in solid
(0.085 g, 44 f&&)gfggampgung%wg&a{so BWVFBCC&%mg t0 f]le procgsses descn%\%}/erem

4-(4-(4-(2-((9-14(R-2-(di t hyl am no) - 2- phenyl acetyl ) pyrrolidin-2-y1)-1H
i m dazol - 4-
NN

" b

Example 5

N P
=0

H,N

10

Example 6

15 Example 7
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yOphenyl car banoyl) - 2- (7-i sopropyl pyri do[ 2, 3-d] pyri m di n-4-yl am no) phenyl t hi
0) phenyl carbamate WO 2010/ 075376PCT/ US2009/ 069177 A sol ution of

t he Prodww0 20fo/Exzmapl e 2C (0.081 g, 0.21 nmol) and the pcodisetosfosant Exanpl e
| E (0.10 g, 0.188 mmol) was processed in the sane manner as in Exanple 1K
to give a solid (0.094 g, 55% . 5 Exanple 2E 4-(4-am nophenylthio)-N
(4-(2-((8) 1-((R)-2- (di 1 Lyl )pyrro lidin-2-yl)-1H
i m dazol - 4-yl ) phenyl )-3 - B -d] pyrimdin-4-ylamno)b
enzamide NH2 10The Produt Q7 0.10 mml ) was
processed in the sanme mann K give a yellow solid (0.016
g, 199 . 1H NWR (400 MHz, NSol H)dppm13 (dN< J=6.71 Hz, 6 H 1.80 -
2.12 (m 4 H 2.17 (s, 6H)\=:BI W?)S(sl 3.88 (s, 1

L9=\3.26
H 4.25 (s, 1 H 5.06 (s, @ 2H)702(d J=6.10 Hz,
2

1 H 7.15 (d, J=8.54 Hz, 7. 23 V\D 2010/ 075376PCT/ US2009/ 069177

H,N
Example 8

N\NH

@NH

H,N
5 Example 9
/
N/ \ N\
N/ \ NH S
N\
\ NH
H,N

Example 10

N HJ

10 H2N
Example 11
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- 7.50(m 5H 7.55 (d, J=7.63 Hz, 1 H 7.62 - 7.80 (m 5 H) 7.99 (s, 1 H
8.56 (s, 1 H 8.77 (d, J=7.02 Hz, 1 H Exanmple 3 5A-1169629.0 (S)-benzyl

2- (4- (4- (Wwoamomgpdtenyl t hi 0) - 3- (7-i sopropyl pyri do[ 2, 3- d] pgTiuse@inens7

yl am no) benzam do) phenyl car banoyl ) pyrrol i di ne-1-carboxylate NH2 10Exanple
3A (S)-benzyl
2-(4-(tert-butoxycar bony| am no) phenyl car banoyl r@fl i di ne- 1-car boxyl at e
NHIC [/ \ To a sgtytion of Carbobenzyl ox -L_%Qrollne (0.20 g, 0.80
mml ) and HATU (0. 32 g, mml ) in DVSO (6o s added

dii sopropylethylamne ( 942 m, 2.41 mol) fol owed by tert- 15

but y- 4- am nophenyl car bar'?’a.r__ o, 175 g, 0.82 |/’ The solution was stirred
at anbi ent tenperature for twg hyurs. @ olf, | with water and the solid
product was filtered off agd p fied D onbi fl ash 12g col umm, el uting
wi th 0-20% et hyl acetate di chl oronet hane to give a solid (0.245 g, 70%.
WD 2010/ 075376PCT/ US2009/r669177
H.N
Example 12
/ A\ o
\ NH m
5 Example 13

H—o”

/
7 N\ NG
4>/§:\§7 0~ N

Example 14
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Exanpl e 3B (S)-benzyl 2-(4-am nophenyl carbanoyl ) pyrrolidi ne-1-carboxyl ate
NH2 5To a solution of the Product from Exanple 3A (0.245g, 0.56 mml) in
di oxane (Worhjo/mmay6added 4M HCL di oxane (2.8 ni, 11.2 nmpCr/useaooba7m xt ure
was stirred at anbient tenperature for 17 hours. The m xture was
concentrated and azeotrgped with toluene to give a tan solid (0.18g, 86%.
Exanpl e 3C 10(S)-b en
2-(4-(4-(4-(tert-butoxyogs
-d] pyrimdin- 4-ylanm nol

bonyl am no) phenyl t Ri o)\ 3-£%-i sopropyl pyrido [2,3
pnzamnm do) phenyl car yK) pyrro lidine-Il-carb

oxylate NH HN NO NN N A The product from Exanpl (0.15 g, 0.28 nmol)
and the Product from eNg@B (0.134 g, 0.395 mmo re processed in the
sane manner as Exanpl e Nt o gFme a sgb{ﬂzﬂp.l 64% . 15

o

\
Example 15
o
NN
N\/_\ NH
— — N
"N\ NS
S N 7 — \ / \\/NH
H,N
5 Example 16
__ (o}
N\ / O)\N

N /) —NH O

\\_N O NH
S

Q i

H,N
Example 17
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Example 3D (S)-b enzyl 2-(4- (4-(4- am nophenylthio)-3 -(7-is opropyl pyrido
[2,3 -d] pyrimdin-4- ylam no)b enzam do) phenylc arb anoyl)pyrro lidine-1-c
arb oxyl awve 200W/@8378/ 075376PCT/ US2009/ 069177 NH2 PCTHiS2000061¢1 Of
Exanple 3C (0.094 g, 0.10 mmol) was processed in the sane manner as in
Exanple 1L to give a yellow solid (0.045 g, 339 1H NMR (300 MHz, DWVBO- D6)

d ppm 1.34 (d, J=6.62 Hz, 6 H) 1.81 -2.00 (m 2.16 - 2.31 (m 1 H
3.15 -3.27 (m 1 H 3.41 - 3.56 (m 2 H 5 4.2 .40 (m 1 H 4.92 - 5.14
(m 2 H 5.59 (s, 2 H 6.64d, J=8.46 Hz, 2 /87 (d, J=8.82 Hz, 1 H)

7.15 (d, J=8.46 Hz, 2 H) T
J=8.09 Hz, 2 H 7.62 - 7.72
8.59 (s, 1 H 8.89 (d, J=7.
J=5.88 Hz, 2 H) 10Exanple 4
opropyl pyrido [2,3 - d] pyrini dija=

yl am no) benzam do) phenyl ) pyryoti di carboxanj de NH2 WO

2010/ 075376PCT/ US2009/ 069177 s N#Pr odoct of Exanpl e 3C (0.094 g,
0.10 mmol ) was processed in &3¢ sawe’manner as in Exanple 1L to give this
product as a yellow solid ( g, 12% . 1H NWMR (300 MHz, DWVSO D6) d ppm
1.34 (d, J=6.99 Hz, 6 H 1. 1.70(m 2 H 1.70- 1.85 (m 1 H 1.95
-2.12 (m 1 H 2.88 (t, J®NG62 Hz, 2 H 3.13 - 3.26 (m 1 H 3.66 (dd,
J=8.64, 5.33 Hz, 1 H) 5.59 (s, 2 Hexfmg31£d, J=8.46 Hz, 52 H) 6.86 (d,
J=8.46 Hz, 1 H 7.14 (d, J=8.46 Hz, 2 H 7.63 (g, J=8.95 Hz, 5 H 7.77 (d,
J=9.19 Hz, 1

The following compounds of Formula I can be similarly prepared according to the present

8 - 7.27 (m 2 H(7.34 - 7.42 (m 2 H 7.54 (t,

3 H 7.78 (d, 6J=7.35 Hz, 1 H) 7.95 (s, 1 H

, 1 H 1008%/(d, J=5.52 Hz, 1 H) 10.14 (d,
2-

- N-(4- (45(4-aki nophenyl thio)-3 -(7-is

5  invention,

wherein ™4 Wz "Ri s selected from Table 1; -X;-R; is selected from Tablet 2; A; and A, are

g_T G ;
selected from Table 3a and Table 3b, respectively; and T is selected from Table 4. .

