ANTI-VIRAL COMPOUNDS

This claims the benefit of U.S. Provisional Application No. §1/169 449, filed April 15, 2009,
and U.S. Provisional Application No. 61/222,591, filed July 2, 2009, the content of which are fully

incorporated by reference.

FIELD
The present invention relates 10 compounds effective in inhibiting rephication of Hepatitis C
virus (“HCV™). The present mvention also relates to compositions comprising these compounds and

methods of using these compounds to treat HCV infection.

BACKGROUND

HCV is an RNA virus belonging to the Hepacivirus genus in the Flaviviridae family. HCV
has enveloped virions that contain a positive stranded RNA genome encoding all known virus-specific
proeins in ope single, uninterrupted, open reading frame. The open reading frame comprises
approximately 9500 nucleotides encoding  single iarge polyprotein of about 3000 amino acids. The
polyprotein comprises a core protein, envelope proteins El and E2, 2 membrane bound protein p7,
and the non-structural proteins NS2, N§3, NS4A, NS4B, NS5A and NS5B.

HCV infection is associated with progressive liver pathology, including cirrhosis and
hepatocellular carcimoma. Chronic hepattis C may be weated with peginterferon-alpha m
combination with ribavirin. Substantal limitations to efficacy and tolerability remain as many users
suffer from side effects and viral elimination from the body is often madequate. Therefore, there is 2
need for new drugs to weat HCV infection.

SUMMARY .
The present disclosure features compounds of Formulae I, 1, Ig and I, and pharmaceutically
acceptable salts thereof. These compounds and salts are capable of inhibiting the replication of HCV

and therefore can be used to treat HCV infection.



In a first aspect, there is provided a compound of Formula I, or a pharmaceutically acceptable salt thereof,

D

|

Ls
v A—L—X—Ly—B_ .
I
wherein:

A and B are each independently C3-Cjqcarbocycle or 3- to 10-membered heterocyele, and are each
independently optionally substituted with one or more Ry;

D is C5-Cygcarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with one or
more R4 or D is Ry,

XisN;

L; and L, are each independently selected from a bond; or C,-Csalkylene, C,-Cqalkenylene, or Co-
Cealkynylene, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, -0-Rg, ~S-Rg, -N(RgRs"), -OC(O)Rg, ~
C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano;

L, is bond;

Y is selected from —T"~C(R;R)NRs)}-T-Rp, ~T"-C(R3R4)C(R¢R7)~T-Rp, —~Lyg-T—Rp, or ~Lg-E;

R, and R, are each independently R, and Rs is Rg; or R, is Re, and R, and R, taken together
with the atoms to which they are attached, form a 3- to 8-membered heterocyclic ring which
is optionally substituted with one or more Ry4;

Rs, Rs, Ry, and R; are each independently Re; or R; and Ry are each independently Re, and R4 and
R, taken together with the atoms to which they are attached, form a 3- to 8-membered
carbocyclic or heterocyclic ring which is optionally substituted with one or more Ry;

Z is selected from —T"~C{RgRo)N(R1p)-T-Rp, ~T’~C(R;0R11)C(R13R14-T-Rp, ~Lg~T~Ryp, or —
Ix-E;
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Rg and Ry are each independently Re, and Ry, is Ry; or Rg 18 R, and Ry and Ry,, taken
together with the atoms to which they are attacﬁed, form a 3- fo §-membered heterocyclic
ring which is optionally substituted with one or more Ry,

Ry, Ry, Rus, and Ry, are each independently Re; or Ry and Ry, are each independently Re,
and R,, and R),, taken together with the atoms to which they are attached, form a 3- 1o 8-
membered carbocyclic or heterocyclic nng which is optionally substituted with one or
more R,;

Lg is independently selected at each occurrence from a bond;, —NRp)C(O)Ls—; -
COOMN(RgHLg—; or C;-Cealkylene, Co-Cealkenylene, C,-Cealkynylene, Cy-Cigearbocycle
or 3- to 10-membered heterocycle, each of which is independently optionally substituted
at each occurrence with one or more substituents selected from balogen, Ry ~O-Rs, -8—
Rg, ~NRgRs"), -OC(O)Rs, -C(OORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano;

E is independently selected at each occurrence from C,-Cycarbocycle or 3- fo 10-membered
heterocycle, and is ndependently optionally substimted at each occurrence with one or
more R,

T and T" are each mdependently selected at each occurrence from a bond, —Le—, ~Le-M-Ls"—,
~LeM-Lg'~M’~Lg""~, wheretn M and M’ are cach independently selected at cach
occurrence from a bond, -O—, -8, ~N(Rz)-, ~C(O}, ~-S(O})—, SO}, ~0SO)-, ~
OS(0Y—, -S(0),0-, -8(0)YO-, -CO)O-, -OCO0)~, ~OCOY0-, ~CONRg)-,
NRpCO)-, -NRpCO)O-, -OCONRg)-, -NRHSO)-, -NRg)S(O)s-,
SOONRz)r,  ~SORNRs), ~COINR)CO)-,  -NRCOMNRg'}-,

NRISCGNRg - ~NRg)SOOMNRy' - CiCicatbocycle, or 3- to 10-membered

heterocycle, and wherein said C;-Ciocarbocycle and 3- to 10-membered heterocycle are
each mdependently optionally substituted at each occurrence with one or more Ry,

R, i1s independently selected at each occurrence from halogen, hydroxy, mercapto, amine,
carboxy, niwro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, —La, of ~LsRg,
wherein two adjacent R,, taken together with the atoms to which they are atiached and
any aloms between the atoms to which they are attached, optionally fomn a Cs-
Cyearboceyele or 3- to 10-membered heterocyele;

Ry and Ry’ are each independently selected at each occurrence from hydrogen or Rg;

R is independently selected at each occumence from hydrogen, halogen, hydroxy, mercapto,

amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxoe, formyl, cyano, or R

Rp is each independently selected at each occurrence from Ry;
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Ry s independently selected at each ocenrrence from ~O-Rg, -S—Rs, ~C(O)R;, ~OC(OIR;, —
COYORs, -NRsRs), ~S(O)Rs, ~SO:Rs, ~CONRsRs), ~NRJCORy, -
NRHCOMN(Rs'Rs™),  ~NRgISORs",  ~SONRsRs"),  ~-NR)SONRsRs™), -
NRSOINRs'Rs”"), “0S(0)-Rs, ~OS(0)~Rs, ~S(0),0Rs, ~S(O)ORs, ~OC(O)ORs, -
NRsC(O)ORs", ~OCOINRsR™), ~N(R5)S(O)-Rs", ~S(OINRsR'), ~CONR)C(O)-
Ry’, Csi-Cygearbocyelyl, or 3- to 10-membered heterocyclyl, wherein said Cs-
Cyecarboceyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, —
O-Rg, —-S-Rg, ~NRgpRz’), ~OC(O)R35, ~C(O)ORs, nitro, phosphonoxy, phosphono, oxo,
thioxo, formy! or cyano;

R is independently selected at each oceurrence from C,-Cqalkyl, C,-Coalkenyl, C,-Cealkynyl,
Cy-Cocarbocycelyl, Cs-CeecarboeyclylC,-Cealkyl, 3- to 6-membered heterocyelyl or (3- or
6-membered heterocyclyDC,-Cyalkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitre, oxo, phosphionoxy, phoesphono, fhioxe, formyl
of cyano;

L, 1s independently selected at each occurrence from C,-Cealkyl, C,-Cealkenyl, or C,-
Cealkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, —~O-Rg, -S-Rg, —-N(RRg'), ~
QC(O)Rs, ~C(O)ORs, nitro, phosphonoxy, phosphone, oxo, thioxoe, formy! or cyano;

Ls, Ls* and Lg>’ are each independently selected at each occurrence from a bond; or C;-
Cealkylene, C,-Cealkenylene, or C,-Cealkynylene, each of which is independently
optionally substituted at each occumrence with ope or more substituents selected from
halogen, Ry, -O-Rs, -S-Rs, ~NRsRs"), ~-OC(O)Rs. —-C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formy! or cyano;

Rs, Rs” and Rg”" are each independently selected at each occurrence from hydrogen or Re;

Ry 1s mdependently selected at each occurrence from C,-Cealkyl, C;-Cealkenyl, Cp-Cealkynyl,
Cy-Cyearboeyclyl, Cs-CycarboeyelylCi-Cyalkyl, 3- to 6-membered heterocyelyl, or (3- or
6-membered heterocyclyl)Ci-Cealkyl, each of which is independently optiomally
substituted at each occurrence with one or more substituents selected from halogen, Ry, ~
0O-Rg, ~S-Rp, -NRpRg"), “OC(O)Rg, -C(O)YOR3. nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or cyano.

In a second aspect, there is provided a compound of Formula I, or a pharmaceutically acceptable salt thereof,
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wherein:

A and B are each independently phenyl, and are each indcpendenﬂiz optiopally substituted
with one or more R,

D is C;-Cycarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry or D 1s selected from C;-Cealkyl, C-Cyalkenyl or C)-Cealkynyl, and is
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rg, -
S—Rs, -NR:Rs"), ~OC(O)Rs, —C(OYORs, nifro, phosphonoxy, phosphono, oxo, thioxo,
formy! or cyano;

XisN;

L, and L, are -(CH,)-, and are eaéh mdependently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rg, ~S-Rg, ~N(RR¢), -OC(O)Rs, —
C(O)ORs, nitro, 0x0, phosphonoxy, phosphono, thioxo, formy! or ¢yano;

L; is bond;

Y is selected from -NRpIC(OYCR, R)N(R s)-T-Rp, or ~NRpICO)CR3RHCRgR7)-T—Rp;

R; 18 Re, and R; and Rs, taken together with the atoms to which they are attached, form a 3- to
8-membered heterocyclic ring which is optionally substituted with one or more R,;

R; and R, are each independently Re, and R, and R, taken together with the atoms to which
they are attached, form 2 3- to 8-membered carbocyclic or heterocyclic ring which is
optionally substituted with one or more R,;

Z is sclected from —N(Rp)C(OYC(ReRN(R 1p)~T-Rpy or ~N(Rp)C(OYC(R10R 1))C(R 3R 14 -T—
Ry,

R is Re, and Ry and Ry,, taken together with the atoms to which they are attached, form a 3-
to §-membered heterocyclic ring which is optionally substituted with one or more R,;

Ry and Ry3 are each independently Re, and R)) and R,,, taken together with the atoms to
which they are attached, form 2 3- to 8-membered carbocyclic or heterocyclic ring which
is optionally substituted with one or more R,;

T is each independently selected at each occurrence from a bond, ~Lg—, ~Lg-M-~L¢'—, —Lg
M-Lg'~M'~Lg"'~, wherein M and M’ are each independently selected at each occurrence
from a bond, —-O—, -5~, ~N(Rg}~, -C(O}~, -S(O)p~, ~S(O)~, -OS(0)~, -08(0).-, -~
8(0):0-, ~8(0)0-, ~C(O)O-, ~OCO)-, ~OC(OY0-, ~CONRg}-, ~NRp)IC(O)-, -
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NRCO)0~,  -OCONRg-, -NRgS(O)-, -NRg)S(O)~, -SOINRg)~, -
S(ORNRz),  ~CONRICO)-,  -NRC(ONRs" )~ -N(Rp)SONRp")-,
NRp)SONRp")-, C3-Cjocarbocycle, or 3- w0 10-membered heterocycle, and wherein
said Cs-Ciocarbocycle and 3- to 10-membered heterocycle are each independently
optionally substituted at each occurrence with one or more Ry,

R, is independently selected at each occurrence from balogen, hydroxy, mercapto, amino,
carboxy, nitro, oxo, phosphonoxy, phosphone, thioxo, formyl, cyano, ~L,, or ~L¢Rg;

Ry and Ry’ are each independently selected at each occurrence from hydrogen or Ry

Rc 1s independently selected at each occurrence from hydrogen, halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from Ra;

Ry is independently selected at each occurrence from —O-Rs, ~5-Rg, —C(O)Rs, ~OCO)R;, -
CO)OR;, —-NRRg"), -S(O)Rs, -SORs, —-COINR:Rg), -NRHCORg, -
NRCOWNRRs), ~NRsISORs, -SO.NRgRs™), -NRgSONRIRs), -
NRHSOIMNR 'R, “OS(O3-Rs, ~OS(O)-Rs, ~S(O10Rs, —S(OY R, ~OC(OYORs, -
NRCO)ORs", ~OCOIN(RsRs™), -NRgS(O}Ry’, ~SIONRsRs”), ~CIONRCO)-
Ry’, Ca-Cycarbocyelyl, or 3- to 10-membered beterocyclyl, wherein said Co-
Ciecarbocyclyl and 3- to 10-membered heterocyclyl are cach independently optiopally
substitated at each occurrence with one or more substiments selected from halogen, Ry, -
O-Rg, -=5-Rg, -N(RRg’), ~OC(O)R5, ~C(O)ORy, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano;

Rr 1s independently selected at each occurrence from C;-Cealkyl, Co-Cealkenyl, C;-Ceallkynyl,
Cs-Cacarbocyelyl, Ca-CecarboeyelylC;-Cealkyl, 3- to 6-membered heterocyclyl or (3- or
6-membered heterocyclyl)C,;-Ceallcyl, each of which is independently optionally
substituted at each occurrence with one or more substiments selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy}
or cyana,

L, is independently selected at each occurmrence from C,-Cgalkyl, C;-Cealkenyl, or C,-
Cealkynyl, each of which is independently optionally substituted al each oceurrence wifh
one or more subsuments selected from halogen, Ry, ~O-Rs, —-S-Rg, -N(RRg'), -
OC(O)Rs, -C(OYORs, mitro, phosphonoxy, phosphono, oxo, thioxo, formyllor Cyano;

Ls, Ls' and Lg” are each independently selected at each occurrence from a bond; or C;-
Cealkcylene, Cp-Cealkenylene, or Ci-Cealkynylene, each of which is independently

optionally substituted at each occurrence with one or more substituents selected from

ie
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halogen, Ry, ~O-R;, ~S-Rs, -N(RRsM), ~QCORs, ~C(OYOR, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano;
Rs, Rs’ and R are each independently selected at each occurrence from bydrogen or R
Ry is independently selected at each occurrence from C;-Cealkyl, C;-Cealkenyl, Cy-Cealkynyl,
C3-Cyearbocyclyl, Cs-CyearboeyclylC,-Cgalkyl, 3~ o 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)Cy-Cealkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, —
” O-Rg, —=5-Rg, ~NRpRg’), -OC(O)Rg, ~C(O)YORg, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or cyano.

In a third aspect, there is provided a compound of Formula I, or a pharmaceutically acceptable salt thereof,

D
|
La
Y/A_L{""X"““LQWB\Z
I
wherein;
Zp
Zy = §_</ 41
is E«NQ% or N % B is g i e N/}-% or

(0

CH,, Z, 1s independently selected at each occurrence from N or CH, wherein A and B are

, Z; 18 independently selected at each occurrence from Q, S, NH or

cach independently optionally substituted with one or more R,

Dis C3~C10car’£>6cycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more R,; or D is selected from C;-Cealkyl, C;-Cgalkenyl or C,-Cyalkynyl, and is
optionally substiruted with one or more substituents selected from halogen, Ry, -O-Rg, ~
S-Rg, -NRsR¢’}, “OC(O)Rs, ~C(OYORs, nitro, phosphonoxy, phosphono, oxo, thioxo,
formyl or cyano;

XsN;

L; and L, are -(CHy)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rg —8-Rs —NRsR¢), ~OCORs, -
C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano;

L3 1s bond;

Y is selected from —C(R;RIN(RsT-Rp or ~C(R:RICRR,)-T-Rp,

R, 18 R, and R, and R, taken together with the atoms to which they are attached, form a 3- 1o

8-membered heterocyclic ring which is optionally substituted with one or more Ry;
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R; and R, are each independently Re, and R, and R, taken together with the atoms to which
they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which is
optionally substituted with one or more R,;

Z s selected from ~C(RgRoIN(Rp)-T-Rp or ~C(R 16R11)C(R 3R 14)-T-Rp;

Ry is Re, and Ry and Ry, taken together with the atoms {0 which they are atiached, form a 3-
to $-membered beterocyclic ring which is optionally substituted with one or more R

Ry and R,; are each mdependently Re, and Ry) and R4, taken together with the atoms t
which they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which
is optionally substituted with one or more Ry;

T 1s each independently selected at each occurrence from a bond, ~Lg-, —Le~M-Lg'~, —L¢
M-L¢'—M'~14""—~, wherein M and M’ are each independently selected at each occurrence
from a bond, -O-, -S~, NRg)-, -C(O)y—, ~S(O¥~, -S(O)—, -OS(Oy, -OS(Oy—,
$(0),0-, ~S(O)0-, ~CO)T~, ~OCO)-, ~OC(O)YO~, ~C(OIN(Rz) ~NRp)C(O)~,
NRp)CO0)0-, -OCONRz)-, -NRg)SO)-, -NRg)SO)r~ -SONRz)-,
S(ORNRz)-,  —COMNRRCO)»-,  -NRICONRg' ),  -NRgSONRp ), -
NRgSOWNRp -, Co-Cypearbocyeke, or 3- to 10-membered heterocycle, and wherein

t

said Cy-Cycarbocycle and 3- to 10-membered heterocycle are each mdependently
optionally substtuted at each occurrence with one or more Ry;

Ry is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,
carboxy, nitre, oxo, phosphonoxy, phosphono, thioxoe, formyl, cyano, ~La, or —LsRg;

Rg and Ry’ are each independently selected at each occurrence from hydrogen or Ry,

Rc is independently selected at each occurrence from hydrogen, balogen, hydroxy, mercapto,

E}

mino, carboxy, nito, oxo, phosphonoxy, phosphone, thioxo, formyl, cyano, or Ry
Rp 1s each independently selected at each occurrence from Ry
R; is independently selected at each occurrence from ~O-Rs, ~S-Rs, ~C(OIRs, ~-OC(OIRs, -
C(O)ORe -NRRs). -SORs -SO:Rs, -CONRRs), NRICORs, -
NRJICOMNRSRs™), ~NRgSORs’,  ~SONRsRs"), -NRISONRSRg), -
NROSOMNRRs), ~OS(O-Rs, ~OS(O)-Rs, ~S(0O}),0R¢, ~S(O)OR;, ~OC(GYOR, ~
N(Rs)C(O)ORs", ~OC(ON(RRs’), -NRIS(O)-Rg’, ~S(OINRRs"), “COINRC(O)-
Rs’, Ca-Cpearbocyelyl, or 3- w  10-membered heterocyelyl, wherein said G-
Cycarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, ~
O-Rs, -S-Rp, -N(RpRp"), “-OC(O)Rg, —C(O)ORgp, niro, phosphonoxy, phosphono, oxo,

thioxo, formy] or cyano,
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Ry 1s independently selected at each occurrence from C,-Cgalkyl, C-Cyalkenyl, Cp-Coalkynyl,
Cs-Ceearboeyclyl, Cs-CecarbocyelylC-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 halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl
or cyano;

L, is independently selected at each occurrence from C;-Cgalkyl, Co-Cealkenyl, or Cy-
Csalkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, ~O-Rs, ~S~Rs, —-N(RsRs'), -
OC(O)R, ~C(O)YORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ls, Lg’ and Ls™ are each independently selected at each occurrence from a bond; or C;-
Cealkylene, Co.-Cealkenylene, or C,-Cealkynylene, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from
halogen, Ry, ~O-Rg, ~S-Rs, -NRRg"), ~OC(O)R;, -C(O)ORs, mitro, phosphonoxy,
phosphono, oxo, thioxe, formyl or cyano;

Rs, Rg" and Rg”" are each independently selected at each occurrence from hydrogen or Ry

Ry 18 independently selected at each occurrence from C;-Cealikyl, Co-Cealkenyl, Co-Cealkynyl,
Cs-Cecarbocyclyl, Ca-CecarboceyelylCi-Cealkyl, 3- to 6~membered heterocyclyl, or (3- or
6-membered heterocyclyDC;-Caalkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, ~
O-Rz, ~8~Rg, -NRsRz’), ~OC(O)Rz, ~C(O)YORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formy! or cyano.

In a fourth aspect, there is provided a compound of Formula 1, or a pharmaceutically acceptable salt thereof,

Ly

1
wherein:
% Zy == ' % .</ 22 !/ | g
< : A
A s \N = % or H , Zy s selected from O, S, NH or CH;, Z, is

selected from N or CH, and A is optionally substituted with one or more R,;

B is phenyl, and is optionally substituted with one or more Ra;

D 1s Cs-Cigcarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry or D is selected from C;-Cgalkyl, Co-Cealkenyl or C-Cealicynyl, and is

optionally substituted with one or morel]&::lnbstimems selected from halogen, Ry, -O-Rg, —
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S-Rs, -N(RRg"), ~OC(O)Rs, —C(O)YOR;, nitro, phosphonoxy, phosphono, oxo, thioxe,
formy! or cyano;

XN,

L; and L, are -(CH,)-, and are each mdependently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rg ~S-Rs, —N(RgR¢), ~OC(O)Rs, -
C(O)ORs, nitro, oxo, phosphonoxy, phosphonoe, thioxe, formyl or cyanc;

L; 1s bond;

Y 1s selected from —C(R RIN(R s}-T-Ry or ~C(RRIC(RR7-T~Ryp,

R, 18 Re, and R, and Rs, taken together with the atoms to which they are attached, form 2 3- to
8-membered heterocyclic ring which is optionally substituted with one or more R,;

R; and R are each independently Re, and Ry and Ry, wken together with the atoms to which
they are attached, form a 3- to ¥-membered carbocyclic or beterocyclic nng which is
optionally substituted with one or more Ry;

Z 1s selected from —-NRg)COYCRRINR o -T-Rp or ~N(Rg)C(OYCR10R 1) YCR 3R 14 T
Ry

Rg 18 Re, and Ry and Ry, tzken together with the atoms to which they are attached, form 2 3-
to 8-membered heterocyclic ring which is optionally substitated with one or more Ry

Ry and Ry; are each independently Re, and Ry, and R,,, twken together with the atoms w
which they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring whid)
is optiopally substited with one or more Ry,

T is each independently selected at each occurrence from a bond, -Lg-, ~Lg-M-Lg'~, ~Lg
M—Ls'—M’~Ls™"~, wherein M and M’ are each mdependently selected at each occurrence
from & vond, —O—, -§-, -N®z}r, ~C(O)-, -S(0)~, ~S(O}~, ~O5(0)-, ~CS(Cjo~, -
SOR0-, ~S(O)0-, ~C(OYO~, -0C(O), ~OC0YO-, -CIOINRg}~, ~NRg)C(O)—, ~
NRp)IC0)0-, -OC(OMNRg)- ~NRg)S(O}, -NRp)S(O)~ -S(ONRg}-, -
S(ORpNRp)-,  ~COINRCO-,  ~-NRpCONRg )~ -N(R)SONRg)-, -
NRp)S{ONRg ", Cs-Cpearbocyele, or 3- to 10-membered heterocycle, and wherein
said C;-Cycarbocycie and 3- 1o 10-membered heterocycle are each independendy

_optionally substituted at each occumence with one or more Ra;

R, 15 independently selected at each ocenrrence from halogen, bydroxy, mercapto, amino,
carboxy, nitre, oxe, phosphonoxy, phosphone, thioxe, formyl, cyanao, ~L,, or —Ls—Rg;

Rgp and Ry’ are each independently selected at each occurrence from hydrogen or Ry;

R¢ is independently selected at each occurrence from hydrogen, halogen, hydroxy, mercapto,

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxe, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from Ra;

1i
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Ry is independently selected at each occurrence from ~O-Rs, ~S-Rs, ~C{O)Rs, ~OC(O)Rg, ~

C(OYORs, -N(RsRs"), ~S(ORs, ~SOuRs, ~C(ON(RsRs"), -NRs)COR -
NRHCONRs'Rs™),  -NRsISO:Rs”,  -8O:NR:Rs"),  ~NRgSONRsRs™), -
NRs)SIONRsRs™"), “OS(0)-Rs, “OS(0)-Rs, —S(0),0Rs, —S(O)ORs, —-OC(O)ORs, —
NR$IC(OYORs", ~OCION(RsRs"), -N(R9)S(O)-Rs’, ~S(OINRsRg"), ~C(OIN(Rs)C(O)-
Rg’, Csi-Cipcarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C;-
Cygearbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, -
0-Rp, ~S~Rp, -NRgRp"), ~OC(ORg, -C(O)YORg, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C,-Cealkyl, C,-Cgalkenyl, C,-Cqalkynyl,

La

Ca-Cyearbocyelyl, Ca-CecarboeyelylC-Cealkyl, 3- to 6-membered heterocyelyl 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 halogen,
hydroxy, mercapto, amine, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxoe, formyl
or cyano;

is independently selected at each occurrence from C;-Cgalkyl, C,-Cealkenyl, or Cp-
Cealkynyl, cach of which is independently optionally substituted at each occurrence with
one or more substituents selected from balogen, Ry, -O-Rs, —5-Rs, -NRgRg), -
OC(ORs, (OYORg, nitro, phosphonoxy, phosphono, 0xo, thioxo, formyl or cyano;

[&’ and Ls” are each independently selected at each occurrence from a bond: or C;-
Cealkylene, C,;-Cealkenylene, or C,-Cealkynylene, each of wiich 1s independently
optionally substituted al each occurrence with ome or more substituents selected from
balogen, Ry, -O-Rg, —S-Rs, NRsRs"), ~OC(ORs, —C(OYORs, nitro, phosphonoxy,

phosphono, oxo, thioxo, formyl or cyano;

Rs, Rs” and Rg” are each independently selected at each occurrence from hydrogen or Ry

Rr i independently selected at each occurrence from C,-Cealkyl, C,-Cealkenyl, Co-Cealkynyl,

Cs-Cgearbocyclyl, Cy-CeearboeyclylCi-Cealkyl, 3+ 1o 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C,-Cealkyl, each of which is independenily optionally
substituted at each occurrence with one or more substiments selected from halogen, Rg, -
O-Rg, -SRg, -NRzRg"), ~OC(O)Rg, ~C(OYORg, nitro, oxo, phosphonoxy, phosphone,

thioxo, formyl or cyano.

13



The present disclosure also features compositions comprising the compounds or salts of the present
disclosure. The compositions can also include other therapeutic agents, such as HCV helicase
inhibitors, HCV polymerase inhibitors, HCV protease inhibitors, HCV NS5A mhibitors, CD81
inhibitors, cyclophilin inhibitors, or internal ribosome entry site (IRES) inhibitors.

The present disclosure further features methods of using the compounds or salts of the present disclosure

to inhibit HCV replication. The methods comprise contacting cells infected with HCV virus

1k



with a compound or salt of the present disclosure, thereby inhibiting the replication of HCV virus in

the cells.
In addition, the present disclosure features methods of using the compounds or salts of the present

disclosure, or compositions comprising the same, to treat HCV infection. The methods comprise administering a
compound or salt of the present disclosure, or a pharmaceutical composition
comprising the same, to a patient in need thereof, thereby reducing the blood or tissue level of HCV
virus in the patient.
The present disclosure also features use of the compounds or salts of the present disclosure for the
manufacture of medicaments for the treatment of HCV infection.
Furthermore, the present disclosure features processes of making the compounds or salts of the

disclosure.

In a fifth aspect, there is provided a process of making a compound as defined above, comprising the step of:

coupling a compound of Formula II

to a compound of Formula I

G_Lq“AN

1

Y

4

wherein Q) is halo, and A, D, Ly, Ls, and Y are as defined above.



Other features, objects, and advantages of the present disclosure are apparent in the detailed description
that follows. It should be understood, however, that the detailed description, while indicating preferred

embodiments of the disclosure, are given by way of illustration only, not
limitation. Various changes and medifications within the scope of the invention will become apparent

to those skilled in the art from the detailed description.

DETATLED DESCRIPTION
The present invention features compounds having Formula I, and pharmaceutically acceptable

salts thereof,

D

Lg

Y/ A_L1“”X_"L2““‘”B\Z

wherein:
A and B are each independently C;-Cycarbocycle or 3- to 10-membered heterocycle, and are
each independently optionally substtuted with one or more R,;
D is C;-Cigearbocycle or 3- to 10-membered beterocycle, and is optionally substituted with
one or more Ra; or D is Rp;
X is CRe) or N
L and L, are each independently selected from a bond; or C,-Cealkylene, C,-Cyalkenylene, or

Cy-Ceulkynylene, each of which is independently optionally substituted at each
occurrence with one or more substtuents selected from halogen, Ry, -O-Rg, ~S-R, -

2a
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N(RsRg"), ~OC(O)Rs, ~C{OYORs, nitro, oxo, phosphonoxy. phosphono, thioxo, formyl or
cyano;

L; is bond or ~[s~K~Lg¢"~, wherein K is selected from a bond, ~O-, —S—, =N{Rg)}-, ~C(O)~, —
3(0)-, =S(O)-, -OS(0)-, ~08(0)—~, ~S(0),0-, -S(O)O-, -C(O)0O-, -OCO)-, -
OCOYO~, ~CLOIN(Rp)~, ~N(Rp)C(O)~, ~N(Rp)C(0)O~, ~OC(O)N(R5)~, ~N(Rp)S(O)-,
~N(Rp)S(0)—, ~S(OIN(R ), ~S(O),N(Rg)-, ~C(OIN(R5)C(O)~, -N(R5)C(O)N(Rg")~, ~
N(Rp)SO;N(Rp")- or ~N(Rz)S(OINRy")~;

Y is selected from ~T"-C(R:R)NRs)-T-Rp, ~T"~C(RRHCRR}-T-Rp, ~Lg~T-Rp, or
Li-E;

R, and R, are each independently R, and Rs 18 Rp; or R, is Re, and R, and R, taken together
with the atoms to which they are attached, form a 3- to 8-membered heterocyclic ring
which is optionally substituted with one or more R,;

R, Ry, R, and Ry are each independently R¢; or R; and Ry are each independently Re, and Ry
and R;, taken together with the atoms to which they are attached, form a 3- to 8-
membered carbocyclic or heterocyclic ring which is optionally substituted with one or
morc Ry

Z1s selected from ~T"—C(RgRoIN(R 13)-T-Rp, ~T"-C(R1cR11)C(R 3R 14)~T-Rp, ~Lx~T-Rp, or
~Lx-E;

Rs and Ry are each independently Re, and Ry, is Ry; or Rg is Re, and Ry and R, taken
together with the atoms to which they are attached, form a 3- to 8-membered heterocyclic
ring which is optionally substituted with one or more Ry;

Rios Ri, Rys, and R, are each independentdy Re; or Ry, and Ry; are cach independently Re,
and R, and Ry, taken together with the atoms to which they are attached, form a 3- to 8-
membered carbocyclic or heterocyclic ring which is optionally substituted with one or
more Ry;

Lk is independently selected at each occurrence from a bond; -N(Rp)C(O)»-Lg~; ~
C(OYN(Rg)-Ls—; or C;-Cealkylene, C,-Csalkenylene, C,-Csalkynylene, C;-Cjocarbocycle
or 3- to 10-membered heterocycle, each of which is independently optionally substituted
at each occurrence with one or more substituents selected from halogen, Ry ~O-Rs, -8~
Rs, ~N(RsRs™), ~OC(O)Rg, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano,

E is independently selected at each occurrence from C;-Cjgcarboceycle or 3~ to 10-membered
heterocycle, and is independently optionally substituted at each occurrence with one or

more Ry
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T and T are each independently selected at each occurrence from a bond, ~{g—~, ~Lg-M~Lg’~,
~LeM-Lg'~M’~Lg"’—, wherein M and M’ are each independently selected at each
occurrence from a bond, -O-, -8~, -N(Rg)~, ~C{O)~, -S§(0),~, ~-S(O)~, ~0OS(O)-,
0S80}~ -S(0),0-, -S(0)0O-, -C(O)O-, -OCO)~, -CCONO0-, —CONRg)-,
NRpCO)-, -NRCO)0-, -OCONRz)-, -NRp)S(O)~, -N(Rp)S(O)-,
S(ONRg)~,  -S(O)NRg)-,  -CONRp)CO)~  ~NRp)CONR')-,
N(Rp)SONRp ), ~-NRpIS(O)NRp" )~ C5-Cgcarbocycle, or 3- to 10-membered

heterocycle, and wherein said C;-Cjgcarbocycle and 3- to 10-membered heterocycle are

each independently optionally substituted at each occurrence with one or more Ry;

R, 1s independently selected at each occurrence from halogen, hydroxy. mercapto, amino,
carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, —L,, or —~Ls—Rg,
wherein two adjacent R,, taken together with the atoms to which they are attached and
any atoms between the atoms to which they are attached, optionally form a Cs-
Cyocarbocycle or 3- to 10-membered heterocycle;

Rg and Ry’ are each independently selected at each occurrence from hydrogen or Ry

R is independently sclected at each occurrence from hydrogen, halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Ry is each independently selccted at each occurrence from hydrogen or Ry,

Ry is independenily selected at each occurrence from ~0-Rg, —~S-Rg, ~C(O)Rg, ~-OC(O)Rs, —
C(O)ORs, -NRsRs), -S(O)Rs, -80Rs, -CONRsRg), -NRHCORy', -
NRsCONRsRs"),  -NRsSO:Rs", ~SO:NRsRs), ~NRoSONRsRg"), -
N(RS(OIN(Rs'Rs™"), ~OS(0)-Rs, ~0O8(0)-Rs, =S(0),0Rs, ~S(OYORs, “OC(O)ORs, ~
NRs)CO)ORs’, ~“OCOIN(RsRs"), -NR5S(O)-Ry’, ~S(OIN(RsRs"), ~COIN(R$)C(O)~
Ry, GCs-Cipcarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said Cs-
Cipcarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, ~
O-Rg, —S5-Rg, ~N(RgRz’}, “OC(O)Rg, ~C(G)YOR5, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano;

Rr is independently selected at each occurrence from C,-Cgalkyl, C,-Cgalkenyl, C;-Cgalkynyl,
Cs-Ceearboeyelyl, Cs-CoearboeyelylCy-Cealkyl, 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 halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxe, phosphonoxy, phosphono, thioxo, formyl

or ¢cyano;
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L, is independently selected at each occurrence from C,-Cgalkyl, C,-Caalkenyl, or C,-
Cealkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, —O-Rg, ~S—Rg, ~N(RsRs'), -
OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ls, Ly’ and Lg” are each independently selected at each occurrence from a bond; or C;-
Cesalkylene, C,-Cgalkenylene, or C,-Cgalkynylene, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from
halogen, Ry, -O-Rs, ~S-Rs, —N(RgRg"), ~OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy,
phesphono, oxo, thioxo, formyl or cyano;

Rs, Rs” and Rs™” are each mdependently selected at each occurrence from hydrogen or Ry;

Ry is independently selected at each occurrence from C,-Cgalkyl, C,-Csalkenyl, C,-Cgalkynyl,
Cs-Ceearbocycelyl, Cs-CeearboeyclylC;-Cealkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C,-Cyalkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, ~
O-Rg, -S-Rg, -NRgRz"), “OC(O)Rg, ~C(OG)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano.

A and B preferably are independently selected from Cs-Cgearbocycle, 5- to 6-membered

Wy S % Z P,
el egs

. where Z, is independently selected at each

is independently selected at each occurrence from N or CH, Z, is independently selected at each
occurrence from O, §, NH or CII,, and W, W,, W5, W, W5 and W, are each mmdependently selected
at each occurrence from CH or N. A and B are each independently optionally substituted with one or

more Ry,

More preferably, A is sclected from Cs-Cecarbocycle, 5- to 6-membered heterocycle,

. and is optionally substituted with one or more Ry; B

Wz/ W‘\ 4
AW
selected from Cs-Cqearbocycle, 5- 10 6-membered heterocycle, Ws Z or

5



10

15

20

WO 2010/120935 PCT/US2010/031102

1P

W, Wi, Ws, Wy are as defined above. Preferably, 7, is N and Z, is NH. For instance, A can be

Zs =
selected from phenyl (e.g., @§>, §—<\N:©‘ % (e.g., §_<\N R I %), or
HI L 0 <0,

, and is optionally substituted with one or more R,, where Z;, Z,, Zs, Zy, W1, Wy,

(e.g., H or H ), and is optionally substituted with one
Zy
2 .
or more R,; and B can be selected from phenyl (e.g., r-<3—§), §4©:N/>~§ (e.g..
¥ SN N N
3 N\
N ) or H (e.g., H or H ), and is

optionally substituted with one or more Ra.

D preferably is selected from Cs-Cgcarbocycle, 5- to 6-membered heterocycle, or 8- w 10-
membered bicycles, and is optionally substituted with one or more R,. D can also be preferably
selected from C,-Cgalkyl, C,-Cealkenyl or C,-Cgalkynyl, and is optionally substituted with one or
more substituents selected from halogen, Ry, -O-Rs, —~S—-Rs, -N(RsRs"), ~-OC(O)Rs, ~C(O)YORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D 1s Cs-Cgearbocycle, 5- o
6-membered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more Ry,
where Ry is halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or —Lg—Rg  Also
preferably, D is phenyl, and is optionally substituted with one or more R,. More preferably, D is

phenyl, and is substituted with one or more Ry;, wherein Ry, is as defined above. Highly preferably, D

R A
R R
Ry R
is ; or ww , wherein Ry is as defined above, and each Ry is independently selected

from Rp and preferably is hydrogen.

Preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cealkyl, C,-Cealkenyl or C,-Cealkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cs-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently

optiopally substituted at each occurrence with one or more substituents selected from halogen,

6
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hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, eyano, C;-
Cealkyl, Cy-Cealkenyl, C,-Cealkynyl, C;-Cshaloalkyl, C,-Cghaloalkeny!t or C,-Cghaloalkynyl. More
preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or C,-Cealkyl, C;-Cealkenyl or Cp-
Csalkynyl, each of which is independently optionally substituted at each occurrence with one or more
substituents selected {rom halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, Ry is
C,-Csalkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

X is preferably N.

L, and L, are preferably independently C,-Cealkylene, and 15 is preferably selected from a
bond, C,-Cealkylene, or -C(O)-. L,, L,, and L; are each independently optionally substituted with one
or more substituents selected from halogen, Ry, -0-Rs, ~S-Rg, ~N(RRs"), ~OC(O)Rs, ~C(OYORs,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, L, and 1, are -
(CH,)-, and are each independently optionally substituted with onte or more substituents selected from
halogen, Ry, -O-Rs, -S8-Rs, -NRsRs"), ~OC(O)Rs, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphone,
thioxo, formyl or cyano; and 15 is a bond or -C(O)-.

Y is preferably selected from ~Lg~C(R \RNRs)-T-Rp, ~[s~C(RzR4)CReR7)-T-Rp, ~G-
C(RR)ON(Rs}»T-Rp, ~G-C(RaRyC(RgR)~T-Rp, =NRp)COYCR;RIN(R-T-Rp, -
NRpIC(OICR:RHCRRN-T-Rp, ~COINRp)CRIR)INRs}T-Rp, ~CIOIN(RpIC(RRHC(RR7)-

T-Rp, ~-NRp)CO)-LsE, or ~C(ONRp)-1sE. G is Cs-Cecarbocycle or 5- to 6-membered
R

heterocyele, such as Ao Ro , where Ry, is as defined above. E preferably is an 8- to

12-membered bicycle (c.g., an 8- to 10-membered bicycle such as Zoo~U , whercin U is
independently selected at each occurrence from -(CHy)- or -(NH)-; wherein V and Zy; are cach
independently selected from C,-Cqalkylene, C,-Cyalkenylene or C,-Calkynylene, in which at least
one carbon atom is independently optionally replaced with O, § or N), and is optionally substituted

with one or more Rs. More preferably, R, is R¢, and R, and Rs, taken together with the atoms fo

which they are attached, form a 5- to 6-membered heterocyclic ring or 6- to 10-membered bicycle

EQ\% Y % Q\§

or a 6- to 8-memberd bicycle; preferably thf or

7



WO 2010/120935 PCT/US2010/031102

ﬁ‘ e Q 8@ Q OIQ\;)

which is optlonally substituted with one or more R, (such as, but not limited to hydroxy, halo (e.g.,
fluoro), C;-Cealkyl (e.g., methyl), or Co-Cgalkenyl (e.g., altyl)); and R, and R¢ arc each independently

Re, and R, and R;, taken together with the atoms to which they are attached, form a 5- to 6-membered

L

5 carboeyclic or heterocyclic ring or 6- to 10-membered bicycle (e.g., tz"c or or a 6-
0 8-memberd bicycle) which is optionally substituted with one or more R (such as, but not limited to

hydroxy, halo (e.g., fluoro), C;-Cealkyl (e.g., methyl), or C,-Cgalkenyl (e.g., allyl)). Non-limiting

HO
N J N N
i HN ] HN\aé | HN\§
examples of preferred Y include 0 , D , P
HO, aOH
()\(O E_l\(o C)Y W O
ii\j HN ; I? HN ; HN ; HN ;
h« m &( S 81(0
HN HN 5 HN EE! HN [E HN
H H
0] O O
ETJ HN giv HN P? HN
Ry K Ry ~ R K :
D , D , and D wherein T and Rp are as defined

hereinabove and hereinbelow.
Y can also be selected from ~M-C(R;R2)N(RsC(O)~Ly-M’-Ryp, ~M-CR;R)ON(R5)-Ly"~
M’~Rp, ~Ls~C(RRINR5)-C(O) Ly’~-M"~Rp, ~Le-CRR)INRs)-Ly"~M'-Rp, ~M~
15 CR:RHCRRN-CO)-Ly’-M"-Rp, -M-C(RaRHC(ReR-Ly’'-M'~Rp, —Ls—C(R3R)ICRR)-C(O)—
Ly’-M’-Rp, or ~Lg-CR;R)CRgR7)-Ly’~-M'~Ry, wherein M preferably is bond, ~C{O)N(Rg)- or —
NR)C(O)-, M’ opreferably is bond, —-C(ONRgp)~ -NRpC(O)}-, ~NRpCO)O-,

8
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NRp)C(ON(Rg - ~N(Rg)S(O)~ or -NRp)S(O)~, and Ly’ is L, and preferably Ly is C;-
Cgalkylene which is optionally substituted with one or more substituents selected from halogen, Ry, —
O-Rs, —S-Rg, -NRRs), -OCO)Rg, -C(OYOR5, nitro, phosphonoxy, phosphono, oxo, thioxo,
formyl or cyano. More preferably, R, is Re, and R, and Rs, taken together with the atoms to which

they are attached, form a 5- to 6-membered heterocycle or 6- to 10-membered bicycle (e.g.,

‘&&Q\% N p\é

or more Ry, and R; and Rg are each independently R, and Ry and R,, taken together with the atoms to

or a 6- to 8-memberd bicycle) which is optionally substituted with one

which they are attached, form a 5- to 6-membered carbocycle/heterocycle or 6- to 10-membered

S

substituled with one or more Ry,

Also preferably, Y is selected from -N(Rp)CO-C(RR)N(Rs)~C(O)~Ly ~N(R)C(OHO-Rp, —
N(R)CO-CR;RINRs}-C(O)-Ly’-N(R)C(O}-Ry,, ~N(Rg)CO-C(R;R)N(R5)-C(O)-Ly'~
N(R3)S(0)-Rp, ~NRp)CO-CR;R)N(Rs)-C(O)-Ly'~-NRsRg")-Rp, -NRp)CO-C(R R)N(Rs)}-
CO)-Ly~0-Rp, —NRp)CO-CRRINRs}HCO)-Ly'-Rp, -NRp)CO-CRR)NRs}Rp, —Ls—
CRR)IN(R5)-C(O)-Ly' -NR)C(O)YO-Rp,  ~Lg-C(R;R)N(R5)-C(O)-Ly'-N(Rp)C(O)-Rp, ~Lg~
CRR)INR-CO)-Ly -NRp)S(O)-Rp,  ~Ls~C(RRYNRs)-C(O)-Ly’'-N(RpRp»Rp,  ~Lg—
CRIR)INRs}-CO}-Ly'-O-Rp,  ~Ls~CRIR)NRs)-C(O)-Ly’~Rp, —LeC(RR)N(Rs}-Rp, -
NRCO-CRR)CRRN-CO)-Ly-NR5ICO)O-Rp,  ~N(Rp)CO-CR;RHCRRN)-CO)-Ly'~
N(Rz)C(O)»Rp, ~N(Rp)CO-CR:RHCReR)-C(O}-Ly’-N(R)S(O)-Rp, -N(Rg)CO-
C(RsRy)C(RR)-CORLy' ~NRsRs)Rp,  ~N(Rp)CO-C(R;RICRRH»-CO)-Ly'~O-Rp,  ~
NRp)CO-CR;RICRR)-CO}-Ly’Rp, ~NRp)CO-C(R:RICRgR7)-Rp, ~Ls~C(R;RIC(RsR7)~
CO-Ly’~NRp)CO)YO-Rp, “Ts~CRRICRR-CO)-1y"-N(Rp)C(O)-Ry, ~Lg~
CR3RICRR)-CO-Ly-NRp)S(O)-Rp, ~Ls~CR:RICRR)-CO-Ly ~NRsRp Rp, —Ls—
CR3RICRR)-C(O)-Ly -0O-Rp, ~LsCR:RICRR)-CON-Ly'~-Rp, or —Lg—C(R:RICRR7)-
Rp. wherein Ly’ is Ls’, and preferably Ly’ is C;-Cealkylene which is optionally substituted with one
or more substituents selected from halogen, Ry, -O-Ry, ~S-Rg, ~N{RRs"), ~OCO)Rs, -C(O)ORs,

nitro, phosphonoxy, phosphono, oxo, thioxo, formy! or cyano. R; may be Rc, and R, and Rs, taken

bicycle (e.g., or a 6- to 8-memberd bicycle) which is optionally

together with the atoms to which they are attached, may form a 5- to 6-membered heterocycle or 6- to
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optionaliy substituted with one or more R,; and Ry and Rg may be each independently Re, and R, and

10-membered bicycle (e.g.. or a 6- to 8-memberd bicycle) which is

R;, taken together with the atoms to which they are attached, may form a 5- to 6-membered

carbocycle/heterocycle ot 6- to 10-membered bicycle (e.g., ‘?21 g or 97’- ora6- to 8-
memberd bicycle) which is optionally substituted with one or more R,.