10 may also be selected from Table 5.
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7.94 (s, 1 H 8.58 (s,
(d, J=10.66 Hz,
to the prwoeswassitescri bed herein:
Exanple 7 H2N Exanple 8 H2N

1H

8.88 (d, J=6.99 Hz,
2 H The foll ow ng conpounds were al so prepared accordi ng
H2N Exanpl e 5 10 HPNTHS2a0m9/069167 15

HN"%
= |\N “
NS
F,C” SN N/) N
O\
e HN” i
\N N/ \N N/ \N N/
HN HNE[ HN/'%
B N
N N -
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HN N HNR
Nk/ | \)N N/ | \N N/ \N
NS o
N" N )\\N N/) \)\\N [/
~
*
HN N HN-E
\N N
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N P
N \HLN Y
NMe NMe, H
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Nig N/) NZ
OMe OH OH
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S5Exanple 9 H2N Exanple 10 10H2N Exanple 11 H2N Exanpl e 12 5Exanpl e 13

Exampl e 14 WO 2010/ 075376PCT/ US2009/ 069177 \/ NH

WO 2010/075376 PCT/US2009/069177
Y
HN HN}1 HN}‘ HN}L HN}‘
x> = |
N X X > X Z
N N N C/N N7 N
%
2 HN”
HN PP HN}‘ HN:L‘L HN%
N
m R uetNes b
AN z C/N N~ N
O N N o \N N/) F,C \N N/ \N N/
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NSy N/)
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Example 15 .... ,NH H2N Exanple 16 H2N Exanple 17 WO

2010/ 075376PCT/ US2009/ 069177 H2N Exanpl e 18 The foll ow ng
conpoundswof2ofear7marba | can be simlarly prepared accor diPag/useomie1pt esent
5invention, | wherein is selected fromTable 1; -X1-R7 is selected from

Tablet 2; Al and A2 are Table 2. -X;-R,

=) ) O N (O

§x@F —s—(_)NHooe 10— )—nHcogve 5@NHCO2MG
_EwNHCOZMe ;—s@ E—o@ e”ﬂ %x@

N
%QP eLQHj %xQHj - {@H E_O{@H

"‘LC@H %x% 2y Ho() fLQj
ngj O QO N0

o)

e e N N

54



selected from Tabl e 3a and Table 3b, respectively; and T is selected from

Table 4. 10may al so be selected from Table 5. 1- Tabl e 1. oH H.
. O NHNVBN010/075376 PCT/US2009/069177
Table 3a. A,
— —N N=
g—x1©—T—§ E—X1Q—T—E é—x1@—T—§ §—X1QT—§
Z Z4 Z4 Z4
N:>7 —N
Py b P Py
o 21 zi" S zi O
E_X1 S E—X1 o] N/T_%
I,>_T_§ I/ | §—X1QN—T— §—X1Q
z7 N z{7 N
e . Z4 4
-X _ H
| EN—T—E | rN—T— | XD*T—% | XIN)—T—Q
4 z Zi z7 N
|-x _
- 0y
Z; Z;

55



IN . -,- NNNI N,J (:)N F3SBC NN HNINNN N1

WO 2010/075376 PCT/US2009/069177
Table 3b. A,
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WO 2010/ 075376PCT/ US2009/ 069177 The inhibitory activities of the
conpounds of the present invention can be evaluated using a variety of
assays krnworroion7s3te art. For instance, two stabl e subgemomius2000pb91¢DN cel |
| ines can be used for conpound characterization in cell culture: one
derived from genotype | a-H77 and the.other derived from genotype | b-Con 1.

The replicon constructs canfﬁé b|C|§B oni c bgenom ¢ _replicons. 5 The
genotype |l a replicon qon§tru tTEontalns NS 5B Eﬁﬁf}g region derived from
the H77 strain of HCV'(@_ 9. The rep ce(ééj? as a firefly luciferase
reporter and a neonycin phosphotranst-hb,r sel ect abl e marker. These

two coding regions, separated by the FMDV 2a profease, rise the first
cistron of the bicistroni c/\epl |construct : tth th cond cistron
containi ng the NS3-NS58B g%gg’ §giron wi ddi torf of adaptive nutati ons.
The | b- Conl repllcon\mbns is identicall Q’“the 10 la-H77 replicon,

except that the NS3- NS5B codlng region is derived fromthe | b-Conl strain,
and that the replicon contains different adaptive nmutations. Replicon cel

lines can be maintained in Dulbeceals nodified &agles i um ( DVEM
contai ning 10% (v/v) fetal/ Vkﬁ rum (FBS), I8yt benicillin, 100
ng/ m streptonyC|n.Lan|thQ% and 200~ & (Invitrogen). The
inhibitory effects of t enc npounds of the hvéntlon on HCV replication can
be 15 determ ned by measuring activity of the luciferase reporter gene.
For exanpl e, replicon-cont &g |ng cells can seeded into 96 well plates at
a density of 5000 cells pe 100 m M cont |n|ng 5% FBS. The
foll owi ng day compounds c& pgf. ed in d| foxide (DMSO) to

ies of eight 7ﬂ o ilutions. The dilution

generate a 200x st od

series can then be fﬁEtEEf diluted 160415 ﬂtlﬁ the nedluntcontalnlng 5%
FBS. Mediumw th the inhibitor is added to the overnight cell 20 culture
pl at es al ready contai nin 00 M of DMEMwi th 5% FBS. I n assays measuring

inhibitory activity int resence of humap—pl asma, the nmediumfromthe
overni ght cell culture plates can repl aced/wi th DMEM cont ai ni ng 40%
human plasma and 5% FBS. ™ cgl an be i(hcubated for three days in the
tissue culture incubat .rs/éhdgare then | ysgd for extraction. For the

| uci ferase assay, 30 df Passive Lysis byftfa? omega) can be added to
each well, and then the pl ates are bﬁ afed for 15 minutes with

r ocki ng to | yse the cells. Luciferin sotution (100 jtl, Promega) can be
added to each well, and luciferase activity can be measured with a Victor
[l | um nonet er (Perkln Elneryf\ﬁhe percent i nhi bi @n of FICV RNA
replication can be cal cul af pch conpounﬂ atlon and the IC 0
and/ or ECO val ue can be cal 8 ead~usi ng nonl i ssion curve fitting
to the 4-paraneter Tf ;stN oeQuat i on and MPH sm 4 software, 30Wen

eval uated using the a ve' net hod, r epr esertsati ve conpounds of the present
invention inhibited HCV replicon replication with 1C50 values in the range
of fromabout 0.1 nMto about 100 [M 1C50 refersogo 50% i nhibitory
concentration. Cytotoxicity of the conpounds  of present invention can
al so be eval uated using neth s knomn in the agt.] Wieg.tested, the TC50
val ues of representative CoRp f the preseft in ion were often
greater than the correspo 35val ugs o Q?e conpounds. TC50 refers
to 50% toxicity coneeﬁtﬁgyz;no Table 6 I\Eﬁkr @ 1 C50 val ues of
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t he conpounds of Exanples 1-18 when tested using HCV replicons. WO
2010/ 075376PCT/ US2009/ 069177 Table 6 Exanple 1C50 for replicon | b-Conl 1

| OnM 100rWb20@/0r5371+ 10 nM 3 0.1 nM 10 nM 4 | OnM 100nMpETQIS2000069110 nM 6

0.1 nM 10 nM7
ResSeli e
O)\O 0~ O
O U
R
Raoae @M@
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0.1 n+ 10 n M8 0.1 nM 10 nM9 0.1 nM 10 nM10 0.1 nM 10 nM 11 0.1 nM
10 nM12 0.1 nM+ 10 nM13 0.1 nM 10 nM 14 | OnM 100nM 15 | OnM 100nM 16
WO 2010/075376 PCT/US2009/069177

The inhibitory activities of the compounds of the present invention can be evaluated using a
variety of assays known in the art. For instance, two stable subgenomic replicon cell lines can be
used for compound characterization in cell culture: one derived from genotype 1a-H77 and the other
derived from genotype 1b-Conl. The replicon constructs can be bicistronic subgenomic replicons.

5 The genotype la replicon construct contains NS3-NS5B coding region derived from the H77 strain of
HCV (1a-H77). The replicon also has a firefly luciferase reporter and a neomycin phosphotransferase
(Neo) selectable marker. These two coding regions, separated by the FMDV 2a protease, comprise
the first cistron of the bicistronic replicon construct, with the second cistron containing the NS3-NS5B
coding region with addition of adaptive mutations. The 1b-Conl replicon construct is identical to the

10 1a-H77 replicon, except that the NS3-NS5B coding region is derived from the 1b-Conl strain, and
that the replicon contains different adaptive mutations. Replicon cell lines can be maintained in
Dulbecco’s modified Eagles medium (DMEM) containing 10% (v/v) fetal bovine serum (FBS), 100
IU/ml penicillin, 100 mg/ml streptomycin (Invitrogen), and 200 mg/ml G418 (Invitrogen).

The inhibitory effects of the compounds of the invention on HCV replication can be

15  determined by measuring activity of the luciferase reporter gene. For example, replicon-containing
cells can be seeded into 96 well plates at a density of 5000 cells per well in 100 ul DMEM containing
5% FBS. The following day compounds can be diluted in dimethyl sulfoxide (DMSO) to generate a
200x stock in a series of eight half-log dilutions. The dilution series can then be further diluted
100-fold in the medium containing 5% FBS. Medium with the inhibitor is added to the overnight cell

20 culture plates already containing 100 pl of DMEM with 5% FBS. In assays measuring inhibitory
activity in the presence of human plasma, the medium from the overnight cell culture plates can be
replaced with DMEM containing 40% human plasma and 5% FBS. The cells can be incubated for
three days in the tissue culture incubators and are then lysed for RNA extraction. For the luciferase
assay, 30 ul of Passive Lysis buffer (Promega) can be added to each well, and then the plates are

25  incubated for 15 minutes with rocking to lyse the cells. Luciferin solution (100 pl, Promega) can be
added to each well, and luciferase activity can be measured with a Victor II luminometer (Perkin-
Elmer). The percent inhibition of HCV RBRNA replication can be calculated for cach compound
concentration and the 1Cs, and/or ECs value can be calculated using nonlinear regression curve fitting
to the 4-parameter logistic equation and GraphPad Prism 4 software,

30 When evaluated using the above method, representative compounds of the present invention
inhibited HCV replicon replication with 1Cs, values in the range of from about 0.1 nM to about 100
uM. ICsy refers to 50% inhibitory concentration. Cytotoxicity of the compounds of the present
invention can also be evaluated using methods known in the art. When tested, the TCs values of
representative compounds of the present invention were often greater than the corresponding 1Cso

35  wvalues of the compounds. TCsg refers to 50% toxicity concentration. Table 6 lists the ICsy values of

the compounds of Examples 1-18 when tested using HCV replicons.
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0.1 nv 10 nM17 0.1 nM 10 nM 18 100 nM- 10 [i M The present
i nvention also features pharnaceutical conpositions conprising the
conpoundswof2otongsizavent i on. A pharnaceuti cal conposi ti orCofuskéve/opriesent
i nvention can conprise one or nore 5conmpounds of the invention, each of
whi ch has a fornula i ndependently se%g ted fromselected fromFornul ae |,
1 or I1l1. In addition, the pr ft invention features phar maceuti ca
conposi tions conprising phaxamgRytiCgabdyplrecaptabl e salts, sol vates, or
prodrugs of the conpounds |[of {he [i nvephmoniooWht hout |imtation,
pharmaceutical |y acceptablle saltg cap bgrzwhierions or derived from
pharmaceutically 10 accepgiabke i[nor ganing Q0O o®8f ganj ¢ aci ds or bases.
Preferably, a pharnmaceuti galTy agcepighle RRlav T etjai ns the bi ol ogi cal
effectiveness of the free [@acig or bagg M_upgnconpound wit hout undue
toxicity, irritation, or giteggrq regpofiRe o & | easonabl e benefit/ri sk
ratio, is effective for theTatended Usg;_ay st biologically or
ot herwi se undesirabl e. Theprgsent—TveRiqg fFrther features
pharmaceutical conpositions—cgpnpr i%qiﬁdb il nd— 15 of the invention (or
L
il

a salt, solvate or prodru e —af her apeuti ¢ agent. By way
AT NI -
euti c agents can be

t
of illustration not limtat q s%lu ef T hera
selected fromantiviral agent ‘fu%Fi A agents, anti-HBV agents, or
g QM WAl W' lors, HCOV pol yrer ase
— -t

D,
H+
5 1

X5 -

ot her anti-HCV agents such—a te A
i nhi bitors, HCV helicase inhi8 O '™ or NS5A i nhi bitors)
anti-bacterial agents, anti-ﬂ-ngaL_aégﬁﬁg;gﬂﬂﬁ[ dul ators, anti-cancer or
chenot herapeutic agents, antild 20 i AP MM dIOINYh agents, anti sense RNA,

si RNA, antibodies, or agents !for |tredi®—dPnMhosils or inflammation of the
liver. Specific exanples gf_tiHesd ot WdrmMhdPaMeutilc agent's include, but are
not limted to, ribavirin,la-li8ntarfedBhnM-40jupt erfler on, pegyl at ed
interferon-a, pegylated interferon-lanbda, ribavirin, viram dine, R 5158,

ni t azoxani depy ammntadi-ne,. Bebi0: 028, MM AL, BH25: (B8, ;

2010/ 075375%‘???@%09/6065177 Rﬁ‘&@% 1‘%6, F‘>’§l|§f- 7851, B oc%%[‘\gﬁ%ni‘,"’uﬁl\%-sgs,
| DX184,of [tiR)ngedtion. DXPhermag@tical GompagCiqn p% the pySEhtOn@ntigpKeas 28MmpriOXe 46 TRre

NK- 3281 MEY708; 1 ANASOR, GLE97 28 (0066 1s FYGLARA0P 21ccBBrfORRRRY i
BI\/S-GSOB%lg, ?5—5132, A%‘il 95, A‘ﬁ-iﬁ—iﬁoa &%3?‘5%—6@%, AZD2836. tel aprevir,
bocepre"“\ﬂhﬂl}laqHWﬂgl, Bl - 201335, VBY-376, VX-500 (Ver_tex), PHX- B, ACH- 1625,
D436, 5 R VIR CHer el IR 008,LSE0R" LN LONG Ny THE 435
(Tibotec), I'TMF191 (T'nt'ermune, Roche), WK7009 (Merck) . TDX-Pl (Novartis),
Bl - 201 3%&{aBoiballyrigeaptablegelishedlyafes, RPIRBugs Rb teepmpRSs 78B4 invPHRnMSgwet) |

M- 3264 NREE B BORROBLRIIEEN cpd B ARAENYAREL ) b Ffadfuican
(Pharnagget?ﬁ&%ﬁL§;3941§k%8£§{?ngérC?ngelheém , Gbekgorfcﬁ%gaés?nwéy
BVE07900&ptapBNB)gana] dyofganigricifiNon/sesi Pycterphly onzhgimacewgabtrsecptaptesel ratates PA50