Highly preferably, Y is selected from -N(Rp"" )YCO-C(R;Ry)N(R5)-C(O)~Ly-N(Rp " )C(O)-
Ls~Rgp or ~CRR)ON(Rs)-C(O)»-Ly—NRp"C(O)-Ls—Rg, wherein Ly is C,-Cealkylene optionally
substituted with one or more subsiituents selected from halogen, Ry, ~O-Rg, ~S-Rg, -N(RsR¢’), ~
OC(O)Rs, ~C(OYORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; and wherein
Rg’ is each independently Rg. Rg™ and R, are each preferably hydrogen or C;-Cgalkyl, and R, and
Rs, taken together with the atoms to which they are attached, preferably form a 5- to 6-membered

%Q\E* N ?\E

bicycle) which is optionally substituted with one or more Ra. (e.g.. hydroxy, halo (e.g., fluoro), C,-

heterocycle or 6- to 10-membered bicycle (e.g., or a 6- to 8-memberd
Cealkyl (e.g., methyl), or C,-Cealkenyl (e.g., allyD)). Preferably, Ly is C;-Cgalkylcne substituted with
one or more Ry such as a C;-Cecarbocycle or 3- to 6-membered heterocycle which is optionally
substituted with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Cgalkyl, C,-Cealkenyl, C,-Csalkynyl,
C;-Cghaloalkyl, Cy-Cghaloalkenyl or C,-Cghaloalkynyl.

Z is preferably selected from ~Lg-C(RsRo)N(R;2)-T-Rp, ~Ls~C(R1oR;IC(R 3R 1)-T-Rp, ~
G-CRR)INRp)-T-Rp,  ~G-C(R1RiICR R -TRp,  ~NRp)COICRR)NR ;2)-T-Ry,  ~
NRp)CO)ICR R 11)C(R13R1)-T-Rp, ~COINR)CRsRONR ;5)-T-Rp, -

CONRRCRRNCR 3R 14 )-T-Rp, -NRpIC(O)-Ls-E, or -CIOINRp)-IsE. G is Cs-
T ™
N N
H RO
Cgcarbocycle or 5- to 6-membered heterocycle, such as B0 or Ro | where Rp is as

defined above. E preferably is an 8- to 12-membered bicycle (e.g., an 8- to 10-membered bicycle

10
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e
suchas 20U , wherein U is mdependently selected at each occurrence from -(CH,)- or -(NH)-;
wherein V and Z,, are each independently selected from C,-Cjalkylene, C,-C,alkenylene or C,-
Cialkynylene, in which at least one carbon atom is independently optionally replaced with O, S or N),
and is optionally substituted with one or more R,. More preferably, R is Re, and Ry and R, taken

together with the atoms (o which they are attached, form a 5- to 6-membered heterocycle or 6- to 10-

Q\g ECN\%
tﬁ?- or or 2 6- to 3-memberd bicycle, preferably

oy X, 61, 6
24,55? LY a? “+ Q R ’ag'k%‘, %g/N\El o

halo (e.g., fluoro), C;-Cgalkyl {(e.g., methyl), or C,-Cgalkenyl (e.g., allyl)); and R), and Ry; are each

membered bicycle (e.g.,

) which is optionally substituted with one or more R (such as, but not limited to hydroxy,

mdependently Re, and Ry and Ry, taken together with the atoms to which they are attached, form a

S,

5- to 6-membered carbocycle/heterocycle or 6- to 10-membered bicycle (e.g., or
Lit or a 6- to 8-memberd bicycle) which is optionally substituted with one or more R, (such

as, but not limited to hydroxy, halo (e.g., fluoro), C;-Cealkyl {e.g., methyl), or C,-Cealkenyl (e.g.,

NH { E,NH |

allyl)). Non-limiting examples of preferred 7 imclude

11
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e e I e L e T e
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—NH —NH —NH -
.E: ']['\R 2 -}-\R %- _If-\R z‘ N +‘-R .

D D, D, and D | wherein T and Ry, are

as defined hereinabove and hereinbelow.

Z. can also be selected from —~M-C(RgRg)N(R;2)~-C(O)-Ly'~M’—Ryp, ~M~C{RgRIN(R ;:)-Lv '~
M'-Rp, ~Lg~C{RsRIN(R 1 )-C{O)-Ly'~-M’-Ryp, “Ls—C(RgRIN(R o )-Ly'~M’~Rp, ~M-
CR10R1CR 1R 1)-C(O)-Ly'-M"~Rp, ~M~C(R1oR1)C(R13R )Ly’ ~M"-Rp, ~Ls—
CR1RINCRER1-COV-Ly-M'-Ry,,  or  —LeC(RoR;)DCR 3R )-Ly'-M’-Rp,,  wherein M
preferably is bond, ~C(O)N(Rg)- or —N(Rp)C(O)-, M’ preferably is bond, ~C(O)N(Rg)-, -
NRp)C(O)-, —-N({R5)C(O)O-, NRp)C(ON(R5" -, ~N(R35)S(O)~ or -N(R)S(0),—, and Ly’ is Ly,
and preferably Ly’ is C;-Cgalkylene which is optionally substituted with one or more substituents
selected from halogen, Ry, ~O-Rs, =5-Rs, ~-N(RsRs"), ~OC(O)Rs, ~C{O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. More preferably, R is Re, and Ry and R,, taken together

with the atoms to which they are attached, form a 5- to 6-membered heterocycle or 6- to 10-membered

bicycle (e.g., or or a 6- to §-memberd bicycle) which is optionally
substituted with one or more R,; and R, and R,z are each independently R, and R, and Ry, taken

together with the atoms fo which they are attached, form a 5- to 6-membered carbocycle/heterocycle

EQ\E L%

is optionally substituted with one or more R,
Also preferably, Z is selected from —N(Rg)CO-C(RRoIN(R 13)-C(OWLy'-NRC(OYO-Rp,
~NRp)CO-CRsRN(R 12)-C(O)-Ly"-N(Rg)C(O)-Rp, ~NRz)CO-C{RsRoIN(R 1)-C(O)-Ly'
12

or 6- to 10-membered bicycle (e.g., or a 6- to 8-memberd bicycle) which
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NRg)S(O)-Rp, ~NRp)CO-CRsRINR ;2)-C(O)~Ly’ -N(RgRg»-Rp, ~N(Rp)CO-C(RgRyNR )~
CO)-Ly'~0-Rp, -NRp)CO-CRRHIN(R ;2)~-C{O)-Ly"-Rp, ~NRpICO-CRR)IN(R;5)-Rp, s
CRsRONR2)-C(O)-Ly'-N(Rg)C(O)O-Rp, —~Ls-C(RgRoIN(R2)-C(O)-Ly’~-NRp)C(O)Rp, ~Ls—
CRsRONR-CO)-Ly’-NRp)S(0)-Rp,  ~Ls~C(RsRIN(Rp)}-C(O)-Ly’~N{RpRp"»-Rp,  ~Ls—
CRsRIN(R;2)-C(O)-Ly’~O-Rp, -Ls~CRsRNR p)-C(O)-Ly’-Rp, ~Ls~CR:RoNR2)-Rp, -
N(Rp)CO-CR0R)CR 3R 1)-C(O)-Ly-N(Rp)C(O)O-Rp, ~NRp)CO-CRoR: YC(R13R14)-C(O)-
Ly’-NRp)C(O)-Rp,  -NRp)CO-CR1oR11DCR 13R1)-C(O»-Ly'-NRp)S(O)-Rp,  -NRp)CO-
CR1oR11)CR 3R 1)-CO)-Ly -NRgRp")Rp,  ~NRp)CO-C(R;1R;)CR 3R 14)-C(O)-Ly'~O-Rp, -
N(RB)CO_C‘ (R 1 OR 3} )C (R 13R14 )_(j (O)_I—JY ’ "‘RDe _N(RB)C ()—(: (RIORi 1)C(R 13R14}""’RD, ""LS"'
CRR DCR 3R 1)-CO)-Ly'-NRp)C(O)O-Rp,  —Ls~CR 1R 1)CR 3R 1)-C(O)-Ly =NRp)C(O)~
Rp, ~LeCRRDCRERO-CO-Ly -NRpS(O)rRp, —LsCRpRDCR R 1)-CO-Ly' -
N(RgRp"}Rp, ~Ls~CR10R11)CR 3R 14)-C(O}-Ly’~O-Rp, ~Ls~C(R10R 1R 3R 14)-C(O)-Ly'-Rp, or
~Ls~C(RoR;))CR ;3R 14)-Rp, wherein Ly’ is Lg’, and preferably Ly is C,-Cgalkylene which is
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rs, ~S-Rg, ~
N(RsR¢"), ~OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. Rg

may be Re, and Ry and R, taken together with the atoms to which they are attached, may form a 5- to

%9“5' . ?\5

8-memberd bicycle) which is optionally substituted with one or more Ry; and Ry and Ry; may be

6-membered heterocycle or 6- to 10-membered bicycle (e.g., ora6-to

each mdependently Re, and R;; and Ry, taken together with the atoms to which they are attached,

may form a 5- to 6-membered carbocycle/heterocycle or 6- fo 10-membered bicycle (e.g.,

*z; ¢ 5

more R,.
Highly preferably, Z is selected from ~N(Rp"")CO-C(RsRo)N(R )-C(O)-Ly—N(Ry HCO)-
Ls~Rg or “C(RgReIN(R ;)-C(O)-Ly-NRp " YC(O)-Lg-Ry, wherein Ly is C;-Cealkylene optionally

substituted with one or more substituents selected from halogen, Ry, ~0-Rs, ~S—Rg, ~N(RsRy"), ~

or a 6- to 8-memberd bicycle) which is optionally substituted with one or

OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; and wherein
Rp’’ is each independently Ry. Ry’ and Ry are each preferably hydrogen or C;-Cyalkyl, and Ry and

Ryo. taken together with the atoms to which they are attached, preferably form a 5- to 6-membered

13
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heterocycle or 6- to 10-membered bicycle (e.g., or a 6- to §-memberd
bicycle) which 1s optionally substituted with one or more R, (such as, but not limited to hydroxy, halo
(e.g., fluoro), C;-Cgalkyl (e.g., methyl), or C;-Cealkenyl (e.g., allyl)). Preferably, Ly is C;-Csalkylene
substituted with one or more Ry such as a C3-Cgearbocycele or 3- {0 6-membered heterocycle which is
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cgalkyl, C,-
Cesalkenyl, Co-Cgalkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl or Cy-Cghaloalkynyl.

T can be, without limitation, independently selected at each occurrence from ~C(O)~g'~, —
CO0-Ls™-,  ~CO)-Ls"-NRp)C(O)-Ls"~,  -CO)-Ls'-NRg(O)O-Lg"~,  -NRp)(O)-Ls™~
NRg)C(OyLy "~  ~NRg)CO}MLs'—NRp)C(O)O-Ls"~,  or -NRp)CO)-Ls'—NRg)-Ls"~
Preferably, T is independently selected at each occurrence from -C{O)-Lg-M'-Ls"— or -
N(Rp)C(O)-Lg~M’~Ls"'~ More preferably, T is independently selected at each occurrence from —
CO)-Ls"-NRp)C(O)-Ly" — or ~C{O)-Ls"-N(Rz)C(OYO-Ls" "~

T can also be, for example, —-Le~M-Lg"-M’'~1.¢”’~ where Ls is 2 bond; M is C(O); Ls" 1s C;-

Cealkylene (e.g., ‘Jﬁ\/ﬁ% )}, where L¢’ is optionally substituted with Ry the optional Ry is a
substituent such as, but not limited w0, ~C,-Cgalkyl, ~C,-Cealkenyl, ~C,-Cgalkyl-OH, ~C;-Cgalkyl-O-
C;-Cealkyl, 3- to 6-membered heterocycle (e.g., tetrahydrofuranyl), or C;-Cecarboeyclyl (e.g., phenyl,
cyclohexyl); M’ is -NHC(O)—, ~NEHC(O)- or ~N(Me)C(O)—; and L™ is a bond. Rp preferably is
hydrogen, ~C;-Cgalkyl (e.g., methyl), ~O-C;-Cgalkyl (e.g., methoxy, tert-butoxy), methoxymethyl, or
—N(C;-Cealkyl), (e.g., -NMe,).

H
: O N
&} < O
~
Y )l e Y
T-Rp can be, without limitation, © , © R

AT AR A
B VEE g
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O  or , wherein the stereochemistry at a carbon within the group T-

Rp can be either (R) or (S).
T can also be, without limitation, —LsM-Ls'— where Lg is a bond; M is C(O); L’ is Cy-

5  Cgalkylene (e.g., 'f\/’t‘") where Ls’ is optionally substtuied with Ry the optional Ry is a
substituent such as, but not limited to, ~C,-Cealkyl, ~C,-Cealkyl-OH, ~C,-Cgalkyl-O-C;-Cqalkyl, or a
C3-Cgcarbocyclyl (e.g., phenyl, cyclohexyl). Rp, for example 1s ~OH; ~OC(O)Me; ~NH(C,-Cgalkyl)
(e.g., -NHMe, -NHE); ~N(C,-Cgalkyl), (e.g.. -NMe,, -NEt;); a 3- 10 10-membered heterocyclyl
(e.g., pyrrolidinyl, imidazolidinyl, hexahydropyrimidinyl, morpholinyl, piperidinyl) optionally

10 substitated with one or more halogen, oxo; C;-Cicarbocycle (e.g.. cyclopentyl) optionally substituted
with —~OH; —-C;-Cealkyl (e.g., isopropyl, 3-pentyl) optionally substitated with ~OH; or NHRy where Ry

is a 3- to 6-membered heterocyclyl (e.g., thiazolyl, pyrimidinyl). T-Rp includes, but is not limited to:

VT ™

FOUL T o~y
Yy Nytyte G
O O 5

N/}\ \-s
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, s R , or , wherem the

O-x

stereochemistry at a carbon within the group T-Rp can be either (R) or (S).

For Fornwila 1 as well as Formulae I, Is and I¢ described below, including each and every
embodiment described thereunder, R, preferably is halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphono, thioxo, cyano; or 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, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl or cyano; or C;-Cecarbocycle or 3- to 6-membered heterocycle, each of
which is independently optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carbogy, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C;-Cgalkyl, C,-Cealkenyl, Co-Cealkynyl, C,-Cshaloalkyl, C,-Cghaloalkenyl or
Cy-Cehaloalkynyl; or —~La~0O-Rg, ~Las—S5-Rs, ~La~C(ORs, —La-OC(O)Rs, ~La—C(O)ORs, —La—
N(RsRs"),  ~La~SO)Rg, ~La—SORs, -La~CONRsRs), —-La-NRHCOIRY, La—
NRJCONRs'Rs™),  ~La~NRs)SORs”, ~La-SO:NRsRs™), ~Ls~N(Rs)SONRRs),  ~La-
N(R)S(OINR'Rs), ~La-OS(O)-Rs, —La—O8(0)rRs, —La-S(O)0Rs, —La~S(OORs, —La
OC(O)ORs, ~La~-N{R)C(O)ORy’, —La~OCIOMN(RRs™), ~La—NROIS(O)-Ry’, ~La~S(OIN(RRS’) or
~La~COYN(RC(O)-Rg’, wherein L, is bond, C,-Cealkylene, Cy-Cealkenylene or C,-Cealkynylene.

More preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, OXo0,

phosphonoxy, phosphono, thioxo, cyano; or C;-Cealkyl, C,-Csalkenyl or C,-Csalkynyl, each of which
is independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cs-Cyqcarbocycle or 3- to 6-membered heterocycle, each of which is independenty
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cgalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C,-Cehaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl.

Highly preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, niiro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or C;-Cealkyl, C,-Cgalkenyl or C,-Cealkynyl, each of which
is independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phospheno, thioxo, formyl or
cyano.

Ls, Ls” and Ly’ preferably are cach independently selected at each occurrence from bond; or

C-Cgalkylene, C;-Cgalkenylene or C,-Cealkynyiene.
16
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A and B can be the same or different. Likewise, L, and L,, or Y and Z, or Y-A~ and Z-B—,
or —A-L,~ and ~B-L,—, can be the same or different. In some instances, Y-A~L,~ is identical 10 Z~
B-L,—. In some other instances, Y~A~L,~ is different from Z-B-L,—.

For each compound of Formula I, Lg can also be independently selected at each occurrence
from a bond; —Lg’~N(Rg)C(O)-Lg—; —Lg'~C(O)N(Rp)-Ls~; or C;-Cealkylene, C,-Cyalkenylene, C,-
Cealkynylene, C;-Cyocarbocycle or 3- to 10-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen, Ry, —
O-Rs, =8-Rs, -NRsRs"), “OC(O)Rs, -C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein Ly and Lg” are as defined above.

In one embodiment, A, B, and D are each mdependently phenyl, and are each independently
optionally substituted with one or more Rs. L, and L, are each independently C;-Cyalkylene, 15 is 2
bond, C,-Cealkylene or -C(O)-, and Ly, L,, and L are each independently optionally substituted with
one or more substituents selected from halogen, Ry, ~O-Rs, ~S-Rs, ~N(RgRs"), -OC(O)R;, ~
C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, L, and L, are -
(CH,)-, and are each independently optionally substituted with one or more substituents selected from
halogen, Ry, ~O-Rg, -8R, -N(RsRs"), “OC(O)Rg, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and I; is a bond or -C(O)-. Y is ~Lg-C({RiR)ON(RsT-Rp, ~Lg~
CRRHCRR)-T-Rp, ~NRpICO)CR R)NRs)-T-Rp, or ~NRg)C(O)CRRHCReR7)-T-Ro,
and Z is ~Le~C(RsRo)N(R;5)-T-Rp, ~Lg~C(R R IC(R 3R 14)-T-Rp, ~NR)C(OYC(RgRgIN(R 5)-T-
Rp, or -N(Rp)C(OYCR 10R11)CR 1R 1. )-T-Rp. R, is Re, and R; and Rs, 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 Ra; Rz and Rs are each independently Re, and R, and R,, taken together with the
atoms to which they are attached, form a 5- to 6-membered carbocyclic or heterocyclic ring which is
optionally substitated with one or more R4. Rsis Re, and Ry and R),, taken together with the atoms 0
which they are attached, form a 5- to 6-membered heterocyclic ring which is optionally substituted
with one or more R,; and Ry, and Ry5 are each independently Re, and R, and R4, taken together with
the atoms to which they are attached, form a 5- to 6-membered carbocyclic or heterocyclic ring which
is optionally substituted with one or more R,. T is preferably independently selected at each
occurrence from ~C(O)-Lg’'-N(Rp)C(O)~15"~ or ~C(O)-Lg'-NRpC(O)O-Ls'~, wherein Lg’
preferably is C;-Cgalkylene (e.g., -CH,-) and is optionally substtuted with one or more substituents
selected from halogen, Ry, -O-Rs, —S-Rs, -N(RRs"), ~OC(O)Rs, —-C(OYORg, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. T can also be, without linutation, selected from ~C(Q)~

Ly’ —Lg" =, ~C(O)-Ls'~O~Ls""—, ~C(O)}-Lg"~N(Rp)-Lg" ', or ~C(O)-Ls’~-N(Rz)S(O)~Ls" '~ In some
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cases, at least one of Y and Z is, or Y and Z are independently, , wherein Ry and
Ry are as defined above, and non-limiting examples of Ry mclude 5- or 6-membered heterocycles
(e.g., pyridinyl), and non-limiting examples of Ry include C;-Cealkyl optionally substituted at each
occurrence with one or more substiments selected from halogen, Ry, ~O-Rg, —5-Rjg, ~N(RpRz’), —

OC(O)R3z, —“C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano.

<, A

In another embodiment, A is N ., and s optionally

Z Zp
\ N
g@ 4 L)
substituted with one or more Ry; B 18 N or H , and is optionally

substituted with one or more Ry; and D is Cs-Cycarboceycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more R,. Z; is independently selected at each
occurrence from O, 8, NH or CH,; and Z, is independently selected at each occurrence from N or CH.
L, and L, are each independently C;-Cealkylene, L; is a bond, C;-Cealkylene or -C(O)-, and L, L,,
and L; are each independently optionally substituted with one or more substituents selected from
halogen, Ry, ~O~Rg, —S-Rs, -N(RsRy’), ~OC(O)Rs, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, or cyano. Preferably, L, and L, arec -(CH,)-, and are cach independently optionally
substituted with one or more substituents selected from halogen, Ry, ~O-Rs, ~S-Rg, ~N(RgR¢"), -
OC{O)Rs, ~C(O)YORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or ¢yano; and L is a bond
or -C(O)-. Y is —Ls~CRR)N(Rs)-T-Rp, ~Ls—C(R3R4)C(RR7)~T-Ryp, ~N(RpIC(O)C(RRIN(Rs)—
T-Rp, or =NRpCOICRRICRR)-T-Rp, and Z is —LeCRRONR)-T-Rp, ~Lo
CR1oR1DC(R 3R 10-T-Rp, ~NR3)C(OIC(RgRoN(R 12)-T-Rp, or -NRpIC(OYC(R 16R 1 JO(R ;3R 14)-T—-
Rp. R, is Re, and R, and Rs, taken together with the atoms to which they are attached, form a 5- (0 6-
membered heterocyclic ring which is optionally substituted with one or more R,; Rs and Rg are each
independently R, and Ry and R5, taken together with the atoms to which they are attached, form a 5-
to 6-membered carbocyclic or heterocyclic ring which is optionally substituted with one or more R,.
Rg is R, and Ry and Ry, 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,; and Ry and Ry are
each independently Re, and Ry and Ry, taken together with the atoms to which they are attached,
form a 5- to 6-membered carbocyclic or heterocyclic ring which is optiopally substituted with one or
more Rs. T is preferably independently selected at each occumence from —C(O)-Lg"~-N(Rz)C(O)-
Ls""~ or ~C(O)-Ls"-NRp)C(O)YO-Ly’~, wherein Ls’ preferably is C,-Cealkylene (e.g., -CH,-) and is

optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, ~S~Rg, —
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N(RRs"), ~OC(O)Rg, —C(OYORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T
can also be, without limitation, selected from ~C(O)-Lg"~Lg”’—, -C(O)-Ls —0~Ls""~, ~C(O)-Lg'~
N(Rg)-Lg" ", or —C(O)-Ls'~N(Rg)S(O)~Ls" "~ In some cases, at Jeastone of Y and Z is, or Y and Z

\,{] ¢ i Ro
Y
are independently, ", wherein Ry, and Ry are as defined above, and non-limiting

examples of Rp include 5- or 6-membered heterocycles (e.g., pyridinyl), and non-limiting examples of
Ry nclude C,-Cgalkyl optionally substituted at each occurrence with one or more substituents selected
from halogen, Rp, ~O-Rg, ~S-Rgs, ~N(RzRg’), ~OC(O)R5, —C(O)ORs, nitro, oxo, phosphonoxy,

phosphono, thioxo, formyl or cyano.

In yet another embodiment, A 1s phenyl, N H , and
Z4
% Y §
is optionally substituted with one or more Ra; B is phenyl, N or

¢ :2>*§

5- to 6-membered heterocycle (e.g., phenyl), and 1s optionally substituted with one or more Rs. Z; is

, and is optionally substituted with one or more R,; and D is Cs-Cearbocycle or

independently selected at each occurrence from O, S, NH or CH,; and 7, is independently selected at
each occurrence from N or CH. L; and I, are each independently C,;-Cealkylene, Ls is a bond, C;-
Csalkylene or -C(O)-, and Ly, L,, and L; are each independently optionally substituted with one or
more substituents selected from halogen, Ry, ~O-Rg, ~8-Rg, ~N(RsRs’), “OC(O)Rs, —~C(O)ORy, nitro,
0%0, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, L, and L, are -(CHy)-, and are
each independently optionally substituted with one or more substituents selected from halogen, R, ~
O-R;5, —8-Rs, -N(RsRs"), ~OC(O)Rs. ~C(OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and L; is a bond or -C(O)-. Y is —Lg~C(R;RIN(Rs5)-T-Rp, ~Ls~C{R3R)C(RgR7)~T~
Rp, =NRpCOCRRHONRs)-T-Rp, or —-N(RpICO)C(R:RHC(RR7)-T-Rp, and Z is ~Lg-
CRsRIN(Rp)-T-Rp, ~Ls-C(RicR1)CR 3R 1)-T-Rp, =N(Rp)COYC(RRHINR)-T-Rp, or -
NRpICOYC(R 1R ))C(R 3R 14)-T-Rp. Ry is Re, and R, and Rs, 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; R, and R¢ are each independently R, and R, and R,, taken together with the
atoms to which they are attached, form a 5- to 6-membered carboceyclic or heterocyclic ring which is
optionally substituted with one or more R4, Rgis Re, and Ry and Ry, taken together with the atoms o

which they are attached, form a 5- to 6-membered heterocyclic ring which is optionally substituted
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with one or more R,; and Ry, and Ry; are each independently R, and R); and Ry, taken together with
the atoms to which they are attached, form a 5- to 6-membered carbocyclic or heterocyclic ring which
is optionally substituted with one or more Rs. T is preferably independently selected at each
occurrence from —C(O)-Ls ~N(Rp)C(O)-Ls"~ or ~C(O)-Ls'-N(Rp)C(0)O-Lg '~ wherein Lg’
preferably is C,-Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more substituents
selected from halogen, Ry, -O-Rs, —=S-Rs, ~N(RsRs"), ~OC(O)Rs, -C(OYORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. T can alse be, without limitation, selected from ~C{O)~
Lg’~Lg" "=, ~C(O)~Lg"~O~Lg" ", ~C{O)-Ls"-N(Rg)-ILs"'~, or ~C{O)-Ls -N(Rz)S(O),~Ls"’~ In some
Y
cases, at least one of Y and Z is, or Y and Z are independently, r , wherein non-
limiting examples of Ry include 5- or 6-membered heterocycles (e.g., pyridinyl), and non-limiting
examples of Ry mclude C,-Cgalkyl optionally substituted at each occurrence with one or more
substituents selected from halogen, Ry, ~O-Rp, ~S-Rp, ~N(RpRg"), ~OC(O)Rz, ~C(OYORg, nitro,

oxo, phosphonoxy, phosphono, thioxo, formyl or cyano.

=
5
In still another embodiment, A is E‘@”E, §_<\N > | %, E‘@;
v N
R Ry
or A

2

*

, and is optionally substituted with one or more R,; and B is

)

and is optionally substituted with one or more Ry; and D is Cs-Cgearbocycle or 3- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more Rs. L, and L, are each
independently C;-Cealkylene, L; is a bond, C;-Cealkylene or -C(O)-, and L,, L,, and 1, are each
independently optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg,
~S-Rs. =N(RsRs"), ~OC(O)Rs, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or
cyano. Preferably, L, and L, are -(CH,)-, and are each independently optionally substituted with one
or more substituents selected from halogen, Ry, ~-O-Rg, ~8-Rs, ~N(RRy"), ~OC(O)Rg, ~C(O)YORs,
nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl or cyano; and L is a bond or -C(0)-. Y is —Lg~
CRIR)ONRs-T-Rp,  ~Ls—CR:RHICRR-T-Ry, -NRp)CO)CRRYN(Rs)-T-Rp, or -~
NRpYCOYCRRHC(RR)-T-Ryp, and Z 18 ~Ls—C(RsRIN(R ;5)}-T-Rp, —Le~C{R0R)IC(R 3R 1o )~T~
Rp, ~NRp)C(OCRR9N(R 2)-T-Rp, or ~N(Rp)C(OYCR 1R 11)C(R 3R 1.)-T-Rp. R, is Re, and R,
and Rs, taken together with the atoms to which they are attached, form a 5- to G-membered

heterocyclic ring which is optionally substituted with one or more Ru; R; and Ry are each
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independently Re, and R, and R,, taken together with the atoms to which they are attached, form a 5-
to 6-membered carbocyclic or heterocyclic ring which is optionally substituted with one or more R,.
Ry 18 Re, and Ry and Ry, 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,; and Ry; and R; are
each independently Re, and Ry; and Ry, taken together with the atoms (o which they are attached,
form a §- to 6-membered carbocyclic or heterocyclic ring which is optionally substituted with one or
more Ra. T is preferably independently selected at each occurrence from ~C(O)-Lg ~N(Rp)YC(O)-
Lg"’— or ~C(O)-Ls'-N(R5)C(OYO-Ls’"~, wherein Ls’ preferably is C;-Cgalkylene (e.g., -CH,-) and is
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, ~S8-Rg, —
NRRg"), ~-OC(ORs, <C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or c¢yano. T
can also be, without limitation, selected from —C(O)~Ls'-Lg"~, ~C(O)-Ls'~O-Lg " ~, “C(O)-Ls"—

NRp)Ls’—, or ~C{O)-Ls -N{Rp)S(0O)~Ls’~ In some cases, at least one of Y and Z 1s, or Y and Z
o

W T m

are independently, " , wherein non-limiting examples of Rp mclude 5- or 6-
membered heterocycles (e.g., pyridinyl), and non-limiting examples of Ry include C,-Cealkyl
optionally substituted at each occurrence with one or more substituents selected from halogen, Ry,
O-Rp, -8-Rg, -N(RpRz"), -OC(O)RE, ~C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano.

In one embodiment, A, B, and D are each independently phenyl, and are each independently
optionally substituted with one or more Ra. L and I, are each independently C;-Cgalkylene, Liis a
bond, C,-Cgalkylene or -C(O)-, and I, L,, and L; are each independently optionally substituted with
one or more substituents selected from halogen, Ry, ~O-Rg, —S-Rg, ~N(RgRg"), ~OC(O)Rs, —
C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, L and L, are -
(CH,)~, and are each independently optionally substituted with one or more substituents selected from
halogen, Ry, ~O-Rs, ~S—Rs, -N{RsRs"), ~OC(O)Rs, -C(OYORs, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and Lz is a bond or -C(O)-. Y is -G-C(RRN(RsT-Rp or -G
CRiRHCReR7)-T-Rp, and Z is ~G-C(RsReIN(R2)-T-Rp or ~G-C(R;oR;;1)CR 3R )-T-Rp. G is

e o

N N N.

E“E\ N7—§ %‘(N /?‘% ARG

Cs-Cycarbocycle or 5- to 6-membered heterocycle, such as Ps , Rp | RS Rp or
N

HO

Rg Ro, R, is Re, and R, and Rj, 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,; R; and Rg
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are each independently Rc, and R, and R,, taken together with the atoms to which they are attached,
form a 5- to 6-membered carbocyclic or heterocyclic ring which is optionally substituted with one or
more Ry Rgis Re, and Ry and Ry,, taken together with the atoms (o which they are attached, form a
5- to 6-membered heterocyclic ring which is optionally substituted with one or more R,; and Ryq and
Rys are each independently Re, and Ry and Ry, taken together with the atoms to which they are
attached, form a 5- to 6-membered carbocyclic or heterocyclic ring which is optionally substituted
with one or more Ra. Rp is as defined above. T is preferably independently selected at each
occurrence from ~C(O)-Lg'~NRp)CO)~Lg’~ or ~C(O)-Lg'-N(Rp)YC(OYO-Ls'~, wherein Lg’
preferably is C;-Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more substituents
selected from halogen, Ry, -O-Rg, -S-Rs, -N(RgRy"), ~OC(O)R;, ~C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected from —C(O)-
Lg'~Lg""—, ~C(O)-Lg-O~Lg""~, “C(O)-Lg"-NRg}Lg"’—, or ~C(O)-Lg’ ~N(Rz)S(O)o-Ls "~ In some
Ro
f‘{ls o?/l\ﬂ"f

cases, at least one of Y and Z is, or Y and Z are independently, Ro or
Ro

07//\
R
/N\ N T
et

N

/N,
Ro Rp , wherein Ry, is as defined above and preferably is hydrogen, Rp” is Rp and non-

R

limiting examples of Ry’ include 5- or 6-membered heterocycles (e.g., pyridinyl), and non-limiting
examples of R include C,-Cealkyl optionally substituted at each occurrence with one or more
substituents selected from halogen, Rg, ~O-Ryp, -S-Rg, ~-N(RpRg’), ~OC(O)Rs, ~COYORz, nitro,

oxo, phosphonoxy, phosphono, thioxo, formyl or cyano.

Z: Zs
= @g 20QF
In another embodiment, A Is N or H , and is optionally

Zy N Zs
> S
substituted with one or more Ry, B is N or H , and is optionally

substituted with one or more Ry; and I is Cs-Cecarbocycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more Rs. Z; is independently selected at each
occurrence from O, S, NH or CHj; and 7, 1s independently selected at each occurrence from N or CH.
L, and L, are each mndependently C,;-Cgalkylene, L; is a bond, C,-Cyalkylene or -C{(O)-, and L,, L,,
and L; are each independently optionally substituted with one or more substituents selected from
halogen, Ry, -O-Ry, =S-Rs, -N(RsRs"), “OC(O)R;, ~C(OYORs, nitro, 0x0, phosphonoxy, phosphono,

thioxo, formyl, or cyano. Preferably, L; and L, are -(CHy)-, and are each independently optionally
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substituted with one or more substituents selected from halogen, Ry, ~O-Rg, =S-Rg, ~N(RgRy), ~
OC(O)R;, —C(O)YORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formy! or cyano; and L; is a bond
or -C(O)-. Y is8 -G-CRIR)INRsT-Rp or -G-CR;RHC(RR7)-T-Rp, and Z is -G~

CRRON(R1)-T-Rp or ~G-C(R1oR11)C(R13R1)-T-Rp. G is Cs-Ceearbocycle or 5~ to 6-membered
&

F"‘o
N N N

prshe vl

heterocycle, such as B s Ro, RS “Ro or P8 Rp. R, is Re, and R; and Rs, 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,; Rs and Re are each independently Re, and R, and R,,
taken together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or
heterocyclic ring which is optionally substituted with one or more R, Rsis Re. and Ry and Ry, 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 Ry; and Ryo and R); are each independently R, and Ry; and
Ry, taken together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or
heterocyclic ring which is optionally substituted with one or more R,. Ry is as defined above. T is
preferably independently selected at each occurrence from —C(0)-Lg ~N(Rg)C(O)~Ls" "~ or ~C(O)-
Ly’ -N(Rz)C(O)O-Ls"—, wherein Lg" preferably is C;-Cgalkylene (c.g., -Cl,-) and is optionally
substituied with one or more substituents selected from halogen, Ry, ~O~Rs, —S—Rs, ~-N(RgRy'), ~
OC(O)Rs, ~C{O)YORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be,
without limitation, selected from —~C(O)-Ls -Ls""—, —~C(O)~Lg ~O-Lg""—, ~C(O)-Lg"-N(Rg)-Ls""—, or
~C(O)-Lg’-NRp)S(O)-Ls’— In some cases, at least one of Y and Z is, or Y and Z are

Ro 0O Q fo
,l{'f ({F‘T '\ %RT

independently, Rg or Ro , wherein Rp is as defined above and
preferably is hydrogen, Ry’ 18 Rp and non-limiting examples of Ry’ include 5- or 6-membered
heterocycles {e.g., pyridinyl), and non-limiting examples of Ry include C,-Cealkyl optionally
substituted at each occurrence with one or more substituents selected from halogen, Rg, ~O-Rg, -8~

Ry, -N(RuRzs"), ~OC(O)Rs, ~C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or

Cyano.
Zz /
K10, P
In yet another embodiment, A is phenyl, N g or H , and Is
N2
I
optionally substituted with one or more R,; B is phenyl, % N or N , and is

optionally substituted with one or more R,; and D 15 Cs-Cecarbocycle or 5- to 6-membered
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heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. Z; is independently
selected at each occurrence from O, S, NH or CH,: and Z, is independently selecied at each
occurrence from N or CH. L, and L, are each independently C;-Cgalkyiene, L is a bond, C;-
Cealkylene or -C(O)-, and L, L;, and L; are each independently optionally substituted with one or
more substituents selected from halogen, Ry, ~O-Rg, ~S~Rg, ~N(RgRyg"), “OC(O)Rs5, ~C(O)ORs, nitro,
oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, L, and L, are -(CHy)-, and are
each mdependently optionally substituted with one or more substituents selected from halogen, Ry, -
O-Rs, —S-Rs, -N(RsRs"), ~-OC(O)Rs, ~C(O)YORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and L is a bond or -C(O)-. Y 18 -G-C(R;R)N(Rs)}-T-Rp or ~G-C(R;RIC(R¢R7-
T-Rp, and Z is ~G-C{RsRIN(R |5}~ T-Rp, or —G~C(R 1R DCR 3Ry )-T-Rp. G is Cs-Cgearbocycle or

D
l

R
e
5- to 6-membered beterocycle, such as Ro Bo | "Rp or R Ro. R,isRe, and
R, and Rs, taken fogether with the atoms to which they are attached, form a 5- to 6-membered
heterocyclic ring which is optionally substituted with one or more Ra; R; and Rg arc each
independently Re, and Ry and R, taken together with the atoms to which they are attached, form a 5-
to 6-membered carbocyclic or heterocyclic ring which is optionally substituted with one or more Ra.
Rs is Re, and Ry and Ry,, taken together with the atoms to which they arc attached, form a 5- to 6-
membered heterocyclic ring which is optionally substituted with one or more R4; and Ry, and Ry5 are
each independently R¢, and Ry, and Ry, taken together with the atoms to which they are attached,
form a 5- to 6-membered carbocyclic or heterocyclic ring which is optionally substituted with one or
more Rs. Rp is as defined above. T is preferably independently selected at each occurrence from —
CO)-Ls -NRp)C(O)Ls’— or ~C(O)-Ls’-N(Rp)C(O)O-Ls"’~, wherein Lg' preferably is C;-
Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more substituents selected from
halogen, Ry, “O-Rs, -S-Rs, -N(RsRs"), “OC(O)R, wC(O)ORs; nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano. T can also be, without limitation, selected from ~C{O)-Lg’~Lg""— —C(O}~

1" -0O-Lg "~ ~C{O)-Lg"~N(Rp)-Ls *~, or -C(O)-Lg’~-N{Rp)S(0)~Ls"— In some cases, at least one
RD 07/IRD’
N
N
hﬁ‘@ h\&l/
of Y and Z is, or Y and Z are independently, Ry Ro , wherein Ry, is
as defined above and preferably is hydrogen, Rp’ is Rp and non-limiting examples of Ry’ include 5-
or 6-membered heterocycles (e.g., pyridinyl), and non-limiting examples of Ry include C,-Cealkyl

optionally substituted at each occurrence with one or more substituents selected from halogen, Ry, ~
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O-Rp, ~8-Rg, -N(RgRyp"), -OC(O)Rp, ~C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo,

formyl or cyano.

N
In still another embodiment, A is %Q_g §¥<\N’J\i\:j_ % %@E

H >

iV oatitectiioatiitoat

and is optionally substituted with one or more Ry, and D is Cs-Cycarbocycle or 5- to 6-membered

, and is optionally substituted with one or more R,; and B 1s

heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. L, and L, are each
independently C;-Cealkylene, L, is a bond, C;-Cealkylene or -C(0)-, and L, L,, and Lz are each
independently optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs,
-S-Rs, ~NRsRs"), ~“OC(O)Rs, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or
cyano. Preferably, L; and L, are -(CH,)-, and are each independently optionally substituted with one
or more substituents selected from halogen, Ry, ~O-Rs, ~§-Rs, —N(RsRs’), ~OC(O)Rs, ~C(OORs,
nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl or cyano; and Ls is a bond or -C(0)-. Y is ~G—
CRIR)IN(Rs»T-Rp or ~G-C(R:;R)CReR7)-T—Rp, and Z is ~G-C(RzRoN(R;p)-T-Rp or G-

CRR1NCR R -T-Rp. G is Cs-Cecarbocycle or 5- to 6-membered heterocycle, such as
Rp B

D
! |
N N N /N
Rs , Ro, RS Roor B8 Rbo. R, is Re, and R, and Rs, 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,; Ry and Rg are each independentdy Re, and R, and R, taken together
with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or heterocyclic ring
which is optionally substituted with one or more Ra. Rgis Re, and Ry and R, taken together with the
atoms to which they are attached, form a 5- to G-membered heterocyclic ring which is optionally
substituted with one or more Ry; and Ry and Ry; are each independently Re, and R,; and Ry, taken
together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or
heterocyclic ring which is optionally substituted with one or more Rs. Rp is as defined above. T is
preferably independently selected at each occurrence from ~C{O)-Ls -N(Rp)(O)-Lg"— or —-C(O)-
Ls’-N(Rg)C(O)O-Ls"’~, wherein Lg* preferably is C,-Cealkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Ry, “O-Rs, =S-Rg, ~N(RgRy"), ~

OC(O)Rs, —~C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be,
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without limitation, selected from —-C(O)-Lg"~Lg""~, “C(O}-Lg’~O-Ls""~, ~C(O)-Ls"-N(Rg)~Ls’—, or
~C(O)-Ls"-N(R5)S(O)o—Ls’— In some cases, at least one of Y and Z is, or Y and 7 are
Ro

o o 7//\9
Ry /N\ ) T
o

R . . .
0 D , wherein Rp 18 as defined above and

% Q

ﬁ/\:} i
| A
independently, Po or
preferably is hydrogen, Ry’ is Rp and non-limiting examples of Rp’ include 5- or 6-membered
heterocycles (e.g., pyridinyl), and non-limiting examples of Ry include C;-Csalkyl optionally
substituted at each occurrence with one or more substituents selected from halogen, Rg, —~O-Rp, ~S—

Rg, -N(R3zRp"), ~OC(O)Rz, ~C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or

cyano.
In one embodiment, A and B are each independently 5- or 6-membered carbocycle or
H
heterocycle (e.g., phenyl such as ; ). and are each independently optionally substituted

with one or more R, X preferably is N. D preferably is Cs-Cgcarbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more R4 L, and L, are each
independently C,-Cgalkylene, and L; is bond, C;-Cealkylene or -C(O)-, and L, L,, and 1, are each
mndependently optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rs,
~S-Rs, ~N(RgRg"), ~OC(O)Rg, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano. Preferably, L and L, are each independently C,-Cgalkylene (e.g., ~CH,~) and 15 is bond. Y is
~NRpCOCR RHYN(Rs)-T-Rp, or ~NRp)CO)CR;RHCReR7)»~T-Rp, and Z 18 -
NRpIC(O)C(RgRN(R 13)-T-Rp, or -N(R5)C(OYC(R16R11IC(R 3R 14)~T~Rp. R; is Re, and R, and Ry,

taken together with the atoms to which they are attached, form a 5- o 6-membered heterocyclic ring

Ned
{e.g., %?1 ) which is optionally substifuted with one or more R, R; and Re arc cach

independently Re, and Ry and R, taken together with the atoms to which they are attached, form a 5-

to 6~membered carbocyclic or heterocyclic ring (e.g., ‘2;*- )} which is optionally substituted

with one or more Rs. R 18 R, and Ry and Ry, taken together with the atoms to which they are

NS,
attached, form a 5- to 6-membered heterocyclic ring (e.g., '?27- ) which is optionally
substituted with one or more R,; and Ry and R, are each independently Re, and R;; and Ry, taken

together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or
26
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heterocyclic ring {(e.g., 3?* ) which is optionally substituted with one or more Ry. T is
preferably independently selected at each occurrence from ~C(O)~Ly ~N(Rg)C(O)-Lg "~ or ~C(O)-
Ly’ -N(Rp)C(O)YO-Lg’~ Ly’ is each independently Ls’ and, preferably, is each independently C,-
Cealkylene (e.g., -CH,-) and optionally substituted with one or more substituents selected from
halogen, Ry, -O-Rs, ~S~Rs, ~N(RsRg"), “OC(O)Rs, -C(O)ORs, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyanc. T can also be, without limitation, selected from ~C(O)-1y'~I.s""—, —-C(O)-
Ly’~0O-Lg "~ ~C(O»Ly~-NRg)-Ls" "~ or -C(O)-Ly"-N(Rp)S(O)-15"’~ In some cases, at least

H OO
- o K
\ N /K /NYRD
N Y 0o
one of Y and Z is, or both Y and Z are independently, , wherein noi-

limiting examples of Ry include (1) ~O-C,-Cgalkyl, -O-C,-Cgalkenyl, ~O-C,-Cgalkynyl, C,-Cgalkyl,
Cy-Cealkenyl or C,-Cealkynyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cs-Cscarbocycle or 3- 10 6-membered
heterocycle; or (2) Cs-Cscarbocycle or 3- to 6-membered heterocycle each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Cp-Cgalkenyl, C,-Csalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or Cy-Cghaloalkynyl; and non-
limiting examples of Ly’ include C;-Cgalkylene optionally substituted with halogen, hydroxy,
mercapio, amine, carboxy, phosphonoxy, —~0O-C;-Cealkyl, ~O-C,-Cgalkenyl, ~0-C,-Cgalkynyl, or 3-
to 6-membered carbocycle or heterocycle, said 3- to 6-membered carbocycle or heterocycle being
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, 0x0, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cgalkyl, C,-
Cealkenyl, Co-Cealkynyl, C;-Cghaloalkyl, C;-Cehaloaltkeny! or C,-Cghaloalkynyl.