MONOOXYQENER @cél QH!%(QIIVEI%ES’ ofPe f@ég)écﬁli%? 92[5@ '()f]t‘rﬁg L(Qﬁbohﬁ'c?&l%ut undue toxicity, irritation,

or allergic response, has a reasonable benefit/risk ratio, is effective for the intended use, and is not

rt ar
-+

biologically or otherwise undesirable.
The present invention further features pharmaceutical compositions comprising a compound
15  of the invention (or a salt, solvate or prodrug thereof) and another therapeutic agent. By way of
illustration not limitation, these other therapeutic agents can be selected from antiviral agents (e.g.,
anti-HIV agents, anti-HBV agents, or other anti-HCV agents such as HCV protease inhibitors, HCV
polymerase inhibitors, HCV helicase inhibitors, IRES inhibitors or NSSA inhibitors), anti-bacterial
agents, anti-fungal agents, immunomodulators, anti-cancer or chemotherapeutic agents, anti-
20  inflammation agents, antisense RNA, siRNA, antibodies, or agents for treating cirrhosis or
inflammation of the liver. Specific examples of these other therapeutic agents include, but are not
limited to, ribavirin, o-interferon, B-interferon, pegylated interferon-a, pegylated interferon-lambda,

ribavirin, viramidine, R-5158, nitazoxanide, amantadine, Debio-025, NIM-811, R7128, R1626,
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I n one enbodi nent, a pharmaceutical conposition of the present invention
conpri ses one or nore conpounds of the present invention (or salts,

sol vat es W0 2proadsirgs t hereof), and one or nore ot her anPCyiusatooagants. |n
anot her enbodi nent, a pharmaceutical conposition of the present invention

Col var doas orghrgastREF Rk Rls MY, SRl NGRS o

exanpl eyCra-Ipharmse ey BiCXad 678 OMEORRL i Bl TR, Ahasyﬂ €3 60128 QUL (BMSHE\O(ISQJTpr i se

car r o S Tabs b s g Core Y S Tl Aot s pesso ez Bhul fetar' O 2

pol ymertasgrdvirirbMiNora, (B1420133d] N3N, eomsd@ (VErtsxQNPRNGE, eASHA®24, yIEK 1656,

2oL MTETR L POABL e S S SRR sl aseg, RIS

i nh| bi t(@ft@mune, Rochd)N MeT0@novibek), epiordi (®ithrtis)a Hilzal 3pac@obhiiibr GRRPeiai)t i on

nvent 112 orocud s koRPE R BAF (P a6 S o LG5 s

ant i vi rialx- E@Qﬂlﬁﬁmaﬁup hBIEB 1e41t (BokiBMgerangdihelth)Y G890t &Gilead), BRIS7ObeRaBMI)s A,

anti - tis D, atitis E or anti atitis G agen Non-limtin
e B Rl LHBRRE: Fhiergs ot RS0 PRt ubigne ™ ' "
t enof owombint@si-thdredft i Nng exanpl es of anti-H V drugs include ritonavir,

| opi navir, indinavir, nelfinavir ui navir renavir, atazanavir

D ot e b A i A ok o TR R e o B R 08 e,
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derivati ves m car box ul ase e 0
Col | U ol TRt o G TR ERE MR Ty Pt BB Py etk PREUES. o1
sexane @b§1,inldbitore cynldp,hﬂﬁﬁﬂﬁblmrd IRAS inMiBitad) LONST A InhiAGH/ US2009/ 069177 soybean

Pyct ox de. or 4 AT Befirtagunen iRt SLPAFSB e B ¢ PG REant

mal t, geakat imdre doddpoynds 0€ pliméﬂt&ﬂivemﬁlyﬂ’(egﬁﬂts fsoBateyai p’rbdrug§mérem ang ahd oe,

Ri th ff | b
col or | Era gt uT el Ry a5 anbEBC AR iy PegBre S ikatR . AR EDOR: ng or

per f umamg heftilg @NbS antphepakrisv Gt agemrs, Won-Auntting Xexalaples of anti-BBYoadeatsi inclldeded i n

t | t foth t nt . . The. .
o adRU e L HADATE B NS BRBGSRE RS b1 b e d S i
based dopihdvéri rmﬂﬁmlﬁs n@fﬁnadm @hcﬁ]ﬁrfaaiﬁ‘l Oennpﬂéﬂanlg nedzheas, V\tﬁirhnakiﬂOV\?fMCnl 1'@1,he

art. efr exa 31 erl ect % ti on an belg IE) d as
steril ﬁaﬁjpéeé‘ Varbl 294 B%u e SN 8 §‘~b‘€ Gl rgledihican 8‘”“10
di sper sifivffe®; niveitapineglebgRdihg T&ﬂ?(d—lSﬂS[p&’mﬂllI)gS m@enérsuvnﬁbl@plommpbn ﬁBeerDIN

rectal adm nistration.can be prepared by, m xi thas bl e

o e ISR i eiE e e B RS ol B bt FRvb Snd g SRR s on
ar 80solalsd wtin@idd fa b phieapeikied woposbhish Jf itigpuprekestt int dn€or, a@faﬁ;bredlzeéﬁ)w dibstr € and
will th rue% tﬁ %Flt in the rectumand rel ease the drugs. Solid dosage forns
for oral"&dli'Ni%trati on can be capsules, tablets, pills, powders or

granul es. | M phehacotidaticabg®sigen dtherpresdnh@vatioh v;@mﬂmp@haﬂd& phaﬁndaanﬂdm xed

15 with at ast .one inert di nt..such a ctose .or. star So
dosage ¥OPHLEEY I € RRlDr | SenarHire Sl tou T ahGroroHeTs Rl

di | uentcﬁmeméb&hpﬂﬁts|1mﬂlf(ie(sagdmge aghobs, glunodehe sDase)oftarclapseil.esomtsadthetis and
pil].s, osag onprise bufferi S and

Dl 135S S, g S B N BadRe GORT totEn Pitbo-Thishih G pind i B

forms feeluloweabetaehrvind @ lef, ptdnanoit @aottdnseet wiesafflvak it aedaine all) ylivaod apimabil er
enul si ons, solutions, suspensions, syrups or elixirs containing 20inert

di luents comonly used in the art. Liggid dosage forns nay al so conpri se
wetting,



enul si fyi ng, suspendi ng, sweetening, flavoring, or perfum ng agents. The
phar maceuti cal conpositions of the present invention can al so be

adm ni st ewecoion7s3te f orm of |i posones, as described i n BCHUSP@w®nd17No.

6, 703, 403. For mul ation of drugs that are appli cabl e to the present
|nvent|o all'y discu sed for,_. exa Hoover, John E. .
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30 dose conpositions can contain these amobunts or submultiples thereof to
make up the daily dose. Preferably, each dosage contains a sufficient
anount ofweaeommisirad of the present invention that is ePCe&atseae/0597T educi ng
the HCV viral load in the blood or liver of the patient. The anount of the

active ingredi ent, or, t active ingredients. t re conbhi ned, t oduce
PR A L R ) v R ol
parti culbpoyviche a1 famachitriertb Sierpadse@ AnvehtionihdlhdeDigut tirdet 5t 100iebdttd) a1C\B pdnd8pes

speci fic .dgs evel for an rticul ar tien i Il depend upon .a vari et
RUREIARE o A R W S R e TR R g e R 0 e
age, badwmpveidghtcomgeingy &l thhgadehhinva@ixn (disalts, sdlvams o0 prodMiy thereof) are used to