Zp
<), HOOL
In another embodiment, A is N g or b . and is optionally
Z, N2
O (OO
) P
substituted with one or more Ry, B is % N>_ or % 8 , and is optionally

substituted with one or more Ry. Z, is independently selected at each occurrence from Q, S, NH or
CH,; and Z, is independently selected at each occurrence from N or CH. X is 5- or 6-membered
carbocycle or heterocycle or 6- to 10-membered bicycle and is optionally substituted with one or more

Ra. X preferably is N. D preferably is Cs-Cecarbocycle or 5- to 6-membered heterocycle (e.g.,
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phenyl), and is optionally substituted with one or more Ry. L, and L, are each independently C;-
Cealkylene, and Ls is bond, C,-Cgalkylene or -C(O)-, and L, L,, and L, are each independently
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, -8-Rg, -
N(RsRg). ~OC(O)Rs, ~C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano.
Preferably, L, and L, are each independently C,-Cealkylene (e.g., -CH,—) and L3 is bond. Y is ~Lg~
CRIRINR-T-Rp or ~Lg~C(R3R)C(RR7)-T-Rp, and Z is ~Le~C(RgRIN(R p)-T-Rp or ~Lg—
CRoR)DCR 1R -T-Rp. R; is Re, and R, and Rg, taken together with the atoms to which they are

Nn._, 9
attached, form a 5- fo 6-membered heterocyclic ring (e.g., '771 ) which is optionally
substituted with one or more Ra; R; and Ry are each independently R, and R, and R, taken together

with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or heterocyelic ring

(e.g., 37- ) which is optionally substituted with one or more Ry. Rg is Re, and Rg and Ry,

taken together with the atoms to which they are attached, form a 5- to 6-membered heterocyclic ring

N\ .
(e.g., ‘?7"- ) which is optionally substituted with one or more Ry; and Ry and R,y are each

independently R¢, and Ry, and Ry, taken together with the atoms to which they are attached, form a

5- to 6-membered carbocyclic or heterocyclic ring (e.g., 52‘ } which is optionally substituted
with one or more Rs. T is preferably independently selected at each occurrence from —C{O)-L.y’-
NRp)C(O}-Ls""~ or —-C(O)-Ly'-NRpIC(OYO-Ls’—. Ly’ is each independently Ls” and, preferably,
is independently C,-Cgalkylene (e.g., -CH,-) and optionally substituted with one or more substituents
selected from halogen, Ry, -O-Rg, ~S~Rs, -N(RsRs"), ~OC(O)Rg, “C(O)YORs, nitro, phosphonoxy,

phosphono, oxo, thioxo, formyl or cyano. T can also be, without Hmitation, selected from —C(O)~

Ly’~Ls"'~ ~C(O)-Ly'~O-Ls"*~, ~C(O}-Ly'-NRz)Ls'~, or ~C(O)-Ly-NRp)SOh-Ls"~. In
some cases, at least one of Y and Z is, or both Y and Z are independently,
o H
s e
N Y o

, wherem non-limiting examples of R, include (1) ~O-C;-Cgalkyl, ~0-C,-
Ceatkenyl, —-O-C,-Csalkynyl, C,-Cealkyl, C,-Cealkenyl or C,-Cealkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
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halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, Cz-Cgcarbocycle or 3- to 6-membered heterocycle; or (2) Ca-Cecarboceycle or 3- to 6-membered
heterocycle each of which is independently optionally substitated at each occorrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,-Cealkenyl, C,-Cealkynyl, C,-Cehaloalkyl, Cp-
Cehaloalkenyl or C,-Cghaloalkynyl: and non-limiting examples of Ly’ include C;-Cgalkylene
optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, —O-Ci-
Cealkyl, ~O-C,-Cealkenyl, ~O-C,-Cgalkynyl, or 3- to 6-membered carbocycle or heterocycle, said 3-
to 6-membered carbocycle or heterocycle being optionally substituted with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C;-Cealkyl, C,-Cgalkenyl, C;-Cgalkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl or
C,-Cghaloalkynyl.

In still yet another embodiment, A and B are each independently 5- or G-membered

b
carbocycle or heterocycle (e.g., A and B are each independently phenyl, such as TQ_% ), and
are each independently optionally substituted with one or more R,. X preferably is N. D preferably
is Cs-Cyearbocyele or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with
one or more R,. L and L, are each independently C;-Cealkylene, and L is bond, C,-Cgalkylene or -
C(O)-, and L, L, and L; are each independently optionally substituted with one or more substituents
sclected from halogen, Rp, -O-Rs, -S-Rg, ~NRgRg), -OCO)Rg, ~C(OYORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, L; and 1, are each independently C;-
Cealkylene (e.g., ~CHy~) and Lz is bond. Y 158 ~G-C(R,R)N(Rs}-T-Ryp, or “G—C(RaR4)C(RgR7)-T—
Rp, and Z is ~G-C(RRIN(R ;5)-T-Rp or ~G-C(R,eR11)CR 3R 1)-T-Rp. G is Cs-Ceearboceycle or 5-

H
N

to 6-membered heterocycle, such as , and is optionally substituted one or

more R,. R, is Rc, and R, and Rs, taken together with the atoms {0 which they are attached, form a 5-

Ned,
to 6-membered heterocyclic ring (e.g., ‘71’- ) which is optionally substituted with one or more

Ra: R and Ry are each independently Re, and Ry and R,, taken together with the atoms to which they

N

are attached, form a 5- to 6-membered carbocyclic or heterocyclic ring (e.g., ‘&t )} which 1s

optionally substituted with one or more Ra. Ry is Rc, and Rq and R),, taken together with the atoms to
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N .
which they are attached, form a 5- to 6-membered heterocyclic ring (e.g., ﬁzl ) which is
optionally substituted with one or more Ry; and Ry and Ry are each independently Re, and R); and

Ry, taken together with the atoms to which they are aftached, form a 5- to 6-membered carbocyclic or

heterocyclic ring (e.g., 5?1 } which is optionally substituted with one or more Ry, T is
preferably independently selected at each occurrence from ~C(O)-Ly'~N(Rg)C(O)~Ls*~ or -C(O)-
Ly -N(RgYC(OYO-1Ls "~ Ly’ is each independently Ls’ and, preferably, is each independently C,-
Cealkylene (e.g., -CH,-) and optionally substituted with one or more substituenis selected from
halogen, Ry, ~-O-Rg, —§-R;, -N(RsRs"), “OC(O)Rg, —<C(O)ORs, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano. T can also be, without limitation, selected from ~C(Q)~Ly’~Ls "~ ~C(O)~

Ly’ -O-Ls"~, ~C(O)}-Ly’'-N{Rg)}~Ls’~, or -C(O)-Ly’-N(R3)S(O),-Ls’ '~ In some cases, at least

.?;\/\NH

N== 0 H
N Y 0
one of Y and Z is, or both Y and Z are independently, or
N
%
o) H
HN i /NYRD

N L' o

, wherein non-limiting examples of Rp include (1) ~O-C,;-Cgalkyl, ~O-
C,-Cealkenyl, -O-C,-Cgalkynyl, 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, hydroxy, mercapto, amino, 'carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, Cs-Cecarbocycle or 3- to 6-membered heterocycie; or (2) Cs-Cecarbocycle or 3- to 6-membered
heterocycle each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amine, carboxy, nitro, 0xo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C,-Cgalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cghaloalkyl, C,-
Cchaloalkenyl or C,-Cghaloalkynyl: and non-limiting examples of Ly’ include C;-Cealkylene
optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, —0-C;-
Cgalkyl, —~O-Cp-Cgalkenyl, ~O-C,~-Cealkynyl, or 3- to 6-membered carbocycle or heterocycle, said 3-
to 6-membered carbocycle or heterocycle being optionally substituted with one or more substituents

selecied from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono,

30



10

15

20

25

WO 2010/120935 PCT/US2010/031102

thioxo, formyl, cyano, C,-Cgalkyl, C,-Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl or
Cy-Cehaloalkynyl.

In yet another embodiment, A and B are each independently 5- or 6-membered carbocycle or

H
heterocycle (e.g., A and B are each independently phenyl, such as TQ§) and are each
independently optionally substituted with one or more Ra. X preferably is N. D preferably is Cs-
Cgcarbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with one or
more Ra. L and L, are each independently C,-Cgalkylene, and L is bond, C,-Cgalkylene or -C(O)-,
and L,, [, and L; are each independently oputionally substituted with one or more substituents
selected from halogen, Ry ~O-Rg, ~S-Rs, -N(RRg), -OCO)Rs, ~C(OYORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, L, and I, are each independently C,-
Cealkylene (e.g.,, ~CH,-) and Ls; is bond. Y is -N{RpICOCRR)N(Rs)-T-Rp or —
NRp)C(OYC(RRHC(RR7)-T-Rp, and Z is -G—~C(RgRg)N(R13)-T-Rp, or ~G-C(R 1R 1 )C(R 1aR 4T
Rp; or Y i85 ~G-CRRYNRs)-T-Rp or ~G-C(RiRHCRRN-T-Ry, and Z 18 —
NR)C(OYC(RgRINR 12)-T-Rp or ~-N(Rp)CIOYCR10R11YC(R 3R 1)-T-Rp. Ry is R, and R, and R,

taken together with the atoms to which they are attached, form a 5- to 6-membered heterocyclic ring

N\ .
(e.g., '?7’- ) which is optionally substituted with one or more Ra; R; and Ry are each

independently Re, and Ry and R;, taken together with the atoms to which they are attached, form a 5-

to 6-membered carbocyclic or heterocyclic ring (e.g., '??7- ) which is optionally substituted

with one or more Ry. Ry is Re, and Ry and Ry, taken together with the atoms to which they are

N3
attached, form a 5- to 6-membered heterocyclic ring (e.g., ‘%1 } which is optionally
substituted with one or more Ry; and Ry and Ry; are each independently R, and Ry; and Ry, taken

together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or

heterocyclic ring (e.g., 571 ) which is optionally substituted with one or more Ry, G is Cs-

N N
Ot KO
N or N
substituted one or more R,. T is preferably independently selected at each occurrence from —C(O)-
31
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Ly’ -NRp)C(O)-Lg"~ or ~C(O)-Ly¢'-NRp)C(O)O-Lg"~. Ly is each independently Lg and,
preferably, is each independently C;-Cealkylene (e.g., -CH,-) and optionally substituted with one or
more substituents selected from halogen, Ry, -O-Rg, ~S~Rs, ~N(RsR¢"), ~OC(O)Rs, ~C(O)ORs, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected

from ~C(O)-Ly’ =Ly’ —, -C(O)-Ly’-O-Ls""—~, ~C(O)-Ly'-N(Rg}-Ls""~, or ~C(O)-Ly’~N{Rg)S(O),~

H4 0 H
- aQ {
\-N L AP0
N LY 0o
Lg™". In somie cases, Y is as described above, and Z is

ﬁ(\mﬁ ¢ N
H ‘\(
/lci)\ NP Hiv / P M
; ~
N Ly o} N)I\Lv' E/
or as described above. In some other

N\
A\

$ /N
= g A ST g
; e o
N Ly O N/U\ Ly’ \ér‘.
cases, Y is or

H O H
N &
\ A
N Ly o]
Zis as described above.

In still another embodiment, A is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl

T 0, O K

H (e.g.. N s H

as described above , and

), and B

Hd
is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as g‘<3—§) A and B are each
independently optionally substituted with one or more Ra. Z, is independently selected at each
occurrence {rom O, S, NH or CH,; and Z, is independently selected at each occurrence from N or CH.
X preferably is N. D preferably is Cs-Cgcarbocycle or 5- to 6-membered heterocycle (e.g., phenyl),
and is optionally substituted with one or more R,. L, and L, are each independently C;-Cgalkylene,
and L; is bond, C,-Cgalkylene or -C(O)-, and L;, L, and L; are each independently optionally
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substituted with one or more substituents selected from halogen, Ry, ~O-Rg, =S-Rs, ~N(RRg’), -
OC(O)R;, -C{OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, L,
and L, are each independently C,-Cgulkylene (e.g., -CHy—) and L is bond. When A is 5- or 6-

b < >
membered carbocycle or  heterocycle {e.g., phenyl such as ; g), Y i -
NRCOICR RINR 5)-T-Rpy, -NRpICOYCRRHCRR7-T-Rp, ~G-CRIR)INRs5)-T-Rp or -
G‘C(R3R4)C(R6R7)"'P“RD, and Z is —LS_C(RzgRg)N(Ru)WT_RD or *“LS*‘C(R](JRH)C(R53R14)“‘-T““RD.

5
When B is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as E“@‘% ), Yis ~Lg—
C(R;RONRs)T-Rp or ~Ls—CRRHCRR)~T-Rp, and Z is ~-N(RpY(OYCR:RINR j2)-T-Rp, —
NRCOICR;6R NCR 3R 14)-T-Rp, ~G-CRsRHINRp)}-T-Rp or ~G~C(RyoR1))CR ;3R 1 -T-Rp.
R, is R¢, and R, and Rs, taken together with the atoms to which they are attached, form a 5- to 6-

Newl,
membered heterocyclic ring (e.g., ‘LLL } which is optionally substituted with one or more Ry;

R; and R are each independently Re, and R4 and R, taken together with the atoms to which they are

.,

attached, form a 5- to 6-membered carbocyclic or heterocyclic ring (e.g., 521 ) which is

optionally substituted with one or more Ra. Rgis Re, and Ry and R, taken together with the atoms to

Nel
which they are attached, form a 5- to 6-membered heterocyclic ring (e.g., % } which is
optionally substituted with one or more R,; and R)q and Ry; are each independently Re, and Ry, and

Ry, taken together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or

N

heterocyclic ring (e.g., '7?1 ) which is optionally substituted with one or more Ra. G is Cs-

substituted one or more Ry. T is preferably independently selected at each occurrence from ~C(O)~
Ly’=N(Rp)C(O)»-Ls"~ or —C(O)-Ly-NRp)C(OYO-Ls’~. Ly’ is each independenty L' and,
preferably, is each independently C;-Cgalkylene (e.g., -CH,-) and optionally substituted with one or
more substituents selected from halogen, Ry, -O-Rg, ~S-Rg, ~N(RRg"), ~OC(O)Rg, ~XO)ORg, nitro,

Cgcarbocycle or 5- to 6-membered heterocycle, such as , and 1s optionally

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected
33
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from —C(O)-Ly’~Lg" "=, ~C(O)~Ly’~O-Lg"’~, ~C(O)-Ly’~N(Rg)}-Ls"~, or ~C(O)~Ly’~N(R)S(O),~

L¢’— In some cases when A is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as

»’)\(\_NH
H O H N== O H
\'N Q N RD /N RD
g AT el
: ) Y is , or

?

N
.eé 7

o) H
/ o H Ne__-Rp
N N Rp )K - \ﬁ/
N)KLY‘ ﬁor N Ly o]
as described above, and Z is as described

above. In some other cases when B is 5- or 6-membered carbocycle or heterocycle {e.g., phenyl such

/u\ /
Ly O
H >—%
as : as described above, and Z is

/ ; /N
\H o 4 N“‘ /%\ K% ! J o 8. g
- N R HIN o
-~ 0 ~
b‘)\w k3 e AT
, or as
described above.
In another aspect, the present ivention features compounds of Formwla I, and

pharmaceutically acceptable salts thereof.

|
L
Rs O ]3 O gy Rz
L A—L.~N—L,—B l]\E
RD""‘T/ tl\r/ 1 2 \TTE \T““""“RD'
Rc'  Rns Rne Re
I

wherein;
Ryg 1s each independently selected from Ry;
Re’ 1s each independently selected from Re;
Ry’ is each independently selected from Rp;
R; and Rs, taken together with the atoms to which they are attached, form a 3- to 8-membered

heterocyclic ring which is optionally substituted with one or more Ra;
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Ry and R;, taken together with the atoms to which they are attached, form a 3- to §-
membered heterocyclic ring which is optionally substituted with one or more Ra;
A, B, D, L, Lo, La, T, Ra, Rs, Re, and Ry, are as described above for Formula L

In this aspect, A and B preferably are independently selected from Cs-Cgcarbocycle, 5- (0 6-

Wi
w;” s I~
PP I I s
membered heterocycle, or 8- to 10-membered bicycles such as g_—J\Ws/ Lo “ \Wa)-“ E,
W g,W4\ 7o % % /22 /W4‘W5
N\ ——< I |
E—LWG/IZ?‘ or 23 \WG/L‘ %

0, S, NH or CH,, Z; is independently selected at each occurrence from N or CH, Z; is independently

, where 7, 1s independently selected at each occurrence from

selected at each occurrence from N or CH, Z, is independently selected at cach occurrence from O, §,
NH or CH,, and W;, W,, W, W,, W and W are each independently selected at cach occurrence from
"Hor N. A and B are each ndependently optionally substituted with one or more R4.

More preferably, A is selected from Cs-Cgcarbocycle, 5- to 6-membered heterocycle,

2o My, 2 QI/WKW
2 / 5
§*<\ZI~W3J— § or §—<z4 \WS/IL‘ §

, and is optionally substituted with one or more R,; B is

We/ W1\ 4
g1 T )
selected from Cs-Cgearbocycle, 5- to  6-membered heterocycle, Ws Z or
Ws/ W4\ - ZQ\
1P 0=
z
Wi 4
W, W,, Ws, W, are as defined above. Preferably. Z; is N and 7, is NH. For instance, A can be
H

- 4 N
O KOy <),
selected from phenyl (e.g., ), N (e.g. N ), or
Z N
4 4 4
IO KO KD

{e.g., H or H }, and is optionally substituted with one or
g P y

Sy
e igus
more R,; and B can be selected from phenyl (e.g., ) N (e.g.

, and is optionally substituted with one or more R, where Z,, 7y, Za, Zg, W1, W,

3

O 0 N 0 OO

optionally substituted with one or more Ra.
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Highly preferably, A and B are independently selected from Cs-Cycarbocycie or 5- to 6-

membered heterocycle, and are each independently optionally substituted with one or more R,.

H < >
Preferably, at least one of A and B is phenyl (e.g., ; §), and is optionally substituted with

e < >
one or more Ra. For instance, both A and B can be each independently phenyl (e.g., ; E),

and are each independently optionally substituted with one or more Ry,

D preferably is selected from Cs-Ceearbocyele, 5- o0 6-membered heterocycle, or 8- to 10-
membered bicycles, and is optionally substituted with one or more R,. D can also be preferably
selected from C,-Cealkyl, C;-Cgalkenyl or C,-Cgalkynyl, and is optionally substituted with one or
more substituents selected from halogen, Ry, -O-Rg, ~S-R;, ~N(RsR"), “OC(O)Rg, ~C(O)ORg, nitro,
phosphonoxy, phosphono, 0xo, thioxo, formyl or cyano. More preferably, D is Cs-Cycarbocycle, 5- to
6-membered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more Ry,
where Ry is halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or —LsRy  Also
preferably, D is phenyl, and is optionally substituted with one or more Ry. More preferably, D is

phenyl, and is substitated with one or more Ry, wherein Ry is as defined above. Highly preferably, D

P B

is wans or w , wherein Ry is as defined above, and each Ry is independently selected
from Ry, and preferably is hydrogen.

Preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cealkyl, C,-Csalkenyl or C,-Cealkynyl, each of which is
independently optionaily substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cs-Cycarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Csalkyl, C,-Cealkenyl, C,-Cealkynyl, C,-Cshaloalkyl, C,-Cghaloalkenyl or C,-Cshaloalkynyl. More
preferably, Ry s halogen, hydroxy, mercapto, amino, carboxy; or C;-Cgalkyl, Co-Cealkenyt or Cy-
Ceatkynyl, each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, Ry is
C,-Cealkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

L; and L, are preferably independently C,-Cealkylene, and L is preferably selected from a

bond, C,-Cgalkylene, or -C(O)-. Ly, L,, and L; are each independently optionally substituted with one
36



10

15

20

25

30

WO 2010/120935 PCT/US2016/031102

or more substituents selected from halogen, Rr, ~O-Rg, ~S~Rg, ~N(RRs"), ~OC(O)Rg, ~C(OYOR,,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, L, and L, are -
(CH,)-, and are each independently optionally substituted with one or more substituents selected from
halogen, Ry, ~O-Rs, ~S-Rs, ~N(RsRs"), “OC(O)Rs, ~C{(O)ORs, nitro, oxo, phosphonoxy, phosphono,
thioxo, formy! or cyano; and 1 is a bond or -C(QO)-.

R, and Rs, taken together with the atoms to which they are attached, preferably formm a 5- to 6-

N\g‘

membered heterocyclic ring (e.g., éﬂ_N %) or 6- to 8-membered bicycle (e.g., ‘%L ),
which is optionally substituted with one or more R4.

Rg and R),, taken together with the atoms to which they are attached, preferably form a 5- 10

N\é_
6-membered heterocyclic ring (e.g., é N-é) or 6- to 8-membered bicycle (e.g., ‘7& )
which is optionally substituted with one or more R .

~T-Rp’ can be, without limitation, independently selected at each occurrence from ~C(O)~
Lg*-Rp’, ~C(OYO-Ls'-Ryp’, ~C(O)-Ls"-N(R)C(O)-Ls"’-Rp’, ~C(O)-Ls’-N(R)CO)Y0O-Ls"-Rp’, —
N(Rz)C(O)-Ls-NRg)(O)-Ls"~Rp’, ~NRp)IC(O)-Ls’—NRp)C(O)O-Ls"-Rp’, or ~N(Rz)}C(O)-
Ls'—N(Rp)-Ls”’—Rp’. Preferably, ~T-Rp’ is independently selected at each occugrence from —~C(O)~
Ls'-M’~Lgs"-Rp” or —-N(Rg)C(O)-Ls'~M’~Ls’~Rp’. More preferably, ~T-Ryp’ is independently
selected at each occurrence from —C(O)-Ls’-N(Rp)C(O)-Ls"-Rp’ or ~C(O)~Ls’-N(Rg)C(O)O-Lg" "~
Rp’.

~I'-Rp’ can also be, without limitation, independently selected at each occurrence from —
CO)-Ly’ Ry, “C(O)O-Ly’ Ry, “CO)Ly ~-N(R)C(O)-Lg" " ~Ryp’, ~C{O)-Ly"-NRpYC(OYO-Lg""~
Rp’s  -NRp)C(O}Ly’~NR)C(O)-Ls"-Rp’, ~NRp)C(O)-Ly'—NRp)H(O)O-Ls"-Rp’, or -
N(Rp)C(O)}-Ly'—N{(Rp)-Ls’~Rp’, wherein Ly’ is each independently Lg’ and, preferably is each
mdependently C,-Cgalkylene (e.g., -CH-) and optionally substituted with one or more substituents
selected from halogen, Ry, ~O-Rs, —S~Rs, ~N(RRs"), ~OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. Preferably, -T-Rp’ is independently selected at each
occurrence from ~C{O)-Ly’~M’-Ls "Ry or -N(Rp)C(O)-Ly'-M’~Ls"’—Rp’. More preferably, ~T-
Ry’ is independently selected at each occurrence from ~C(O)~Ly'-N(Ry)C(O)-Ls""-Rp” or —~C(O)-
Ly’ -NRp)CO)O-Ls"-Ryp’. Highly preferably, ~T-Rp’ is independently selected at each occurrence
from —C{O)-Ly'-NRp)C(O)}-Rp’ or ~C{O)-L5"-N(R)C(O)YO-Ry’, wherein Ly preferably is each

independently C;-Cgalkylene (e.g., -CH,-) and optionally substituted with one or more substituents
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selected from halogen, Ry, ~O-Rs, ~S-Rg, -N(RR¢"), ~OC(O)R;, ~C(O)ORg, nitro, phosphonoxy,
phosphono, 0x0, thioxo, formyl or cyano.

Rng and R¢™ are preferably hydrogen, and Ry’ preferably is independently selected at each
occurrence from L, or 5- or 6-membered carbocycle or heterocycle which is optionally substituted
with one or more halogen, Ry, -O-Rp, -S-Rz, -N(RgRy’), —-OCO)Rz, -C(OYORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, Rp’ is independently
selected at each occurrence from C;-Cealkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, C;-Cecarbocycle or 3- to 6-membered heterocycle; or Cs-Ceearboeycle or 3- to 6-membered
heterocycle, each of which is independently optionally substituted at each occurrence with one or
more substitwents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Cgalkyl, C,-Cealkenyl, C,-Cealkynyl, C;-
Cshaloalkyl, Cy-Cghaloalkenyl or C,-Cghaloalkynyl.

For each compound of Formula I, Lx can also be independently selected at each occurrence
from a hond; ~Lg’-NRg)C(O)-Ls—; ~Lg'~C{ONRg)-1.s~; or C;-Csalkylene, C,-Cgalkenylene, Cs-
Csalkynylene, C;-Ciecarbocycle or 3- to 10-membered heterocycle, each of which is independently
optionally substituted at cach occurrence with one or more substituents selected from halogen, Rp —
O-R;, —8-Rs, -N(RsRs"), “OC(O)Rs, —-C(O)YOR;, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein Lg and Ly’ are as defined above.

Ra preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cgalkyl, Cy-Cealkenyl or C,-Cealkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl ot
cyano; of Cs-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Co-Cgalkenyl, C,-Cyalkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl or C,-Cehaloalkynyl; or —L,—
O-Rs, ~La=5-Rg, ~LA~C(O)Rs, ~Li~OC({O)Rs, ~La~C(OYORs, ~La-N(RsRs"). ~La—S(O)Rs, ~L4—
SORs, ~La~COINRsRs™), ~La-NRHCORs’, ~La-NRHC(OINR'Rs™), ~La-N(Rs)SO.Rs’, ~
La-SONRsRs"), —La-NR$)SONRs'Rs”), ~La-NRgS(ONRg'Rs™"), ~La-OS(0)-Rs, ~La-
08(0),-Rs,  ~La=S(0),0Rs, -Lai~S(O)ORs, -L,~OC(O)ORs, ~La-N(Rs)C(OORg, —La-
OC{OIN(RsRs"), ~LaA-NRg)S(O)-Rs’, ~LA-SON(RRs") or —Lo~CON(RgC(O)-Rs’, wherein Ly
is bond, C;-Cgalkylene, C,-Cgalkenylene or Cy-Cealkynylene.

38



10

15

20

25

30

WO 2010/1206935 PCT/US2010/631102

More preferably, R, is halogen. hydroxy, mercapto, amino, carboxy, nimo, oxo,
phosphonoxy, phosphono, thioxo, cyano; or C-Cealkyl, C,-Csalkenyl or C,-Csalkynyl, each of which
is independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cs-Cgearbocycle or 3- to 6-membered heterocycle, each of which is independenty
optionally substitnted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Csalkyl, Co-Cealkenyl, Cy-Cealkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or Cp-Cghaloalkynyl.

Highly preferably, R4 is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or C,-Cealkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which
is independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano.

Ls, Ls’ and Ls™” preferably are each independently selected at each occurrence from bond; or
C;-Cealkylene, C,-Cealkenylene or Cy-Cgalkynylene.

A and B can be the same or different. Likewise, I., and 1, can be the same or different.

In one embodiment of this aspect, A, B, and D are each independently phenyl, and are each
independently optionally substituted with one or more Rs. L, and I, are each independently C)-
Cealkylene, L; is a bond, C-Cealkylene or -C(O)-, and L, L,, and L, are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, -S-Rg, —
N(RRs"), ~OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, L; and L, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rs, ~8-Rs, ~N(RsRs"), ~OC(O)Rs, ~C{O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or ¢yano; and L; is a bond or -C(O)-. —T-Rp’ is preferably
independently selected at each occurrence from ~C(O}Ls™~-NRg)C(O)-Ls ~Rp or ~C(O)-Ls'-
N(Rp)C(OYO-Ls~Rp’, wherein Lg™ preferably is C;-Cealkylene (e.g., -CHy-) and is optionally
substituted with one or more substituents selected from halogen, Ry, ~O~Rs, ~S-Rs, -N{RsRs’), —
OC(O)Rg, -C(O)ORs, nitro, phosphonoxy, phosphono, 0xo, thioxo, formyl or cyano. ~T-Ry’ can also
be, without limitation, selected from —C(O)-L¢'-Ls”-Rp’, ~C(O)Ls -O-Ls -Rp’, —C(O)-Lg'~
N(Rg)-Ls”-Ryp’, or ~C(O)Ls’-N(Rp)S(O)s-Ls” -Rp'.

Z2

. A
| 209
In another embodiment of this aspect, A is §_<\N<j7 % or N > g, and Is
Zy Za\ %
| S0 U
optionally substituted with one or more Rx; B is N or H , and is
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optionally substituted with one or more Ry and D is Cs-Cecarbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. Z; is independently
selected at each occurrence from O, S, NH or CHy; and 7, is independently selected at each
occurrence from N or CH. L, and [, are each independently C;-Cealkylene, L; is a bond, C;-
Cgalkylene or -C(O)-, and L, L, and 1.5 are each independently optionally substituted with one or
more substituents selected from halogen, Ry, ~O-Rg, ~S-Rg, -N(RgRs"), ~OC(O)Rs, <(O)ORg, nitro,
oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, L; and L, are -(CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, Ry, ~
O-Rg, -S-Rs, -N(RsRs"), -OC(O)Rs, -C(OYOR;, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and L; is a bond or -C(O)-. —T-Rp’ is preferably independently selected at each
accurrence from —C{O)-Lg"-N{Rp)C(O)-Ls"~Rp’ or ~C(O)-L"-N(Rg)C(OYO-L.s”-Ry’, wherein
Ly preferably is C-Cealkylene (e.g., -CIL,-) and is optionally substituted with one or more
substituents selected from halogen, Ry, —~O-Rg, -S-Rs, ~N(RsRy"), ~OC(O)Rs, —~C{OYORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyane. T can also be, without limitation, selected
from —C(O)-Lg'-Ls"-Rp’, ~C(O)-Lg'-O-Ls"~Rp’, ~CO-Lg'-N(Rg)-Ls""~Rp’, or —C(O)-Lg~
N(Rg)S(O)-Ts""~Rp’.

Zy
egr
In yet ancther embodiment of this aspect, A is phenyl, N or
Zo
=L
\ :

H . and is optionally substituted with one or more Ra; B is phenyl,

Z Zz
[ I >
% N or H , and is optionally substituted with one or more R; and

D is Cs-Cgearbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted
with one or more Ra. 7, is independently selected at each occurrence from O, S, NH or CHy; and Z,
is independently selected at each occurrence from N or CH. L, and L, are each independently C,-
Cealkylene, Ls is a bond, C)-Cealkylene or -C(O)-, and L, [, and L; are each mdependently
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rs, —8-Rg, —
N(RsRs"), ~OC(O)Rs, ~C{OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, L; and L, are -(CH;)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —S-Rg, ~-N(RsRy"), ~OC(O)Rs, -C(OYORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and L; 1s a bond or -C(0O)-. -T-Rp’ is preferably
independently selected at each occurrence from —C(O)-Ls"~-N(Rp)C(O)-Ls"~Rp” or -C(O)-Lg'—
NRpC(OYO-Ls-Rp’, wherein Ls’ preferably is C,-Csalkylene (e.g., -CHy-) and is optionally
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substituted with one or more substituents selected from halogen, Ry, ~O-Rg, ~S-Rg, ~NRsRg), ~
QOC(O)R;, ~C(OYORs, nitro, phosphonoxy, phosphono, oxo, thioxoe, formyl or cyano. ~T-Rp’ can also
be, without limitation, selected from ~C(O)-Ls'-Ls”'-Rp’, ~C(O)-Lg'~0O-Ls"~Rp', ~C(O)-Lg'~
N(Rg)}Ls""-Rp’, or ~C{O)-Ls'~-N(Rp)S(O)~Ls""~Rp’.

N ”
s /N §_< ;
. . .3 § \ N %
In still another embodiment of this aspect, A is == N

2@y e gr

H , or H , and is optionally substituled with one or more R,; and B is

; H , and is optionally

i

substituted with one or more Ry; and D is Cs-Ceecarbocycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more Ra. L; and L, are each independently C;-
Cealkylene, Ly is a bond, C;-Cealkylene or -C{O)-, and L,, [, and L; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —S—Rs, —
N(RsRs"), “OC(O)R;s, ~C(O)OR;, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, L, and L, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O—Rs, =8-Rs, -N(RRys"), “OC(O)R;s, ~C(O)ORs, nitro, 0xo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and L is a bond or -C(O)-. ~T-Rp’ is preferably
independently selected at each occurrence from —C(O)-Ls ~-N(Rp)C(O)-Ls-Ryp” or ~C(O)-Lg'-
N(Rz)C(O)O-Ls’-Rp’, wherein Ly’ preferably is C,-Csalkylene (e.g., -CHy-} and is optionally
substituted with one or more substituents selected from halogen, Ry, ~O-Rs, -S-Rg, ~N(RsRs’), —
OC(O)Rs, ~C(OYORs;, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. —T-Rp’ can also
be, without Hmitation, selected from -C(O)-Lg—Ls’*-Rp’, ~C(O)-Lg~0O-Ls""-Rp’, —~C(O)-Ls'~
NRp)-Ls" "Ry, or -C(O)}-Lg’-N(Rg)S(0)-Ls" Ry .

In a forther embodiment of this aspect, A, B, and D are each independently Cs-Cecarbocycle,
5- to 6-membered heterocycle (e.g., A, B, and D are each independently phenyl), and are each
independently optionally substituted with one or more R,. Ly and L, are each independently C;-
Cgalkylene, and 1, s bond, C)-Cealkylene or -C(O)-, and L;, L,, and L; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, —S5-Rs, —
N(RsRs"), ~OC(O)Rg, ~C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano.
Preferably, L; and L, are each independently C,-Cealkylene (e.g., -CH,-) and L; 1s bond. -T-Rp’" is
independently selected at each occurrence from ~C(O)-Ly'~N(Rp)C(O)-Lg”~Rp” or ~C(O)-Ly’~
N(Rp)C(O)O-Lg-Rp’, wherein Ly’ is C;-Cgalkylene (e.g., -CH,-) and optionally substituted with
onc or more substituents selected from halogen, Ry, ~O-Rs, —S—Rs, ~N(RsRs’), ~OC(O)Rg, ~
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C(O)OR, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano, and Lg™ preferably is bond.
-T-Rp’ can also be, without limitation, selected from —~C(Q)~Ly'-Lg"'-Rp’, ~C(O)-Lv'-O-Ls>-Rp’,
~C(O)-Ly’-N(Rg)}-Ls""—Rp’, or ~C(O)-Ly’~N(Rz)}S(O)-Ls" "Ry’

In still another aspect, the present invention features compounds of Formula Iy and

pharmaceutically acceptable salts thereof:

7
Rs l[‘3 Re Ff12
N AL —N—L—B N
Ro—T" T =
R Re'
I

wherein:

Rc’ 1s each independently selected from R

Ry’ is each independently selected from Ry,

R, and R, taken together with the atoms to which they are attached, form a 3- to §-membered
heterocyclic ring which is optionally substituted with one or more Ry;

Ry and Ry, taken together with the atoms to which they are atiached, form a 3- to §-
membered heterocyclic ring which is optionally substituted with one or more R;

A,B,D, L, L, Ls, T, Ry, Re,, and Rp are as described above for Formula L

In this aspect, A and B preferably are independently selected from Cs-Cgearbocycle, 5- to 6-

W
Wz/ 1v21 %
>

Hrt

membered heterocycle, or 8- to 10-membered bicycles such as

selected at each occurrence from O, S, NH or CH;, Z, is independently selected at each occurrence

, where Z; is independently

from N or CH, Z; is independently selected at each occurrence from N or CH, Z; is independently
selected at each occurrence from O, S, NH or CH,, and W, W,, W, W,, W5 and W are each
independently selected at each occurrence from CH or N. A and B are each independentdy optionally
substituted with one or more Ry,

More preferably, A is selected from Cs-Cgearbocycle, 5- 10 6-membered heterocycle,

W W
O
!
\z/\‘ % 77N § o . : .
8 Wy or ¢ We , and is optionally substituted with one or more Ry; B is
42
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- 1\ Z4

2

OU¥a
selected from Cs-Ceearbocycle, 5- to 6-membered heterocycle, W3 Z or

g , and is optionally substituted with one or more Ry, where Z,, Z,, Zs, Z4, W1, Wy,
W, Wy, Ws, Wy are as defined above. Preferably, Z; is N and 74 is NH. For instance, A can be

H
z, N
O AL
selected from phenyl (e.g., : E), E«N:O“ E (e.g., _<\N %}, or
Zo N
=L 0y KD,
H {e.g, b or H ). and is optionally substituted with one

24
e .
or more R,; and B can be selected from phenyl (e.g., ;—Q—E)’ §4©iN/>—§ (e.g.,
SiosT it oatgiont
s L T T
} or H {e.g., H H

or

= RO

Y, and is

optionally substiluted with one or more Ry,

Highly preferably, A is selected from 3 or Ws , and is
wy W’\ 2 %
F /
% Ws/ Zs

or
e z
78 i
A\
P
W 4
Wi, Wo, Ws, W are as defined above. Preferably, Z; is N and 7, is NH. Por instance, A can be

oo e g I 0@~

selected from N N %) or H (e.g.,

, and is optionally substituted with one or more R, where Z;, 7y, Zs. Zy, Wi, W,

}, and is optionally substituted with one or more R4; and B can be
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H ), and is optionally substituted with one or more R ,.

R 0,

Also preferably, A is (e.g., ), and B is
N N
HELp 0
N % ﬁ ? b < ] Al
H {e.g., ), A" and B’ are independently selected from Cs-

5 Cgcarbocycle or 5- to 6-membered heterocycle, and A and B are independently optionally substituted
with one or more R.

D preferably is selected from Cs-Cecarbocycie, 5- to 6-membered heterocycle, or 8- 1o 10-
membered bicycles, and is optionally substituted with one or more R,. D can also be preferably
selected from C;-Cgalkyl, C,-Cealkenyl or C,-Cealkynyl, and is optionally substituted with one or

10 more substituents selected from halogen, Rr, ~O-Rg, ~S—Rg, ~N(RsRg"), ~OC(O)Rg, -C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is Cs-Cycarbocycle, 5- to
6-membered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more Ry,
where Ry is halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or ~Ls—Rg  Also
preferably, D is phenyl, and is optionally substituted with one or more R,. More preferably, D is

15 phenyl, and is substituted with one or more Ry, wherein Ry is as defined above. Highly preferably, D

Rum R

is e or ww  wherein Ry is as defined above, and each Ry is independently selected

from Ry, and preferably is hydrogen.
Preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C-Cgalkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which is
20 mdependently optionally substifuted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Ci-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-
25 Cgalkyl, C;-Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, C;-Cghaloalkenyl or C,-Cghaloalkynyl. More
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preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or C;-Cgalkyl, Cy-Cealkenyl or C,-
Cgalkynyl, each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, Ry is
C,-Cealky!l which is optionally substituted with one or more substituents sclected from halogen,
hydroxy, mercapto, amino or carboxy.

L; and L, are preferably independently C,-Cgalkylene, and L; is preferably selected from a
bond, C,-Cealkylene, or -C(O)-. Ly, L,, and L, are each independently optionally substituted with one
or more substituents selected from halogen, Ry, ~O-Rg, ~S-Rg, ~-N(RsRg"), ~OC(O)Rs, ~C{OYORs,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, L) and L, are -
(CH,)-, and arc each independently optionally substituted with one or more substituents selected from
halogen, Rr, ~O-Rg, —S—Rg, -N(RgRs"), ~OC(O)Rs, -C(O)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and L; 1s a2 bond or -C(O)-.

R, and R, taken together with the atoms to which they are attached, preferably form a 5- to 6-

N-..__g‘
- g~N—L—% . %

membered heterocyclic ring {e.g., } or 6- to §-membered bicycle (e.g., ),
which is optionally substituted with one or more Ra.

Ry and R;,, taken together with the atoms to which they are attached, preferably form a 5- to

N\g'
6-membered heterocyclic ring (e.g., é"" N_g) or 6- to 8-membered bicycle (e.g., ‘%7- 1,
which is optionally substituted with one or more R,.

~T-Rp’ can be, without limitation, independently selected at each occurrence from ~C(O)-
Ls’~Rp’, ~C(O)0-Lg’~-Rp’, mC(O)mLS’-N(RB)C(O)mLs"M-RI;’, ~C(O)-Ls’-NRp)C(O)O-Ls"-Ryp’, —~
N(R5)C(O)-Ls~N(Rp)C(O)-Ls " —Rp’, —N(Rg)C(O)-Ls—N(R)YC(O)O-Ls"Ryp’, or ~N(Rp)C(O)-
Lg’—N(Rp)-Ls"~Rp’. Preferably, -T-Rp’ is independently selected at each oceurrence from —C(O)~
I -M’-Lgs"-Rp’" or -NRp)C(O)-Lg'~-M'-1s"~Rp’. More preferably, -T-Rp’ is independently
selected at each occurrence from ~C(O)-Lg'-N{Rp)C(O)-Ls" ~Rp’ or ~C(O)-Lg"~-N(Rg)C{O)YO-Lg" "~
Rp'.