201Q/ 075376PCT/ US2009/ 77 adniniftra i on,, route of adninistratign, rate
of excrBtPiHihe gy oes AETPSRPC g™ e heERRIdIenG 2 RROWY Y iCRUPAN Pl ease
under gahdygredcheinaylon (or salts, sbivetePsgs@iitiigsitivemt drOtkcll ty inhieit tHeegiligita offBICNods  of
usi ng the ph eutical co Sitions of the present invention to.treat HCV
ot oot 1T b s by SRR St P Ag P ar ey oY Berp M Rishe oo
conposishity) Boladtestd @rdares @itteobh vkl @Ninhiditalie fefléadat éfeoth, HEVigeatypes eduei ng
the HCV viral level in the blood or liver of the patient. Any
pharnaé@utical conposition described herein can be used in the nethods of

t helopr esent Tha\pesdért @vention also fEafurésdaléthdd Rf udikpethp c@p@hdsi ofvienirésem ifveatish es

use of the conpounds or salts of the ent invention for the manufacture
of  mediCaT TR F REPTAPTENt P AsY AHELEont AT B ALY POPree
descr i baghidigsrign, th@dpeaticdiReti@amotnt©ah tom@atepttadprescaahientiiefoenfalt, edvatde
used to naéf di canent s of the.ﬁresent.invention. Theh%8gggqing
descri p¥iRbH" et MeFe pPeddiF Al | PG GUPT e (8% FYPS dR 44 UF'pt i on,
but i s th@tby Biehgdabe HOVDEra kheaus thevigodl ortlivet ofthé pitleat. | Ay et ihemint ehettbitn

preci se_one di sclosed. Mdifications .and variations are poss'bhe in |ight
of the H6¥PE {EHEA FYS™BE Py 2Bee: é@H‘E}P‘PgeHlefprr%ﬁWSﬁr" cFriREreBfne e IrsidRy @t i on.
Thus, idondifor)0t &gk drinddire tEptGHOPRSUCH disdtaeri on ¢emtiticaro mhictlebéinetn byplieheTied ai s

and their eguivalents. 2010/ 075376PCT/ US2009/ 069177, CLAI What i s
oo madein SRR TR (odsr SPGBt OB RO aREL 1 AP B o

sal t t hdm@tdtering a therapeutic effective amount of two or more compounds of the present invention (or

salts, solvates or prodrugs thereof), or a pharmaceutical composition comprising the same, to an HCV
20 patient, thereby reducing the HCV viral level in the blood or liver of the patient.

A compound of the present invention (or a salt, solvate or prodrug thereof) can be
administered as the sole active pharmaceutical agent, or in combination with another desired drug,
such as other anti-HCV agents, anti-HIV agents, anti-HBV agents, anti-hepatitis A agents, anti-
hepatitis D agents, anti-hepatitis E agents, anti-hepatitis G agents, or other antiviral drugs. Any

25  compound described herein, or a pharmaceutically acceptable salt thereof, can be employed in the
methods of the present invention.

A compound of the present invention (or a salt, solvent or prodrug thereof) can be
administered to a patient in a single dose or divided doses. A typical daily dosage can range, without
limitation, from 0.1 to 200 mg/kg body weight, such as from 0.25 to 100 mg/kg body weight. Single

30  dose compositions can contain these amounts or submultiples thereof to make up the daily dose.
Preferably, each dosage contains a sufficient amount of a compound of the present invention that is
effective in reducing the HCV viral load in the blood or liver of the patient. The amount of the active
ingredient, or the active ingredients that are combined, to produce a single dosage form may vary
depending upon the host treated and the particular mode of administration. It will be understood that

35  the specific dose level for any particular patient will depend upon a variety of factors including the

activity of the specific compound employed, the age, body weight, general health, sex, diet, time of
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| wherein: Al is C3-Cntarbocyclyl or 3- to 1l4-nenbered heterocyclyl, and
is substituted with -X1-R7, 10wherein said C3-Cntarbocyclyl and 3- to
14- menberwo 2hwrEsveycl yl are optionally substituted w trCorisS2aw/oamre RA; X1

is selected froma bond, -Ls - , -0-, -S-, or R7 is selected from
hydr oge -LA,. C5- hocyc ered heter cI I
ey oD e iricron St oF Seashh e 0566%24}030& A

het er oguetcylar discaschmeagding me@pendent | y optional ly substituted with one or
nore RA; Zlﬁ?j selected.fr

a bond, - cke,) - , ,-0-, -S-, or. WL and W
e oneh Cr iSRG i i B SR il SRiihe e apirtpiseyicy aﬂ?wmﬂa%g%fﬂ or
RAd R3 tHeﬂ@LeR‘ht alﬁwentﬁﬁleo iréhd&ﬂﬁfldﬁﬁtdoy S'ﬁl{eeﬁlétﬂiddsf Wﬂhl%&fr@@ﬁﬂ aOﬂhmBﬁm'n@ ra R3 bed
and R4, taken tqgether.w th 20 the car.bon at to che
s U W IS e DR Gl Rt ¢ o N e taegl
sai d C5r11€l Realibne pbd or Em:doﬁt-he bﬁheihﬂ Wﬁfr&deﬁﬁﬁl&bﬁ@@@tidn&leﬁdnﬂ@i Bdi@n can
optlo gFtltut ed nore RA, A2 is C3-Cntarbocyclyl or 3- to
14- me gﬁiflsﬂ él?%‘t‘)%?%}w prﬁsﬁ’atlf“éengﬁh onally substituted with one or nore

RA: 25R2 1 Sn -RIGREK (10 RGN WS fedtulD,usBjof the compounds or salts of the present
invention for the manufacture of medicaments for the treatment of HCV infection. Any compound
10 described herein, or a pharmaceutically acceptable salt thereof, can be used to make medicaments of

the present invention.

The foregoing description of the present invention provides illustration and description, but is
not intended to be exhaustive or to limit the invention to the precise one disclosed. Modifications and
variations are possible in light of the above teachings or may be acquired from practice of the

15  invention. Thus, it is noted that the scope of the invention is defined by the claims and their

equivalents.
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R5 is Rc; WO 2010/ 075376PCT/ US2009/ 069177 R6 1S Ru, and Rg 1S RB; or R6
and Rg, taken together with the atons to which they are attached, forma 3-
to 10- nerweretw/t1e37er ocyclic ring which is optionally sulpsmiuseadeant h one
or nore RA; LK is a bond; G -C6al kyl ene, C2-C6al kenyl ene, or

C2- C6al kynyl ene, each of which is é iﬂggpendently optionally substituted
at each occurrence with one or nmore“5(H¥ituents sel ected from hal ogen, Rs
(exceptwhydy 0g@sdis: - 0-Rs, -S-Rs, -N(RsRs,), -0C(0)Rs, - C(0)OR, nitro,
phosphat e, oxo, thioxo, fornmyl or cyano; or -N(RB)C(0)- or -C(O)N(RB)-; B
is C3-C ocarbocycle or 3- to 10-nenbered heterocycle, and is optionally
subst i tuteebnyiotiid €Frmula NOF £piEAhactGitallBadcspddesadertdoy sel ected at each
occgrrence froma bond, -Ls-, -Ls-MLs-, -Ls-MLs-AC Ls--, wherein M and
M are each independently selected froma bond, 0, S, N(RB)-, - CO0)-,
-S(0)2-, -S(0)-, -0S(0)-, -0s(0) (0)0-, -C(0)0-, -0C(0)-, -
OC(0) 0-, -C(0)N(RB)-, -N(RB)C(O - 0&(0) N(RB) -, -N(RB) S(0) -,
- N(RB)S(0)2-, -S(0)N(RB)-, - RB)*C( 0) -,

-N(RB) C(O)N(Rtr)-, - 15N(RB) SO
C5- G ocar bocycle, or 5- to 105 | e, and wherein at each
occurrence T is independgntlyloptionally substituted with one or nore RA
RA is independently sel ect attweach occurrence from hal ogen, hydroxy,

mer capt o, am no, carboxy, n|tro,| phosphate, oxo, thioxo, fornyl, cyano,

-LA, or -Ls-RE; 20RB an ~@afeNeach i ndependently sel ected at each
occurrence from hydrogen;* or G - al kyl, C2- Ceal kenyl, C2-C6al kynyl