-T-Rp’ can also be, without limitation, independently sclected at each occurrence from -
CO)-Ly’-Ryp’, ~C(OYO-Ly'-Rp’, <C(O)-Ly'-NRp)C(O)-Ls"" Ry, ~C(O)~Ly -NRg)C(O)O-Ly""—
Rp’, =-NRpCO-Ly-NRpCO}MLs"-Ry’, -NRpC(O)-Ly —N{Rp)C(O)O-Ls’~Rp’, or -
NRp)C(O)»-Ly'—NRg)-Ls"-Rp’, wherein Ly’ is each independently Lg* and, preferably, is each

independently C,-Cealkylene (e.g., -CH,-) and optionally substituted with one or more substituents
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selected from halogen, Ry, -O-Rg, —S-R;5, ~N(RRs’), ~OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. Preferably, -T-Rp’ is independently selected at each
occurrence from ~C(O)-Ly'~M'~Ls"~Rp” or ~-N(Rp)C(O)-Ly’~-M’~Ls’~Ryy’. More preferably, -T-
Rp’ is independently selected at each occurrence from —C(O)-Ly’-N(Rg)C(O)-Ls>"-Rp” or ~C(O)-
Ly’ =N(Rp)C(O)O-Ls"~Ryp’. Highly preferably, -T-Rp’ is independently selected at each occurrence
from ~C(O)-Ly’~N(R)C(O)-Rp’ or ~C(O)-Ly’-N(Rp)C(OYO-Rp’, wherein Ly’ preferably is each
mdependently C,;-Csalkylene (e.g., -CH,~) and optionally substituted with one or more substituents
selected from halogen, Ry, ~O-Rg, —S-Rs, -N(RsRs"), ~-OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formy! or cyano.

R’ 1s preferably hydrogen, and Ry’ preferably is independently selected at each occurrence
from Ly, or 5- or 6-membered carbocycle or heterocycle which is optionally substituted with one or
more halogen, Ry, —O-Rp, —-S-Rp, -N(RpRyp’), -OCO)Rg, —C(O)ORj, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. More preferably, Ry’ is independently selected at each
occurrence from 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, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cs-
Cgcarbocycle or 3- to 6-membered heterocycle; or C3-Cecarbocycle or 3- to 6-membered heterocycle,
cach of which is independently optionally substimted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,-Cealkenyl, C,-Csalkynyl, C,-Cehaloalkyl, C,-
Cghaloalkenyl or Cy-Cghaloalkynyl.

For each compound of Formula I, Lx can also be independently selected at each occurrence
from a bond; —Lg -N(Rp)C(O)-Lg~; -Ls'~C{O)N(Rp)-Ls—-: or C,-Calkylene, C,-Cealkenylene, C,-
Cgalkynylene, C;-Ciocarbocycle or 3- to 10-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen, Ry —
O~-Rs, =S-Rs, -N(ReRy"), ~OC(O)Rs, ~C(OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein Lg and L are as defined above.

R, preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cgalkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nilro, 0xo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or (3-Cecarbocycle or 3- to G-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-

Cgalkyl, C,-Cgalkenyl, C,-Cealkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl; or —Ls—
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O-Rg, =I.4=S-Rs, =Ls~C(O)Rs, ~L~OC(O)Rs, ~Ls~COHOR;, ~Li~NRsRs"), ~La~S(O)Rs, L
SO:Rs, ~La-CONRsRs"), ~La-NROCORs’, ~La-NRHCOINRs'Rs™), ~La-NRs)SORs’, ~
La—SON(RsRs"), -La~N(Rs)SO:N(Rs'Rs™™), -La=NRIS(ONRs'Rs™"), ~Lai~OS(O)-Rs, ~La-
OS(0)-Rs,  =La=S(0),0Rs, =La=S(O)ORs, -La-OC(O)ORs, -LaNRCO)ORs, ~La-
OC(O)N(RsRs"), ~La-N(R$)IS(O)-Rg’, ~LoA—SOINRRg") or ~Ly~C{OIN(RHC(O)-Rs’, wherein Ly
1s bond, C;-Cealkylene, C,-Csalkenylene or C,-Cgalkynylene.

More preferably, R, is balogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo0,
phosphonoxy, phosphono, thioxo, cyano; or C,-Cgalkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which
1s independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo0, phosphonoxy, phosphono, thioxo, formyl or
cyano; or C;-Cgcarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nifro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Cy-Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, C;-Cghaloalkenyl or C,-Cghaloalkynyl.

Highly preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, pitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or C,-Cealkyl, C,-Cealkeny! or C,-Cealkynyl, cach of which
is independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano.

Ls, Ls” and Ly”” preferably are each independently selected at each occurrence from bond; or
C-Cealkylene, Cy-Csalkenylene or C,-Cgalkynylene.

A and B can be the same or different. Likewise, L, and L, can be the same or different,

In one embodiment of this aspect, A, B, and D are each independently phenyl, and are each
independently optionally substituted with one or more R,y. L, and L, are each independently C,-
Cealkylene, Ls is a bond, C:-Csalkylene or -C(O)-, and L;, L,. and L; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, —S-Rg, ~
N(RsRs"), “OC(O)Rs, ~C(OYORs, nitro, oxo, phosphonoxy, phosphono, thioxe, formyl, or cyano.
Preferably, L, and L, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rg, —S—Rs, ~N(RsRg"), ~OC(O)R, ~C(O)OR, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and L, is a bond or -C(0)-. -T-Ryp’ is preferably
independently selected at each occurrence from —C{O)Lg’-N(Rp)C(O)-L"~Rp” or -C(O)-Lg'~
N(R)C(O)O-Ls"-Rp’, wherein Lg” preferably is C;-Cealkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Ry, ~O-Rs, —=S~Rg, ~N(RgR¢"), ~

OC(O)R s, ~C{O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. ~T-Rp’ can also
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be, without limitation, selected from —C(O)-Lg'-Lg'-Rp’, ~C(O)-Lg'~0O-Ls"~Ry", ~C{O)-Ls'-
N(Rg)-Ls"-Rp’, or ~C(O)-Ls"~N(Rg)S(O)-Ls~Rp’.

Yeg ML OQF

In another embodiment of this aspect, A is N H , and is

Z, 22
A\
| g@[ >t (00
optionally substituted with one or more R,; B is N or H , and is

optionally substituted with one or more R, and D is Cs-Ceearbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more Ry, 7, is independently
selected at each occurrence from O, S, NH or CH,; and 7, is independently selected at each
occurrence from N or CH. [, and I, are each independently C;-Cealkylene, I.; is a bond, C;-
Cealkylene or ~-C(O)-, and Ly, I, and 15 are cach independently optionally substituted with one or
more substituents selected from halogen, Ry, ~O-Rg, —-S—Rs, ~N(RgR¢"), ~OC(O)Rs, -C(O)ORs, nitro,
oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, I, and L, are ~(CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, Ry, —
O-Rs, =S5-Rs, -NRsRs"), ~OC(O)Rs, “C(OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and Ls is a bond or -C(O)-. -T-Ryp’ is preferably independently selected at each
occurrence from —C(O)-Ls'-N(Rp)C(O)-Ls"~Rp” or ~C{O)-Ls"~-NRp)C(OYO-Ls’"~Rp’, wherein
Ls’ preferably is C,-Cealkylene (e.g., -CH,-) and is optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rg, —S-Rg, ~-N(RRs"), “OC(O)Rs, ~C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. —T-Rp’ can also be, without limitation,
selected from —C(O)y-Ls'~Ls"~Rp’, ~C(O)~Ls ~O~Ls =Ry, “C(O}-Ls'-NRp)}-Ls Ry, or ~C(O)-
Ls’~-N(Rg)S(O)-1s"-Rp’. —T-Rp’ can also be independently selected at each occurrence from —~
C(O)-Ly’-N(Rg)C(O)-Ls’~Rp" or ~C(O)-Ly'-N(R)C(0)O~Ls""-Ry’, wherein Ly’ is C,-Cgalkylene
(e.g., -CH,-) and optionally substituted with one or more substituents selected from halogen, Ry, -O—
Rs, =S-Rs, ~N(RsRs"), ~OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or
cyano, and Ls’" preferably is bond. ~T-Rp’ can also be, without limitation, selected from ~C(Q)~Ly
Ls"-Rp’, ~C(O)-Ly'-0O-Ls"-Rp’, ~C(O)-Ly’ -N(Rz}-Ls"-Ry’, or ~C(O)-Ly ~NRg)S(O)-Ls "~

Rp.
Zy
eghr
In yet another embodiment of this aspect, A is phenyl, N or

and is optionally substituted with one or more R,; B is phenyl,
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Z, 2
| >t (A
g N or ﬁ , and is optionally substituted with one or more R,; and
D is Cs-Cycarbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted
with one or more Rs. Z, is independently selected at each occurrence from Q, S, NH or CHy; and Z;
is independently selected at each occurrence from N or CH. L, and L, are each independently C;-
Cealkylene, Ls is a bond, C,-Cealkylene or -C(O)-, and L, L,. and L; are cach independently
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, —S-Rg, ~
N(RsRs"), ~OC(O)Rs, ~C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, I, and L, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rs, —=S~Rs, ~N(R3Rg"), ~-OC(O)R, ~C(OYORs, nitro, 0xo,
phosphonoxy, phosphono, thioxo, formyl or cyano: and L; is a bond or -C(O)-. ~T-Ryp’ is preferably
independently selected at each occurrence from ~C(O)-Lg'-~-N(Rz)C(O)-Lg'-Ryy or ~C(O)-Lg'~
NRg)C(O)O-Ls"-Rp’, wherein Lg’ preferably is Ci-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Ry, ~O-Rg, ~8-Rs, ~N(RsRs'), ~
OC(O)R;s, —~C(O)YORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. ~T-Rp’ can also
be, without hmitation, selected from ~C(O)-Ls'-Ls’*~Rp’, ~C(O)-Ls~O-Ls”"-Rp’, -C(O)-Ls’~
N(Rp)}-Lg"-Rp’, or ~C(O)~Ls’~N(Rg)S(O)~Ls" " -Ryp’.
H
N

-On KL
In still another embodiment of this aspect, A is E R N
seifisel

H , or H , and is optionally substituted with one or more Ry and B is

{ \ N
@g g‘_@w}_E §4©:H\>*§ or % §| & Ef\ g, and is optionally-

i) 1)

b

substituted with one or more Ry; and D is Cs-Cecarbocycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more R,. [, and [, are each independently C-
Cealkylene, L; is a bond, C;-Cealkylene or -C(O)-, and L, L,, and I are each independently
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, =S-Rg, —
N(RsRy"), ~OC(O)Rs, ~C(OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or c¢yano.
Preferably, Ly and L, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rs, —S-Rs, -N(RR¢"), ~OC(O)R, ~C{OYORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and L is a bond or -C(0)-. —-T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg’ ~N(Rp)C(O)-Ls*~Rp> or ~C(O)-Lg '~
NRCOYO-Ls~Rp’, wherein Lg* preferably is C)-Cealkylene (e.g., -CHy-) and is optionally
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substituted with one or more substituents selected from halogen, Ry, ~O-Rg, ~S-Rs, ~-N(RRy), —-
OC(O)Rs, ~C(OYORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formy! or cyano. —T-Ryp’ can also
be, without hmitation, selected from —C(O)-Lg¢'~Lg"'~Rp’, ~C(O)~Ls’~O-Ls"~Rp’, ~C(O)-Ls'~
NRp)-Ls”"~Ryp’", or -C(0)-Ls'~N(Rz)S(O)-Ls"’-Rp’.

In yet another aspect, the present invention further [eatures compounds of Formula I and

pharmaceutically acceptable salts thereof.

|
R5 L3 R
I~ Rg ] Re 112
Ro'—T~ T’A Ly N“‘Lz‘“B\‘/N\T\R .
D
Rc'  Rus Re'
le
wherem:
Rygz is Ry;

R¢’ is each independently selected from Re

Ry’ 1s each independently selected from Rp;

R, and Rs, taken together with the atoms to which they are attached, form a 3- to 8-membered
heterocyclic ring which is optionally substituted with one or more Ra;

Ry and Ry, taken together with the atoms to which they are attached, form a 3- to 8-
membered heterocyclic ring which is optionally substituted with one or more Ry;

A, B, D, L, Ly, Ls, T, Ry, Ri, Re, and Ry arc as described above in Formula L

In this aspect, A and B preferably are independently selected from Cs-Ceearbocycle, 5- to 6-

sz’ Wj:21 g
. g_k & z/
membered heterocycle, or 8- to I10-membered bicycles such as W 8 ,

: ZEIW&WZ W:W‘ji%}h : /Y e
4<\Z3 \W} gl, g—_“\We/ Zs or §_<Z4I Ws)lm %

independently selected at each occurrence from O, S, NH or CH,, 7, is independently selected at each

, where Z, is

occurrence from N or CH, Zs is independently selected at each occurrence from N or CH, Z; is
independently selected at each occurrence from O, S, NH or CH,, and W, W,, W3, W,, W5 and Wy
are each independently selected at each occurrence from CH or N. A and B are each independently

optionally substituted with one or more Ra.
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More preferably, A is selected from Cs-Cecarbocycle, 5- to 6-membered heterocycle,

%%ZIWENWQ Vi i
\Za \W}—_ % or §‘<Z4I\Wﬁ/“_ g

, and is optiontally substituted with one or more Ry, B

W
w4
s L )%
is selected from Cs-Cecatbocycle, 5- o 6-membered heterocycle, W3 = or

, and is optionally substituted with one or more Ry, where 7, Zy, 75, Zy, Wy, W,
Wi, W, Ws, W, are as defined above. Preferably, Z; is N and Z, is NH. For instance, A can be

z, N
2 < >
selected from pheﬁyl (e.g., E g) §-<\NJ©7 % (e.g.. §—<\N:<j~§), or

>

KL r oD D,

(e.g. or H ), and is optionally substituted with one

Z,
(O (A
or more R, and B can be selected from phenyl (e.g., ) N (e.g.,

]

N ) or (e.g., or H ), and is
optionally substituted with one or more Ra.
Highly preferably, A is Cs-Ceearbocycle or 5- to 6-membered heterocycle, and is optionally

substituted with one or more R,; and B preferably is 8- to 10-membered bicycle (such as

W,
R Izi> g
_g_li J:Z/}I %—J\ s .
Wy s or We 4 ), and is optionally substituted with one or more

Ra. Z1is 0, S, NH or CHy, 7, 18 N or CH; Z3 is Nor CH; Zy 18 O, S, NH or CH,; and W, W,, W,
W,, W5 and Wy are each independently selected from CH or N.

2 < >
More highly preferably, A is phenyl (e.g., ; g), and is optionally substituted with

W
——J\W:WKIZE % "J\WS/ KIZJQ\ %
. % | 7z z{ % | We 2,
one or more Ry,; and B is Ws or 6

with one or more R, where Z,, Z,, 7, Z,, W, Wy, W3, W, Wy, W are as defined above. Preferably,

, and is optionally substituted
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H

24 N
Z, is N and Z, is NH. For instance, B can be E‘@N)—g (e.g. EQN%% or
Zy N
N N N\
;@ﬁ g@ﬁ 1982
or

i (e.g., H ), and is optionally substituted
with one or more R,.

Also preferably, A is Cs-Cescarbocycle (e.g., phenyl) or 5- to 6-membered heterocycle, and B

TGS NG S
is Q {e.g., % N ), B’ is selected from Cs-Cgearbocycle or 5- to 6-
membered heterocycle, and A and B are independently optionally substituted with one or more Ra.

D preferably is selected from Cs-Cecarbocycle, 5- to 6-membered heterocycle, or 8- o 10-
membered bicycles, and is optionally substituted with one or more R,. D can also be preferably
selected from C,-Cgalkyl, C,-Cealkeny! or C,-Cealkynyl, and is optionally substituted with one or
more substituents selected from halogen, Rr, ~O-Rg, ~§-Rg, —-N(RsR"), “OC(O)R¢, ~C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is Cs-Cgearbocycle, 5- to
G-membered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more Ry,
where Ry is halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or ~LgRgp.  Also
preferably, D is phenyl, and is optionally substituted with one or more R,. More preferably, D is

phenyl, and is substituted with one or more Ry, wherein Ry, is as defined above. Highly preferably, D

P Fia
Rn Ry

RN Ay
is v or «w _ wherein Ry is as defined above, and each Ry is independently selected

from Ry, and preferably is hydrogen.

Preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cgalkyl. C;-Cealkenyl or C,-Cealkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cs-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, C,-Csalkenyl, C,-Cgalkynyl, C,-Cehaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl. More
preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or C;-Cgalkyl, C,-Csalkenyl or Cs-

Ciealkynyl, each of which is independently optionally substituted at each occurrence with one or more
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substituents selected from halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, Ry, is
C;-Cealkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

L, and L, are preferably independently C;-Cgalkylene, and L; is preferably selected from a
bond, C,-Cealkylene, or -C(O)-. L, L,, and L, are each ndependently optionally substituted with one
or more substituents selected from halogen, Ry, ~0-Rg, ~8-Rg, ~N(RRs"), ~“OCO)Rs, ~C(OYORg,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, L, and L, are -
(CH,)-, and are each independently optionally substituted with one or more substituents selected from
halogen, Ry, ~O~Rg, —S-Rs, -N(RsR¢"), ~OC(O)Rs, -C(O)ORs, nifro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and L; is a bond or -C(O)-.

R, and Rs, taken together with the atoms to which they are attached, preferably form a 5- to 6~

N\g

membered heterocyclic ring (e.g., EMN 2) or 6- to 8-membered bicycle (e.g., ‘??2- ),
which is optionally substituted with one or more R 4.

R¢ and Ry, taken together with the atoms to which they are attached, preferably form a 5- to

N-.__%

G-membered heterocyclic ring (e.g., gm N%) or 6~ to 8-membered bicycle (e.g., %7* ).
which is optionally substituted with one or more R,.

-T-Rp’ can be, without limitation, independently selected at each occurrence from —C(O)-
Ls™Rp’, ~C(O)O-Ls™~Rp’, ~C(O)-Ls’-N(Rp)C(O)-Ls”"Rp’, ~C(O)-Ls"-NRp)C(O)O-Ls’~Rp’, ~
N(Rp)C(O)-Ls'-NRp)C(O)-Ls"Rp’, -NRp)C(O)-Ls"—NRp)C(O)O-Ls"~Rp’, or ~N(Rp)C(O)-
Lg’—N(Rgp)-Ls’-Rp’. Preferably, -T-Rp’ is independently selected at each occurrence from —C(O)-
Lg'-M’-Ls"~Rp" or —-N(Rp)C(O)-Lg’-M’-Ls’-Rp’. More preferably, -T-Rp’ is independently
selected at each occurrence from —C(O)-Lg"-N(Rp)C(O)-Ls -Rp’ or ~C(O)-Lg" -NR)C(O)O-Ls "~
Rp'.

-T-Rp’ can also be, without limitation, independently selected at each occurrence from -
CO}Ly'-Rp’, =CIO)O-T 4"-Ry’, ~“C(O)-] 4" ~NR)C(O)-I.5""-Rp’, ~C(O}-Ly -NR)C(OYO-Lg"~
Rp’, ~-NRp)ICO)-Ly'-NRp)CO)-Ls”-Rp’, -NRg)H(O)»-Ly'—NRp)C(O)O-Lg"-Rp’, or -~
NRCO)-Ly"—NRg)}-Ls"-Ry’, wherein Ly’ is each independently Ls' and, preferably, is each
independently C,-Cealkylene {e.g., -CH,-) and optionally substituted with one or more substituents
selected from halogen, Ry, -O—Rs, —S—Rs, -N(RsRs"), ~OC(O)Rs, -C(OYORs, nitro, phosphonoxy,

phosphono, oxo, thioxo, formyl or cyano. Preferably, -T-Rp’ is independently selected at each
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occutrence from ~C(O)-Ly'~M'~Lg"-Rp’ or -N(Rg)C(O)-Ly'-M’~L¢’~Ry’. More preferably, -T-
Rp’ is independently selected at each occurrence from —C(O)-Ly'-N(Rp)C(O)-Ls’-Rp’ or -C(O)-
Ly -N(Rp)C(OYO-Ls "Ry’ Highly preferably, -T-Rp’ is independently selected at each occurrence
from ~C(O)-Ly"-N(R5)C(O)-Rp” or ~C(O)~Ly'-N(Rp)C(OYO-Ryy’, wherein L.y’ preferably is ecach
independently C;-Cgalkylene (e.g., -CH,-) and optionally substituted with one or more substituents
selected from halogen, Ry, ~O-Rg, =S5-Rs, ~N(RsRs’), “OC(O)Rs, ~C(OYORg, nitro, phosphionoxy,
phosphono, oxo, thioxo, formyl or cyano.

Ryg and R¢’ are preferably hydrogen, and Rp’ preferably is independently selected at each
occurrence from L., or 5- or 6-membered carbocycle or heterocycle which is optionally substituted
with one or more halogen, Ry, —O-Rp, -S-Rp, -NRgRp’), ~OC(O)Rz, —-C(OYORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, Ry’ is independently
selected at each occurrence from C,-Cgalkyl, C,-Cealkenyl or C,-Cgalkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, Cs-Cecarbocycle or 3- to 6-membered heterocycle; or C;-Cecarbocycle or 3- to 6-membered
heterocycle, cach of which is independently optionally substituted at each occurrence with onc or
more substiuents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,-Cealkenyl, Cy-Csalkynyl, C;-
Cghaloalkyl, C,-Cghaloalkeny! or C,-Cghaloalkynyl.

For each compound of Formula I, Lk can also be independently selected at each occurrence
from a bond; ~Lg’-N(Rz)C(O)-Ls~; ~Ls ~CION(Rp)-Ls—; or C;-Cealkylene, C,-Cealkenylene, C,-
Csalkynylene, C;-Cjocarbocycle or 3- to 10-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen, Rr, —
0O-Rs, —S-Rs, -N(RgRs"), “OC(O)Rg, -C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein Lg and Lg” are as defined above.

R, preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or Ci-Cealkyl, Cy-Cealkenyl or C,-Cgialkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Ci;-Cgcarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cgalkyl, C,-Cealkenvl, C,-Csalkynyl, C,;-Cghaloalkyl, C,-Cshaloalkenyl or C,-Céhaloalkynyl; or —Ls—
O-Rg, ~Ls~S~Rs, ~Lp~C(O)Rs, ~Lo~OC(O)Rs, ~La~-C(OYORg, ~La~N{RsRs"), ~La~-S(O)Rs, ~La—
SO:Rs, ~La-CIOINRRs"), ~La-NR)C(O)Rs". ~La-NRs)C(ONRs'Rg™), ~La=-N(Rg)SORs’, ~
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Li-SONRgRs™),  ~La-NRsISO;N(Rg'Rs™),  ~La-NRSONR'Rs™), ~Ly-0S(O)-Rs, ~La-
08(0)2-Rs, =La=S(0),0Rs, -Ls=S(O)ORs, -La-OC(O)ORs, -La~-NRHCO)ORs", ~La~
OC(OIN(R:Rs"), —La—N(R)IS(O)-Rs’, ~La~S(O)N(RRs") or ~La—CIOIN(RYC(O)-Rs", wherein Ly
is bond, C,-Cealkylene, C,-Cgalkenylene or C,-Cealkynylene.

More preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or 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, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy! or
cyano; or (s-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Csalkyl, Cy-Cgaltkenyl, C,-Cgalkynyl, C;-Cghaloalkyl, C,-C¢haloalkenyl or C,-Cghaloalkynyl.

Highly preferably, Ra is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano, or C,-Cgalkyl, C,-Csalkenyl or C,-Cgalkynyl, each of which
is independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
Cyano.

Ls, Le” and Lg”* preferably are cach independently selected at each occurrence from bond; or
C-Cealkylene, C-Cealkenylene or C,-Cealkynylene.

A and B can be the same or different. Likewise, L, and I; can be the same or different.

In one embodiment of this aspect, A, B, and D are each independently phenyl, and are each
independently optionally substituted with one or more R,y. L, and L, are each independently C;-
Cgalkylene, Ls is a bond, C,-Cealkylene or -C(O)-, and L;, L;, and [, are each independently
optionally substituted with one or more substituents selecied from halogen, Ry, ~-O-Rs, SR, ~
N(RRs), “OC(O)Rs, ~C(OYOR;, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, L, and L, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rs, ~8-Rg, ~-N(RsR¢"), ~OC(O)Rg, -C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and L; is a bond or -C(O)-. ~T-Ry’ is preferably
mdependently selected at each occurrence from —C{O)-Lg-N(Rp)C(O)-Ls’~Rp’ or ~C(O)-Lg'~
N(R)C(O)O-Ls”-Rp’, wherein Lg" preferably is C,-Cealkylene (e.g., -CH,-) and is optionaily
substituted with one or more substituents selected from halogen, Ry, ~O-Rg, -S—Rg, ~N(RsRs"), —
OC(O)R, ~CIOYORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. —~1-Rp’ can also
be, without Imitation, selected from —-C(O)-Lg'-Lg”"-Rp’, ~C(O)-L¢~O~Ls"-Rp’, ~C(O)-Lg'~
N(Rp)»-Lg-Rp’, or ~C{O)}Ls’ ~N(Rp)S(O)-Ls"-Ryp .
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In another embodiment of this aspect, A is N or H , and is
4 L2
L
. % % N
optionally substituted with one or more Ry; B is N or H ,and is

optionally substituted with one or more R, and D is Cs-Ceearbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. 7, is independently
selected at each occurrence from O, S, NH or CH,; and Z; is independently selected at each
occurrence from N or CH. L, and L, are each independently C;-Cealkylene, L, is a bond, C;-
Cealkylene or -C(O)-, and L, L, and L; are each independently optionally substituted with one or
more substituents selected from halogen, Ry, ~O-Rg, ~S-Rg, —N(RsRs"), “OC(O)Rs, ~C(OHORG, nitro,
ox0, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, L, and L, are (CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, Ry, ~
O-Rg, —5-Rs, -NRsRg"), -OC(O)Rs, —-C(OYOR;, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and L; is a bond or -C(O)-. -T-Rp’ is preferably independently selected at each
occurrence from —C(O)-Ls -N(Rp)C(O)-Ls"-Rp’ or ~C{O)~Ls’—N(Rg)YC(O)O-Ls"~Rp’, wherein
Ls" preferably is C;-Cealkylene (e.g.. -CH,-) and is optionally substituted with one or more
substituents selected from halogen, Ry, —O-Rs, ~S-Rs, ~N(RR"), ~OC(O)Rs, ~C(OYORs, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. —~T-Rp’ can also be, without limitation,
selected from ~C(O)-Lg'-Lg"-Rp’, ~C(O)»-Ls'~-0O-1s""-Ryp’, ~C{O)-Ls"-N(Ry)-Ls’~Rp’, or -C(O)-
Lg’-N(Rz)S$(O)-Ls" Ry’

Zs
- egr
In yet another embodiment of this aspeci, A is phenyl, N or
Zo
4 :@;
N . . . .
, and is optionally substitated with one or more R,; B is phenyl,

D is Cs-Cecarbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted

I

, and is optionally substituted with one or more Ry; and

with one or more Ra. Z, is independently selected at each occurrence from O, S, NH or CHy; and 7
is independently selected at each occurrence from N or CH. L, and L, are each independently C;-
Csalkylene, L; 1s a bond, C;-Cealkylenc or -C(O)-, and L, L,, and L; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rg, ~S—Rg, —

N(RsRg"), ~OC(O)Rs, ~C(O)YORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano,
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Preferably, L, and 1, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rs, ~S-Rs, -N(RsRg"), ~OC(O)Rs, ~C(O)ORs, nitro, 0xo,
phosphonoxy, phosphono, thioxo, formy! or cyano; and Ls is a bond or -C(Q)-. ~T-Ry’ is preferably
independently selected at each occurrence from —C(O)-Lg’~N(Rp)C(O)-Ls"~Rp” or ~C(O)-Lg'~
NRs)C(O)YO-Ls"~Rp’, wherein Ls’ preferably is C,-Cgalkylene (e.g., -CH,-) and is optionally
substituted with ope or more substituents selected from halogen, Ry, -O-Rg, —8~Rs, ~N(RsRg"), ~
OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. ~T-Rp’ can also
be, without limitation, selected from —C(O)-Ls'—1.5"-Rp’, ~C(O)-Lg’-O-Lg "Ry, ~C(O)-Lg'~
N(Rp)}-Ls =Ry, or -C(O)-Lg’~-NRg)S(O)-Ls"~Rp’.

In still another embodiment of this aspect, A is , N ,
selii¥sql
oY H

s , and is optionally substituted with one or more R; and B is

) H , and is optionally
substituted with one or more Ry; and D i1s Cs-Cycarbocycle or 5- to 6-membered heterocycle {(e.g.,
phenyl), and is optionally substituted with one or more Ra. L, and L, are each independently C;-
Cealkylene, L; is a bond, C,-Cealkylene or -C(O)-, and L;, L,, and L; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, ~O-Rg, ~S-Rg, ~
N(RsRg"), ~OC(O)Rs, —C(OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, L, and L, are -(CH.)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, -S-Rs, —-N(RsRs"), ~OC(O)Rs, ~C(O)YORs, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and L; is a bond or -C{O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Ls"-N(Ry)C(O)-Ls-Rp’ or ~C(O)-Ls"~
NRp)C(O)O-Ls’~Rp’, wherein Ly preferably is C,-Cealkylene (e.g., -CHy) and is optionally
substitated with one or more substituents selected from halogen, Ry, ~O-Rg, —S—-Rgs, -N(RRg"), —
OC(O)Rs, —C(O)OR, nitro, phosphonoxy, phosphone, oxo, thioxo, formyl or cyano. ~1-Rp’ can also
be, without hmitation, selected from —C(O)-Lg'~Ls -Rp’, -C(O-Lg"-0O-Lg"~Rp’, ~C(O)-Lg'~
N(Rg)-Ls'-Ryp’, or -C(O)-Ls'-N(Rg)S(O),-Ls" Ry’

In a further embodiment of this aspect, A is phenyl, and is optionally substituted with one or

Zy Zy
L 196
more R,; and B is N or H

one or more Ry, wherein Z, is O, S, NH or CHa; and 7, is N or CH. D is Cs-Cgearbocycle or 5- to 6-

, and is optionally substituted with

57



10

15

20

25

WO 2010/120935 PCT/US2010/031162

membered heterocycle (e.g., phenyl), and is optionally substituted with one or more R. L, and I, are
each independently C;-Cealkylene, and L; 1s bond, C;-Cealkylene or -C(O)-, and L, L,, and L; are
each independently optionally substituted with one or more substituents selected from halogen, Ry, ~
O-Rs, —S-Rgs, ~N(RgRs), “OC(O)Rs, —-C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo,
[ormyl or cyano. Preferably, L, and L; are each independently C,-Cgalkylene (e.g., -CH,-), and L is
bond. ~T-Ryp,’ is independently selected at each occurrence from ~C(O)-Ly’~-N(Rg)C(O)-Ls""-Rp’ or
~CO)-Ly'-N(R)C(O)O-Ls"~Ryp’, wherein Ly’ is C,-Cealkylene (e.g., -CH,-) and optionally
substituted with one or more substituents selected from halogen, Ry, ~O-Rg, ~8~Rg, ~N(RRy'), -
OC(O)Rs, —C(OYORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano, and Lg”
preferably is bond. ~T-Rp’ can also be, without limitation, selected from —C(O)-Ly'~Lg "Ry, -
COY-Ly'-O-Lg "Ry, “C(O)~Ly ~-N(Rp)~Ls"~Ryp’, or ~C(O)-Ly -N(Rp)S(O)s-1s"-Rp .

The present invention also features the compounds of Formulae I, I, Ip and I¢ as described
herein (including each embodiment described herein) or salls thereof, except that D is Cj;-
Ciocarbocycle or 3- to 10-membered heterocycle which is substifuted with J and optionally substituted
with one or more R, where J 1s C5-Cyocarbocycle or 3- to 10-membered heterocycle and is optionally
substituted with one or more Ry, or J is —SFs. Preferably, D is Cs-Cyearbocycle, 5- to 6-membered
heterocycle or 6- to 10-membered bicycle and is optionally substituted with one or more Ry, and J is
C3-Ceearbocycle or 3- w 6-membered heterocycle and is optionally substituted with one or more R,
More preferably, D is Cs-Cgcarbocycle or 5- to 6-membered heterocycle and is optionally substituted
with one or more R,, and J is C5-Cecarbocycle or 3- to 6-membered heterocycle and is optionally
substituted with one or more Rs. Highly preferably, D is phenyl substituted with J and optionally
substituted with one or more R, where J is Cs-Cecarboeycle or 3- to 6-membered heterocycle and is

optionally substituted with one or more Ra. Preferred Ras are as described above. 1In one
J
= R

P Ry
embodiment, D is ? , wherein each Ry is independently selected from Ry, and preferably

is hydrogen, and J is as defined above and preferably is Cs-Cgcarbocycle or 3- to 6-membered
J

heterocycle optionally substituted with one or more R4. In another embodiment, D is v _ and J is
C;-Cycarbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or more R,.
The present invention also features the compounds of Formulae L, I, Iy and I as described

herein (including each embodiment described herein) or salts thereof, except that:
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R; and R, are each independently R, and Rs is Rg; or R, is Re, and R, and R, taken
together with the atoms to which they are attached, form a 3- 1o 10-membered
heterocyclic ring which is optionally substituted with one or more Ry; and

Rs, Ry, Re, and Ry are each independently Re; or Ry and Re are each independently R,
and R, and R;, taken together with the atoms to which they are attached, form a 3- o
10-membered carbocyclic or heterocyclic ring which is optionally substituted with
one or more Ry;

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
physical properties, such as enhanced pharmaceutical stability vnder -certain conditions or desired
solubility in water or oil. In some instances, a salt of a compound may be useful for the isolation or
purification of the compound.

Where a salt is intended to be administered (o a patient, the salt preferably is pharmaceutically
acceptable. Pharmaceutically acceptable salts include, but are not limited to, acid addition salts, base
addition salts, and alkal metal salts.

Pharmaceutically acceptable acid addition salts may be prepared from inorganic or organic
acids. Examples of suitable inorganic acids include, but are not limited to, hydrochloric,
hydrobromic, hydrojonic, nitric, carbonic, sulfuric, and phosphoric acid. Examples of suitable
organic acids include, but are not limited to, aliphatic, cycloaliphatic, aromatic, araliphatic,
heterocyclyl, carboxylic, and sulfonic classes of organic acids. Specific examples of suitable organic
acids include acetate, trifluoroacetate, formate, propionate, succinate, glycolate, gluconate,
digluconate, lactate, malate, tartaric acid, citrate, ascorbate, glucuronate, maleate, fumarate, pyruvate,
aspartate, glutamate, benzoate, anthranilic acid, mesylate, stearate, salicylate, p-hydroxybenzoate,
phenylacetate, mandelate, embonate (pamoale), methanesulfonate, ethanesulfonate, benzenesulfonate,
pantothenate, toluenesulfonate, 2-hydroxyethanesuifonate, sufanilate, cyclohexylaminosulfonate,
algenic acid, b-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, bisulfate, butyrate,
camphorate,  camphorsulfonate,  cyclopentanepropionate,  dodecylsulfate,  glycoheptanoate,
elycerophosphate, hemisulfate, heptanocate, hexanoate, nicotinate, 2-naphthalesulfonate, oxalate,
palmoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and
vndecanoate.

Pharmaceutically acceptable base addition salts include, but are not limited to, metallic salts
and organic salts. Non-limiting examples of suitable metallic salts include alkali metal (group Ia)
salts, alkaline earth meial (group IIa) salts, and other pharmaceutically acceptable metal salts. Such
salts may be made, without limitation, from aluminum, calcium, lithium, magnesium, potassium,

sodium, or zinc. Non-limiting examples of suitable organic salts can be made from tertiary amines
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and quaternary amine, such as tromethamine, diethylamine, N,N’-dibenzylethylenediamine,
chloroprocaine, choline, diethanolamine, 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
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).

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
invention. Others are aliphatic or aromatic esters of hydroxyl or aminoe groups on the compounds of
the invention. Phosphate prodrugs of hydroxyl groups are preferred prodrugs.

The compounds of the invention may comprise asymmetrically substituted carbon atoms
known as chiral centers. These compounds may exist, without limitation, as single stereoisomers
(e.g., single cnantiomers or single diastcrcomer), mixtures of stereoisomers (e.g. a mixture of
enantiomers or diastereomers), or racemic mixtures. Compounds identified herein as single
stercoisomers are meant to describe compounds that are present in a form that is substantially free
from other stereoisomers (e.g., substantially free from other enantiomers or diastereomers). By
“substantially free,” it means that at least 80% of the compound in a composition is the described
stereoisomer; preferably, at least 90% of the compound in a composition is the described
stereoisomer; and more preferably, at least 95%, 96%, 97%, 98% or 99% of the compound in a
composition is the described stereoisomer. 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 either stereoisomer of the chiral center.

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 diastereomers, chromatographic resolution of enantiomers, conversion
of enantiomers in an enantiomeric mixture o diastereomers followed by chromatographically
separation of the diastereomers and regeneration of the individual enantiomers, and enzymatic
resolution.

Stereospecific synthesis typically involves the use of appropriate optically pure
(enantiomerically pure) or substantial optically pure materials and synthetic reactions that do not
cause racemization or mversion of stereochemistry at the chiral centers. Mixtures of stereoisomers of

compounds, mcluding racemic mixtures, resulting from a synthetic reaction may be separated, for
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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 HPL.C.

Resolution of enantiomers can also be accomplished by converting enantiomers in a mixture
to diastereomers by reaction with chiral auxiliaries. The resulting diastereomers can be separated by
column chromatography or crystallization/re-crystallization. This ilechmique is useful when the
compounds to be separated contam 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
chirally pure amino acids, organic carboxylic acids or organosulfonic acids. Once the diastereomers
are separated by chromatography, the individual enantiomers can be regenerated. TFrequently, the
chiral auxiliary can be recovered and used again.

Enzymes, such as esterases, phosphatases or lipases, can be useful for the resolution of
derivatives of enantiomers in an enantiomeric mixture. For example, an ester derivative of a carboxyl
group in the compounds to be separated can be treated with an enzyme which selectively hydrolyzes
only one of the enantiomers in the mixture. The resulting enantiomerically pure acid can then be
separated from the unhydrolyzed ester.

Alternatively, salts of enantiomers in a mixture can be prepared using any suitable method
known in the art, including treatment of the carboxylic acid with a suitable optically pure base such as
alkaloids or phenethylamine, followed by precipitation or crystallization/re-crystallization of the
epantiomerically pure salts.  Methods suitable for the resolution/separation of a mixture of
stereoisomers, including racemic mixtures, can be found in ENANTIOMERS, RACEMATES, AND
RESOLUTIONS (Jacques et al., 1981, John Wiley and Sons, New York, NY).

A compound of this invention may possess one or more unsaturated carbon-cartbon double
bonds. All double bond isomers, such as the cis (Z) and trans (E) isomers, and mixtures thercof are
intended to be encompassed within the scope of a recited compound unless otherwise specified. Tn
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 [orms which
may be separable. Torsional asymmetry due to restricted rotations abou! an asymmetric single bond,
for example because of steric hindrance or ring strain, may permit separation of different conformers.
The invention encompasses each conformational isomer of these compounds and mixtures thereof.

Certain compounds of the invention may also exist in zwitterionic form and the invention

encompasses each zwitterionic form of these compounds and mixtures thereof.
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The compounds of the present invention are generally described herein using standard
nomenclature. For a recited compound haying 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,
diastereomers, and cis-transisomers. Where a recited compound exists in various (automeric forms,
the compound is intended to encompass all tautomeric forms. Certain compounds are described
herein using general formulas that inclade variables (e.g., A, B, D, X, L, L;, L5, Y, Z, T, R, or Rg,).
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 moieties are described as being “independently” selected from a group, each
moiety is selected independently from the other. Each moiety therefore can be identical to or different
from the other motiety or moieties.

The number of carbon atoms m a hydrocarbyl moiety can be indicated by the prefix “C,-C,,”
where x is the minimum and y is the maximum number of carbon atoms in the moiety. Thus, for
example, “C,-Cgalkyl” refers to an alkyl substituent containing from 1 to 6 carbon atoms. Illustrating
further, Cs-Cycycloalkyl means a saturated hydrocarbyl ring containing from 3 to 6 carbon ring atoms.
A prefix attached to a mulitiple-component substituent only applies to the first component that
immediately follows the prefix. To illustrate, the term “carbocyclylatkyl” contains two components:
carbocycly! and alkyl. Thus, for example, C;-CycarbocyclylC-Cealkyl refers to a Ci-Ceearbocyclyl
appended to the parent molecular moiety through a C;-Cealkyl group.

Unless otherwise specified, when a linking element links two other elements in a depicted
chemical structore, the leftmost-described component of the linking element is bound to the left
element m the depicted structure, and the rightmost-described component of the linking element is
bound to the right element in the depicted structure. To illustrate, if the chemical structure is —Lg—M—
Lg’~ and M is ~N(Rp)}S(O)~, then the chemical structure is ~Lg~N(Rg)}S(O)-Lg" .

If a linking element in a depicted structure is a bond, then the element left to the linking
element is joined directly to the element right to the linking element via a covalent bond. For
example, if a chemical structure is depicted as —Lg-M~I¢"~ and M is selected as bond, then the
chemical structure will be ~Lg—Ls'~. If two or more adjacent linking elements in a depicted stracture
are bonds, then the element left to these linking elements is joined directly to the element right to
these linking elements via a covalent bond. For instance, if a chemical structure is depicled as —Lg—
M~Lg’-M'~Lgs""~, and M and L are selected as bonds, then the chemical structure will be —[gM'—
[g"’~ Likewise, if a chemical structure is depicted as ~Lg—M-Lg'~M’"~Ls~, and M, Ls’ and M’ are

bonds, then the chemical structure will be ~Lg~L.5""~.
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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 2 motety is described as being “optionally substituted”, the moiety may be either substituted
or unsubstitated. 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
particular number of non-hydrogen radicals or by up {0 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
only one substitutable position) will be optionally substituled 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 10
only one non-hydrogen radical.

The term “alkenyl” means a straight or branched hydrocarbyl chain containing one or more
double bonds. Fach carbon-carbon double bond may have either cis or trans geometry within the
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,
I-butenyl, 2-butenyl, and 3-butenyl.

The term “alkenylene” refers to a divalent unsaturated hydrocarbyl chain which may be linear
or branched and which has at least one carbon-carbon double bond. Non-limiting examples of
alkenylene groups include —C{H)=CH)—, —CH)=CH)~CH,—, —CH)=C(H)—CH,~CH;—,
—CH,~CH)=C(H)~CH,~, ~C(H)=C(H)—CH(CH;3)—, and ~CH,—C(H)=C(H)~CH(CH,CHa1)—.

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-
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,CH,-, -
CH,CH,CH,-, -CH,CH,CH,CH;-, and -CH,CH(CH3)CH,-.

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

Iinear or branched and which has at least one carbon-carbon triple bonds. Representative alkynylene

63



10

15

20

25

30

WO 2010/120935 PCT/US2010/031162

groups include, by way of example, —(C=C~, ~—C=C-CH;~, ~(C=C~-CH~CHy,
~CHy~C=C—CHy~, —-C=C~CH(CH3)—, and —CH,—C=C~CH(CH,CH;)~.

The term “carbocycle” or “carboeyclic” 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 (o form the ring or rings. A carbocyclyl may be, without limitation, a single
ring, two fused rings, or hridged 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, octaiydro-indenyl,
cyclohexenyl, phenyl, naphthyl, indanyl, 1,2,3,4-tetrahydro-naphthyl, indenyl, isoindenyl, decalinyl,
and norpinanyl. A carbocycle group can be attached to the parent molecular moiety through any
substitutable carbon ring atom. Where a carbocycle group is a divalent moiety linking two other
elements in a depicted chemical structure (such as A in Formula I), the carbocycle group can be
attached to the two other elements through any two substitutable ring atoms.

The term “carbocyclylalkyl” refers to a carbocyclyl group appended to the parent molecular
moiety through an alkylene group. For instance, C;-CecarboeyclylCi-Cealkyl refers to a Ci-
Cgcarbocyclyl group appended to the parent molecular moiety through C,-Cealkylene.

The term “cycloalkenyl” refers to a non-aromatic, partially unsaturated carbocyclyl moiety
having zero heteroatom ring member. Representative examples of cycloalkeny! groups include, but
are not limited to, cyclobutenyl, cyclopentenyl, cyclohexenyl, and octahydronaphthalenyl.

The term “cycloalky!l” refers to a saturated carbocyclyl group containing zero heteroatom ring
member. Non-limiting examples of cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, decalinyl and norpinanyl.

The prefix “halo” indicates that the substituent to which the prefix is attached is substituted
with one or more independently selected halogen radicals. For example, “C;-Cghaloatkyl” means a
C,-Cealkyl substituent wherein one or more hydrogen atoms are replaced with independenty selected
halogen radicals. Non-limiting examples of C,-Cghaloalkyl include chloromethyl, 1-bromoethyl,
fluoromethyl, difluoromethyl, tifluoromethyl, and 1.1,1-trifluoroethyl. It should be recognized that if
a substituent 1s 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 unsawrated (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
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selected from the group consisting of carbon, nitrogen, oxygen and sulfur. A heterocycle may be,
without limitation, a single ring, two fused rings, or bridged or spiro rings. A heterocycle group can
be linked to the parent molecular moiety via any substitutable carbon or nitrogen atom(s) in the group.
Where a heterocycle group is a divalent moiety linking two other elements in a depicted chemical
structure (such as A in Formula 1), the heterocycle group can be attached to the two other elements
through any two substitutable ring atoms.

A heterocyclyl may be, without limitation, 2 monocycle which contains a single ring. Non-
limiting examples of monocycles include furanyl, dihydrofuranyl, tetrahydrofuranyl, pyrrolyl,
isopyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl, isotmidazolyl, 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 “azoximy!”),
1,2,5-oxadiazolyl (also known as “furazany!™), and 1,3 ,4-oxadiazolyl), oxatriazolyl (including 1,2,3,4-
oxatriazolyl and 1,2,3 S-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”),
pyrimidiny! (also known as “l,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 (inchuding 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
(including 1,2,5-oxathiaziny]l or 1,2,6-oxathiazinyl), oxadiazinyl (including 1,4,2-oxadiazinyl and
1,3,5.2-oxadiazinyl), morpholinyl, azepinyl, oxepinyl, thiepinyl, and diazepinyl.

A beterocyclyl may also be, without limitation, a bicycle containing two fused rings, such as,
for example, naphthyridinyl (including [1.8] naphthyridingl, 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™)), benzimidazolyl, phthalazinyl, quinoxalinyl,
benzodiazinyl (including cinnolinyl (also known as “1,2-benzodiazinyl”) and quinazolinyl (also
known as “1.3-benzodiazinyl”)), benzopyranyl (including “chromenyl” and “isochromenyl”),

benzothiopyranyl (also known as “thiochromenyl”), benzoxazolyl, indoxazinyl (also known as
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“benzisoxazolyl™), anthranilyl, benzodioxolyl. benzodioxanyl, benzoxadiazolyl, benzofuranyl (also
known as “coumaronyl”), isobenzofuranyl. benzothienyl (also kmown as “benzothiophenyl”,
“thionaphthenyl”, and “benzothiofuranyl”), isobenzothienyl (also known as “isobenzothiophenyl”,
“isothionaphthenyl”, and “isobenzothiofuranyl™), benzothiazolyl, benzothiadiazolyl, benzimidazolyl,
benzotriazolyl, benzoxazinyl (ncluding 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
tetralrydroisoquinolinyl.

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 SG,. 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 nifrogen
heteroatom(s) may or may not be N-protected.

ST in a chemical formula refers to a single or double bond.

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, e.g. a reduction in viral Joad.

The term “prodrug” refers to derivatives of the compounds of the invention which have
chemically or metabolically clecavable 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
known to practitioners of the art, such as. for example, esters prepared by reaction of the parent acidic
compound with a suitable alcohol, or amides prepared by reaction of the parent acid compound with a
suitable amine. Examples of prodrugs include, but are not limited to, acetate, formate, benzoate or
other acylated derivatives of alcohol or amine functional groups within the compounds of the
invention.

The term “solvate” refers to the physical association of a compound of this invention with one
or more solvent molecules, whether organic or inorganic. This physical association often includes
hydrogen bonding. In certain instances the solvate will be capable of isolation, for example when one
or more solvent molecules are incorporated in the crystal lattice of the crystalline solid. “Solvate”
encompasses both solutiop-phase and isolable solvates. Exemplary solvates mclude, but are not

limited to, hydrates, ethanolates, and methanolates.
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The term “N-protecting group™ or “N-protected” refers to those groups capable of protecting
an amino group against undesirable reactions. Commonly used N-protecting groups are described in
Greene and Wuts, PROTECTING GROUPS I CHEMICAL SYNTHESIS (3¢ ed., John Wiley & Sons, NY
(1999). Non-limiting examples of N-protecting groups include acyl groups such as formyl, acetyl,
propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, wifluoroacetyl, trichloroacetyl,
phthalyl, o-nitrophenoxyacetyl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl, or 4-nitrobenzoyl;
sulfonyl groups such as benzenesulfonyl or p-toluenesulfonyl; sulfenyl groups such as phenylsulfenyl
(phenyl-S-) or triphenyhnethylsulfenyl (trityl-S-); sulfinyl groups such as p-methylphenylsulfinyl (p-
methylphenyl-S(O)-) or t-butylsulfinyl (t-Bu-S(O)-); carbamate forming groups such as
benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-
nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3.4-

dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 24-dimethoxybenzyloxycarbonyl,

4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 345-
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;
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 (Chz).

The compounds of the present invention can be prepared using a variety of methods. As a
non-limiting example, the compounds of the present invention can be prepared by coupling a
compound of Formula II to a compound of Fornwla III as shown in Scheme I, where Q is halo (e.g.,
bromo, chloro or iodo), and A, B, D, L;, I,, Ls, Y and Z are as described above. Amino compound I1
may be alkylated by reaction with haloaikyl (e.g., halomethyl) compound III in the presence of a base,
such as KOH, t-BuOK, sodium amide, sodium hydride, CsOH, Hunig’s base, Na,CO;, or NaHCOs, in
a suitable organic solvent, such as THF or DMF, or n water (if the base is compatible with aqueous
solvent) with or without an added surfactant, such as sodium dodecyl suifate or tetrabutylammonium
bromide. Formation of symmefric products (e.g., Formula I' in Scheme I, where B, Z and L,
Formula I are identical to A, Y and Ly, respectively) may be conducted in a single operation as shown,
or the nonsymmetric products shown can be formed by sequential formation of a monoalkylated
product V followed by reaction with a second haloalkyl (e.g., halomethyl) compound VI under

conditions similar to those described above,
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Aleernatively, Q in compounds Iil and VI (e.g., bromo, chloro or iodo) can be replaced with
4.methylbenzesulfonate and reacted with II or V, respectively, under similar conditions.
Monoalkylated compound V may also be generated by reaction of amine II with an aldehyde IV to
form a Schiff base (imine), which may be reduced to the products V with a hydride reducing agent,
such as sodium borohydride or sodium cyanoborohydride (with or without the addition ol an acid,
such as acelic acid) in a solvent such as ethanol, toluene, THF, or dichloromethane. Altematively the
Schiff based formed from II and IV can be reduced to the products V by hydrogenation in the

presence of a suitable catalyst, such as a palladium or platinum catalyst or Raney nickel.
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As another non-limiting example, the compounds of the present invention can be prepared by
coupling a compound of Formula II to a compound of Formula IIT as shown in Scheme II, where R is
~Ls'-M’~1s""~Rp, and Lg’, M’, Lg’* and Ry, are as described above. Amino compound II may be
alkylated by reaction with 4-nitrobenzyl bromide III in the presence of a base, such as KOH, t-BuOK,
sodium amide, sodivm hydride, CsOH, Hunig’s base, Na,CO,, or NaHCO,, in a suitable organic
solvent, such as THF or DMF, or in water (if the base is compatible with agueous solvent) with or
without an added surfactant, such as sodium dodecyl sulfate or tetrabutylammonium bromide. The
dinitro compound IV may be reduced to the diamino product V with a hydride reducing agent, such as
sodium borohydride (with or without the addition of a transition metal salt, such as BiCly, ShCls,
NiCl, CuyCh, or CoCly) in a solvent such as ethanol or THF. Alternatively, IV can be reduced to the
product V by hydrogenation in the presence of a suitable catalyst, such as a palladium or platinum
catalyst or Raney nickel. The diamine V may be reacted with a suitably protected proline acid (Boc is
shown, although Cbz, Troc, or Fmoc may be substituted) in the presence of a peptide coupling
reagent, such as EDAC/HOBT, PyBOP, HATU, or DEBPT, i a solvent such as THF, DMF,
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dichloromethane, or DMSO, with or without the addition of an amine base such as Hunig's base,
pyridine, 2,6-Jutidine, or triethylamine, to give VI. Removal of the Boc protecting groups to give VII
may be accomplished by treatment with an acid, such as TFA, HCI, or formic acid. Compounds of the
present invention may be prepared by coupling of VI with an acid of choice using the standard
peptide coupling reagents and conditions described above. Likewise, compounds of Formula I,, as

described above, can be similarly prepared.
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As yet another non-limiting example, the compounds of the present invention can be prepared
by the methods shown in Scheme I, where R is ~Lg'~M’~Lg""~Rp, and Lg’, M’, Ls’* and Ry, are as
described above. The diamine II may be reacted with a suitably protected proline acid (Boc is shown,
although Cbz, Troc, or Fmoc may be substituted) in the presence of a peptide coupling reagent, such
as EDAC/HOBT, PyBOP, HATU, or DEBPT, in a solvent such as THF, DMF, dichioromethane, or
DMSO, with or without the addition of an amine base, such as Hunig’s base, pyridine, 2,6-lutidine, or
triethylamine, to give Il as a mixtore of the amide products. Heating ITI in acetic acid (50-100 °C)
gives the benzimidazole compound IV. Alternatively, IV may be prepared by reaction of II with an

aldehyde, followed by treatment with an oxidant, such as Cu(OAc)y or MnOy. See Penning et al.,

B1oORG. MED. CHEM. 16:6965-6975 (2008), which is incorporated herein by reference in its entirety.
The ester functionality of IV may be reduced to the alcohol V under the standard conditions, such as

treatment with lithium aluminum hydride or DIBAL, in a suitable solvent, such as THF or

69



10

15

20

WO 2016/120935 PCT/US2010/031102

dichloromethane. Alcohol V may be transformed to the bromomethyl compound VI using established
conditions, such as by treatment with CBr, and triphenylphosphine or by treatment with PBrs.
Alternatively, V may be oxidized by a number of methods to the aldehyde VI, such as MnQ,, PCC,
PDC, Swern oxidation, or Dess-Martin periodinane. Compound VII can be used to prepare
compound IX by reaction with aniline to form a Schifl base (imine), which may be reduced to IX with
a hydride reducing agent, such as sodium borohydride or sodium cyanoborohydride (with or without
the addition of an acid, such as acetic acid) in a solvent such as ethanol, toluene, THF, or
dichloromethane. Alternatively the Schiff based formed from VII can be reduced to the products IX
by hydrogenation in the presence of a suitable catalyst, such as a paliadium or platinum catalyst or
Raney nickel. Compound VI may be reacted with aniline in the presence of a base, such as KOH, t-
BuOX, sodium amide, sodium hydride, CsOH, Hunig's base, Na,COs, or NaliCOs;, in a suitable
organic solvent, such as THE or DMF, or in water (if the base is compatible with aqueous solvent)
with or without an added surfactant, such as sodium dodecyl sulfate or tetrabutylammonium bromide,
fo give symmefric compound VI Alternatively, VIII can also be generated by reaction of IX with
V1 under the alkylation conditions described above. After removal of the Boc protecting groups from
VI (accomplished by treatment with an acid, such as TFA, HCI, or formic acid), the compounds of
the present invention may be prepared by coupling of the resulting diamine with an acid of choice
using the standard peptide coupling reagents and conditions described above. Compound IX may also
be reacted with 4-nitrobenzyl bromide under the alkylation conditions described above to give X.
Reduction of the nitro group of X using the conditions described above and coupling with a suitably
protected profine acid can provide X1. After removal of the Boc protecting groups from X1
(accomplished by treatment with an acid, such as TFA, HCI, or formic acid), the compounds of the
present invention may be prepared by coupling of the resulting diamine with an acid of choice using

the standard peptide coupling reagents and conditions described above. Likewise, compounds of

R =IO

Formula Iy can be similarly prepared, where A is (e.g., H ), Bis
N, N
e
JICNa g 0
ﬂ (e.z., H ), A’ and B’ are as described above, and A and B are

independently optionally substituted with one or more R,  Similarly, compounds of Formula I can

be prepared according to Scheme [
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As still another non-limiting example, the compounds of the present invention can be
prepared by the methods shown in Scheme IV, where R is ~Ls'-M’-Lgs"~Rp, and L¢’, M, Ls”’, Rp,
Ri, Ry, and Ry are as described above. Compound II may be prepared from 4’-iodoacetophenone
using known conditions, such as treatment with Br,. Compound II may be reacted with the salt of an
amino acid (prepared from suitably protected amino acid and a base, such as Cs,CO;, KOH, NaOH, or
Na,(COs, in a solvent such as ethanol or THF) in a solvent such as THF, DMF or DMSO, to provide
ester IIL. The ester Il may be treated with an ammonia source, such as NH;OAc, NH,CI, or ammonia
gas, and heated in a solvent such as toluene or xylene with azeotropic removal of water to provide the
imidazole IV. See Gordon ef al., TET. LETT. 34:1901-1904 (1993), and Moinet et al., BIOORG. MED.
CHEM. LETT. 11:991-995 (2001), both of which are incorporated herein by reference m their
entireties. The iodide IV may be converted to the ester V by treatment with a palladinm catalyst (such
as Pd(PPhs)s or Pd(dppHCl,, or a Pd (II) catalyst such Pd(OAc); or Pd2(dba)3 with or without the
addition of organophosphorous ligands, such as PPh; or P((-Bu);) and carbon monoxide in the
presence of a base, such as triethylamine or Hunig’s base, in a solvent such as methanol or ethanol,
with or without heating. The ester obtained V may be reduced to the alcohol VI and then oxidized to
the aldehyde VII by the methods described above. Compound VII can be used to prepare compound

VII by reaction with aniline o form a Schiff base (imine), which may be reduced to VI with a
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hydride reducing agent, such as sodium borohydride or sodium cyanoborohydride (with or without the
addition of an acid, such as acetic acid) in a solvent such as ethanol, toluene, THF, or
dichloromethane. Alternatively the Schiff based formed from VII can be reduced to the products VIII
by hydrogenation in the presence of a suitable catalyst, such as a palladium or platinum catalyst or
Raney nickel. Compound VIII may be reacied with 4-nitrobenzyl bromide under the alkylation
conditions described above to give IX. Reduction of the nivo group of IX using the conditions
described above and coupling with a suitably protected proline acid can provide XI. After removal of
the Boe protecting groups from XTI (accomplished by treatment with an acid, such as TFA, HCI, or
formic acid), the compounds of the present invention may be prepared by coupling of the resulting
diamine with an acid of choice using the standard peptide coupling reagents and conditions described

above. Likewise, compounds of Formula I can be similarly prepared.
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Scheme IV

As another non-limiting example, the compounds of the present invention of general Formula
I can be prepared as shown in Scheme I'. Coupling a compound of Formula (1) to a compound of
Formula (2) as shown in Scheme I’, where Q is halo (e.g., bromo, chloro or iodo), and A, B, D, L, L,,

L, Y and Z arc as described above gives compounds of Formula (4). Amino compound (1) may be
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alkylated by reaction with haloalkyl (e.g., halomethyl) compound (2) in the presence of a base, such
as KOH, t-BuOK, sodium amide, sodium hydride, CsOH, Hunig’s base, Na,COs, or NaHCOs, in a
suitable organic solvent, such as THF or DMF, or in water (if the base 1s compatible with aqueous
solvent) with or without an added surfactant, such as sodium dodecyl sulfate or tetrabutylammonium
bromide. Compounds of Formula (4) can be reacted with (5), where Q is halo (e.g., bromo, chioro or
iodo), using the same conditions as those to react (1) with (2), to give compounds of general Formula
I Where B, Z and L, in Formula [ are identical to A, Y and L, respectively then symmetric products
resuit. The formation of symmetric products may be conducted in a single operation, or the
nonsymmetric products (where any of B, Z, or L, is different from A, Y, or L, respectively) can be
formed by sequential formation of a monoalkylated product (4) followed by reaction with a second
haloalkyl (e.g., halomethyl) compound (5) under conditions similar to those described above.

Alternatively, Q in compounds (2) and (5) (e.g., bromo, chloro or iodo) can be replaced with 4-
methylbenzesulfonate and reacted with (1) or (4), respectively, under similar conditions.
Monoalkylated compound (4) may also be generated by reaction of amine (1) with an aldehyde (3) to
form a Schiff base (imine}), which may be reduced to the products (4) with a hydride reducing agent,
such as sodium borohydride or sodium cyanoborohydride (with or without the addition of an acid,
such as acetic acid) in a solvent such as ethanol, toluene, THF, or dichloromethane. Alternatively the
Schiff based formed from (1) and (3) can be reduced to the products (4) by hydrogenation in the

presence of a suitable catalyst, such as a palladium or platinum catalyst or Raney nickel.
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Scheme T’

As still another non-limiting example, the compounds of the present invention can be
prepared as shown in Scheme II’. Coupling a compound of Formula (6), wherein R, is as defined
above andnis 0, 1, 2, 3, 4, or 5, to a compound of Formula (7) can give compounds of formula (8).
For example, amino compound (6) may be alkylated by reaction with 4-nitrobenzyl bromide (7) in the
presence of a base, such as KOH, t-BuOK, sodium amide, sodivm hydride, CsOH, Hunig’s base,
Na,CO;, or NalICO;, in a suitable organic solvent, such as THF or DMF, or in water (if the base is
compatible with aqueous solvent) with or without an added surfactant, such as sodium dodecyl sulfate
or tetrabutylammonium bromide. The dinitro compound (8) may be reduced to the diamino product
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(9) with a hydride reducing agent, such as sodium borohydride (with or without the addition of a
transition metal salt, such as BiCls, SbCls;, NiCl,, CuyCly, or CoCl,) in a solvent such as ethanol or
THF. Alternatively, (8) can be reduced (o the product (9) by hydrogenation in the presence of a
suitable catalyst, such as a palladium or platinum catalyst or Raney nickel. The diamine (9) may be
reacted with a suitably protected proline acid (Boc is shown, although Cbz, Troc, or Fmoc may be
subsiituted) in the presence of a peptide coupling reagent, such as EDAC/HOBT, PyBOP, HATU, or
DEBPT, in a solvent such as THF, DMF, dichlioromethane, or DMSQ, with or without the addition of
an amine base such as Hunig’s base, pyridine, 2.6-lutidine, or triethylamine, to give (10). Removal of
the Boc protecting groups to give (11) may be accomplished by treatment with an acid, such as TFA,
HCI, or formic acid. Compounds of the present invention (12), wherein Ry is ~Lg"~M’ L "-Ryp, and
Ls’, M°, Lg”” and Rp are as described above, may be prepared by coupling of (11) with an acid of
choice using the standard peptide coupling reagents and conditions described above. Likewise,
compounds of Formmula I, as described above, can be similarly prepared.
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Scheme IT°

As yet another non-limiting example, the compounds of the present ivention (20) and (24)
can be prepared by the methods shown in Scheme {II’, where Ry is ~Ls'~M’~Ls""~Rp, and Lg’, M,
Ls’, Rp, and R, are as described above and nis 0, 1, 2, 3, 4, or 5. The diamine (13) may be reacted
with a suitably protected proline acid (Boc is shown, although Cbz, Troc, or Fmoc may be substituied)
m the presence of a peptide coupling reagent, such as EDAC/HOBT, PyBOP, HATU, or DEBPT, ina

solvent such as THF, DMF, dichloromethane, or DMSO, with or without the addition of an amine
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base, such as Hunig's base, pyridine, 2,6-lutidine, or triethylamine, to give (14) as a mixture of the
amide products. Heating (14) in acetic acid (50-100 °C) gives the benzimidazole compound (15).
Alternatively, (15) may be prepared by reaction of (13) with an aldehyde, followed by treatment with
an oxidant, such as Cu(OAc)2 or MnO»y. See Penning ef al., BIOORG. MED. CHEM. 16:6965-6975

(2008), which is incorporated herein by reference in its entirety. The ester functionality of (15) may
be reduced (o the alcohol (16) under the standard conditions, such as treatinent with hithium aluminum
hydride or DIBAL, in a suitable solvent, such as THF or dichloromethane. Alcohol (16) may be
transformed to the bromomethyl compound (17) using established conditions, sach as by treatment
with CBr, and triphenylphosphine or by treatment with PBr;. Alternatively, (16} may be oxidized by
a number of methods to the aldehyde (18), such as MnQ,, PCC, PDC, Swern oxidation, or Dess-
Martin periodinane. Compound (18} can be used to prepare compound (21) by reaction with aniline
to form a Schiff base (imine), which may be reduced to (21) with a hydride reducing agent, such as
sodium borohydride or sodinm cyanoborohydride (with or without the addition of an acid, such as
acetic acid) in a solvent such as ethanol, toluene, THF, or dichloromethane. Alternatively the Schiff
based formed from (18) can be reduced to the products (21) by hydrogenation in the presence of a
suitable catalyst, such as a palladium or platinom catalyst or Raney nickel. Compound (17) may be
reacted with (6) in the presence of a base, such as KOH, t-BuOK, sodium amide, sodium hydride,
CsOH, Hunig’s base, Na,CO;, or NaHCQ;, in a suitable organic solvent, such as THF or DMF, or in
water (if the base is compatible with aqueouns solvent) with or without an added surfactant, such as
sodium dodecyl sulfate or tetrabutylammonium bromide, to give symmetric compound (19).
Alternatively, (19) can also be generated by reaction of (21) with (17) under the alkylation conditions
described above. After removal of the Boc protecting groups from (19) (accomplished by treatment
with an acid, such as TFA, HCI, or formic acid), the compounds of the present invention (20) may be
prepared by coupling of the resulting diamine with an acid of choice using the standard peptide
coupling reagents and conditions described above. Compound (21) may also be reacted with 4-
nitrobenzyl bromide under the alkylation conditions described above o give (22). Reduction of the
nitro group of (22) using the conditions described above and coupling with a suitably protected
proline acid can provide (23). After removal of the Boc protecting groups from (23) (accomplished
by treatment with an acid, such as TFA, HCI, or formic acid), the compounds of the present invention
(24) may be prepared by coupling of the resulting diamine with an acid of choice using the standard

peptide coupling reagents and conditions described above. Likewise, compounds of Formula I can

W4 =y HEH

be similarly prepared, where A is (e.g., ), B is H (e.g.,
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gty

substituted with one or more R4, Similarly, compounds of Formula I- can be prepared according to

), A’ and B’ are as described above, and A and B are independently optionally

Scheme HI'.
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Scheme IOT’

As still another non-limiting example, the compounds of the present invention (35) can be

prepared by the methods shown in Scheme IV, where Rag is ~Lg"~M'~Ls"~Rp, and Lg’, M”, 1s”*, Rp,

10 Ry, Ry, Rs, and R, are as described above, andnis 0, 1, 2, 3, 4, or 5. Compound (25) may be prepared
from 4’-iodoacetophenone using known conditions, such as freatment with Br,. Compound (25) may

be reacted with the salt of an amino acid (prepared from suitably protected amino acid and a base,

such as Cs,CO;, KOH, NaOH, or Na,COs, in a solvent such as ethanol or THE) m a solvent such as

THE, DMF or DMSQO, to provide ester (26). The ester (26) may be treaied with an ammonia source,

15 such as NH,;OAc, NH,Cl, or ammonia gas, and heated in a solvent such as toluene or xylene with

azeotropic removal of water to provide the imidazole (27). See Gordon ef al., TET. LETT. 34:1901-
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1904 (1993), and Moinet ef al., BIOORG. MED. CHEM. LETT. 11:991-995 (2001), both of which are
incorporated herein by reference in their entireties. The iodide (27) may be converted to the ester (28)
by treatment with a palladium catalyst (such as Pd(PPhs), or Pd(dppf)Cly, or a Pd (II) catalyst such
PA(OAc), or Pdy(dba)s) with or without the addition of organophosphorous ligands, such as PPh; or
P(t-Bu)s;) and carbon monoxide in the presence of a base, such as triethylamine or Hunig’s base, in a
solvent such as methanol or ethanol, with or without heating. The ester obtained (28) may be reduced
to the alcohol (29) and then oxidized to the aldehyde (30) by the methods described above.
Compound (30) can be used to prepare compound (31) by reaction with aniline to form a Schiff base
(imine), which may be reduced to (31) with a hydride reducing agent, such as sodium borohydride or
sodium cyanoborohydride (with or without the addition of an acid, such as acetic acid) in a solvent
such as ethanol, toluene, THL, or dichloromethane. Alternatively the Schiff based formed from (30)
can be reduced to the products (31) by hydrogenation in the presence of a suitable catalyst, such as a
palladium or platinum catalyst or Raney nickel. Compound (31) may be reacted with 4-nitrobenzyl
bromide under the alkylation conditions described above to give (32). Reduction of the nitro group of
(32) using the conditions described above and coupling with a suitably protected proline acid can
provide (34). After removal of the Boc protecting groups from (34) (accomplished by treatment with
an acid, such as TFA, HCI, or formic acid), the compounds of the present invention (35) may be
prepared by coupling of the resulting diamme with an acid of choice using the standard peptide
coupling reagents and conditions described above. Likewise, compounds of Formula I can be

similarly prepared.

77



WO 2010/120935 PCT/US2010/031102

@’L ~©~<_ SO,

B\
6) @n NRs
Boc¢

W™ 4 R,
4 )\k ’\\%““ — “QOZC‘Q_(\‘ :
o K R,

N-R NoRs i I
N-R;
1(30) - @9 Bod @9 B(x:J ’
R,
Rady R Rah N Ry RZ
= N, 1R,
) s Q L™
N
e EY @\/ i B"“f
HM S
@y (32)
(I‘A)n
(Rady N R R,
N Ry R 2 R.
A 2 P Rs
u E i §>"’<\T Sa HN Q ¥y X
Ay A 1Q 9 £ ol
1l B
Bac O N
(34 {33)
/( Ll N KR,

(35)

Scheme IV’

If a moiety described herein {e.g., -NH; or ~OH) is not compatible with the synthetic
5  methods, the moiety may be protected with a suitable protecting group that is stable to the reaction
conditions used i the methods. The protecting group may be removed at a suitable point in the
reaction sequence to provide a desired intermediate or target compound. Suitable protecting groups
and methods for protecting or deprotecting moieties are well know in the art, examples of which can
be found in Greene and Wuts, suprg. Optimum reaction conditions and reaction times for each
10 individual step may vary depending on the particular reactants employed and substituents present in
the reactants used. Solvents, temperatares and other reaction conditions may be readily selected by
one of ordinary skill in the art based on the present invention.
Other compounds of the invention can be similarly prepared according to the above-described
schemes as well as the procedures described in the following examples, as appreciated by those
15 skilled in the art. It should be understood that the above-described emhodiments and schemes and the
following examples are given by way of illustration, not limitation. Various changes and
maodifications within the scope of the present invention will become apparent to those skilled in the art

from the present description.
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Example compounds below were named using either ChemDraw version 9.0 or ACD version
10 (ACD v10). Final compounds and intermediates for Examples 1-23 were named using
ChemDraw. Final compounds for Examples 24-150 were named using ACD v10. Intermediates for

Examples 24-150 were named using ChemDraw, unless otherwise indicated.

H H
0 _AL o)

Example 1
Dimethyl (25.2'S)-1,1'-((28,2'8)-2,2'-(4,4"-(phenylazanediyl)bis(methylene bis(4,1-
phenylene)bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxobutane-2,] -

diylydicarbamate

o P o

Example 1A
N,N-bis(4-nitrobenzyl)aniline

Combined aniline (0.457 ml, 5 mmol), sodium hydrogen carbonate (0.924 g, 11.00 mmol) and
sodium dodecyl sulfate (0.020 g, 0.070 mmol) in water (20 ml) and heated in an oil bath at 80 °C for
about 5 minutes. Added 1-(bromomethyl)-4-nitrobenzene (2.376 g, 11.00 mmol) and continue
heating at 80 °C for about I hr. After 1 hr, the reaction was cooled to room temperature. The product
was collected by filtration, rinsed with water, and dried under vacuum. The product was recrystallized

from a mixture of EtOAc and hexanes to give the product (1.67 g, 92% yield, yellow powder).

o & o

Example 1B

N,N-bis(4-aminobenzyl)aniline
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Method A. Combined the product from Example 1A (436 mg, 1.2 mmol) and bismuth(IIl)
chloride (1.14 g, 3.60 mmol) in ethanol (12 mL) and cooled in a water bath. Added Sodivm
borohydride (726 mg, 19.20 mmol) portionwise (exotherm and bubbling occurred) and the reaction
trned dark black in color. Stirred at room temperature for about 1 hour. Added MeOH and filtered
through celite, rinsing with MeOH. Concentrated to hall volume via rotovap, diluted with 25%
isopropanol/CHCl,, and washed with 10% sodium bicarbonate. Dried the organic layer over Na,SQ,
filter and concentrated to give the title compound (310.4 mg, 85% yield, yellow oil).

Method B. To the product from Example 1A (200 mg, 0.550 mmol) in THF (20 ml) in a 50
ml pressure bottle was added Ra-Ni, water wet, A-7000 200 mg, 3.41 mmol) and the mixture was
stirred for 2 hr at 30 psi at room temperatare. The mixture was filtered through 2 nylon membrane
and the solvent was evaporated to give the ftitle compound, which was used without further

purification.

éoc O
Example 1C
(28,2'S)-tert-butylt 2,2'-(4.4'-(phenylazanediyl)bis(methylene)bis(4,1 -

phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine- 1 -carboxylate

Dissolved the product from Example 1B (310.4 mg, 1.023 mmol) m DMSO (5.115 ml.) and
added N-(tert-butoxycarbonyl)-L-proline (440 mg, 2.046 mmol), HATU (817 mg, 2.148 mmol) and
Hunig'sBase (0.715 ml, 4.09 mmol). After stirtmg for 48 hours, add water and filtered to collect
solid. The solid was purified by chromatography on silica gel eluting with 0-4% MeOIl/CI1,Cl, to
give the title compound (339.4 mg, 47.5% yield, light yellow powder).

(i~ O 0
RROOSOh e
o N o H
Example 1D
(25,2'S)-N.N*-(4 4'-(phenylazanediyl)bis(methylene)bis(4, [ -phenylene))dipyrrolidine-2 -carboxamide
To the product from Example 1C (150 mg, 0.215 mmol) in CH,Cl; (537 ul) was added TFA

(537 pl) and the reaction was stirred under N, atmosphere for 45 minutes and concentrated via

rotovap. The residue was dissolved i 25% isopropanol/CHCl;, and washed with half-saturated
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NaHCQ,. Dried organic over Na,SO,, filtered and concentrated to give the title compound (93.8 mg,
88% yield, light tan solid).

A O i O
P \©\/ \/©/ \”“ 4
/OTN\S/&O Y N O O)j/\N\n/O\
C A O
Example 1%
5 Dimethyl (28,2'$)-1,1"-((28,2'S)-2,2'-(4,4"-(phenylazanediyl) bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diy1))bis(3-methyl-1-oxobutane-2,1-
diyl)dicarbamate
To a mixture of the product from Example 1D (001 g, 0.020 mmol), (S)-2-
{(methoxycarbonylamino)-3-methylbutanoic acid (8.80 mg, 0.050 mmol), and HATU (0.019 g, 0.050
10 mmol) in DMSO (0.100 ml) was added Hunig's base (0.021 ml, 0.121 mmol), and the reaction was
stirred at room temperature for 15 minutes. The reaction was diluted with acetonitrile and water (0.1%
TFA) and purified by reversed phase chromatography (C18), cluting with 10-100% acetonitrile in
water (0.1% TFA) to give the title compound (14 mg, 86% yield, white solid) as a TFA salt. '"H NMR
(500 MHz, DMSO-D6) & ppm 0.88 (d, J=6.71 Hz, 6 H) 0.93 (d, J=6.71 Hz, 6 H) 1.81 - 2.04 (m, 8 H)
15 2.08-219(m, 2 H) 3.58 - 3.65 (m, 2 H) 3.77 - 3.85 (m, 2 H) 4.02 (1, J=8.54 Hz, 2 H) 4.42 (dd,
=8.16, 4.81 Hz, 2 H) 4.59 (s, 4 H) 6.57 (t, ]=6.33 Hz, 1 H) 6.65 (d, J=7.32 Hz, 2 H) 7.07 (¢, }=7.86
Hz, 2 H) 7.17 (4, J=8.70 Hz, 4 H) 7.37 (d, J=8.39 Hz, 2 H) 7.51 (d, J=8.54 Hz, 4 1) 10.01 (5, 2 H).

H H
/ (Nj\TN N L)
LY \vaé\@,g’oj\/é\

20 Example 2

(R,25.2'S)-N,N'-(4,4'-(phenylazanediylybis(mmethylene)bis(4,1-phenylene))bis(1-((R)-2-

(dimethylamino)-2-phenylacetyl)pyrrolidine-2-carboxamide)

To a mixture of the product from Example 1D (45 mg, 0.090 mmol), (R)-2-(dimethylamino)-
25  2-phenylacetic acid (40.5 mg, 0.226 mmol), and HATU (86 mg, 0.226 mmoly in DMSO (0.45 ml) was
added Hunig's base (95 pl, 0.543 mmol), and the reaction was stirred at room temperature for 1 hour.

Poured reaction into water and extract with EtOAc, followed by washing with brine. Dried organic
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over Na,SQO,, filtered and concentrated. Purification by chromatography on silica gel eluting with 0-
5% MeOH/CH,CI, to give the title compound (7 mg, 9.4% yield). "H NMR (500 MHz, DMSO-D6) &
ppm 10.03 (brs, 2 1) 7.30 - 7.60 (m, 14 H) 7.15-7.25 (m, 4 H) 7.02 - 7.13 (m, 2 H) 6.62 - 6.73 (m, 2
H)6.58 (1, J=7.17 Hz, 1 H) 4.61 (5,4 H) 4.31 - 440 (m, 2 H) 3.82 - 3.91 (m, 2 H) 3.10 - 3.60 (m, 16
H) 1.74 - 2.12 (m, 8 H).

Example 3
Dimethyl (1R,1'R)-2,2'-((25,2'S)-2,2'-(4.4"-(phenylazanediyl)bis(methylene )bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl) )bis(2-ox0-1-phenylethane-2,1-

diyl)dicarbamate

To a mixture of the product from Example 1D (472 mg, 0.095 mmol), (R)-2-
(methoxycarbonylamino)-2-phenylacetic acid (49.6 mg, 0.237 mmol), and HATU (90 mg, 0.237
mmol) in DMSO (0.47 ml) was added Hunig's base (99 pl, 0.569 mmol), and the reaction was stirred
at rt for 1 hour. Poured reaction into water and extract with EtOAc, followed by washing with brine.
Dried organic over Na,SO,, filtered and concentrated. Purification by chromatography on silica gel
eluting with 0-5% MeOH/CH,Cl,. Second purification by reversed phase chromatography (C18),
eluting with 10-100% acetonitrile in water {0.1% TFA) to give the title compound (6.5 mg, 7.7%
yield). "H NMR (500 MHz, DMSO-D6) & ppm9.79 - 10.11 (m, 2 1) 7.60 - 7.97 (m, 2 H) 7.46 - 7.62
(m, 3 H) 728 -746 (m, 10H)7.13-727 (m, 4 H) 7.03 - 7.14 (m, 3 H) 6.63 - 6.74 (m, 2 H) 6.54 -
6.63(m, 1 H)528-5.54 (m, 2 H) 4.61 (5,4 Hy4.34 - 4.50 (m, 2 H) 3.63 - 3.85 (m, 2 H) 3.53 (5, 6 H)
3.06 - 3.24 (m, 2 H) 1.70 - 2.09 (m, 8 H).

OQ(O 0 N o] O>¢o
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Example 4
(28,2'S)-benzyl 2,2'-(4 4'-(phenylazanediyl)bis(methylene)bis(4,1-

phenylene)bis(azanediyl)bis(oxomethylene)dipynolidine- 1 -carboxylate

The product from Example 1D (25 mg, 0.050 mnol) was combined with benzyl 2,5-
dioxopyrrolidin-1-yl carbonate (27.5 mg, 0.111 mmol) and triethylanine (0.021 mlL, 0.151 mmol)
DMTF (0.5 ml) and the mixture was stirred at room temperature overnight. Partitioned between water
(5 ml) and EtOAc (3 x 5 ml). Dried organic over Na,SQ,, filtered and concentrated. Purification by
chromatography on silica gel eluting with 10-50% EtOAc in hexanes 1o provide the title compound as
a colorless solid (9 mg, 23.4% yield). "H NMR (500 MHz, DMSO-D6) § ppm 9.97 - 10.06 (m, 2 H)
748 -7.58 (m, 4 H) 7.35-7.41 (m, 3 H) 7.29 - 7.35 (m, 1 H) 7.03 - 7.26 (m, 12 H) 6.63 - 6.74 (m,
J=8.32,8.32 Hz, 211 6.54 - 6.63 (m, 1 H) 5.02 - 5.12 (m, 3 H) 493 (d, /=13.12 Hz, 1 H) 4.58 - 4.67
(m, 4 H)4.28-4.39 (m, 2H) 3.38 -3.55 (m, 4 H) 2.14 - 2.31 (m, 2 H) 1.77 - 1.98 (m, 6 H).

-~ o
z O
/\( i /©/\iN/\©\ i
MeQO,CHN <\|/\:)Lu EJKEN) NHCO,Me

Example §
Dimethy] (2R,2'R)-1,1'-((28,2'S)-2,2"-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxobutane-2,1-
diyldicarbamate

To a solution of the product from Example 1D (12 mg, 0.024 mmol), (R)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (8.87 mg, 0.051 mmol), and HATU (19.25 mg,
0.051 mmoly in anhydrous DMSO (0.25 ml) was added Hunig'sBase (0.013 mi, 0.072 mmo}), and the
resulting mixture was stitred at rt for 90 min. The mixture was partitioned between water (5 mi) and
EtOAc¢ (3 x 5 ml) and the combined organic layers were dried over Na,SO,. The mixture was filtered
and concentrated in vacuo, and the crude product was purified by chromatography on silica gel (C18)
eluting with a gradient of 10-100 % acetonitrile in water (0.1% TFA). Fractions containing pure
product were pooled and concentrated in vacuo to give the title compound as a solid (7 mg, 31%) as a
TFA salt. "H NMR (500 MHz, DMSQ-D6) & ppm 10.23 (s, 0.5 H) 9.67 (s, 1.5 H) 7.49 - 7.56 (m, 4 H)
7.43 (d, J=8.39 Hz, 0.5 H) 7.35 (d, /=8.24 Hz, 1.5 H) 7.14 - 7.22 (m, 4 H) 7.03 - 7.11 (m, 2 H) 6.65
(d, J=8.24 Hz, 2 H) 6.57 (t, J=7.02 Hz, 1 H) 4.98 (d, J=8.09 Hz, 0.5 H) 4.56 - 4.63 (m, 4 H) 4.40 (dd,
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J=8.55,2.75Hz, 1.5 H) 4.05 - 4.11 (m, 2 H) 3.75 - 3.84 (m, 2 H) 3.56 - 3.65 (m, 3 H) 3.51 - 3.56 (i,
6H)342-349(m, 1 H)2.05-2.15 (m, 2 H) 1.87 - 2.04 (m, 6 H) 0.83 - 0.93 (m, 12 H).

-

o] O N
PeDACE e
MeaO,CHN NHCOM

Example 6
Dimethyl (25,2'S)-1,1'-((28,2'S)-2.2'-(4.4"-(phenylazanediyl)bis(methylene)bis(4, 1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diy))bis(3,3-dimethyl- 1 -oxobutane-
2,1-diyhdicarbamate

To a solution of the product from Example 1D (12 mg, 0.024 mmol) and (S)-2-
(methoxycarbonylamino)-3,3-dimethylbutanoic acid (9.58 mg, 0.051 mmol) in DMSO (0.2 mi) were
added HATU (19.25 mg, 0.051 mmol) and Hunig's Base (0.013 ml, 0.072 mmol). The resulting
mixture was stirred at room temperature for 90 min. The mixture was partitioned between walter (1
ml) and EtOAc (3 x 1 mL}, and the combined organic layers were dried over Na,SO,. The crude
product was purified by chromatography on silica gel (C18) eluting with a gradient of 10-100%
acetonitrile in 0.1% aq. TFA to provide the title compound (8 mg, 34.8% yield) as a TFA salt. 'H
NMR (500 MHz, DMSO-D6) & ppm 9.99 (s, 2 H) 7.51 (d, J=8.54 Hz, 4 H) 7.17 (d, ]=8.55 Hz, 4 H)
7.02-7.13 (m, 4 H) 6.66 (d, J=8.09 Hz, 2 H) 6.53 - 6.61 (m, 1 H) 4.58 (s, 4 H) 443 (dd, }=7.93,5.34
Hz, 2 H) 4.21 (d, J=8.85 Hz, 2 H) 3.73 - 3.83 (m, 2 H) 3.64 (s, 2 H) 3.54 (s, 6 H) 2.09 - 2.20 (m, 2 H)
1.93-2.04 (m. 2H) 1.79 - 1.92 (0, 4 H) 0.96 (s, 18 H).

NHCOMe MeO,CHN
e I}
E ]@/\N/\@ HNJ
R <\
~ N N
@ H

Example 7
Dimethyl (28,2'8)-1,1'-((25,2'S)-2.2"-(6,6'- (phenylazanediyl)bis(methylene bis( 1 H-
benzo[dlimidazole-6,2-diyl))bis(pyrrolidine-2,1-diyl})bis(3,3-dimethyl-1-oxobutane-2,1-
diyl)dicarbamate
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Example 7A
(S)-Methyl 2-(1-(tert-butoxycarbonyl)pyrrolidin-2-y1)-1H-benzo[d]imidazole-5-carboxylate

Combined methyl 3,4-diaminobenzoate (5.0 g, 30.1 mmol) with EDAC (17.3 g, 90 mmol)
and Boc-proline (6.48 g, 30.1 mmol) m a mixture of pyridine (50 mL) and DMF (50 mL), and the
mixture was then allowed to stir at room temperature overnight. The mixture was evaporated, and the
residue was dissolved in EtOAc and washed with water (3 x 200 ml), ag. 10% NaHCO3, and then
brine. Dried organic over MgSOy, {iltered, and evaporated (o yield 10.4 g (95%) of a light yellowish
colored solid that was used without further purification.

The product from the first step (10.4 g) was dissolved in acetic acid (75 ml), and the mixture
was then allowed (o heat with stirring at 70 °C for 3 hours. The mixture was evaporated down to
dryness, azeotroping with toluene and then dried under vacwum. The residue was purified by
chromatography on silica gel eluting with 50-100% EtOAc in hexanes to give the title compound

(8.96 g, yield 91%) as a faint light yellowish/white colored solid.