C3- C6car bocyclyl, C3-C6carbocyclyl G -G6al kyl, 3- to 6-nenbered
heterocyclyl, or (3- or 6-nmenbered heterocyclyl) G -Co6al kyl, each of which
IS indéﬁ?ﬁ%&ntly optionally substituted at each occurrence with one or nore
substit Uﬁm Ss £¢lceedrBstytlyDBR Batwgeﬁme&ed @&ynocw,cgﬁgt % : squﬁitLﬂ% waR-XRY, ]
nitro, phosphate, oxo,. thioxo, r or cyano; c an c, are eac

i nd8pendent I'}E8t ¢dtle ™ oo BE et r dnée BT SGEHCYl Bi§e ARG oxy;
mer capt o; anubiut&iBriboony or MbleQ; phosphat e; oxo; thioxo; fornyl; cyano; or
G - Coeal kyl , . C2- Coal kenyl , C2-Cgal kynyl, or C3-C6carbocyclyl, each of which
is indepeﬁﬂ@%%??“U%F?BHéF&VL%uﬁ§fF%ﬁ?gﬂq@@}éach occurrence with one or nore
substit Uﬁw; Ss s@tsqt eomf lﬁ}ﬁl_mgblafl Q%?fﬁs—(%)&dﬂbGWIyl, ngr ggl%tD 00-mefibéred lg%tafobﬁ%ﬂ,, ]
nitro, phosphate, oxo, thioxo, for r cyano; , an ' are eac

i ndependent |YCE&1 BcPE Kt TRSE g e e b ot %;}BIHB'QEHRBB“:“ gerocycly1 are

15 each independently optionally substituted with one or more Ry;
7, is selected from a bond, —C(RcRc:)—, —O—, —=S—, or —-N(Rp)—;
W; and W, are each independently selected from N or C(Rp);

R; is selected from hydrogen or Ra;
R; and R4 are each independently selected from hydrogen or R,; or R; and Ry, taken together with
20 the carbon atoms to which they are attached, form a Cs-Cygcarbocyclic or 5- to 10-membered
heterocyclic ring, wherein said Cs-Cigcarbocyclic and 5- to 10-membered heterocyclic ring
are optionally substituted with one or more Ra;

A, is C5-Cyycarbocyclyl or 3- to 14-membered heterocyclyl, and is optionally substituted with one

or more Ry;
Rp
N o SO
§§‘70<R5R6>N<Rg>-T-RD-- Ji
25 R, is -N(Rp)C(0)C(RsR6)N(Rg)-T-Rp, Ro " N MR o g,
B;
Rsis Re;
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LA is independently selected at each occurrence from G - C6al kyl ,

C2- Coal kenyl , or C2-C6al kynyl, each of which is independently optionally
substi t utwo 2at0/85837h occurrence with one or nore substit eemus2@eloenred from
hal ogen, -0-Rs, -S-Rs, -N(RsRs,), -0C(0)Rs, -C(0)ORs, nitro, phosphate,

oxo, thioxo, fo cyano; Ls s- are each. | ndependent |

oxo. bl ooy, Jforrl Oy cYaor, ool S PO heaare i sish Y5 ARk ene.

or C2- Coal kymiyl £Beto 1@atdmbefed Waicbydlis rinp @ pandeivhallyepbstiamal Wivh &idls inotaut ed

at WD 2010/075376PCT/ US2009/ 069177 each occurrence with one or nore

substit uent $sel ected from hal ogen, -0-Rs, -S-Rs, - N(RsRs,), -0C(0)Rs,
C((j 0) ORZ LQ: isrea, ll)cpﬂpigt@bﬁylewOCZ—CJMI@K}ﬂenef ]EIfrrTKZL Ceilky@ylai; eaddc 65 which is

i ndependent sel ected at each occyrrence from - -S-Rs

-0CC0) Rs, ée@?ﬁlﬁlt Y. Rlet}%l%gy, )9111 s‘gltg‘teg)%seac §602ﬁ§nce &Rg) Rglmje sc(bstztuents

- mg %g gg g¥\|(R$EI£CtC('1' )fﬁni\l(lﬂséeﬁ‘{ Q%Néﬁ@pﬂydméﬁ(lﬂssr)%ﬂais ,Rs,o a@QNRzﬁR—EOO(O)Rs), 2_0R

50y, - OGBS oy kb Rl S NRRE) S oy RoNTY:

-S(0) N F\’SBSS Ts- Cro&lﬁb):%(lﬂ&r)ﬁ&@)(} IsmberéBhebdragele, pna ydpyibnallg Kubstituted wi-oaesiber ed
het er ocycl yl erein said C3-Ci ocarbocyclyl and 3- to 10- nmenbered

het er ocycl yI™8F &4each i ndependently optionally substituted at each 10
0CClOr r ence iNintidpendratlpsclorhd at &idh stcutrte fismsebonat-ad-, f{@mmsr—pa[asLWLs -M’—

ey ™ e e UL apect e Rdenily SR8 Boim g fond IR 50 R o > 55
Y ents FO)RS%@)M e e e )~
C3- Cécar bocﬁ @8 C’ﬁ%@g@P g@?&@) (IRR%(S?(% ﬁgjy é)N(EZ)S n@%ﬁé&f

het er ocycl yIN(R@)S(0)3-, 9$(05N(T€‘39719€¥$(®)2N@R@¥ 06y NI T8 al-kyRs) CERABIROF, whi ch

uSti ¢ hont S Beloget I oSy - G SR RSN HERES L Bl ™

- C(0) ORB, nidnt exheRihos phai @curdonds Tti imenddndy ptionally sybatitGted 20R. ona’hen@mpound
or salt of cAaiml wherein: Al is C5-C6carbocyclyl or 5- to 6-nenbered

het erocycl yl, “which is optionally substituted with one or nore RA, and Al
is substi Rutledndbpéﬂdentpﬁlsdﬁaed%] dash GEeuG@ﬁ(&r boe yialogdn, Oliy dboxyt emefrapieretied

het erocyclyl, .and is i.onal | y subs ted h one or nmore RA. 25R3 and
R4 are each |W8@bé‘ﬁla’eﬁ{) a?e?}%’c?llé’é f%’ rf\‘ﬁﬁoog%‘n ngF or R3 and R4, taken
t oget her R4 bl mgqereceaﬂbmdbpaﬁdaﬂﬁy {etectobh bcdach beyrraice framtlfydﬂagda, of Of-Matkyl, Cz-

Co- onear booy et Fem b ey oCneRprat v st e PRl Srramarsy
substituted hMefd&y@ﬂEoD@ ﬁDG-ﬁleBBeredihderocyclyl)Cl C6alky4§26abls ofGohith (saﬂdldpémjyﬁ:tlyyl or
5- to 10- nenb onaﬂ tst(latrut% Xh dccgrrr]é:rllcé \%M?grgel ocr) rI]rl%lre! s¥1bst1 uen slsglg(;[teedd from La ogen
hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano;
25 Rc and R¢: are each independently selected at each occurrence from hydrogen; halogen; hydroxy;
mercapto; amino; carboxy; nitro; phosphate; oxo; thioxo; formyl; cyano; or Ci-Cealkyl, C,-
Cealkenyl, C,-Cgalkynyl, or Cs-Cecarbocyclyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano;
30 Rp, Rp and Rp~ are each independently selected at each occurrence from hydrogen or Ry
L, is independently selected at each occurrence from C;-Cgalkyl, C,-Cgalkenyl, or C,-Cealkynyl,
each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, -O-Rg, —S—Rg, -N(RgRg"), -OC(O)Rs, —C(O)ORs, nitro,
phosphate, oxo, thioxo, formyl or cyano;