HOAQNH N

Q
N=
o

Example 7B
(S)-tert-Butyl 2-(5-thydroxymethyl)-1H-benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate
To a solution of the product from Example 7A (1.75 g, 5.07 mmol) in CH,Cl; (40 ml.) at -78
°C was added DiBAL (15.7 mL, 1 M in CH,Cl,) dropwise, and the mixture was allowed to stir at -78
°C for 15 minutes and was then allowed to come to room temperature and stirred for 1 hour. The
reaction was then cooled in an ice bath and MeOH (2 mL) was slowly added dropwise, followed by
addition of saturated MgSO, (60 ml)}, and the mixture was stirred for 30 min. EtQAc (200 mL) was
added and the organic was separated, washed with brine, dried (MgSQ,), filtered and evaporated to

give the titie compound (1.506 g, yield 94%) as a faint yellowish colored solid.
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Example 7C
(S)-tert-Butyl 2-(5-(bromomethyl)-1H-benzo[d]imidazol-2-yl)pyrrolidine- 1 -carboxylate
To a mixture of the product from Example 7B (0.50 g, 1.57 mmol) and polymer-bound
triphenylphosphine (2.1 g. 3.15 mmol, 150-300 mesh) in THF at 0 °C was added CBry, and the
mixture was stirred at O °C for 10 min., and was then allowed to stir at room temperature for 1.5
hours, The mixture was then filtered and rinsed with THE. The THF was evaporated to give the tite

compound (493 mg, yield 82%) as a light yellowish colored solid which was used without further

g \@Eﬁn

Example 7D
(25,2'S)-tert-Butyl 2,2'-(5,5'-(phenylazanediyl)bis(methylene)bis(1H-benzo|d]imidazole-5,2-

purification.

diy))dipyrrolidine-1-carboxylate
A mixture of the product from Example 7C (0.20 g, 0.526 mmo}), aniline (0.019 mL, 0.210
mmol), and K>CO; (0.087 g, 0.631 mmol) in DMF (1.0 ml) was allowed fo stir at room temperature
for 2 hours. Additional product from Example 7C (0.10 g) was added along with additional K,CO;
(0.044 ), and the mixture was allowed to stir overnight. The mixture was poured into EtQAc and the
organic was then washed with watcr, brine, dricd (MgSO,), filtered and evaporated. The product was
purified by chromatography on silica gel eluting with 50-100% EtOAc in hexanes to give the title

compound (46 mg, yield 32%) as a colorless semi-solid.

Example 7E
N,N-bis((2-((S)-pyrrolidin-2-yl)-1H-benzo{d}imidazol-5-yDmethylaniline
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To a solution of the product from Example 7D (46 mg, 0.066 mmo!l) in CH,Cl; (1.0 mL) was
added TFA (1.0 mL), and the mixture was stirred at room temperatare for 30 min. The solvent was

evaporated and the residue was used without further purification.

NHCC Me MeO,CHN
I 0
7 ' -
N N
[ %“@D-g
> N N
H

5 Example 71}
Dimethyl (28,2'S)-1.1"-((28,2'5)-2,2'-(6,6'-(phenylazanediyhbis(methylene)bis(1H-
benzo{d]imidazole-6,2-diy!))bis(pyrrolidine-2,1-diy1))bis(3,3-dimethyl-1-oxobutane-2,1-
diyl)dicarbamate

To a solution of the product from Example 7E (324 mg, 0.066 mmol), (S)-2-
10 (methoxycarbonylamino)-3,3-dimethylbutanoic acid (26.2 mg, 0.139 numol), and HATU (52.7 mg,
0.139 mumol) in anhydrous DMSO (0.5 ml) was added Hunig'sBase (0.035 mi, 0.198 mmol), and the
resulting mixture was stirred at 1t for 90 min. The mixture was partitioned between water (5 ml) and
EtOAc (3 x 5 ml) and the combined organic layers were dried over Na,SO,. The mixture was filtered
and concentrated in vacuo, and the crude product was purified by chromatography on reverse phase
15  chromatography (C18) eluting with a gradient of 10-100 % acetonitrile in water (0.1% TFA).
Fractions containing pure product were pooled and concentrated in vacuo to give the title compound
as a solid (14 mg, 18%) as a TFA salt. '"H NMR (500 MHz, DMSO-D6) & ppm 14.55 (brs, 2H) 7.72
(d, J=8.39 Hz, 2 H) 7.56 (s, 2 H) 741 (d, J=8.09 Hz, 2 H) 7.31 (d, J=8.70 Hz, 2 H) 7.07 - 7.12 (mm, 2
H) 6.73 (d, 7=8.09 Hz, 2 H) 6.58 - 6.63 (m, 1 H) 5.19 (dd, /=8.16, 5.87 Hz, 2 H) 4.85 - 4.97 (m, 4 H)

200 4.21(d,J=8.70Hz,2H)3.81-3.92 (m, 4 H)3.57 (s, 6 H) 2.01 -2.25 (m, 8 H) 0.85 (s, 1§ H).

@Yﬁ @ e
N
o N o
AT O Ty
e
Example §

25 Dimethyl (28.2'8)-1,1'-((25,2'S)-2,2-(4 4'-(phenylazanediyl)bis(methylene )bis(4,1-

phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrotidine-2, 1-diyl))bis(1-oxopropane-2,1-

diyhdicarbamate
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The  product from  Example 3D (0.024 2, 0.048 mmol), (8)-2-
(methoxycarbonylamino)propancic acid (0.015 g, 0.101 nunol), HATU (0.039 g, 0.101 mmol) and
Hunig's base (0.025 ml, 0.145 mmol) were mixed in DMSO (0.5 mi) and stirred at room temperature
for 2.5 h under nitrogen. The reaction mixture was diluted with CH,Cl, and washed with water. The
organic extract was separated, dried over Na SOy, [iltered, and evaporated. The product was purilied
by chromatography on silica gel eluting with 0-5% MeOH in CH,Cl; fo give the title compound (11.9
mg, 32.6 % yield). "H NMR (500 MHz, DMSO-D6) § ppm 9.92 (s, 2 H) 7.50 (d, J=8.54 Hz, 4 H) 7.34
(d, J=7.48 Hz, 2 H) 7.17 (d, /=8.70 Hz, 4 H) 7.06 (dd. J=8.85, 7.32 Hz, 2 H) 6.65 (d, J=7.93 Hz, 2 H)
6.56 (t, J=7.25 Hz, 1 H) 4.59 (s, 4 H) 441 (dd, J=8.24, 442 Hz, 2 H) 4.27 - 4.36 (m, 2 H) 3.62 - 3.70
(m, 2H)3.54-3.61 (m, 2H)3.60 (s, 6 H)2.07 - 2.18 (m, 2 H) 1.95 -2.04 (m, 2 H) 1.81 - 1.96 (m, 4
H) 1.18 (d, /=4.00 Hz, 6 H).

A RLT Y Dy

Example 9
Dimethyl (25,2'S,35,3'S)-1,1'-((28,2'S)-2,2'-(4 4'<(phenylazanediy)bis(methylene)bis(4,1-

_O

phenylene)bis(azanediyl))bis(oxomethrylene)bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxopentane-2,1-
diyhdicarbamate

The product from Example 1D (0.0179 g, 0.036 mmol), (28,35)-2-(methoxycarbonylamino)-
3-methylpentanoic acid (0.014 g, 0.076 mmol), HATU (0.029 g, 0.076 mmol) and Hunig's base
(0.019 mi, 0.108 mmol) were dissolved in DMSO (0.360 ml), and the reaction mixture was stirred at
room temperature for 2 b under nitrogen. The reaction mixtare was diluted with CH,Cl, and washed
with water. The organic exiract was separated, dried over Na,SO,, filtered, and evaporated. The
product was purified by chromatography on silica gel eluting with 0-3% MeQOH in CH,C), to give the
title compound (12.6 mg, 41.1% yield). '"H NMR (500 MHz, DMSO-D6) & ppm 9.98 (s, 2 H) 7.51 (d,
J=8.55 Hz, 4 H) 7.37 (d, J=8.55 Hz, 2 H) 7.17 (d, J=8.54 Hz, 4 H) 7.07 (dd, J=8.77, 7.25 Hz, 2 H)
6.65 (d, J=8.09 Hz, 2 H) 6.56 (, J=7.25 Hz, 1 H) 4.59 (s, 4 H) 4.43 (dd, J=8.16, 4.81 Hz, 2H) 4.07 1,
J=8.93 Hz, 2 H) 3.79 - 3.86 (m, 2 H) 3.57 - 3.66 (m, 2 H) 3.52 (s, 6 H) 2.08 - 2.18 (m, 2 H) 1.95 -
2.05(m,2H)1.82-193 (m,4 H) 1.66-1.76 (m, 2 H) 1.44 - 1.55 (m, 2 H) 1.06 - 1.15 (m, 2 H) 0.89
(d, J=6.71 Hz, 6 H) 0.78 - .84 (m, 6 H).
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Example 10
Methyl (S)-1-((S)-2-(4-((4-(($)-1-((R)-2-(dimethylamino)-2-phenylacetyl pyrrolidine-2-
carboxamido)benzyl)(phenyl)aminoymethyl)phenylcarbamoyl)pyrrolidin-1-y1)-3,3-dimethyi-1-

oxobutan-2-ylcarbamate

Example 10A
Methy! (8)-3,3-dimethyl-1-ox0-1-((5)-2-(4-({phenyl(4-((S)-pyrrolidine-2-
carboxamido)benzyl)amino)methylyphenylcarbamoylpyrrolidin-1-yl)butan-2-ylcarbamate

The product from Example 1D (120 mg, 0.241 mmol) was combined with (8)-2-
(methoxycarbonylamino)-3,3-dimethylbutanoic acid (45.6 mg, 0.241 mmol), HATU (92 mg, 0.241
mmol) and Hunig’s base (0.126 mlL, 0.723 mmol) in DMSO (3.0 mL) and the mixture was stirred at
room temperature for 45 min. Diluted with water and collected the solid by filtration. The product
was purified by reversed phase chromatography (C18), eluting with 10-100% acetonitrile in water
(0.1% TFA) to give the title compound (32 mg, 19.8% yield).

~o_H (NjYEE ) Q [ ]HWQ |
Iy 0 N O P~
7 O
Example 108
Methyl (S)-1-((5)-2-(4-(((4-((S)-1-((R)-2-(dimethylamino)-2-phenylacetyl pyrrolidine-2-
carboxamido)benzyl)(phenyhaminoymethyl)phenylcarbamoylpyrrolidin- 1-y1)-3,3-dimethyl-1-
oxobutan-2-ylcarbamate
The product from Example 10A (15 mg, 0.022 mmol) was combined with (R)-2-
(dimethylamino)-2-phenylacetic acid (4.82 mg, 0.027 mmol), HATU (9.38 mg, 0.025 mol) and
Hunig’s base (0.014 mL, 0.078 mmol) in DMSO (0.5 mL) and the mixture was stirred at room
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temperature for 45 min. Diluted with water and collected the solid by filtration. The product was
purified by chromatography on silica gel, eluting with 0-4% MeOH in CH,(l, to give the title
compound (8 mg, 43% yield). 'H NMR (500 MHz, CHLOROFORM-D) & ppm 1.02 (s, 9 H) 1.65 -
P73 (m, 1HY1.86- 195 (m, 2H)1.99-2.08 ¢m, 1 H)2.13 -2.20 (m, 2 H) 2.26 (s, 6 H) 2.49 (dd,
J=12.21, 6.56 Hz, 1 H) 2.53 - 2.60 (m, 1 H) 3.32 - 3.39 (m, 1 H) 3.65 - 3.68 (m, 1 H) 3.69 (s, 3 H)
3.74-3.80 (m, 1 H) 3.81 -3.87 (m, 1 H) 4.01 (s, 1 H) 4.38 (d, ]=9.77 Hz, 1 H) 4.56 (s, 4 H) 4.76 (d,
J=7.17 Hz, 1 H) 4.80 (dd, J=8.01, 2.52 Hz, 1 H) 5.39 (d, J=9.61 Hz, 1 H) 6.70 (t, ]=7.25 Hz, 1 H) 6.73
(d. =793 Hz,2H)7.12-7.19 (m. 6 H) 7.36 - 7.43 (m, 5 H) 7.47 - 7.51 (m, 4 H) 9.30 (s, 1 H) 9.71 (s,
I H).

| g D
VAT ALY Sy
/?’55 5 © N 0 4 \fk

Example 11

Dimethyl (1S,1'$)-2,2'-((28,2'8)-2,2'-(4,4"- (phenylazanediy!)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(2-ox0-1-phenylethane-2,1-

diyl)dicarbamate

The product from Cxample 1D (9.0 mg, 0.018 mmol) was combined with (8)-2-
(methoxycarbonylamino)}-2-phenylacetic acid (7.95 mg, 0.038 mmol), HATU (14.44 mg, 0.038
mmol) and Hunig’s base (0.013 mL., 0.072 mmol) in DMSO (1.0 mL) and the mixture was stirred at
room temperature for 45 min. Diluted with water and collected the solid by filtration. The product
was purified by chromatography on silica gel, eluting with 0-5% MeOH in CH,Cl, to give the title
compound (7.2 mg, 45.2% yield). 'H NMR (500 MHz, CHLOROFORM-D) & ppm 1.78 - 1.87 (m, 2
H)1.89 - 1.99 (m, 4 ) 2.38 - 2.45 (m, 2 H) 3.15 - 3.22 (m, 2 H) 3.52 - 3.67 (m, 8§ H) 449 (5, 4 H)
4.77 (dd, J=7.86, 1.91 Hz, 2 H) 5.42 (4, J=7.78 Hz, 2 H) 5.94 (d, J=7.78 Hz, 2 H) 6.61 - 6.71 (m, 3 H)
7.07-7.13 (m, 6 H) 7.20 - 7.25 (m, 5 H) 7.30 (dd, J=7.55, 2.67 Hz, 9 H) 8.87 (s, 2 H).
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Example 12
Methyl (8)-1-((S)-2-(4-{((4-((S)-1~((R)-2~(diethylamino)-2-phenylacetyl)pyrrolidine-2-
carboxamido)benzyl)(phenyl)amino)ymethyl)phenylcarbamoyl)pyrrolidin-1-y1)-3,3-dimethyl-1-

5 oxobutan-2-ylcarbamate

The product from Example 10A (15 mg, 0.022 mmol) was combined with (R)-2-
(diethylamino)-2-phenylacetic acid (6.04 mg, 0.029 mmol), HATU (9.38 mg, 0.025 mmol) and
Hunig’s base (0.024 ml., 0.135 nunol) in DMSO (1.0 ml.) and the mixture was stirred at room

10 temperature for 45 min. Diluted with water and collected the solid by filtration. The product was
purified by chromatography on silica gel, eluting with 0-5% MeOH in CH,Cl, to give the title
compound (11 mg, 57.2% yield). "H NMR (500 MHz, CHLOROFORM-D) & ppm 0.87 (1, J=7.10 Hz,
6H)094 (5,9H)1.56-168 (m, 1 H)1.78 - 1.86 (m, 2H) 1.92 - 200 (m, 1 H) 2.04 - 2,12 (m, 2 H)
2.43-2.52 (n,2 H) 2.55 - 2.67 (m, 4 H) 3.23 - 3.30 (mn, 1 H) 3.56 - 3.61 (m, 2 H) 3.62 (5,3 H) 3.71 -

15 378 (m, 1 H)430(d, }=9.61 Hz, 1 H)4.48 (s, 4 H)4.55 (s, 1 H)4.72 -4.77 (m, 2 H) 5.31 (d, J]=9.77
Hz, 1 H) 6.63 (t, J=7.25 Hz, 1 H) 6.67 (d, J=7.93 Hz, 2 H) 7.06 - 7.12 (n, 6 1) 7.24 - 7.32 (mm, 3 H)
733(d,J=854Hz, 2H)7.35-742 (m, 4 H)9.22 (5, 1 H)9.64 (s, 1 H).

O B

T o )X\‘(
20 7\
Example 13
Dimethyl (25,2'S)-1,1'-((28,2'S)-2.2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1 -
phenylene)bis(azanediyl)ybis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3,3-dimethyl-1 -oxobutane-
2.1-diylydicarbamate
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O,N NO,

Example 13A
4-Fluoro-N,N-bis(4-nitrobenzyl)aniline
Example 13A was prepared by the methods used to prepare Example 1A, substituting 4-
5 {luorcaniline for aniline (4.78 g, 93% yield).

H,N NH,

Iixample 13B
N,N-bis(4-aminobenzyl)-4-fluoroaniline
10 Example 13B was prepared from the product from Example 13A by method A used to
prepare BExample 1B (0.548 g, 100% yield).

oL oNe

I!30c o
Example 13C
(28,2'S)-tert-Butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-
15 phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine-1-carboxylate
Example 13C was prepared from the product from Example 13B by the methods used to
prepare Example 1C (0.650 g, 53.3% yield).

F
(lwﬁ O 0

H R

O N o H
Example 13D

20 (28,2'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4, 1 -phenylene))dipyrrolidine-2-
carboxamide
Example 13D was prepared from the product from Example 13C by the methods used to

prepare Example 1D (0.650 g, 53.3% yield).
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Example 13E
Dimethyl (2S,2'S)-1,1"-((28,2'S)-2,2'-(4 4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-

phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3,3-dimethyl- 1 -oxobutane-

5 2,1-diyhdicarbamate
To a mixture of the product from Example 13D (0.100 g, 0.194 mmol), (S)-2-

(methoxycarbonylamine)-3,3-dimethylbutanoic acid (0.111 g, 0.388 mmol), and HATU (0.162 g,

0.427 mmol) in DMF (2.0 ml) was added Hunig's base (0.134 mi, 0.766 mmol), and the reaction was

stirred at room temperature for 30 minutes. The reaction was partitioned between water and EtOAc.
10 The organic phase washed with brine, dried (Na,SOy), filtered, and concentrated. The residue was

purified by chromatography on silica gel eluting with 0-3% MeOH in CH,CL) to provide the title

compound (0.071 g, 42.7% yield). 'H NMR (500 MHz, DMSO-D6) & ppm 0.96 (s, 18 H), 1.81-1.90

(m, 4 I1), 1.94-2.02 (m, 2 H), 2.11-2.18 (m, 2 H), 3.54 (s, 6 H), 3.61-3.66 (m, 2 H), 3.75-3.81 (m, 2

H), 4.21 (d, J=8.85 Hz, 2 H), 4.43 (dd, J=8.24, 5.49 Hz, 2 H), 4.55 (s, 4 H), 6.64 (dd, J=9.31,4.43 Hz,
15  2H), 691 (dd, J=9.00, 9.00 Hz, 2 H), 7.09 (br d, J=8.85 Hz, 2 H), 7.15 (d, I=8.55 Hz, 4 H), 7.51 (4,

J=8.54 Hz, 4 H), 999 (brs, 2 H).

F
N LD
N N
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20 Example 14
Dimethyl (25,2'8)-1,1'-((2S,2'S)-2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylenc)bis(4, 1 -
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl)}bis(3-methyl-1-oxobutane-2,1-

O

diyhdicarbamate

25 The product from Example 13D was reacted with (8)-2-(methoxycarbonylamino)-3-
methylbutanoic acid by the methods used to prepare Example 13E to give the title compound (0.108

2, 67.1% yield). "H NMR (500 MHz, DMSO-D6) & ppm 0.87 (d, J=6.57 Hz, 6 H), 0.93 (d, J=6.72 Hz,
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6 H), 1.84-2.02 (m, 8 H), 2.11-2.17 (m, 2 H), 3.52 (s, 6 H), 3.60-3.64 (m, 2 H), 3.77-3.83 (m, 2 H),
4.02 (dd, J=8.39, 8.39 Hz, 2 H), 4.43 (dd, }J=8.24, 4.88 Hz, 2 H), 4.55 (s, 4 H), 6.63 (dd, J=9.31, 4.43
Hz, 2 H), 6.91 (dd, J1=9.0, 9.0 Hz, 2H), 7.16 (d, J=8.54 Hz, 4 H), 7.32 (d, J=8.40, 2 H), 7.51 (d, I=8.54
Hz, 4 H),9.98 (s, 2 H).

H N N © N Q H
PO L g
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Example 15
Dimethyl (28,2°S)-1,1'-((28,2'S)-2.2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4, 1 -
10 phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(1-oxopropane-2, 1 -
diyhdicarbamaie

The product from Example 13D was reacted with (8)-2-(methoxycarbonylamino)propanoic
~acid by the methods used to prepare Example 13E to give the title compound (0.083 g, 55.3% yield).
15 'HNMR (500 MHz, DMSQ-D6) & ppm 1.18 (d, J=7.48, 6 H), 1.83-1.94 (m, 4 H), 1.97-2.02 (m, 2 H),
2.09-2.15 (m, 2 H), 3.51 (5, 6 H), 3.56-3.60 (m, 2 H), 3.64-3.69 (m, 2 H), 4.28-4.34 (m, 2 H), 4.40-
442 (dd, J=8.39,4.57 Hz, 2 H), 4.55 (s, 4 H), 6.63 (dd, J=9.46, 4.58 Hz, 2 H), 6.91 (dd, J=9.00, 9.00
Hz, 2 H), 7.16 (d, J=8.55. 4 H), 7.35 (d, J=7.47 Hz, 2 H), 7.50 (d, }=8.55 Hz, 4 H), 9.92 (s, 2 H).
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Example 16

Dimethyl (2R,2'R)-1,1'-((28,2'8)-2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-

phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2, 1-diyl)ybis(1-oxopropane-2,1-
25 diyhdicarbamate

The product from Example 13D was reacted with (R)-2-(methoxycarbonylamino)propanoic
acid by the methods used to prepare Example 13E to give the title compound (0.152 g, 72.9% yield).
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"H NMR (500 MHz, BENZENE-D6) & ppm 0.97 (d, J=6.56 Hz, 6 H), 1.19-1.29 (m, 2 ), 1.58-1.68
(m, 2 H), 2.30-2.33 (m, 2 H), 2.49-2.53 (m, 2 H), 3.02-3.06 (m, 2 H), 3.37 (s, 6 H), 4.09 (s, 4 H),
4.14-4.17 (m, 2 H), 4.52 (br d, J=7.33 Hz, 2 H), 5.51 (br 5, 2 H), 6.43 (dd, J=9.31, 443 Hz, 2 H), 6.77
(dd, J=8.70, 8.70 Hz, 2 H), 6.95-7.00 (m, 6 H), 7.95 (d, J=8.09 Hz, 4 H), 943 (br s, 2 H).

Example 17
Dimethyl (28,2'S)-1,1'-((28,2'S)-2,2'-(5,5"-(phenylazanediy)bis(methylene)bis(1H-
benzold]imidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3-methyl- 1 -oxobutane-2,1 -diyl)dicarbamate

Combined the product from Example 7E (17.4 mg, 0.035 mmol), HATU (33.6 mg, 0.088
mmol), and (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid {15.50 mg, 0.088 mmol) in DMSO
(0.18 mL) and added Hunig's Base (37.1 ul, 0.212 mmol). The mixture was stirred at room
temperature for 1h, poured into water, and extracted with EtOAc. Dried organic over Na,SOy, filtered,
and evaporated. The product was purified by chromatography (C18), eluting with 10-100%
acetonitrile in water (0.1% TFA) 1o give the title compound (14.0 mg, 49.1% yield) as a TFA salt. 'H
NMR (500 MHz, DMSO-D6) & ppm 14.50 (br s, 2 H) 7.70 (d, J/=8.39 Hz, 2 H) 7.54 (s, 2 H) 7.39 (d,
J=7.17 He, 2 1) 7.33 (d, J=8.55 Hz, 2 H) 7.07 - 7.12 (m, 2 H) 6.73 (d, J=8.09 Hz, 2 H) 6.61 (1, J=7.25
Hz, 1 H) 5.20 (dd, J=8.01, 5.42 Hz, 2 H) 4.84 - 4.96 (m, 4 H) 4.11 (t, J=8.01 Hz, 2 H) 3.81 - 3.90 (m,
4H)3.54 (s, 6 H)2.15-222 (m, 2 H)2.02-2.15 (m, 4 H) 1.92 - 2.01 (m, 2 H) 0.74 - 0.89 (m, 14 H).

Example 18
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(2R,2'R)-1,1'-((28,2'8)-2,2'-(5,5"-(phenylazanediyhbis(methylene)bis(1H-benzo[d}imidazole-
5,2-diyl))bis(pyrrolidine-2,1-diy1))bis(2-(dimethylamino)-2-phenylethanone)

The product from Example 7E was reacted with (R)-2-(dimethylamino)-2-phenylacetic acid
5 by the methods used to prepare Example 17 to give the title compound (0.041 g, 54.2% yield) as a
TFA salt. 'H NMR (500 MHz, DMSO-D6) § ppm 9.90 - 10.40 (m, 2 H) 7.47 - 7.70 (m, 12 H) 6.90 -
7.44 (m, 4 H) 6.68 - 6.80 (m, 4 H) 6.56 - 6.66 (m, 1 H) 4.78 - 5.81 (m, 8 H) 4.01 (s, 12 H) 2.83 - 3.12
(m, 4 H) 1.87 - 2.28 (m, 8 H).

10
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Example 19
Dimethyl (2S,2'S)-1,1'-((28,2'S)-2,2'-(4 4'-(4-dimethyl (25,2'S)-1,1-((28,2'S)-2,2'-(4 4"
(thiazol-2-ylazanediyl)bis(methylene)bis(4,1 -
15 phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3,3-dimethyl- I -oxobutane-
2,1-diyhdicarbamate

QQN N“\\(S N02
T

Example 19A
20 N,N-bis(4-nitrobenzyl)thiazol-2-amine
Example 19A was prepared by the methods used to prepare Example 1A, substituting 2-
aminothiazole for aniline (0.915 g, 42.9% yield).

HaN Nr:\S NH
ROV SYN

25 Example 198
N,N-bis(4-aminobenzyl)thiazol-2-amine
Example 19B was prepared from {he product from Example 19A by method A used io
prepare Example 1B (0.211 g, 56.2% yield).
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Example 19C

(28,2'S)-tert-butyl 2,2'-(4,4'-(thiazol-2-ylazanediyl)bis(methylene)bis(4,1-
phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine- I-carboxylate
5 Example 19C was prepared from the product from Example 19B by the methods used 1o
prepare Example 1C (0.25 g, 52.2% yield).

%H(H NS § p
ol o
O N )
Example 19D
(25,2'S)-N,N'-(4,4'-(thiazol-2-ylazanediylybis(methylene)bis(4, 1-phenylene))dipyrrolidine-2-
10 carboxamide

Hxample 19D was prepared from the product from Example 19C by the methods used (o
prepare Example 1D (0.058 g, 32.5% yield).

S PN SN
VOO Y
YA © N o ~
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Example 19E
15 Dimethyl (28,2'S)-1,1-((28,2'S)-2,2"-(4,4'-(4-dimethyl (285,2'S)-1,1"-((28,2'S)-2,2'-(4,4'-(thiazol-2-
ylazanediyl)bis(methylene)bis(4,1-phenylene))bis(azanediylbis(oxomethylene)bis(pyrrolidine-2, 1 -
diyl))bis(3,3-dimethyl-1-oxobutane-2,1 -diyl)dicarbamate
To a mixture of the product from Example 19D (0.0581 g, 0.115 mmol), (S)-2-
{methoxycarbonylamino)-3,3-dimethylbutanoic acid (0.0529 g, 0.280 mmol), and HATU (0.100 g,
20 0.264 mmol) m CH,Cl, (2.5 ml) was added Hunig's base (0.08 mL, 0.462 mmol), and the reaction was
stirred at room temperature for 2 h. The reaction was washed with water and the organic phase dried
(MgSO,), filtered, and concentrated. The residue was purified by chromatography on silica gel,
elnting with 0-5% MeOH in CH,Cl, to provide the title compound (0.047 g, 48.3% yield). '"H NMR
(500 MHz, BENZENE-D6) 8 1.00 (d, J = 8.2, 18H), 1.75 - 1.10 (m, 6H), 2.13 - 1.98 (m, 2H), 3.25 -
25 3.14 (m, 2H), 3.40 - 3.31 (m, 2H), 3.42 (s, 31), 3.44 (s, 3H), 4.20 (s, 1H), 4.31 (4, /= 13.8, 1H), 4.49
(dd, J = 24.6, 154, 4H), 4.65 (dd, J = 7.6, 5.3, 1H), 4.78 (dd, / = 7.8, 4.7, 1H), 5.28 (d, J = 4.4, 1H),
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552 (d, J =11.0, 1H), 5.56 (d, J = 8.9, 1H), 5.79 (d, J = 4.5, 1H), 6.84 (d, J = 8.3, 2H), 7.66 (d, J =
8.4,2H), 7.81 (d, J = 8.4, 2H), 9.77 (s, LH), 9.88 (s, 1H).
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Example 20

Methyl (S)-1-((8)-2-(5-(((4-({8)-1-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidine-2-
carboxamido)benzyl)}(phenyl)amino)methyl)-1H-benzo[d]imidazol-2-ylpyrrolidin-1-y1)-3-methyl-1-

oxobutan-2-ylcarbamate

9

Example 20A

10

N-(4-nitrobenzyl)aniline
Combined aniline (6.16 g, 66.2 mmol) and 4-nitrobenzaidehyde (10.0 g, 66.2 mmol) in
15 MeOH (165 mL) and toluene (165 ml.), and heated to 60 °C for 3 h. Cooled the mixture to room
temperature, added sodium borohydride (5.01 g, 132 mmol) portionwise, and then stirred at room
temperature for 1 h. Added sat NaHCO3 and stirred for 1 h. Added water and extracted with EtOAc.
Combined extracts were washed with brine, dried (MgSO,) filtered, and evaporated 10 an amber oil

that was purified by chromatography on silica gel, eluting with CH,Cl; to give the title compound (9.0

20 g, 59.6% yield).
@5%@» ve

Example 20B

98



WO 2010/120935 PCT/US2010/031162

(S)-tert-butyl 2-(5-(((4-nitrobenzyl)(phenyl)amino)methyl)-1 H-benzo[d]imidazol-2-yl)pyrrolidine-1-
carboxylate
The product from Example 20A (0.530 g, 2.32 mmol) and K,CO; (0.802 g, 5.81 mmol) were
combined in dry DMF (20 mL) at room temperature, and nitrogen was bubbled through the solution
5  for 10min. The product from Example 7C (1.0 g, 2.63 mmol) was added in three equal portions in 20
min. intervals, and the reaction was stirred a total of 2.5 h. The mixture was poured into water,
extracted into EtOAc, washed with brine. The organic was dried (MgSQy), filtered and evaporated.
The product was purified by chromatography on silica gel, eluting with ¢ 0-4% MeOH in CH,Cl, and
a second column eluting with 0-5% EtOAc in CH.CL to give the title compound (0.350 g, 28.6%
10 yield).

oo
7K

Example 20C
(S)-tert-butyl 2-(5-(((4-aminobenzyl)(phenyl)amino)methyl)-1H-benzo[d Jimidazol-2-yl)pyrrolidine-1-
carboxylate

15 Example 20C was prepared from the product from Example 20B by method A used to prepare

H
N
Sraod-a
o
Example 20D

(S)-tert-butyl 2-(4-((((2-((S)-1-(tert-butoxycarbonylpyrrolidin-2-yl)-1H-benzo{djimidazol-3-
20 yDmethyl)(phenyl)amino)methylphenylcarbamoyl)pyrrolidine- 1 -carboxylate

Example 1B.

Example 20D was prepared from the product from Example 20C by the methods used to
prepare Example 1C (0.15 g, 38.1% yield).

Example 20E
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(S)-N-(4-((phenyl((2-((S)-pyrrolidin-2-yl)-1 H-benzo[d}imidazol-5-
ylymethyl)amino)methyphenyl)pyrrolidine-2-carboxamide
Example 20E was prepared from the product from Example 20D by the methods used to
prepare Example 1D (0.082 g, 77% yield).

S S ACYSS I
N o=\_K
: '
Example 20F
Methyl (S)-1-(($)-2-(5-(((4-((S)-1-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidine-2-
carboxamido)benzyl)(phenyl)amino)methyl)- 1H-benzo{d]imidazol-2-ylpyrrolidin-1-y1)-3-methyl-1-
oxobutan-2-ylcarbamate

10 Example 20F was prepared from the product from Example 20E and (S5)-2-

(methoxycarbonylamino)-3-methylbutancic acid by the methods used to prepare Example 10B. The
title compound was pusified by chromatography on silica gel, eluting with 0-5% MeOH in CH,Cl,,
followed by 10-60% EtOAc in CH,Cl, (containing 0.5% NH40H) (0.044 g, 32.8% yield). "H NMR
(500 MHz, DMSO-D6) & ppm 0.76 (d, J=6.71 Hz, 3 H) 0.78 (dd, J=6.71, 2.75 Hz, 3 H) 0.83 (d,
15 =7.32 Hz, 3 H) 0.88 (d, J=6.71 Hz, 3 H) 1.23 - 1.53 (m, 1 H) 1.78 - 1.91 (m, 4 H) 1.91 - 1.99 (m, 2
H)2.05-2.17 (m, 4 H) 348 (d, J=5.19 Hz, 6 H) 3.54 - 3.60 (1, 1 H) 3.72 - 3.79 (m, 2 H) 3.92 - 4.04
(m, 2 H) 438 (dd, J=8.09, 4.88 Hz, | H) 4.56 (s, 2 H) 4.68 (d, J=10.99 Hz, 2 H) 5.05 - 5.12 (m, 1 H)
6.51 (1d, J=7.21, 4.04 Hz, 1 H) 6.64 (d, J=8.24 Hz, 2 H) 6.96 - 7.05 (m, 3 H) 7.14 (dd, J=8.62, 2.21
Hz,2 H) 7.20 (s, 1 H) 7.22- 7.30 (m, 2 H) 7.35 (dd, J=35.78, 8.32 Hz, 1 H) 7.46 (dd, J=8.62, 1.75 Hz,
20 2H)994 (5,1 H)11.98(d, J=26.25 Hz, 1 H).
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Example 21

25 (R,28,2'S)-N,N(4,4"-(phenylazanediyl)bis(methylene)bis(4,1 -phenylene))bis(1-(R)-2-
(diethylamino)-2-phenylacetyl)pyrrolidine-2-carboxamide)
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Example 21 was prepared from the product from Example 1D and (R)-2-(diethylamino)-2-
phenylacetic acid by the methods used to prepare Example 10B. The title compound was purified by
chromatography on silica gel, eluting with 0-5% MeOH in CH,Cl, (9.0 mg, 14.6% vield). ‘H NMR
(500 MHz, DMSO-D6) 8 ppm 0.96 (t, J=7.10 Hz, 12 H) 1.81 - 1.96 (m, 4 H) 2.00 - 2.07 (m, 2 H) 2.08
-2.17(m, 2H) 249 -2.56 (m, 4 H)2.63 - 2.72 (m, 4 H) 3.42 - 3.47 (m, 2 H) 3.82 - 3.89 (m, 2 H) 4.45
(dd, J=8.16, 4.50 Hz, 2 H) 4.67 (s, 4 H) 4.74 (5, 2 B) 6.64 (t, J=7.25 Hz, 1 H) 6.74 (d, I=7.93 Hz, 2 H)
7.12-7.18 (m, 2 H) 7.26 (d, J=8.54 Hz, 4 H) 7.34 (t, J=7.17 Hz, 2 H) 7.40 (¢, ]=7.40 Hz, 4 H) 7.47 (d,
J=7.17 Hz, 4 H) 7.59 (d, J=8.54 Hz, 4 H) 10.03 (s, 2 H).

it

/\
0
MeO,CHN Y\NHCOQMe

Example 22
dimmethyl (28.2'S,38,3'S)-1,1'-((25,2'S)-2,2'(5,5'-(phenylazanediyl)bis(methylene)bis(1 H-
benzo[d}imidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxopentane-2,1-

diyhdicarbamate

To a solution of the product from Example 7E (12 mg, 0.024 mmol), (2S,35)-2-
(methoxycarbonylamino)-3-methylpentanoic acid (9.70 mg, 0.051 mmol), and HATU (19.49 mg,
0.051 mmol) in anhydrous DMSO (0.2 ml) was added Hunig'sBase (0.013 ml, 0.073 mmol), and the
resulting mixture was stirred at rt for 90 min. The mixture was partitioned between water (2 ml) and
EtOAc (3 x 2 ml) and the combined organic layers were dried over Na,S0O,. The mixture was filtered
and concentrated in vacuo, and the crude product was purified by chromatography on silica gel (C18)
eluting with a gradient of 10-100 % ACN i water (0.1% TFA). Fractions containing pure product
were pooled and concentrated in vacuo to give the title compound as a solid (9 mg, 31.4%) as a TFA
salt. 'H NMR (500 MHz, DMSO-D6) § ppm 14.70 (br s, 2 H) 7.73 (d, J=8.39 Hz, 2 H) 7.56 (s, 2 H)
743 (d, J=8.39 Hz, 2 H) 7.38 (d, J=8.70 Hz, 2 H) 7.07 - 7.12 (m, 2 H) 6.73 (d, J=8.09 Hz, 2 H) 6.61
(t, J=725 Hz, 1 H) 5.21 (dd, J=8.16, 557 Hz, 2 H) 491 (5,4 H) 4.11 -4.18 (m, 2 H) 3.82 - 3.94 (m, 4
H)354 (s, 6 H)2.01 -2.26 (m, 8 H) 1.64 - 1.77 (m, 2 H) 1.27 - 1.37 (m, 2 H) 0.96 - 1.10 (m, 2 H)
0.71-0.90 (m, 12 H).
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Example 23

dimethyl (1R.1'R)-2,2'-({28,2'5)-2,2'-(5,5'-(phenylazanediybis(methylene)bis(1 H-
benzo{dlimidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(2-0xo- I -phenylethane-2, 1 -diyl)dicarbamate

MeO,CHN NHCCO,Me

Iz

To a mixiure of the product from Example 7E (12 mg, 0.024 mmol), (R)-2-
(methoxycarbonylamino)-2-phenylacetic acid (10.72 mg, 0.051 mmol), and HATU (19.49 mg, 0.051
mmol) in anhydrous DMSO (0.2 ml) was added Hunig'sBase (0.013 mi, 0.073 mmol), and the
resulfing mixture was stired at 1t for 90 min. Partitioned between water (2 mL) and EtQAc (2 x 2
mL) and dried the combined organic layers over N2,SO,. Filtered and conc. in vacue. The crude
product was purified by chromatography on silica gel (C18) eluting with a gradient of 10-100%
acetonitrile i water (0.1% TFA). Pure fractions were pooled and concentrated in vacuo (o give the
title compound as a solid (13 mg, 43.8%) as a TFA salt. '"H NMR (500 MHz, DMSO-D6) & ppm
14.50 (br s, 2 H) 6.87 - 7.88 (m, 18 H) 6.56 - 6.79 (m, 3 H) 5.36 - 5.58 (m, 2 H) 5.22 - 5.35 (m, 2 H)
4.94 (s, 4 H)3.69 - 3.99 (m, 4 H) 3.46 - 3.56 (m, 6 H) 3.13 - 3.26 (m, 2 H) 1.86 - 2.34 (m, 8 H).
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Example 24

dimethyl ([(1-methylethyl)imino]bis { methanediylbenzene-4, 1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(28)-3-methyl-1-oxobutane-1,2-diyl] Ybiscarbamate

Y

JIORA ST
Q,N NO

Example 24A

4

N,N-bis(4-nitrobenzyl)propan-2-amine
102
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A mixture of bis(4-nitrobenzyDamine (50 mg, 0.174 mmol) and acetone (51.1 pl, 0.696
mmol) in methanol (752 yL)/acetic acid (39.6 uL)/CH,Cl, (79 ul) was stirred at room temperature
for 1 hour. The reaction was cooled to 0 °C and sodium cyanoborohydride (32.8 mg, 0.522 mmol)
was added. The mixture was stirred at 0 °C for 1 hour, and allowed to warm to rt and stirred
overnight. The reaction was concentrated and the residue was partitioned between EtOAc and
saturated aqueous NaHCO;. The organic layer was washed with brine, dried (Na,SOy), filtered and
concentrated in vacuo. Purification by flash chromatography (silica gel, 50%EtOAc/hexane) afforded
the title product (42.8 mg, 75%). MS (EST) m/z 329.9 (M+1T)*.

Y

L
HoN NH

Example 24B

2

4-({(4-aminobenzyl)(isopropyl)amino ymethyl)aniline

To a solution of the product from Example 24A (42.8 mg, 0.130 mmol) in ethanol (1.3 ml)
under a N atmosphere was added bismuth trichloride (0.026 ml., 0.39 mmol). The mixture was
cooled in a cold-water bath, and sodium borohydride (79 mg, 2.079 mmol) was slowly added portion-
wise over several minutes. When the addition was complete, the resulting mixture was stirred at rt for
1 hour, and then filtered through celite and rinsed with methanol. The filtrate was concentrated to ~
172 volume, diluted with 1:3 isopropyl alcohol:CH,Cl,, and washed with saturated aqueous NaHCO;,
The organic layer was dried (Na,SO,), filtered and concentrated in vacuo to give the title compound
{31.9 mg). MS (APCI) m/s 270.5 (M+H)".

Example 24C
(28,2'S)-tert-butyl 2,2'-(4,4'-(isopropylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine- 1 -carboxylate
To a solution of the product from Example 24B (31.9 mg, 0.118 mmol) in anhydrous DMSO
(592 uL) was added N-(tert-butoxycarbonyl)-L-proline (51 mg, 0.237 mmol), HATU (95 mg, 0.249
mmol) and Hiinig's Base (83 ul., 0.474 mmol). The resulting mixture was stirred at rt for 2 hours, and
was then partitioned between water and ethyl acetate. The organic layer was washed with brine, dried
(Na;SO,), filtered and concentrated in vacuo. Purification by flash chromafography (silica gel, 50%
E1OAc/hexane) afforded the title compound (24.3 mg, 31%). MS (EST) m/z 664.4 (M+H)".
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Example 24D
(28,2'S)-N,N'-(4 4"-(isopropylazanediyl)bis(methylene)bis(4,1-phenylene))dipyrrolidine-2-
carboxamide
To a solution of the product from Example 24C (24.3 mg, 0.037 mmol) in CH,ClL, (0.2 mL)
was added trifluoroacetic acid (0.100 mL). The resulting mixture was stirred at rt for 1 hour, and was
concentrated in vacuo. The residue was dissolved in a 1:3 mixture of isopropy! alcohol:CH,Cl, and
washed with aqueous saturated NaHCO;, dried (Na,50y,), filtered, and concentrated in vacuo to give
the title compound (10.4 mg, 61%). MS (ESD) m/z 464.2 (M+H)".

Example 24E
dimethyl ([(1-methylethyl)immo]bis { methanediylbenzene-4, 1-diylcarbamoyl(2 S)pyrrolidine-2,1-
diyl[(25)-3-methyl-1-oxobutane-1,2-diyl] } )biscarbamate

To a solution of the product from Example 24D (10.4 mg, 0.022 mmol) in anhydrous DMSO
(0.15 mL) was added (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (10.61 mg, 0.056 mmol),
HATU (21.3 mg, 0.056 mmol) and Hinig's Base (23.5 L, 0.135 mmol). The resulting mixturc was
stirred at rt for 1 hour, and was then partitioned between water and cthyl acetate. The organic layer
was washed with brine, dried (Na,SOy), filtered and concentrated in vacuo. Purification by C18-
reverse-phase HPLC (10-90%CTH>CN/0.1%TFA in water) afforded the title compound as a TFA salt
(7.5 mg). "H NMR (500 MHz, DMSO-D6) 8 ppm 0.87 (t, J=7.5 Hz, 7 H), 0.93 (d, J=6.7 Hz, 5 H),
1.34(d, J=6.6 Hz, 6 H), 1.84 - 1.94 (n, 6 H), 1.95 - 2.04 (m, 3 H), 2.17 (td, J=7.2, 4.8 Hz, 2 H), 2.37 -
242 (m, 3 H), 3.60 - 3.69 (m, 6 ), 3.82 (d, J=9.5 Hz, 2 H), 4.03 (t, J=8.5 Hz, 3 H), 434 (d, J=13.4
Hz, 2 H), 442 - 4.46 (m, 2 H), 7.31 (d, J=8.4 Hz, 2 H), 740 (t, /=9.2 Hz, 4 H), 7.64 (dd, J=8.7, 2.0
Hz, 4 H), 9.10 (s, 1 H), 10.21 (s, 2 H); MS (BSI) m/z 778.4 (M+H)™.

Example 25
dimethyl {{phenylimino)bis { methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(25,3R)-
3-hydroxy-1-oxobutane-1,2-diyl} } 1biscarbamate
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Example 25A
(2S8,3R)-3-hydroxy-2-(methoxycarbonylamino)butanoic acid
L-Threonine (0.50 g, 4.2 mmol) and sodium bicarbonate (1.13 g, 13.4 mmol) were dissolved
5 into water (20 mL) then cooled in an ice bath. Methyl chloroformate (0.36 mL, 4.62 mmol) was
dissolved in diethyl ether (2 mL) and added dropwise with vigorous stirring. The solution was stirred
at ambient temperature for 5 hours then adjusted to pH 3 with concentrated hydrochloric acid and
extracted into ethyl acetate. The organic solution was dried over sodium sulfate, filtered, and
concentrated to give (.12 g of the title compound as a waxy solid.
10
Example 25B
dimethyl [(phenylimino)bis { methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(25,3R)-
3-hydroxy-1-oxobutane-1,2-diyl] } Jbiscarbamate
The product from Example 25A (0.027 g, 0.16 mmol) and the product from Example 1D
15 (0.035 g, 0.07 mmol) were combined in dimethylsuifoxide (1.5 ml.) at ambient temperature and
treated with diisopropylethylamine (0.061 mi., 0.35mmol) followed by HATU (0.056 g, 0.15 mmol)
and stirred for 45 min. The solution was diluted with water and the solid product was filtered off then
purified by combi-flash 4g silica columm, eluting with 0-10% methanol in dichlomethane to give
0.025 g of the title compound as a yellow solid. "H NMR (500 MHz, DMSO-D6) & ppm 1.12 (d,
20 J=641Hz 6H)1.82-1.91(m,4H)1.92-2.01 (m,2 H)2.09-2.17 (m, 2 H) 3.52 (s, 6 H) 3.65 - 3.74
(m, 2 I1) 3.76 - 3.84 (m, 4 H) 420 (t, J=7.40 Hz, 2 I1) 442 (dd, J=8.39, 4.88 Hz, 2 H) 4.57 (s, 4 IT)
4.81 (d, J=5.80 Hz, 2 H) 6.55 (t, ]=7.25 Hz, | H) 6.64 (d, }=7.93 Hz, 2 ) 7.02 - 7.11 (n, 4 H) 7.16
(d, J=8.54 Hz, 4 H) 7.49 (d, }=8.70 Hz, 4 H) 9.83 (s, 2 H); MS (TFA,ELSD+) m/z 816 (M+H)+.

”vrv%r %o e

O
5 O
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25 OH HO
Example 26
dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(25)-3-
hydroxy-1-oxopropane-1,2-diyl] } Jbiscarbamate
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Example 26A
(8)-3-hydroxy-2-(methoxycarbonylamino)propanoic acid
L-serine (1.0 g, 9.52 mmol) was processed as m Example 25A to give 0.125 g (8%) of the

5 title compound as a waxy solid.

Example 26B
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-diyl[(25)-3-
hydroxy-1-oxopropane-1,2-diyl] } |biscarbamate
10 The product from Example 26A (0.025 mg, 0.16 mmol) and the product from Example 1D
(0.035 g, 0.07 mmol) were processed as in Example 258 to give 0.012 g (22%) of the title compound
as a yellow solid. "H NMR (500 MHz, DMSO-D6) & ppm 1.87 - 1.97 (m, 6 H) 2.09 - 2.17 (m, 2 H)
3.19 - 3.25 (m, J=10.99 Hz, 2 H) 3.52 (s, 6 H) 3.55 - 3.63 (m, 2 H) 3.66 - 3.76 (m, 2 H) 4.08 (q,
J=5.29 Hz, 2 H) 4.37 - 447 (m, 4 H) 4.57 (s, 4 H) 5.10 (s, 2 H) 6.55 (t, J=7.32 Hz, 1 H) 6.63 (d,
15 J=8.09 Hz, 2 H) 7.02 - 7.08 (m, 2 H) 7.15 (d, J=8.54 Hz, 4 H) 7.31 (d, J=7.78 Hz, 2 H) 7.48 (d, J=8.54
Hz, 4 H) 9.67 (s, 2 H); MS (TFA ELSD+) m/z 788 (M+H)+.
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Example 27
20 dimethy] [(cyclopentylimino)bis{ methanediylbenzene-4, I -diylcarbamoyl(2S)pyrrolidine-2, 1 -
diyl[(29)-3-methyl-1-oxobutane-1,2-diyl] } Ibiscarbamate

Example 27A

2

25 N.N-bis(4-nitrobenzyl)cyclopentanamine
To a solution of cyclopentylamine (0.148 mL, 1.5 mmol) in N,N-dimethylformamide (2 mL)
was added potassium carbonate (622 mg, 4.50 mmol) followed by 1-(bromomethyl)-4-nitrobenzene
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(648 mg, 3.00 mmot). The resuiting mixture was stirred at rt for 16 hours, more 1-(bromoiethyl)-4-
nitrobenzene was added (324 mg, 1.5 mmol), and stirring was continued for an additional 2 hours.
The mixture was diluted with water, extracted with CH,Cl,, and the organic layer was dried (Na,SOy),
filtered and concentrated. The crude product was purified by precipitation from methanol to afford

5 the title compound (554 mg, quant.). MS (ESI) nyz 356.0 (M+H)".

2
Example 278
4-({({4-aminobenzyl)(cyclopentyl)amino)methyl}aniline
10 The product of Example 27A (231 mg, 0.65 mmol) was subjected 10 the method described in
Example 24B to give the title compound (360 mg). MS (APCI) m/z 295.9 M+ID)".

LY o

Example 27C
15 (28,2'S)-tert-butyl 2,2'-(4,4'-(cyclopentylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylence)dipyrrolidine- 1 -carboxylate
The product of Example 27B (360.3 mg, 1.220 mmol) was subjected to the procedure
described in Example 24C to give the title compound (427 mg, 50%). MS (BSI) m/z 690.5 (M+H)".

Example 27D
(28.2'S)-N,N'-(4,4'-(cyclopentylazanediyl) bis(nethylene)bis(4, 1 -phenylene))dipyrrolidine-2-

20

carboxantide
The product of Example 27C (427.4 mg, 0.620 mmol) was subjected to the procedure
25  described in Example 24D to give the title compound (255 mg, 84%). MS (ESD) m/z 490.2 (M~+H)".
Example 278
dimethy! [(cyclopentylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(28)-3-methyl-1-oxobulane-1,2-diyl] } [biscarbamate
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The product of Example 27D (50 mg, 0.102 mmol) was subjected to the procedure described
in Example 24E to give the title compound as a TFA salt (11 mg). "H NMR (500 MHz, DMSO-D6) §
ppm -0.00 (s, 1 H), 0.85 - 0.91 (m, 8 H), 0.94 (t, J=6.0 Hz, 6 H), 1.21 - 1.30 (m, 1 H), 1.48 - 1.57 (m,
3H), 1.71 (s, 2 H), 1.85- 1.94 (m, 8 H), 1.97 - 2.02 (m, 4 H), 2.13 - 2.22 (m, 2 H), 3.77 - 3.87 (m, 3
H), 4.03 (1, J=8.5 Hz, 2 H), 4.14 (dd, J=13.4, 5.3 Hz, 2 H), 4.26 (s, 2 H), 4.44 (dd, J=7.8,5.2 Hz, 2
H), 7.32(d, J=8.2 Hz, 2 H), 7.40 (t, J=8.9 Hz, 4 H), 7.62 - 7.67 (m, 4 H), 9.52 (s, 1 H), 10.22 (s, 2 H);
MS (ESD mv/z 804.4 (M+H)™.

Example 2§
dimethyl [(phenylimino)bis{ methanediylbenzene-4, 1 -diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(25)-3-
hydroxy-3-methyi-1-oxobutane-1,2-diyl] } |biscarbamate

H OH

HO
Example 28A
(S)-3-hydroxy-2-(methoxycarbonylamino)-3-methylbutanoic acid
(S)-2-amino-3-hydroxy-3-methylbutanoic acid (0.52 g, 3.9 mmol) was processed as m

Example 25A to give 0.55 g (74%) of the title compound as a waxy solid.

Example 2813
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-3-
hydroxy-3-methyl-1-oxobutane-1,2-diyl] } |biscarbamate

The product from Example 28A (0.029 mg, 0.16 mmol) and the product from Example 1D
(0.035 g, 0.07 mmol) were processed as in Example 25B to give 0.016 g (27%) of the title compound
as a yellow solid. "H NMR (500 MHz, DMSO-D6) & ppm 1.14 (s, 6 H) 1.21 (5, 6 I1) 1.84 - 1.97 (m, 6
Hy2.11-220(m, 2 H) 354 (s, 6 H) 3.64 - 3.73 (m, 2 }) 3.84 - 393 (m, 2 H) 4.37 (d, J=8.70 Hz, 2
H) 4.46 (dd, }=8.62,3.74 Hz, 2 H) 4.58 (s, 4 H) 5.09 (s, 2 H) 6.55 (1, }=7.25 Hz, 1 H) 6.63 (d, ]=7.93
Hz, 2 11) 7.05 (dd, J=8.77, 7.25 Hz, 2 H) 7.14 (d, J=9.61 Hz, 2 1) 7.16 (d, J=8.70 Hz, 4 IT) 7.51 (d,
J=8.70 11z, 4 1) 9.65 (s, 2 I1); MS (TFA,ELSD+) m/z 844 (M+II)+.
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Example 29
dimethyl [(cyclopentylimino}bis { methanediylbenzene-4, 1 -diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(285)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate

5 The product of Example 27D (50 mg, 0.102 mmol) was subjected to the procedure described
in Example 24E, substituting (8)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid for (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (9 mg). 'H
NMR (500 MHz, DMSO-D6) & ppm 0.81 ~.0.89 (m, 2 H), 0.94 - 0.98 (m, 21 H), 1.49 - 1.57 (m, 2 H),
1.72 (d, /=32 Hz, 211), 1.84 - 1.93 (m, 5 H), 1.95 - 2.02 (m, 4 H), 2.14 - 2.21 (m, 2 11), 3.80 (d, J=8 .9
10 Hz,5H),L4.15(G,3H), 422 (d, /=8.7Hz, 3H),4.28 (s, 1 H), 442 - 4.47 (m, 2 H), 7.09 (d, /=8.9 Hz,
2 H), 740 (dd, J=12.6, 8.6 Hz, 4 H), 7.65 (dd, J=8.7, 2.3 Hz, 4 H), 950 (s, 1 H), 10.22 (s, 2 H); MS

(ESI) n/z 832.4 (M+H)™.

/ngi\:_\/ibs\f\i\@\}é/ \/@NE};»‘ O:\iﬂ \‘go\

15 Example 30
dimethyl ([(1-methylethyl)imino]bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl{(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
The product of FHxample 24D (60.0 mg, 0.129 mmol) was subjected to the procedure
described in Exaxﬂpie 24E, substituting (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid for
20 (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as TFA salt (25
mg). 'H NMR (500 Miiz, DMSO-D6) 8 ppm 0.80 - 0.89 (m, 2 H}, 0.91 (s, 1 H), 0.93 - 1.00 (m, 20
H), 1.22 - 1.30 (m, 2 H), 1.34 (d, J=6.6 Hz, 6 H), 1.83 - 1.92 (m, 4 H), 1.95 - 2.03 (m, 2 H), 2.13 -
2.22 (m, 2 H), 3.35 (s, 2 H), 4.06 (dd, J=13.4, 5.6 Hz, 4 1), 4.21 (d, J=8.9 Hz, 2 H), 4.34 ((, J=12.5
Hz, 2 H), 4.44 (d, J=6.6 Hz, 2 1), 7.09 (d, J=8.9 Hz, 2 H), 7.41 (dd, J=13.1, 8.7 Hz, 4 H), 7.64 (dd,
25 J=8.7,2.9Hz 4 1), 9.13 (s, 1 H), 10.22 (s, 2 H); MS (ESI) m/z 806.5 (M+I1)*.
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Example 31
(2.5,2'S)-N.N'-{(phenylimino)bis(methanediylbenzene-4, 1 -diyl)1bis{ 1 -{(25)-3.3-dimethyl-2-(2-
oxoimidazolidin-1-yl)butanoyllpyrrolidine-2-carboxamide }

5 The product of Example 1D (32 mg, 0064 mmol) and (S)-3,3-dimethyl-2-(2-
oxoimidazolidin-1-yl)butancic acid (39.6 mg, 0.193 mmol) were processed using the method
described in Example 43 to afford 22 mg (40%) of the title compound. 'H NMR (500 MHz, DMSO-
D6) & ppm 10.01 (s, 2H), 7.58 (d, J=8.5 Hz, 4H), 7.24 (d, J=8.5 Hz, 4H), 7.13 (m, 2H), 6.73 (d, J=8.1
Hz, 2H). 6.63 (t, J=7.3 Hz, 1H), 6.47 (s, 2H), 4.65 (s, 4H), 4.53 (s, 2H), 4.46 (dd, J=8.4, 5.0 Hz, 2H),

10 3.67 (m, 6H), 3.55 (m, 2H), 3.24 (m, 4H), 2.21 (m, 2H), 2.03 (m, 2H), 1.91 (m, 4H), 1.06 (s, 18H).
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Example 32
dimethyl ([(2-methoxyethyl)iminobis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
15 diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

Example 32A
2-methoxy-N,N-bis(4-nitrobenzyl)ethanamine
To a solution of 2-methoxyethylamine (0.343 mL, 3.99 mmol) in DMF (20.0 mL) at room
20 temperature was added potassium carbonate (0.964 mL, 15.98 mmol) followed by 4-nitrobenzyl
bromide (1.812 g, 8.39 mmol). The reaction was stirred for 2 hours then guenched with water,
extracted with EtOAc and concentrated. The residue was purified by chromatography (20% to 40%
EtOAc-hexane) to provide the title compound. MS (DCI) m/z 346 (M+H)".
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Example 32B
4-{((4-aminobenzyl)(2-methoxyethyl)amino)methylaniline

The product from Example 32A was processed using the method described in Example 1B

5  (Method A) to afford the title compound. MS (ESI) m/z 286 (M+H)™.

Y o~ H HD
Xf\r@ﬁ@* v

Example 32C
(2S,2'S)-tert-butyl 2.2'-(4,4'-(2-methoxyethylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine- 1 -carboxylate

10 The product from Example 32B was processed using the method described in Example 1C

replacing DMSO with dichloromethane to afford the title compound. MS (ESI) m/z 680 (M+H)™, 678

(M-It
~
N e H e
i o Q/N\)@/ o i
Example 32D
15 (28,2'S)-N,N'-(4,4'-(2-methoxyethylazanediyl)bis(methylene)bis(4, 1 -phenylene))dipyrrolidine-2-
carboxamide

The product from Example 32C was processed using the method described in Example 1D to

afford the title compound. MS (ESI) m/z 480 (M+HD)™, 478 (M-H)*.

20 Example 328
dimethyl ([(2-methoxyethyl)iminolbis{ methanediylbenzene-4, 1 -diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
The product from Example 32D was processed using the method described in Example 6
replacing DMSO with dichloromethane and purified uwsing flash chromatography (silica gel,
25  MeOH/dichloromethane) to afford the title compound (7.5 mg, 3%). "H NMR (500 MHz, BENZENE-
D6) § 1.02 (s, 18H), 1.39 - 1.16 (m, SH), 1.56 - 1.40 (m, 21), 1.78 - 1.60 (m, 2H), 2.19 - 2.02 (m,
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2H), 2.59 (t, J = 5.9, 2H), 3.03 (s, 4H), 3.26 - 3.19 (m, 2H), 3.29 (t, /= 5.9, 2H), 3.41 - 3.35 (m, 6},
3.44 (s, 6H), 4.53 (d, J =9.7, 2H), 4.82 - 4.63 (m, 2H), 5.69 (d, J = 8.6, 2H), 7.80 (d, J = 7.8, 4H),

9.81 (s, 2H); MS (BSD m/z 822 (M+H)F, 820 M-H)*.
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Example 33
dimethyl {(isoxazol-3-ylimino)bis{ methanediylbenzene-4,1 -diylcarbamoyl(25)pyrrolidine-2,1-
diyl{{25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate

N [ jN
NN
10 SN

Example 33A
N,N-bis(4-nitrobenzyl)isoxazol-3-amine
The title compound was prepared using the methods from Example 1A substituting isoxazol-
3-amine for aniline to provide the title compound (0.49 g, 23% yield).
15

HaN QN NHy
\Q/N\/@
Example 33B
N,N-bis(4-aminobenzyl)isoxazol-3-amine _
The title compound was prepared using the methods from Example 1B substituting the

20 product from Example 33A for the product from Example 1A to provide the title compound (0.32 g,

79% yield).
Q
\
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Example 33C

25 (28,2'8)-tert-butyl 2,2'-(4,4"-(isoxazol-3-ylazanediyl)bis(methylene)bis(4,1-

phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-1-carboxylate
112
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The title compound was prepared using the methods from Example 1C substituting the
product from Example 33B for the product from Example 1B to provide the title compound (0.32 g,
43% yield).

Example 33D
(28,2'S)-N,N'-(4 4'-(isoxazol-3-ylazanediyl)bis(methylene)bis(4,1 -phenylene))dipyrrolidine-2-
carboxamide
The title compound was prepared using the methods from Example 1D substituting the
product from Example 33C for the product from Example 1C to provide the title compound (0.14 g,
62% yield).

Example 33E
dimethyl [(isoxazol-3-ylimino)bis{ methanediylbenzene-4, 1 -diylcarbamoyl(2S)pymrolidine-2,1-
diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate

Example 33D and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid were reacted
using the method from Example 1E and the product was purified by column chromatography eluting
with 0-4% methanol in dichloromethane to provide the title compound (37 mg, 31% yield). 'H NMR
(500 MHz, DMSO0) 8 10.02 (s, 2H), 848 (d, J = 1.8, 1H), 7.52 (d, J = 8.5, 4H), 7.16 (d, J = 8.5, 4H),
7.09 (d, J =8.8, 2H), 6.36 (d, J = 1.8, 1H), 4.44 (dd, J = 5.3, 8.1, 2H), 4.35 (s, 4H), 4.21 (d, F = 8.8,
2H), 3.81 - 3.73 (m, 2H), 3.68 - 3.60 (m, 2H), 3.53 (d, J = 10.5, 6H), 2.21 -~ 2.10 (m, 2H), 2.03 - 1.93
(m, 2H), 1.92 — 1.80 (m, 4H), 0.97 (s, 18H). MS (ESL; M+H) m/z = 832.

HO%{}TO o’}i{ug&w
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Example 34
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methyl [(1.5)-2-hydroxy-1-{[(25)-2~(6-{ [({2-[(25)-1-{(28)-3-hydroxy-2-{ (methoxycarbonyl)amino}-3-
methylbutanoyl }pyrrolidin-2-yl]-1 H-benzimidazol-6-yl }methyl}(phenyl)amino}methyl } -1 H-
benzimidazol-2-yDpyrrolidin-1-yl]carbonyl }-2-methylpropyljcarbamate

The prodoct of Example 7E (25 mg, 0.051 mmol) and (S)-3-hydroxy-2-
{methoxycarbonylamino)-3-methylbutanoic acid (21.4 mg, 0.112 mmol) were processed using the
method described in Example 7F and the HPLC fractions neutralized with saturated aqueous NaHCO,
solution followed by extraction with a mixture of isopropyl alcohol/CH,Cl, (1:3 ratio; 3 x 100 mL)
and isolation to afford 32 mg (53%) of the title compound. "H NMR (500 MHz, DMSO-dy) & ppm
1.02 (s, 6 H), 1.14 (5, 6 H), 1.91 - 2.16 (m, 6 H), 2.29 - 2.43 (m, 3 H), 2.53 (5, 2 1), 3.18 (5, 2 H), 3.55
(s, 6 ), 3.72 - 3.82 (m, 2 H), 3.97 - 4.06 (m, 2 H), 4.37 (4, J=8.70 Hz, 4 H), 4.88 (s, 4 H), 4.90 (d,
J=10.99 Hz, 2 H), 5.26 (dd, /=8.24, 4.58 Hz, 2 H), 6.56 - 6.62 (m, 1 H), 6.72 (d, J=8.09 Hz, 2 H),
7.04 -7.12 (m, 3 H), 7.18 (d, J=8.54 Hz, 2 H), 7.37 (d, J=8.39 He, 2 H), 7.52 (5, 2 H), 7.66 (d, J=8.24
Hz, 2 H). MS (ESD m/z 838 (M+H)™.

aSesbdene

o NH HN
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Example 35
methyl [{18,2R)-2-hydroxy-1-{](25)-2-(6-{I({2-[(25)-1-{(25,3R)-3-hydroxy-2-
[(methoxycarbonyl)amino]butanoyl }pyrrolidin-2-yij-1 H-benzimidazol-6-

yl}methyl)(phenyl)aminolmethyl } -1 H-benzimidazol-2-yl)pyrrolidin-1-yl]carbonyl } propyl]carbamate

The product of Example 7E (25 mg, 0051 mmol) and  (25,3R)-3-hydroxy-2-
(methoxycarbonylamino)butanoic acid (19.8 mg, 0.112 mmol) were processed using the method
described in Example 7F and the HPLC fractions neutralized with saturated aqueous NallCO,
solution followed by extraction with a mixture of isopropyl alcohol/CH,CI, (1:3 ratio; 3 x 100 mL)
and isolation to afford 25 mg (43%) of the title compound. "H NMR (500 MHz, DMSO-dq) & ppm
1.00 (d, J=6.26 Hz, 6 H), 2.00 - 2.20 (m, 7 H), 2.34 - 2.44 (m, 4 ), 3.54 (5, 6 H), 3.87 (dt, J=12.40,
6.18 Hz, 2 H), 4.26 (dd, J=8.24, 5.34 Hz, 2 H), 490 (d, /=1.98 Hz, 4 H), 5.21 (dd, J=8.24, 5.34 Hz, 2
H), 6.60 (¢, J=7.25 Wz, 1 1), 672 (d, J=8.09 Hz, 2 H), 6.99 (4, J=8.24 Hz,2 1), 7.05 - 7.12 (m, 2 H),
7.41 (d, J=8.39 Hz, 2 H), 7.54 (s, 2H), 7.71 (d, J=8.54 Hz, 2 H). MS (ESD) m/z 8§10 (M+H)".
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Example 36
(28,2'8)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diy1)]bis{ 1-[(25)-3-methyl-2-(2-
oxotetrahydropyrimidin-1(2H)-yl)butanoyljpyrrolidine-2-carboxanyide }

5 The product of Example 1D (30 mg. 0.060 mmol) was subjected to the procedure described in
Example 24E, substituting (S)-3-methyl-2-(2-oxotetrahydropyrimidin-1(2H)-yl)butanoic acid for (S)-
2-(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (10 mg).
'H NMR (500 MHz, DMSO-D6) & ppm 0.78 - 0.85 (m, 7 H), 0.88 (d, J=6.4 Hz, 6 H), 1.68 - 1.77 (m,
4 H), 1.79 - 1.88 (m, 4 H), 1.97 (d, /=6.0 Hz, 2 H), 2.06 - 2.16 (m, 4 H), 3.05 - 3.13 (m, 6 H), 3.54 -

10 3.63(m 2 H), 3.80-3.88 (m, 2 H), 4.36 (dd, J/=8.2, 5.0 Hz, 2 ), 4.59 (5, 4 1), 4.78 (d, J=11.1 Hz, 2
H), 6.30 (s, 2 H), 6.56 (t. J=7.2 Hz, 1 H). 6.66 (d, J=8.2 Hz, 2 H), 7.07 (t, J=7.9 Hz, 2 H), 7.17 (d,
J=8.4 Hz, 4 H), 7.51 (d, J=8.5 Hz, 4 H), 9.95 (s, 2 H); MS (ESD) m/z 862.5 (M+H)".

N @\/ \/©/ 1 il

\Mo © N © o}\\"

OYNH HN
0

15 Example 37

dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S8)pyrrolidine-2,1-diyl{(45)-5-

7%

oxopent-1-ene-5.4-diyl] } Jbiscarbamate

Example 37A
20 (S)-2-(methoxycarbonylamino)pent-4-enoic acid
A mixture of (8)-2-aminopent-4-enoic acid (1.0 g, 8.69 mmol) and NaHCO; (2.26 mg, 26.9
mmol) in H,0 (40 mL) was cooled t0 0 °C. A mixture of methy! chloroformate (740 pl., 9.55 mmol)
dissolved in E,O (4 mL) was slowly added to the aqueous mixture and stirred for 20 hours coming to
ambient temperature. Mixture was adjusted to pH 3.0 with HCl (conc). The mixture was extracted
25  with EtOAc and then dried (MgSQ,), filtered and concentrated to afford 1.25 g (83%) of the title
compound. MS (ESD m/z 174 (M+H)".

Example 378
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dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-diyl[(45)-5-
oxopent-1-ene-5,4-diyl} } Ibiscarbamate

The product of Example 1D (50 mg, 0.100 mumol) and the product of Example 37A (34.8 mg,
0.201 mmol) were processed using the method described in Example 1E to afford 51 mg (53%) of the
title compound as a TFA salt. "H NMR (500 MHz, DMSO-ds) & ppm 1.81 - 1.93 (m, 3 H), 1.94 - 2.04
(m, 2 H), 2.08 - 2.17 (m, 2 H), 2.20 - 2.29 (m, 2 H), 2.33 - 2.42 (m, 2 H), 2.53 (s, 2 H), 3.50 (s, 6 ),
3.55-3.63 (m, 2 H), 3.64 - 3.72 (m, 2 H), 4.24 - 4.31 (m, 2 H), 4.42 (dd, J=8.09, 4.27 Hz, 2 H), 4.58
(s, 4 H), 5.03 (d, /=10.22 Hz, 2 H), 5.13 (d, J=16.48 Hz, 2 H), 5.75 - 5.86 (m, 2 H), 6.56 (t, J=6.71
Hz, 1 H), 6.65 (4, J=7.63 Hz, 2 H), 7.06 (t, J=7.78 Hz, 2 H), 7.16 (d, J=8.54 Hz, 4 H), 7.34 (d, /=7.93
Hz,2 H), 7.49 (d, J=8.39 Hz, 4 H), 9.93 (5, 2 H). MS (ESD m/z 808 (M+H)".

kot Y

Example 38
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-1-
oxcbutane-1,2-diyl] } Jbiscarbamate
Example 38A
(8)-2-(methoxycarbonylamino)butanoic acid
The compound (S)-2-aminobutanoic acid (1.0 g, 9.70 mmol) was processed using the method

described in Example 37A to afford 1.15g (74 %) of the title compound. MS (ESI) m/z 162 (M+13)".

Example 38B
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-1-
oxobutanc-1,2-diyl] } Jbiscarbamate

The product of Example 1D (50 mg, 0.100 mmol) and the product of Example 38A (32 mg,
0.201 mmol) were processed using the method described in Example 1E to afford 34 mg (38%) of the
title compound as a TFA salt. 'H NMR (500 MHz, DMSO-dg) & ppm 0.89 (1, J=7.40 11z, 6 ), 1 .44 -
1.56 (m, 2 H), 1.58 - 1.70 (m, 2 H), 1.80 - 1.94 (m, 4 H), 1.94 - 2.04 (m, 2 H), 2.07 - 2.16 (m, 2 H),
350 (s, 6 H), 3.55 - 3.63 (m, 2 H), 3.67 - 3.77 (m, 2 H), 4.17 (dd, J=13.81, 7.55 Hz, 2 H), 4.41 (dd,
J=8.00, 4.58 Hz, 2 H), 4.58 (s, 4 H), 6.56 (t, J=6.87 Hz, 1 H), 6.65 (d, J=7.78 Hz, 2 H), 7.06 (¢, J=7.86
Hz, 2 H), 7.15 (d, J=8.54 Hz, 4 H), 7.30 (d, J=7.78 Hz, 2 H), 7.49 (d, J=8.30 Hz, 4 H), 9.94 (s, 2 H).
MS (BST) m/z 784 (M+H)".
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Example 39
dimethyl {(phenylimino)bis[methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl { (15)-2-
0x0-1-[(3R)-tetrahydrofuran-3-yl]ethane-2,1-diyl } ] } biscarbamate
5 The product from Example 1D (0.05 g, 0.10 mmol) and (S)-2-(methoxycarbonylamino)-2-
((R)-tetrahydrofuran-3-yl)acetic acid (0.045 g, 0.22 mmol) were processed as in Example 258 to give
0.039 g (45%) of the title compound as a yellow solid. 'H NMR (500 MHz, DMSO-D6) & ppm 1.65 -
176 (m, 2 H) 1.82 - 1.91 (m, 6 H) 1.94 - 2.03 (m, 2 H) 2.09 - 2.18 (m, 2 H) 3.43 (dd, J=8.47, 6.33 Hz,
2H)3.51-354 (m, 6 H)Y3.57 -3.70 (m, 7 H) 3.70 - 3.76 (m, 3 H) 3.80 - 3.87 (m, 2 H) 4.22 (t, J=8.85
10 Hz, 2 H) 4.42 (dd, J=8.09, 4.73 Hz, 2 H) 4.58 (s, 4 H) 6.55 (, J=7.25 Hz, 1 H) 6.64 (d, J=8.24 Hz, 2
H) 7.05 (1, J=8.01 Hz, 2 H) 7.16 (d, J=8.54 Hz, 4 H) 7.50 (d, J=R8.54 Hz, 4 H) 7.59 (d, ]=7.93 Hz, 2 H)
9.97 (s, 2 1I); MS ESI- m/z 866 (M-H)-.

oy V?TEQVQ \/@@5}; o~
“7N\

15 Example 40
(28.,2'S)-N.N'-[(phenylimino}bis(methanediylbenzene-4,1-diyl)]bis(1-{ (25)-2-

{(methoxyacetyl}amino]-3,3-dimethylbutanoyl }pyrrolidine-2-carboxamide)

4 OH

N
o AT~
20 Example 40A
(S)-2-(2-methoxyacetamido)-3,3-dimethylbutanoic acid
(S)-2-amino-3,3-dimethylbutanoic acid (0.50 g, 3.8 mmol) and sodium bicarbonate (0.80 g,
9.5 mmol) were dissolved into water (20 mL) then cooled in an ice bath. Methoxyacetyl chloride

(0.38 ml., 4.2 mmmol) was dissolved in diethyl ether (5 mL) and added dropwise with vigorous stirring.

25  The solution was stirred at ambient temperature for 5 hours then adjusted to pH 3 with concentrated
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hydrochloric acid and extracted into ethyl acetaie. The organic solution was dried over sodium

sulfate, filtered, and concentrated to give 0.16 g (21%) of the title compound as a waxy solid.

Example 40B
(25.2'S)-N,N'-{(phenylimino)bis(methanediylbenzene-4,1-diyl)|bis(1-{ (25)-2-
{(methoxyacetyl)amino]-3,3-dimethylbutanoyl }pyrrolidine-2-carboxamide)

The product from Example 1D (0.05 g, 0.10 mmol) and the product from Example 40A
(0.045 g, 0.22 mmol) were processed as in Example 25B to give 0.006 g (7%) of the title compound
as a yellow solid. "H NMR (500 MHz, DMSO-D6) § ppm 0.93 (s, I8 H) 1.85 - 1.93 (m, 4 H) 1.94 -
2.04 (m, 2H)2.08 - 2.17 (m, 2 H) 3.28 (s, 6 H) 3.63 - 3.76 (m, 4 H) 3.81 - 3.95 (m, 4 H) 4.38 (dd,
J=8.54, 3.05 Hz, 2 H) 4.56 - 4.62 (m, 6 H) 6.55 (t. }=7.17 Hz, 1 H) 6.64 (d, J=8.09 Hz, 2 H) 7.03 -
7.08 (m, 2 H) 7.15 (d, J=8.54 Hz, 4 H) 7.38 (d, J=9.00 Hz, 2 H) 7.51 (d, J=8.54 Hz, 4 H) 9.82 (s, 2 H);
MS ESI- m/z 866 (M-H)-.

Ny i
e OY@E%@“‘D ~°
o . o 0%} o\é
Example 41
di-tert-butyl [(phenylimino)bis { methanediylbenzene-4, 1 -diyicarbamoyl(2S)pyrrolidine-2,1 -
diyl{(25,35)-3-methyl-1-oxopentane-1,2-diyl] } | biscarbamate

To a solution of the product from Example 1D (0.062 g, 0.125 mmol) in CH,Cl, (5 mL) at rt
was added (2S,35)-2-(tert-butoxycarbonylamino)-3-methylpentanoic acid (Aldrich, 0.063 g, 0.274
mmol), N,N-disiopropylethylamine (0.100 mL) and HATU (0.104 g, 0.274 mmol). After 30 minutes,
the reaction was washed with brine and the organic phase concentrated. The residue was purified by
chromatography (1% gradient from 0 to 2% MeOH-CH,ClL,) to provide the 67 mg (58%) of the title
compound. 'H NMR (500 MHz, DMSO-D6) § 0.81 (t, ]=7.02 Hz, 6 H) 0.85 (d, J=6.71 Hz, 6 H) 1.20
129 (m, 2 H) 137 (5, 18 H) 1.44 - 153 (0, 2 H) 1.65-1.75(m, 2 H) 1.82-192 (m, 4 H) 1.95 -
2.04 (m,2 H) 208 - 2.17 (m, 2 H) 3.56 - 3.64 (m, 2 H) 3.75 - 3.83 (m, 2 H) 4.04 (1, J=8.70 Hz, 2 H)
443 (dd, J=7.93, 4.88 Hz, 2 H) 4.59 (s, 4 H) 6.56 (m, 1 H) 6.65 (d, J=8.24 Hz, 2 H) 6.88 (d, ]=8.39
Hz, 2 H)7.07 (m, 2 H) 7.17 (d, }=8.54 Hz, 4 H) 7.51 (d, J=8.39 Hy, 4 H) 9.97 (s, 2 H).
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Example 42
(28,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl)|bis{ 1-[(25)-3-methyl-2-(2-
oxopyrrolidin-1-yl)butanoyl] pyrrolidine-2-carboxamide }

The product of Example 1D (30 mg, 0.06 mmol) and (8)-3-methyl-2-(2-oxopyrrolidin-1-
yl)butanoic acid (24.6 mg, 0.133 mmol) were processed using the method described in Example 43 to
afford 21 mg (42%) of the title compound. 'H NMR (500 MHz, DMSO-D6) & ppm 9.92 (s, 2H),
7.46 (d, J=8.6 Hz, 4H), 7.12 (d, J=8.5 Hz, 4H), 7.01 (m, 2H), 6.61 (d, J=8.1 Hz, 2H), 6.51 (1, J=7.2
Hz, 1H), 4.54 (s, 4H), 4.40 (d, J=11.0 Hz, 2H), 4.33 (m, 2H), 3.62 (m, 4H), 3.35 (m, 2H), 3.23 (m,

2H), 2.21 (m, 4H), 2.08 (m, 4H), 1.91 (m, 2H), 1.82 (s, 8H), 0.87 (d, /=6.6 Hz, 6H), 0.72 (d, J=6.6
Hz, 6H).

Y&% ooty .

Example 43
(28,2'S)-N,N-[(phenylimino)bis(methanediylbenzene-4,1 -diyl)bis{ 1-[(2R)-2-(acetylamino)-2-
phenylacetyl]pyrrolidine-2-carboxamide }

The product of Example 1D (40 mg, 0.08 mmol), (R)-2-acetamido-2-phenylacetic acid (34.2
mg, 0.177 mmol) and HATU (67.2, 0.177 mmol) were dissolved in DMSO (3 mL) then added
Hunig’s base (0.07 mL, 0.402 mmotl) and stirred the mixture at room temperature for 1 hour. The
solution had dichloromethane added to it and the mixture extracted with water. The organic extract
was then dried, {iltered, concentrated and purified by chromatography (silica gel, 0-20% methanol in
dichloromethane) to afford 8 mg (12%) of the title compound. 'H NMR (500 MHz, DMSO-D6) &
ppm 9.73 (s, 2H), 8.60 (d, J=7.9 Hz, 2H), 7.52 (m, 4H), 7.35 (m, 7H), 7.13 (m, 4H), 7.02 (m, 2H),
6.61 (d, J/=8.2 Hz, 2H), 4.56 (m, 4H), 4.33 (m, 2H), 3.78 (m, 2H), 3.21 (m, 2H), 2.49 (s, 6H), 1.90
{m, 8H).
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Example 44

dimethyl ([(3R)-tetrahydrofuran-3-ylimino]bis{ methanediylbenzene-4,1-

diylcarbamoyl(2S)pymrolidine-2, 1-diyl{(25)-3,3-dimethyl- 1 -oxobutane-1,2-diyl} } )biscarbamate

Example 44A
(R)-N,N-bis(4-nitrobenzyl)tetrahydrofuran-3-amine
The title compound was prepared using the methods from Example 1A substituting {R)-
10 tetrahydrofuran-3-amine for aniline to provide the title compound (1.12 g, 59% yield).

Q
HN »
Example 44B
(R)-N,N-bis(4-aninobenzyl)tetrahydrofaran-3-amine
15 The title compound was prepared using the methods from Example 1B substituting the

product from Example 44A for the product from Example 1A to provide the title compound (1.02 g,

109% yield).
Ot O i
N N
%O/&O o] N O o)'\j‘v
Example 44C
20 (28,2'S)-tert-butyl 2.2'-(4 4'-((R)-tetrahydrofuran-3-ylazanediylbis(methylene)bis(4,1-

phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine- 1 -carboxylate
The title compound was prepared using the methods from Example 1C substituting the
product from Example 44B for the product from Example 1B to provide the title compound (0.78 g,
33% yield).
25
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Example 44D
(28,2'S)-N,N'-(4 4'-((R)-tetrahydrofuran-3-ylazanediyhbis(methylene)bis(4,1 -
phenylene))dipyrrolidine-2-carboxamide
The title compound was prepared using the methods from Example 1D substituting the
product from Example 44C for the product from Example 1C to provide the title compound (0.39 g,
T0% yield).

Example 44E
dimethyl ({(3R)-tetrahydrofuran-3-ylimino|bis{ methanediylbenzene-4,1-

diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl} } )biscarbamate

Example 44D and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutancic acid were reacted
using the method from Example 1E and the product was purified by column chromatography eluting
with ethyl acetate to provide the title compound (100 mg, 31% yield). '"H NMR (500 MHz,
BENZENE-D6) 6 9.77 (bs, 2H), 7.74 (d, J = 8.1, 4H), 6.99 (d, J = 8.3, 4H), 5.50 (d, / = 9.6, 2H), 4.73
~4.66 (m, 2H), 4.50 (d, J =9.7, 2H), 3.77 (td, J = 4.3, 8.4, 1H), 3.70 (dd, J = 5.4, 9.0, 1H), 3.59 -~
3.53 (m, 1H), 3.48 — 341 (m, 7H), 3.33 (d, J = 12.9, 4H), 3.23 - 3.13 (m, 5H), 2.11 (4d, /= 6.1, 11.8,
2H), 1.71 - 1.53 (m, 4H), 1.52 ~ 1.42 (m, 2H), 1.26 — 1.16 (m, 2H), 0.99 (s, 18H). MS (ESL; M+H)
m/z = §35.

o i
Y

dimethy! [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(25)-4-

Example 45

methyl-1-oxopentane-1,2-diyl] } Jbiscarbamate
The product of Example 1D (35 mg, 0.070 mmol) was subjected to the procedure described in
Bxample 24E, substituting (8)-2-(methoxycarbonylamino)-4-methylpentanoic acid for (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid to give the title compound as a TFA salt (18 mg). 'H
NMR (500 MHz, DMSO-D6) & ppm 0.85 - 0.92 (m, 15 H), 1.40 (dd, J=9.3, 4.1 Hz, 2 H), 1.42 - 1.46
(m, 2 H), 1.62 - 1.71 (m, 2 H), 1.86 (dt, J=11.6,5.7 Hz, 2 H), 1.90 - 1.94 (m, 2 H), 1.96 - 2.05 (m, 2
H). 2.14 (1d, J=7.6, 4.6 Hz, 2 H), 3.67 - 3.75 (m, 3 H), 423 - 4.31 (m, 2 H), 442 (dd, J=8.2, 4.7 Hz, 3

121



WO 2016/120935 PCT/US2010/031102

), 459 (s, 5 H), 6.57 (5, 1 H), 6.66 (d, J=8.1 Hz, 2 H), 7.07 ({, /=79 Hz, 3 H), 7.17 (d, J=8.5 Hz 5
H), 7.34 (d, J=8.1 Hz, 2 1), 7.50 (d, J=8.5 Hz, 5 H), 9.96 (s, 2 H); MS (ESD) m/z 840.5 (M+H)".

o O i 0
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5 Example 46
dimethy! {(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-1-
oxopentane-1,2-diyl}} jbiscarbamate
The product of Fxample 1D (35 mg, 0.070 mmol) was subjected to the procedure described in
Example 24E, substituting  (S8)-2-(methoxycarbonylamino)pentanoic  acid  for  (8)-2-
10 (methoxycarbonylamino)-3-methylbutanoic acid fo give the title compound as a TFA salt (29 mg). 'H
NMR (500 MHz, DMSO-D6) & ppm 0.83 - 0.90 (m, 9 H), 1.22 - 1.30 (m, 3 H), 1.30 - 1.40 (m, 4 ),
143-1.52 (m, 3 H), 1.53 - 1.62 (m, 2 H), 1.83 - 1.93 (m, 4 H), 1.95 - 2.04 (m, 2 1), 2.08 - 2.17 (m, 2
H), 3.72 (dt, J=9.5, 6.8 Hz, 2 H), 4.24 (td, J=8.1, 5.4 Hz, 2 H), 4.42 (dd, J=8.2, 4.7 Hz, 2 H), 4.59 (s, 4
H), 6.57 (t, J=7.1 Hz, 1 H), 6.66 (d, J=8.1 Hz, 2 H), 7.07 (t, J=7.9 Hz, 2 H), 7.17 (d, J=8.5 Hz, 4 H),
15 7.32(d,J=7.8 Hz, 2 H), 7.50 (d, J=8.5 Hz, 4 H), 9.95 (s, 2 H); MS (BSD) mv/z 812.4 (M+H)".

/OTH : N/i\é( \Q/N\/Q/ lro\N N\H/O\
o /I\ o
Example 47
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylimino[(2S5)-1-oxopropane-1,2-
20 diyl}(methylimino)[(25)-3,3-dimethyl- 1 -oxobutane-1,2-diyl] } Jbiscarbamate

At @ ot

Example 47A
tert-butyl (25,2'S)-1,1"-(4,4'-(phenylazanediyl)bis(methylene)bis(4, 1 -phenylene)bis(azanediyl))bis(1-

oxopropane-2,1-diyl)bis(methylcarbamate)
25 The product from Example 1B and (S)-2-(tert-butoxycarbonyl(methyl)amino)propanoic acid

(Aldrich) were processed vsing the method described in Example 41. The crude residue was purificd

122



WO 2016/126935 PCT/US2010/031102

by silica gel chromatography (40% ethyl acetate-hexane) to provide the title compound. MS (ESL
M+H) m/z = 674.

ThHE

ooy

5 Example 47B
(28,2'S)-N,N'-(4.4'-(phenylazanediyl)his(methylene)bis(4, I -phenylene))bis(2-
(methylamino)propanamide)
A solution of the product from Example 47A (0.469 g, 0.696 mmol) in CH,Cl, (10 mL) at rt
was treated with TRA (5.00 mL) and stirring continued overnight. The reaction was concentrated and
10 the residue partitioned between sawrated NaHCO; and 25% IPA-CHCL. The organic phase was
dried (N2,S0,) and concentrated to provide 210 mg (64%) of the title compound. MS (ESL; M+H)
m/z = 474.