35 Ls, Ls and Lg- are each independently selected at each occurrence from a bond; or C;-Cealkylene,

C,-Cgalkenylene, or C,-Cealkynylene, each of which is independently optionally substituted at
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30or nore RA. 3. The conpound or salt according to one of clains 1-2,
wherein A2 is C5-C6carbocyclyl or 5- to 6- nenbered heterocyclyl, and is
opti onal Iwozolwt7si7at ed with one or nore RA. 354. The compoUsdoncHar t
according to one of clainms 1-3, wherei n R7 is phenyl, and is optionally
substituted with one or .nore RA b 2010/ 07 37 PCT/ klg 009/ 612 %Ig The
conpound or &g PC"&E%FC}’I”H;SO]{ RO oS0 e G R (i S PEAT Y-, and
i s optional IYRsRPSLOCWHRY -B{D)DRNErQ pho¥Phiae, 5690 théxo, batyleosaund or sal t
accordingt

substit ut 88 IWHQ?PGB%é‘ﬁ%felﬁ%?déatF?&Ch O%urerléilp?g 8%%#{% a?go) S’co(%doﬁgglt Ioyone
of : cl ai lrr:; 1-Go)oRer eLm(R@R% )hA2 —SIO0R X7 aS@sz,henxcko)mngr{Sa,r g —MRJ)C(O)Rrgpggflfnt |y
cbcsrding t BN QR ERay s 1 R el ROATRA, { ARG BOLRR w th ¢ he
carbon at OMEN(RQSYIINCR, R NE Y-GS (0)-Hf adS&Di)Q—RfSQ 81, (@b, Cé@ydrs y-OIG(0)aRs, 5- to

more Ra - 159 ThEOKBporiO B e BFOHAG ToouRHSR . iR R T o

W and W2 ar@- mocaﬂ)ndyczﬂ dr 8= ﬂN(lRBn)emb]:ﬁ:d hdtb@c@Opoendn eid satltocaaﬁ)eymydlaﬂgsio one
of clains 1-

or -S-; R3 éﬂdlq:\ﬁ‘em&é% Hle’teb"éé‘iqﬂe r"‘rewe?ct]i‘ frﬂépe@é?“bléino%"% tSBbSW‘r‘lte hat ﬁéﬁ}l ar e

at tiached, f Qfcldrrence with one or more substituents selected from C;-Cgalkyl, C,-Cealkenyl, Co-
Cealkynyl, Rs (except hydrogen), halogen, —O-Rp, —S—Rp, —N(RgRp:), “OC(O)Rg, —
C(0O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano; and
Rs, Rs- and Rg- are each independently selected at each occurrence from hydrogen; or C;-Cealkyl,
C,-Cgalkenyl, C,-Cealkynyl, C;-Cgcarbocyclyl, Cs-CgcarbocyclylCi-Cealkyl, 3- to 6-
15 membered heterocyclyl, or (3- or 6-membered heterocyclyl)Ci-Cgalkyl, each of which is
independently optionally substituted at each occurrence with one or more substituents
selected from halogen, —O—Rg, —S—Rg, -N(RgRp:), “OC(O)Rp, —C(O)ORg, nitro, phosphate,

oxo, thioxo, formyl or cyano.

20 2. The compound or salt of claim 1, wherein:

A is Cs-Cecarbocyclyl or 5- to 6-membered heterocyclyl, which is optionally substituted with one
or more R,, and A; is substituted with —X;-R;

R is Cs-Cgcarbocyclyl or 5- to 6-membered heterocyclyl, and is optionally substituted with one or
more R,.

25 Rj; and Ry are each independently selected from hydrogen or R,; or R; and Ry, taken together with
the carbon atoms to which they are attached, form a Cs-Cgcarbocyclic or 5- to 6-membered
heterocyclic ring, wherein said Cs-Cgcarbocyclic and 5- to 6-membered heterocyclic ring are
optionally substituted with one or more R,; and

A, is Cs-Cyocarbocyclyl or 5- to 10-membered heterocyclyl, and is optionally substituted with one

30 or more Ra.

3. The compound or salt according to one of claims 1-2, wherein A, is Cs-Cgcarbocyclyl or 5- to 6-

membered heterocyclyl, and is optionally substituted with one or more R 4.

35 4. The compound or salt according to one of claims 1-3, wherein R; is phenyl, and is optionally

substituted with one or more Ra.
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R11 R1o).(. 1 RON .----W 25R9, R10, and Rl11 are each independently

sel ected from hydrogen or RA. 11. The conpound or salt according to one of
claims 1-wO0,20be686n Al i s phenyl, and is optionally sulpsmiuseaceaeani’t h one
or nore RA; R7 is phenyl, and is optionally substituted with one or nore

RA; 30Rl1 is hydrogen; Rg, R10, and Rl11 are each independently sel ected from
hydr ogen; hal ogen; or G -C6al kyl, C2- Co6al kenyl, C2-C6al kynyl,

C3- Cocan. boiiyedmyploundér aB-aCaedind acyr! yfGlaikb aldk wheremas his phemii 28 i$ Sptionally

|ndependentl optional ly substituted at each occurrence with one or nore
substltH@WPg PG PHPETFER76PCT/ US2009/ 069177 sel ected from hal ogen,
hydr oxy, nercapto, am no, carboxy, nitro, phosphate oxo, thioxo, fornyl or

cyano. 12. The, conpound .or salt Aageor ope. o cl ai

whe ei f RBMY MR ng)aéﬁo%% 9\((9583 %msr(ilﬁb herf%‘ The gg,lrpaggﬁa 0@}"“%1!9{“ of
cl ai m JapstinainationRor h&eR;, and R6 and R8 taken together with the atons to
which they are attached forma 5- to 6-nenbered heterocyclic ring which is
optionally substituted with one or nore RA. 10 14. The conpound or salt of
cl ai m 12, TheheefPouhd oRSalflfcdiding to one of claims 1-6, wherein A;, A, and R, are phenyl, and are

each independently optionally substituted with one or more Ra.

10
8. The compound or salt according to one of claims 1-7, wherein R; and R4, taken together with the
carbon atoms to which they are attached, form a Cs-Cgcarbocyclic or 5- to 6-membered heterocyclic

ring which is optionally substituted with one or more Ra.

15 9. The compound or salt according to one of claims 1-8, wherein W; and W, are N, and Z; is—N(Rp)-

10. The compound or salt according to one of claims 1-9, wherein:
Wi and W, are N;
20 Z,is -N(Rp)—;
X; is —-CHy—, —O—, or —S—;
R; and Ry, taken together with the carbon atoms to which they are attached, form

25 Ry, Ryp, and Ry; are each independently selected from hydrogen or Ra.

11. The compound or salt according to one of claims 1-10, wherein
A is phenyl, and is optionally substituted with one or more Ry;
R; is phenyl, and is optionally substituted with one or more Ry;
30 R, is hydrogen;
Ro, Ryp, and R;; are each independently selected from hydrogen; halogen; or C;-Cgalkyl, C,-
Cealkenyl, C,-Cgalkynyl, Cs-Ceecarbocyclyl, or Cs-CycarbocyclyCi-Cegalkyl, each of which is

independently optionally substituted at each occurrence with one or more substituents
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R6 and R8, taken AC-14. ))In Oor 15or nmore RA, nis O, 1 or 2; and mis 1
or 2. 15. The conpound or salt of claim 14, wherein: 20-T-RD is

-C(0) - Ls,wB2R100r7537€( 0) - Ls, -M - Ls, ,-R12; and R12 is hydr @gens2@9oe8at kyl ,
C2- Coal kenyl or C2- Coal kynyl , each of which is independently optionally
substltuted hoc urr with one or. nore substit enssele edfrom
hal ogen. - 0-SECIed GOpa kP FVAGXY. Mergthi) N, SPp) R AIEPEC. HiBs

oxo, thi oxo fOIaniﬂﬂlydyaﬂf cyano; or C3-Ci ocarbocyclyl or 3- to 10- merrbered
het erocycl yl, each of which is 25 independently optionally substituted at
each occurrence with one or nore substituents selected from G - C6al kyl ,

C2- Coal lkRemyt corfipduhdad skly Bycbrdidgab ofest,claifls RB], whoreRBR, is NORBRE®)J'(R R O E:$) RB,

-C(g)d%g nitro, phosphate, oxo, thioxo, fornyl or cyano. WO
2010/ 0 §?GPCT/ US2009/ 069177 16. The conpound or salt according to one

of clainms 1-11, V\,her ein R2 1S RD )-C(R5R6) N(R8) - T-RD. . 17. The conpound
or salt,of .claim erein 5 |s .Rg, .and and _R8 takento ther with
Che ot oo 6 maRorwhst Gl BvhErina: ii6r Mok and v st Shty s e BBy ¢l ¢
ring whb eichShegpikd Afacteld Yorglkb St th toLh@tbeyddthdte o gelio rﬁn@'ﬁ)&ﬂl@:h%ptibﬂallyTslﬂBstlﬁMﬂ)OU nd
or sal twi%f cl aim JR6 wherein: RS is H

one or more
10
14. The compound or salt of claim 12, wherein:
Rsis H;
; s
$Sc—n
. . )n
R¢ and Rg, taken together with the atoms to which they are attached, form ,
e o™
O or , each of which is independently optionally substituted with one
15 or more Ry;

nis 0, 1 or 2; and

mis 1 or2.

15. The compound or salt of claim 14, wherein:
20 —T-Rp is -C(O)-Lg—R;; or —C(O)-Lg—M’—Lg—R,; and
Ry, is hydrogen; C;-Csalkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
—0-Rg, =S-Rs, —N(RsRg"), —OC(O)Rs, —C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or
cyano; or C;-Cipcarbocyclyl or 3- to 10-membered heterocyclyl, each of which is
25 independently optionally substituted at each occurrence with one or more substituents
selected from C;-Cealkyl, C,-Csalkenyl, C,-Cgalkynyl, halogen, -O—Rg, —S—Rp, -N(RgRp"), —
OC(O)Rg, —C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano.
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10R6 and Rg, taken together with the atons to which they are attached,
Il 00 ,-S with one or nore RA, nis 0, 1 or 2; and mis 1 or 2.
19. The cwopowidsas salt of claim 18, wherein: -T-RD | ®CTASR)0910691RL2 oOr
-C(0)-Ls-M-Ls--R12; and R12 is hydrogen; G -GC6al kyl, C2-C6al kenyl or

Cbal kyn each of whi ch i s i ndependent| tionall ubsti t ut d at
LY e et Tt Sl P RE e 60 o BF SR ot bl SR £
Rs, -N(RRfzs,), -0C(0)Rs, -C(0)ORs, nitro, phosphate, oxo, thloxo, fornyl

01

Cc2-
occ
_S_
or
whi
or
hal
0XO0,

cyano;

ch |§
nor es s\ybst)

ogen

17.

of C3- G ocarbocyclyl or 3- to 10-nenbered heterocyclyl, each

The compound or salt of claim 16, wherein Rs is R¢, and Rg and Rg, taken together with the atoms

5 to which they are attached, form a 5- to 6-membered heterocyclic ring which is optionally substituted

with one or more R,.

18.
10
15

19.
20
25

The compound or salt of claim 16, wherein:

Rsis H;

g Q»

R¢ and Rg, taken together with the atoms to which they are attached, form o,

§£:>)m §£:>)m §£:>)m gﬁ:/)»m
o Tl T T

2 2 2

, which is optionally substituted
with one or more R,;
nis 0, 1 or 2; and

mis 1 or2.

The compound or salt of claim 18, wherein:

—T-Rp- is —C(O)-Ls—Ry, or —-C(O)-Ls—M’-Lg—R; and

Ry, is hydrogen; C;-Csalkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
—0-Rs, =S-Rg, -N(RgRg"), “OC(O)Rg, —C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or
cyano; or C;-Cipcarbocyclyl or 3- to 10-membered heterocyclyl, each of which is
independently optionally substituted at each occurrence with one or more substituents
selected from C;-Cealkyl, C,-Csalkenyl, C,-Cgalkynyl, halogen, -O—Rg, —S—Rp, -N(RgRp"), —
OC(O)Rg, —C(O)ORg, nitro, phosphate, oxo, thioxo, formyl or cyano.
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each

of

?ﬂgﬁ%&ké ap ionally substituted at each occurrence with one
er’sBped from G - Céal kyl, C2-C6al kenyl, C2-Cgal kynyl
RB, -S-RB, -N(RBREr), - OC(O)RD, -C(0)ORB, nitro, phosphate,

RImxo formyl or cyana. 25



WD 2010/ 075376PCT/ US2009/ 069177 20. The conpound or salt according to one
of clainms 1-11, wherein R2 is \ 21. The conpound or salt according to one
of cl ai rew@-200/079876rein R2 is -LK-B. 522. The conpound @CcTA®Re090691¢T ai m 21,
wherein B is C3-Ciocarbocycle or 3- to 10-nenbered heterocycle, and is
optionally substituted with one or nore RA. 23. The conpound or salt of
claim2l1l, wherein Bis c22.e.N (RAMCY-1 rL"-N chZN ) m

‘{Z’s/¥ N-Rp.

21. The compound or salt according to one of claims 1-11, wherein R, is —Lg—B.

20. The compound or salt according to one of claims 1-11, wherein R, is

5 22. The compound or salt of claim 21, wherein B is C;-Cjgcarbocycle or 3- to 10-membered

heterocycle, and is optionally substituted with one or more R,.

£> £ £ > ELW 483

10 more Ry.

23. The compound or salt of claim 21, wherein B is

, and is optionally substituted with one or

24. The compound or salt of claim 21, wherein:
(RA)n (Ra)m (Ra)m (Ra)m Q (Ra)m (Ra)m

o X s Ny X e
gl )

\ V. V< 2N N

B is V\Ru, Riz, Riz Riz, Rz Riz
(Ry) /? O\\//O
J:S{A m S >/(RA)m £s>/ (Rl
A S
Ri2 Ri2 or Rz
15 nis 0, 1,2, 3, or4;
mis0, 1,2, or 3;

V is =C(O)— or —=S(0)—;
R12 is —Rs, —ORs, or —N(RsRs’).

20 25. A pharmaceutical composition comprising a compound or salt according to one of claims 1-24.
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cr-N1 \/ R12 15n is 0, 1, 2, 3, or 4, mis 0, 1, 2, or 3; Vis -C(0)-
R12 is -Rs, -ORs, or -N(RsRs'). 2025. A pharmaceutical conposition
conpri si yoaowaTpyend or salt according to one of clai mMPCTABR4009/06¥D77
2010/ 075376PCT/ US2009/ 069177 26. A method of inhibiting HCV virus

Compourt i meRl hRPAgCY 8 n i T G g ooy eGP D HE S

t r eat i nGrubEith b BERBIULO B, salk adEprdintgi to gneadiamhst-24.i ng to an HCV patient a
conmpound or 5salt according to one of clainms 1-24. 28. A process of naking
a conpound according to one of clainms 1-24, conprising a step described in
one of 29¢hefeiodle3RutidgdC N @if&ition, comprising administering to an HCV patient a compound or

5 saltaccording to one of claims 1-24.

28. A process of making a compound according to one of claims 1-24, comprising a step described in

one of schemes described herein.
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