Example 47C
15 dimethy! [(phenylimino)bis{ methanediylbenzene-4,1-diylimino[(25)-1-oxopropane-1,2-
diylj(methylimino)[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate
The product from Example 47B and (5)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic
acid (DeGussa) were processed using the method described in Example 41. The crude residue was
purified by silica gel chromatography (2% MeOH-CH,Cl,) to provide 122 mg (34%) of the title
20 compound. ‘H NMR (500 MHz, DMSO-D6) § 0.96 (m, 18 H) 1.33 (d, J=7.18 Hz, 6 H) 2.68 (m, 2 H)
3.09 (br s, 4 H) 3.53 (br s, 4 H) 3.58 (br s, 2 H) 445 (m, 2 H) 4.59 (m, 4 1) 5.03 (m, 2 H) 6.56 (4,
J=7.25 Hz, 1 H) 6.65 (d, J=8.70 Hz, 2 H) 7.04 - 710 (m, 3 H) 7.15 - 7.21 (m, 4 FI) 7.47 - 7.52 (m, 4
H) 7.62 (d, J=8.39 Hz, 1 H) 9.79 (s, 2 H). ‘

’r\f* KLQVQ ! (}j:\gj
A

25
Example 48
dimethy! [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl[(25,4R)-4-hydroxypyrrolidine-
2,1-diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } biscarbamate
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Example 48A
(3R.3R,58,5'S)-tert-butyl 5,5'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(3-hydroxypyrrolidine-1 -carboxylate)

The product from Example 1B and (2S,4R)-1-(tert-butoxycarbonyl)-4-hydroxypyrrolidine-2-
carboxylic acid (Chem-Impex) were proceésed using the method described in Example 41. The
reaction was filtered, the solid washed with CH,Cl, and dried in vacuum oven to provide 414 mg
(69%) of the title compound. MS (DCI; M+H) m/z = 730.

HQ OH
OYn Q L O
N TN
H

Example 48B
(28,2'8, 4R ,4'R)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1 -phenylene))bis(4-
hydroxypyrrolidine-2-carboxamide)
The product from Example 48A was processed using the method described in Example 47B
to provide the title compound. MS (DCI; M+H) m/z = 530.

Example 48C
dimethy! [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl{(25,4R)-4-hydroxypyrrolidine-
2,1-diyl}{(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } biscarbamate

The product from Example 488 and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic
acid (DeGussa) were processed using the method described in Example 41. The crude residue was
purified by silica gel chromatography (0% to 7% MeOH-CH,Cl,) to provide 60 mg (25%) of the title
compound. 'H NMR (500 MHz, DMSO-D6) § 0.94 (s, 18 H) 1.91 (ddd, J=12.86, 8.81, 4.43 Hz, 2 H)
204-212(m, 2 Hy3.54 (s, 6 H) 3.62 -3.71 (m, 4 H) 4.20(d, J=9.31 Hz, 2 H) 436 (br s, 2 H) 4.49 (4,
I=8.09 Hz, 2 H) 4.58 (3,4 H) 5.18 (d, }=3.36 Hz, 2 H) 6.56 (1, J=7.25 Hz, 1 H) 6.65 (d, J=8.09 Hz, 2
H)7.00 - 7.09 (m, 4 H) 7.17 (d, J=8.55 Hz, 4 H) 7.51 (d, J=8.54 Hz, 4 H) 10.03 (s, 2 H).
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Example 49
dimethyl] {(phenylimino)bis{methancdiylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25.35)-

3-hydroxy-1-oxobutane-1,2-diyl] } Ibiscarbamate

H OH
© OH
Example 49A
(28,3S)-3-hydroxy-2-(methoxycarbonylamino)butanoic acid
(28,38)-2-amino-3-hydroxybutanocic acid (0.54 g, 4.53 mmol) was processed as in Example
10 25A o give 0.139 g (17%) of the title compound as a waxy solid.

Example 49B
dimethyl [(phenyhmino)bis{ methanediylbenzene-4,1-diylcarbamoyl(28)pyrrohidine-2,1-diyl[(25,35)-
3-hydroxy-1-oxobutane-1,2-diyl} } [biscarbamate
15 ‘The product from Example 1D (0.05 g, 0.10 mmol) and the product from Example 49A
(0.039 g, 0.22 mmol) were processed as in Example 25B to give 0.041 g (51%) of the title compound
as an off-white solid. 'H NMR (500 MHz, DMSO-D6) & ppm 1.16 (d, J=6.10 Hz, 6 H) 1.82 - 1.89
(m, 21)1.90-2.00 (m, 4 H) 2.08 - 2.17 (m, 2 H) 3.52 (s, 6 H) 3.66 - 3.73 (m, 2 H) 3.77 - 3.87 (m, 4
H) 4.19 (1, J=8.39 Hz, 2 H) 4.46 (dd, J=8.39, 3.66 Hz, 2 H) 4.58 (s, 4 H) 5.29 (d, ]=4.58 Hz, 2 H) 6.55
20 (t, J=7.17 Hz, 1 H) 6.63 (d, }=8.09 Hz, 2 H) 7.05 (dd, J=8.77, 7.25 Hz, 2 H) 7.16 (d, J=8.70 Hz, 4 H)
7.42 (d, J=8.24 Hz, 2 H) 747 (d, J=8.54 Hz, 4 H) 9.49 (s, 2 H); MS ESI+ m/z 816 (M+H)+; m/z 833

(M4 NH4)-+.
i LD
DI A
N o ~
o}
25 Example 50
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dimethy! {(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(2S,3R)-

3-methyl-1-oxopentane-1,2-diyl} } |biscarbamate

Example S0A

5 (28,3R)-2-(methoxycarbonylamino)-3-methylpentanoic acid

(28,3R)-2-amino-3-methylpentanoic acid (0.965 g, 7.36 mmol) was processed as in Example
25A to give 1.16 g (83%) of the titlc compound as a waxy sohid.

Example 50B
10 dimethyl {{(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-diyi{(2S5,3R)-
3-methyl-1-oxopentane-1,2-diyi] } Jbiscarbamate
The product from Example 1D (0.05 g, 0.10 mmol) and the product from Example 50A
(0.042 g, 0.22 mmol) were processed as in Example 25B to give 0.044 g (52%) of the title compound
as an off-white solid. 'H NMR (500 MHz, DMSO-D6) & ppm 0.80 (d, J=6.71 Hz, 6 H) 0.85 (¢, J=7.32
15 Hz, 6 H)1.06-1.15(m,2H) 142 - 150 (m, 2 H) 1.73 - .79 (m, 2 H) 1.81 - 1.92 (i, 4 H) 1.95 -
203 (m, 2H)2.10-2.16 (m, 2 H) 3.23 - 330 (m, 2 H) 3.51 (s, 6 H) 3.54 - 3.63 (m, 1 H)3.69 -3.79
(m, 1 H) 4.19 - 4.24 (m, 2 H) 441 (dd, J=8.01, 5.26 Hz, 2 H) 4.57 (s, 4 H) 6.55 (, I=7.25 Hz, 1 )
6.64 (d, J=8.09 Hz, 2 H) 7.05 (dd, J=8.77, 7.25 Hz, 2 H) 7.12 - 7.19 (m, 6 H) 7.49 (d, }=8.54 Hz, 4 H)
9.95 (s, 2 H); MS ESI- ny/z 838 (M-H)-.
20

~o0 R %H @ H\nQ H_ o
Z’jjo © \Q\/N\/@ © o):}/\\‘g
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Example 51
dimethy! [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(25,3R)-
3-methoxy-1-oxobutane-1,2-diyl} } Jbiscarbamate
25
W OH

N, o

/OT
0O " ?
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Example 51A
(28,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid
(258,3R)-2-amino-3-methoxybutanoic acid (1.0g, 7.51 mmol) was processed as in Example

25A to give 0.28 g (20%) of the title compound as a waxy solid.

Example 51B
dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl{(28,3R)-
3-methoxy-1-oxobutane-1,2-diyl] } Ibiscarbamate

The product from Example 1D (0.05 g, 0.10 mmol) and the product from Example 51A
10 (0.042 g, 0.22 mmol) were processed as in Example 25B to give 0.060 g (71%) of the title compound
as an off-white solid. 'H NMR (500 MHz, DMSO-D6) & ppm 1.12 (d, J=6.26 Hz, 6 H) 1.82 - 1.90
(m, 4H)1.94-2.04 (m, 2H)2.10-2.18 (m, 2 H) 3.23 (5, 6 H) 3.42 - 3.48 (m, 2 H) 3.52 (5, 6 H) 3.62
-3.70 (m, 2 H) 3.79 - 3.86 (m, 2 H) 4.25 (¢, J=7.78 Hz, 2H) 440 (dd, J=8.24, 5.04 Hz, 2 H) 4.57 (s, 4
H) 6.55 (1, J=7.25 Hz, 1 H) 6.64 (d, J=8.09 Hz, 2 H) 7.05 (dd, ]=8.77, 7.25 Hz, 2 H) 7.16 (d, J=8.70

15 Hz,4H)7.32(d, J=7.93 Hz, 2 H) 7.49 (d, J=8.54 Hz, 4 H) 9.93 (s, 2 H); MS ESI- m/z 842 (M-H)-.

o i o
N 5
\ /
Example 52
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diy1[(25)-3-
20 methoxy-3-methyl-1-oxobutane-1,2-diyl] } Jbiscarbamate
Y Y °
O 1~
o\
Example 52A

(8)-3-methoxy-2-(methoxycarbonylamino}-3-methylbutanoic acid
25 (S)-2-amino-3-methoxy-3-methylbutanoic acid (0.55g, 3.72 mmol) was processed as in

Example 25A to give 0.18 g (24%) of the title compound as a waxy solid.

Example 52B
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dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2 S)pyrrolidine-2,1~
diyl[(2.5)-3-methoxy-3-methyl-1-oxobutane-1,2-diyl] } biscarbamate

The product from Example 1D (0.05 g, 0.10 mmol) and the product from Example 52A
(0.045 g, 0.22 mmol) were processed as in Example 25B to give 0.015 g (17%) the title compound as
an off-white solid. "H NMR (500 MHz, DMSO-D6) 8 ppm 1.14 (s, 6 H) 1.83 - 1.92 (m, 4 H) 1.92 -
2.02 (m, 2 H) 2.10 (dd, J=20.52, 12.13 Hz, 2 H) 2.53 (s, 6 H) 3.11 (d, J=4.27 Hz, 6 H) 3.53 (s, 6 H)
3.63-381(m, 41H)4.33-443 (m, 2 H)4.50 (dd, J=13.12, 8.85 Hz, 2 H) 4.57 (5,4 H) 6.55 (t, }=7.25
Hz, 1 H) 6.64 (d, ]=8.39 Hz, 2 H) 7.05 (1, ]=8.01 Hz, 2 H) 7.09 - 7.25 (m, 6 H) 7.48 (dd, J=17.85,
8.54 Hz, 4 H) 9.73 (4, }=7.02 Hz, 2 H); MS ESI- m/z 870.5 (M-H)-.

Example 53
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{ [{4-[(1-{(28)-2-[(methoxycarbonyl)amino]-2-[(3R)-
tetrahydrofuran-3-yljacetyl ) -L-prolyhamino]benzyl }{phenyiyamino]methyl }phenyl)-L-prolinamide

The product of Example 10A (0.035 g, 0.052 mmol) and (8)-2-(methoxycarbonylamino)-2-
((R)-tetrabydrofuran-3-yl)acetic acid were processed as in Example 25B to give 0.030 g (67%) of the
title compound as a thick oil. 'H NMR (500 MHz, DMSO-D6) & ppm 0.91 (s, 9 H) 1.66 (ddd,
J=20.03,721,7.10Hz, 1 H) 1.77 - 1.88 (m, 6 H) 1.90 - 1.99 (m, 2 }) 2.06 - 2.14 (m, 2 H) 3.48 (5, 6
H) 3.54 - 3.65 (m, 4 H) 3.66 - 3.75 (m, 3 H) 3.78 - 3.85 (m, 1 H) 4.14 - 4.22 (m, 2 H) 4.38 (dd,
J=8.09, 5.04 Hz, 2 H) 4.53 (s, 4 H) 6.51 (t, J=7.25 Hz, 1 H) 6.60 (d, }=8.09 Hz, 2 H) 6.99 - 7.06 (im, 3
H)7.12 (d, J=748 Hz, 4 H) 7.45 (d, ]=7.93 Hz, 4 H) 7.55 (d, J=7.93 Hz, 1 H) 9.93 (d, J=6.26 Hz, 2
H); MS ESIE- m/z 852.5 (M-H)-.

ALt L
Q
Example 54

(25,2'S)-N,N'-{ [(4-fluorophenyl)imino|bis(methanediylbenzene-4, 1 -diyl) }bis{ 1-[(2R)-2-
(diethylamino)-2-phenylacetyl Jpyrrolidine-2-carboxamide }
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The product from Example 13D (0.055 g, 0.107 mmol) and (R)-2-(diethylamino)-2-
phenylacetic acid (0.048 g, (.24 mmol) were processed as in Example 25B to give (0.046 g (48%) of
the title compound as an off-white solid. MS (TFA,ELSD+) m/z 895 (M+H)+.

Ao Lo o

Example 55
(25,2'S)-N.N-[(phenylimino)bis(methanediylbenzenc-4,1-diyl)Ibis{ 1-[(2R)-2-phenyl-2-pyrrolidin-1-
ylacetyl]pyrrolidine-2-carboxamide }

Example 55A
(R)-2-phenyl-2-(pyrrolidin-1-ylyacetic acid

To (R)-2-amino-2-phenylacetic acid (1.0 g, 6.62 mmol), 1,4-dibromobutane (1.57 g, 0.727
mmol) and sodium carbonate (2.103 g, 19.85 mmol) was added ethanol (40 mL) and the resultant
mixture heated at 100 °C for 65 hours. After cooling, the resultant solid was removed by filtration
and washed with ethanol. The filirate was concentrated, and then dissolved in ethanol then a solution
of 4N aqueous hydrochloric acid added until the pH of the solution was 3. The resultant solid was
removed and discarded. The filtrate was concentrated and purified by reversed phase chromatography
(C18), eluting with 10-100% acetonitrile in water (0.1% TFA) to give the title compound. MS (ESD)
m/z 206 (M+H)",

BExample 55B
(25,2'S)-N,N-[(phenylimino)bis(methanediylbenzene-4,1-diyl) |bis{ 1-[(2R)-2-phenyl-2-pyrrolidin-1 -
ylacetyl]pyrrolidine-2-carboxamide }

The product of Example 1D (30 mg, 0.060 mmol) and the product of Example 55A (40.8 mg,
0.199 mmol) were processed using the method described in Ixample 43 to atford 34 mg (65%) of the
tile compound. 'H NMR (500 MHz, DMSO-D6) 8 ppm 10.08 (bs, 2H), 7.55 (m, 4H), 7.49 (m,
10H), 7.16 (d, J=8.4 Hz, 4H), 7.03 (m, 2H), 6.61 (d, J=8.2 Hz, 2H), 6.53 (t, J=7.2 Hz, 111), 5.50 (m,
2H), 4.57 (s, 4H), 4.38 (m, 2H), 3.84 (my, 2H), 3.50 (m, 2H), 3.10 (m, 6H), 3.86 (m, 2H), 3.75 (n,
2H), 2.02 (1, 4H), 1.90 (m, 811}, 1.76 (s, 4H).
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Example 56
N-(methoxycarbonyl)-3-methiyl-L-valyl-N-[4-({phenyl[4-({ I-[(2R)-2-phenyl-2-pyrrolidin- 1 -ylacetyl]-
L-prolyl }amino)benzyl}amino }methyl)phenyl]-L-prolinamide
5 The product from Example 10A (40 mg, 0.060 mmol) and the product of Example 55A (18.4
mg, 0.090 mmol) were processed using the method described in Example 43 to afford 31 mg (60%) of
the title compound. 'H NMR (500 MHz, DMSO-D6) & ppm 9.94 (bs, 1H), 9.90 (bs, 1H), 7.46 (m,
3H), 7.41 (m, 2H), 7.27 (m, 3H), 7.15 (m, 4H), 7.02 (m, 3H), 6.61 (d, /=8.2 Hz, 2H), 6.52 (, J=7.3
Hz, 1H), 4.55 (bs, 4H), 4.38 (m, 1H), 4.27 (m, 1H), 4.17 (m, 2H), 3.79 (m, 1H), 3.72 (m, 1H), 3.58
10 (m, 1H), 3.49 (s, 3H), 3.40 (m, 1H), 2.43 (m, 3H), 2.29 (m, 2H), 2.09 (m, 1H), 1.95 (m, 3H), 1.89 (m,
4H), 1.57 (m, 3H), 0.91 (s, 9H).

Example 57
15 (25,2'$)-N,N'-[(phenylimino)bis(imethanediylbenzene-4,1-diyl}]bis{ 1 -[(2R)-2-morpholin-4-y1-2-

phenylacetyl]pyrrolidine-2-carboxamide }

Example 57A
(R)-2-morpholino-2-phenylacetic acid
20 To (R)-2-amino-2-phenylacetic acid (1.0 g, 6.62 mmol), 1-bromo-2-(2-bromoethoxy)ethane
(1.686 g, 0.727 mmol) and sodium carbonate (2.103 g, 19.85 mmol) was added ethanol (40 mL) and
the resultant mixture heated at 100 °C for 45 hours. After cooling, the resultant solid was removed by
filtration and washed with ethanol. The filtrate was concentrated, and then dissolved in ethanol then a
solution of 4N aqueous hydrochloric acid added until the pH of the solution was 3. The resultant sokid
25  was removed and discarded. The filtrate was concentrated and purified by reversed phase
chromatography (C18), eluting with 10-100% acetonitrile in water (0.1% TIFA) to give the title
compound. MS (BSI) ny/z 222 (M+H)".
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Example 57B
(25,2'8)-N,N'-[(phenylimino)bis(methanediylbenzene-4, 1-diyh 1bis{ 1-[(2R)-2-morpholin-4-yl-2-
phenylacetyl]pyrrolidine-2-carboxamide }
5 The product of Example 1D (30 mg, 0.060 mmol) and the product of Example 57A (44 mg,
0.199 mmol) were processed using the method described in Example 43 to afford 41 mg (75%) of the
title compound. "H NMR (500 MHz, DMSO-D6) & ppm 9.93 (bs, 2H). 7.47 (d, J=8.4 Hz, 4H), 7.41
(d, J=7.0 Hz, 4H), 7.28 (m, 6H), 7.14 (m, 4H), 7.03 (m, 2H), 6.62 (d, J=8.1 Hz, 2H), 6.52 (t, J=7.2
Hz, 1H), 4.56 (bs, 4H), 4.24 (m, 4H), 3.81 (m, 2H), 3.45 (m, 8H), 3.40 (m, 2H), 2.63 (m, 8H), 2.39
10 (m, 4H), 2.29 (m, 4H), 1.95 (m, 4H), 1.77 (m, 4H).

Lo O
e

Q
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Example 58
N-(methoxycarbonyl)-3-methyl-L-valyl-N-{4-({[4-({1-[(2R)-2-morpholin-4-y1-2-phenylacetyl]-L-
15 prolyl}amino)benzyl](phenyl)amino }methylyphenyl]-L-prolinamide
The product from Example 10A (40 mg, 0.060 mmol) and the product of Example 57A (19.9
mg, 0.090 mmol) were processed using the method described in Example 43 w afford 35 mg (67%) of
the title compound. 'H NMR (500 MHz, DMSO-D6) & ppm 9.80 (s, 1H), 9.78 (s, 1H), 7.35 (m, 3H),
728 (m, 2H), 7.14 (m, 3H), 6.97 (m, 4H), 6.88 (m, 3H), 6.46 (d, /=8.1 Hz, 2H), 6.37 (1, J=7.2 Hz,
20 1H), 4.40 (bs, 4H), 4.22 (m, 1H), 4..11 (m, 1H), 4.05 (m, 2H), 3.67 (m, 1H), 3.57 (m, 1H), 3.43 (m,
1H), 3.34 (s, 3H), 3.30 (m, 3H), 3.24 (m, 2H), 2.49 (s, 8H), 2.22 (m, 2H), 2.12 (m, 2H), 1.92 (m, 1H),
1.79 (m, 3H)}, 1.62 (m, 4H), 0.77 (s, 9H).
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25 Example 59
methyl (35)-tetrahydrofuran-3-yl [(phenylimino)bis{methanediylbenzene-4,1 -
diylcarbamoyl(25)pyrrolidine-2, 1 -diyl{(25)-3,3-dimethyl- 1-oxobutane-1,2-diyl] } Jbiscarbamate
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Example 59A
(S)-tert-butyl 3,3-dimethyl-2-(((S)-tetrahydrofuran-3-yloxy)carbonylamino)butanoate
A mixture of (S)-tert-butyl 2-amino-3,3-dimethylbutancate hydrochloride (0.05 g, 0.223
mmol), (8)-2,5-dioxopyrrolidin-1-yl tetrahydrofuran-3-yl carbonate (0.056 g, (.246 mmol) and
Hunig’s base (0.078 mL, 0.447 mmol) in THF (2.25 mL) was stirred at room temperature for 12

hours. The solvent was evaporated and the product was purified by chromatography on silica gel

cluting with 0-15% ethyl acetate in dichloromethane to give the title compound (0.037 g, 55% yield).

DL o
H o

Example 59B
(S)-3,3-dimethyl-2-(((S)-tetrahydrofuran-3-vioxy)carbonylamino)butanoic acid
To a solution of the product from Example 59A (0.037 g, 0.123 mmol) in dichloromethane
(1.2 mL) was added trifluoroacetic acid (1.2 mL) and the mixture was stirred at room temperature for
2 hours. The solvent was evaporated to give the title compound which was used without further

parification.

Example 59C
methyl (38)-tetrahydrofuran-3-y! [(phenylimino)bis{methanediylbenzene-4,1-
diylcarbamoyl(28)pyrrolidine-2,1-diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate

To a solution of the product from Example 10A (0.025 g, 0.037 mmol) in DMSO (0.374 ml)
at room temperature were added the product from Example 59B (0.011 g, 0.045 mmol), HATU (0.017
g, 0.045 mmol) and Hunig's base (0.033 mL, 0.187 mmo!) and the mixture was stirred at room
temperature for 1 hour. The reaction was diluted with ethyl acetate and washed with saturated
NaHCOs;, water, and saturated NaCl. The organic was dried over MgSQ,, filtered and evaporated.
The product was purified by reversed phase chromatography (C18), eluting with 10-100% acetonitrile
in water (0.1% TFA) to give the title compound as a TFA salt (0.032 g). '"H NMR (500 MIz, DMSO-
dg) O ppm 0.96 (s, 18 H) 1.80 - 1.92 (m, 5 H) 1.93 - 2.03 (m, 2 H) 2.05 - 2.21 (m, 3 H) 3.54 (s, 3 H)
3.58 - 3.85 (m, 7 H) 4.20 (dd, J=10.76, 9.08 Hz, 2 H) 4.43 (dd, J=8.09, 5.34 Hz, 2 H) 4.59 (s, 4 H)
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5.10 (dd, J=5.87, 4.65 Hz, 1 H) 6.49 - 6.61 (m, 1 H) 6.66 (d, J=7.17 Hz, 2H) 7.02 - 7.14 (m, 3 H) 7.17
(d,J=8.55Hz, 4 H) 7.48 - 7.56 (m, 4 H) 9.99 (s, 2 H). MS (ESD m/z 896.5 (M+H)".
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Example 60

(28,2'S)-N, N -{ {{4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis { 1 -[(2R)-2-
(dimethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide}

The title compound was prepared using the methods from Example 2 substituting the product
from Example 13D for the product from Example 1D to provide the title compound (105 mg, 22%
yield). 'H NMR (500 MHz, DMSO) § 9.96 (s, 2H), 7.54 — 7.49 (m, 4H), 7.46 — 7.40 (m, 4H), 7.35 -
7.26 (m, 6H), 7.20 - 7.14 (m, 4H), 6.95 - 6.87 (m, 2H), 6.67 — 6.60 (m, 2H), 4.56 (s, 4H), 4.34 — 4.27
(m, 2H), 4.14 (s, 2H), 3.87 ~ 3.79 (m, 2H), 3.46 - 3.39 (m, 2H), 2.11 (s, 12H), 2.05 — 1.93 (m, 4H),
1.88 — 1.72 (m, 4H). MS (ESL; M+H) m/z = 839.
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Example 61
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyi[(25)-1-
oxo-3-phenylpropane-1,2-diyl] } Jbiscarbamate
The product from Example 1D (0.030 g, 0.060 mmol) was subjected to the procedure
described in Example 24E, substituting (S)-2-(methoxycarbonylamino)-3-phenylpropanoic acid for
(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (16
mg). "H NMR (500 MHz, DMSO-D6) & ppm 1.85 - 2.06 (m, 8 H), 2.10 - 2.19 (m, 2 H), 2.74 (dd,
J=14.0, 10.1 Hz, 2 H), 2.96 (dd, /=14.0, 3.7 Hz, 2 H), 3.44 (s, 6 H), 4.37 - 4.43 (m, 2 H), 4.46 (dd,
J=8.2,4.2 Hz, 2 H), 4.60 (s, 4 H), 6.57 (1, J=6.9 Hz, 1 H), 6.67 (d, J=8.1 Hz, 2 H), 7.07 (1, /=79 Hz, 2

H), 7.17-7.22 (m, 6 H), 7.26 (, J=7.4 Hz, 4 H), 7.30 - 7.33 (m, 4 H), 7.48 - 7.55 (m, 6 H), 9.95 (5, 2

11); MS m/z 908.9 (M+HD)™.
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Example 62
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4- {{{4-[(1-{ (28)-2-[(methoxycarbonyl)amino}butanoyl } -
5 L-prolyDamino]benzyl} (phenylyamino]methyl } phenyl)-L-prolinamide

The product from Example 10A (0.028 g, 0.054 mmol) was subjected to the procedure
described in Example 10B, substituting (8)-2-(methoxycarbonylamino)butanoic acid for (R)-2-
(dimethylamino)-2-phenylacetic acid, and the product purified using the HPLC conditions of Example
1E 10 give the title compound as a TFA salt (6.4 mg). " NMR (500 MHz, DMSO-D6) & ppm 0.88 -
10 092 (m,3H), 096 (s,9 H), 1.52 (dd, J=14.5, 6.9 Hz, 1 H), 1.65 (dd, /=14.0,6.7 Hz, 1 H), 1.81 - 2.04
(m, 8 ), 2.09-2.18 (m, 2 H), 3.52 (s, 3 H),3.54 (s, 3 H), 4.14 - 4.23 (m, 2 H), 4.40 - 4.46 (m, 2 ),
459 (s, 4 H), 6.57 (, J=7.1 Hz, 1 H), 6.66 (d, J=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.17 (d, J=8.5 Hz,

4H),7.50(d, 4 H),9.95 (s, 1 H). 9.99 (5, 1 H); MS m/z 812.1 (M+H)".

/QTNH HNTO\

15 o) 0
Example 63
dimethy! [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl|(3S,6R.9aS)-5-0xooctahydro-1 H-
pyrrolo[1,2-a]azepine-3,6-diyl} }Ibiscarbamate

Cfm<

20 O
Example 63A
(38,6R,94S)-tert-butyl 6-(tert-butoxycarbonylamino)-5-oxooctahydro-1H-pyrrolo[1,2-ajazepine-3-

Zliv

carboxylate
The title compound was prepared following the described procedures (Angiolini et al. Eur. J.

25 Org. Chem. 2000, 2571-2581).
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Example 63B

(35,6R ,9a8)-6-(methoxycarbonylamino)-5-oxooctahydro-1H-pyrrolo[1,2-a]azepine-3-carboxylic acid

To a solution of the product from Example 63A (45 mg, 0.122 mmo)) in 1,4-dioxane (0.2 mL)
was added 2N HCI in 1.4-dioxane (0.3 mL, 1.2 mmol). The resulting solution was stirred at 1l
overnight and then concentraled in vacuo. The residue was dissolved in H,O (0.4 mL), NaHCO; (33
mg. 0.39 mmol) was added, and the resulting mixture was stirred at O °C while a solution of methyl
chloroformate (0.012 mL, 0.156 mmol) in Et;O (0.100 mL) was added dropwise. The resulting
mixture was stirred at rt for 3 h and then partitioned between 0.2 N aq. HCI and CH,Cl,. The organic
layer was dried over Na,SOq, filtered and concentrated in vacuo to give the title compound as a solid

(33 mg, quantitative).

Zxample 63C
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl[(3S,6R,9a5)-3-ox00ctahydro-1 H-
pyrrolo{1,2-glazepine-3,6-diyl] } biscarbamate

The product from Example1B (10 mg, 0.033 mmol) was subjected to the conditions described
in Example 24C, substituting the product from Example 63B (19 mg, 0.070 mmol) {or N-(lert-
butoxycarbonyl)-L-proline, to give the title compound as a TFA salt (10 mg). ‘H NMR (500 MHz,
DMSO-D6) & ppm 1.51 - 1.86 (m, 14 H), 1.90 - 2.01 (m, 4 H), 2.02 - 2.11 (m, 2 H), 3.55 (s, 6 H),
3.96 - 4.04 (m, 2 H), 4.14 (t, J=5.95 Hz, 2 H), 4.44 (d, J=9.46 Hz, 2 H), 4.59 (s, 4 H), 6.57 (t, J=7.10
Hz, 1 H), 6.66 (d, /=793 Hz, 2 ), 7.07 (¢, J=7.86 Hz, 2 H), 7.17 (d, J=8.54 Hz, 4 H), 7.44 (s, 2 H),
7.52 (d, J=8.55 Hz, 4 H), 9.99 (s, 2 H); MS m/z 809 (M+H)".

- ] Q x D ----- /T
—° ﬁ}/ﬁo o @\/N\/@ \C"> “\(O
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Example 64
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl{(25,5R)-5-prop-2-en-1-
yipyrrolidine-2,1-diyl][(25)-3,3-dimethyl-1-oxobuiane-1,2-diyl] } |biscarbamate
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Example 64A
(28,5R)-1-tert-butyl 2-ethyl S-allylpyrrolidine-1,2-dicarboxylate
The title compound was prepared following the described procedures (Zhang et al. Org. Lett.
2002, 4, 4029-4032).

Example 64B
(28,5R)-5-allyl-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid
A solution of the product from Example 64A (0.35 g, 1.24 mmol) in MeOH (10 mL) was
treated with a 3.0 M aq. solution of NaOH (2.06 mL, 6.18 mmol), and the resulting mixture was
stirred at rt for 3 h. Added 1IN HCI to adjust to pH 2, removed MeOH in vacuo, and extracted the
aqueous layer with CH,Cl, (2x). The combined organic layers were dried over Na,SO,, filtered and

concentrated m vacuo to give the title compound.

:%@E%@wi )

-
Example 64C

(2R,2'R,58,5'S)-tert-butyl 5,5'-(4,4"-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(2-allylpyrrolidine- 1-carboxylate)
The product from Example 1B (119 mg, 0.392 mmol) was subjected to the procedure
described in Example 24C, substituting the product from Example 64B (0.22 g, 0.862 mmol) for N-
(tert-butoxycarbonyl}-L-proline to give the title compound (0.24 g, 79%).

Example 64D
(28,2°8,5R,5R)-N,N'-(4,4"-(phenylazancdiylbis(methylene)bis(4, I -phenylenc))bis(5-allyipyrrolidine-
2-carboxamide)

The product from Example 64C (0.24 g, 031 mmol) was subjected to the conditions
described in Example 1D to give the title compound (0.17 g, 95%).

Example 64E
dimethyl [(phenylimino)bis{ methanediylbenzene-4,] -diylcarbamoyl{(25,5R)-5-prop-2-en-1-

ylpyrrolidine-2,1-diyl}{(25)-3,3-dimethyl- I -oxobutane- 1,2-diyl] } [biscarbamate
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The product from Example 64D (20 mg, 0.035 mmol) was subjected to the conditions
described in* Example 24E, substituting (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid for
(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (17
mg). "H NMR (500 MHz, DMSO-D6) & ppm 0.89 - 1.01 (m, 18 H), 1.73 - 1.95 (m, 5 H), 2.02 - 2.28
(m, 3 H), 3.50 - 3.60 (m, 6 H), 3.97 - 4.13 (m, 1 H), 4.20 (d, J=9.46 Hz, 2 H), 4.26 - 4.45 (m, 3 H),
4.54 - 4.65 (m, 4 H), 495-521 (m, 4 H), 5.71 - 5.93 (m, 2 H), 6.57 (, J=7.25 Hz, 1 H), 6.66 (d,
J=8.24 Hz, 2 H), 6.88 - 6.96 (m, J=9.61 Hz, 1 H), 7.03 - 7.10 (m, 2 H), 7.13 - 7.23 (m, 4 H), 7.38 (4,
J=9.46 Hz, 1 H), 747 - 7.536 (m, 4 H), 9.98 (s, 2 H); MS (ESI) m/z 920.5 (M+H)™.

@ At
. =IO Q=0 P
~N

[o) 0O

N~

Example 65

NN-bis[(2-{ (25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl] pyrrolidin-2-y1} -1 H-benzimidazol-5-
yhmethyl]aniline

The product from Example 7E (18 mg, 0.037 mmol) was subjected to the procedure described
in Example 24E, suvbstituting (R)-2-(diethylamino)-2-phenylacetic acid hydrochloride for (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (25 mg).
'"H NMR (500 MHz, DMSO-D6) & ppm 0.93 - 1.37 (m, 12 H), 1.84 - 2.14 (m, 8 H), 2.15 - 2.28 (m, 2
H),2.77 - 340 (m, 10 H), 4.10 - 4.18 (m, 2 H), 4.79 - 4.95 (m, 4 H), 5.22 (dd, /=8.32, 2.37 Hz, 2 H),
545 (s, 2 H), 6.54 - 6.85 (m, 4 H), 6.99 - 7.18 (m, 3 H), 7.23 - 7.40 (m, 1 H), 9.64 - 9.86 (m, 2 H); MS
(EST) m/z 870.6 (M+H)*.

o ad-o
O A0

O
Example 66

N,N-bis[(2-{(25)-1-[(2R)-2-phenyl-2-pyrrolidin-1 -ylacetyl}pyrrolidin-2-y1} - 1 H-benzimidazol-5-
ylmethyl}aniline
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The product of Example 7E (20 mg, 0.041 mmol) was subjected to the procedure described in
Example  24E,  substituting  (R)-2-phenyl-2-(pyrrolidin-1-ylacetic  acid  for  (8)-2-
(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TPA salt (14 mg). 'H
NMR (500 MHz, DMSO-D6) 8 ppm 1.22 - 1.29 (m, 3 H), 1.87 - 1.96 (m, 9 H), 1.99 (s, 2 H), 2.01 -
5  210(m, 7H), 2.18 - 2.28 (m, 3 H), 2.95 - 3.04 (m, 5 H), 4.03 (d, J=8.7 Hz, 5 H), 4.92 (s, 4 H), 5.49
(s, 3 H), 675 (d, J=8.1 Hz, 3 H), 7.08 - 7.17 (m, 3 H), 7.39 (d, /=8.4 Hz, 3 H), 7.57 (dd, J=6.9, 2.7

Hz, 8 H), 7.61 - 7.67 (m, S H), 7.70 (d, J=8 4 Hz, 3 H); MS (ESI) m/z 866.3 (M+H)".

i Mo
@] o] O
\-../ N J\:’- N \_.J
10 Example 67
N N-bis{(2-{(25)-1-[(2R)-2-morpholin-4-yl-2-phenylacetyl}pyrrolidin-2-yl } - | H-benzimidazol-5-

yhmethyljaniline

The product of Example 7E (20 mg, 0.041 mmo!) was subjected to the procedure described in
Example 24E, substituting (R)-2-morpholino-2-phenylacetic acid for (§)-2-(methoxycarbonylamino)-
15 3-methylbutanoic acid, to give the title compound as a TFA salt (17 mg). 'H NMR (500 MHz,
DMSO-D6) & ppm 1.91 {4, J=2.6 Hz, 4 H), 2.02 - 2.11 (m, 7 H), 2.23 (d, J=6.6 Hz, 4 H), 3.04 (d,
J=72Hz,6 H},4.90 (5,7 H), 5.30 (dd, /=84, 2.0 Hz, 3 H), 549 (s, 3 H). 6.61 (5, 2 H), 6.74 (d, /=8.2
Hz, 4 1), 7.07 - 7.14 (m, 3 H), 7.37 (d, J=8.2 Hz, 3 H), 7.53 - 7.59 (m, 11 H), 7.59 - 7.64 (m, 6 H),

7.68 (d, /=8.4 Hz, 3 H); MS (EST) m/z 898.6 (M+H)".

20
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Example 68
dimethy] [(acetylimino)bis {methanediylbenzene-4,1-diylcarbamoyl(2 S)pyrrolidine-2, 1-diyl[(25)-3-

methyl-1-oxobutane-1,2-diyl] } |biscarbamate
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Example 68A
N.N-bis(4-nitrobenzylacetamide

To a solution of bis(4-nitrobenzyl)amine (500 mg, 1.741 mmol) in pyridine (9 mL) was
slowly added acetic anhydride (0.18 mL, 1.92 mmol) via syringe. The resulting mixture was stirred at
1t for 2 hours, and the reaction was concentrated in vacuo. The residue was dissolved m toluene and
evaporated to dryness in vacuo. The residue was dissolved in 19:1 EtOAc:methanol, washed with
water and brine, dried (N2,8Q0,), filtered and concentrated to afford the title compound (551 mg,
96%). MS (APCI) m/z 330.2 (M+H)".

Example 68B
N,N-bis(4-aminobenzyl)acetamide

A mixture of the product from Example 68A (250 mg, 0.759 mmol), iron powder (424 mg,
7.59 mmol), and ammonium chloride (203 mg, 3.80 mmol) in ethanol (1 mL), tetrahydrofuran (ImL)
and water (0.250 ml.) was heated at 80 °C for 18 hours. The mixture was allowed to cool to rt,
filtered, rinsed with methanol, and concentrated in vacno. The residue was partitioned between
BtOAc and H,O, and the organic layer was dried (Na,50,), filtered and concentrated in vacuo to
afford the title compound (226 mg, 90 %). MS (EST) m/z 269.9 (M+H)*

/lrrﬁ o i LD
S LT QT S~
O O
Example 68C
(28,2'S)-tert-butyl 2,2'-(4.4'-(acetylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine- 1 -carboxylate

The product from Example 68B (264.4 mg, 0.982 mmol) was subjected to the procedure

described in Example 24C to afford the title compound (684 mg, quant). MS (ESD) m/z 664.4 (M+H)".

T O T

Example 68D
(S)-N-(4-((N-(4-((S)-pyrrolidine-2-carboxamido)benzyl)acetamido)methyl)phenyl)pyrrolidine-2-

carboxamide
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The product from Example 68C (684 mg, 1.030 mmol) was subjected to the procedure
described in Example 24D to afford the title compound (141 mg, 29%). MS (ESI) m/z 464.2 (M+H)™.

Example 68E
dimethyl [(acetylimino)bis { methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2, 1 -diyi[(2.5)-3-
methyl-I-oxobutane-1,2-diyl] } Jbiscarbamate

The product from Example 68D (35 mg, 0.076 mmol) was subjected 1o the procedure
described in Example 2, substituting (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid for (R)-2-
(dimethylamino)-2-phenylacetic acid, 1o afford the title compound (22mg, 37%). "H NMR (500 MHz,
DMSO-D6) & ppm 0.88 (d. /=6.7 Hz, 6 H), 0.94 (d, J=6.9 Hz, 6 H), 1.85 - 1.94 (m, 6 H), 1.96 - 2.04
(m, 2 H), 2.10 (5, 3 1), 2.11 - 2.19 (m, 2 H), 3.50 - 3.56 (m, 6 H), 3.59 - 3.66 (m. 2 H), 3.78 - 3.85 (m,
2 H), 4.03 (, J=8.5 Hz, 2 H), 4.38 (s, 4 H), 4.44 (dd, J=8.1, 4.9 Hz, 2 H), 7.10 - 7.16 (m, 4 H), 7.32
{d, J=8.4 Hz, 2 H), 7.50 - 7.59 (m, 4 H), 10.04 (d, J=20.0 Hz, 2 H); MS (ESI) m/z 778.4 (M+H)".

/OT“\__/KO o \GL/N\/@Z] )N\/H\‘(D\
o /]\ R S
O
Example 69

N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{{{4-[(1-{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl}-L-prolylyamino]benzyl} (phenyl)amino]methyl Jphenyl)-L-prolinamide

'

0

H H

N N
N Loty
oY

Example 69A

Methyl R-2-0x0-1-phenyl-2-((S)-2-(4-((phenyl(4-((S)-pyrrolidine-2-
carboxamido)benzyl)amino)methylphenylcarbamoyl)pyrrolidin-1 -yhethylcarbamate
To a solution of product from Example 1D (1.198 g, 2.408 mmol) in DMSO (24 mL) was

added R-2-(methoxycarbonylamine)-2-phenylacetic acid (0.403 g, 1.926 mmol), HATU (0.732 g,
1.926 mmol) and Hunig’s base (0.673 mL, 3.85 mmol), and the resulting mixture was stirred at rt
overnight. The mixture was poured into water to give a colorless precipitate that was filtered and

washed with water. The solid was dissolved in CH,Cl,, dried over anhydrous sodium sulphate,
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fillered, and concentrated in vacuo. The crude product was purified by column chromatography on
silica gel using a solvent gradient of (-8% MeOH in CH,Cl, to give the title compound (0.387 g,
24%}.

Example 698
N-(methoxycarbonyl)-3-methyl-L-vatyl-N-(4-{[{4-{(1-{ (2R)-2-[(methoxycarbonyl)amino}-2-
phenylacetyl}-L-prolylyamino]benzyl} (phenyl)aminoJmethyl } phenyl)-L-prolinamide

The product from Example 69A (0.031 g, 0.045 mmol) was subjected to the procedure
described in Example 10B, substituting (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid for
(R)-2-(dimethylamino)-2-phenylacetic acid, to give the title compound (11 mg, 28%). "H NMR (500
MHz, DMSO-D6) 8 ppm 0.96 (s, 9 H), 1.80 - 2.05 (m, § H), 2.10 - 2.18 (m, 2 H), 3.53 (s, 3 H), 3.54
(5,3 H),3.60-3.68 (m, 1 H), 3.74 - 3.85 (m, 2 H), 4.21 (d, J=8.9 Hz, 2 H), 4.37 (dd, J=8.1,3.4 Hz, 1
H), 4.44 (dd, J=8.2, 5.3 Hz, 1 H), 4.59 (s, 4 H), 6.57 (1, J=7.2 Hz, 1 H), 6.66 (d, J=8.1 Hz, 2 H), 7.04
—7.11 (m, 2 H), 7.15-7.21 (m, 4 H), 7.29 - 7.42 (m, 5 H), 7.48 - 7.56 (m, 4 H), 7.69 (d, J=7.8 Hz, 1
H), 9.83 (s, 1 H), 9.99 (s, 1 H); MS m/z 860.8 (M+H)".

H H
N Ly
Example 70

N-(methoxycarbonyl)-L-valyl-N-(4-{[{4-[(1-{(2R)-2-[(methoxycarbonylamino]-2-phenylacetyl }-L-
prolyDamino]benzyl } (phenyhamino jmethyl } phenyl)-L-prolinamide

The product from Example 69A (0.031 g, 0.045 mmol) was subjected to the procedure
described in Example 10B, substituting (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid for
(R)-2-(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0135 g, 36%). 'H NMR
(500 MHz, DMSO-D6) & ppm 0.88 (d, /=6.7 Hz, 3 H), 0.93 (d, /=6.7 Hz, 3 H), 1.80 - 2.05 (m, § H),
209 -2.20 (m, 2 H), 3.52 (s, 3 1), 3.53 (s, 3 H), 3.57 -~ 3.67 (m, 2 H), 3.76 — 3.86 (m, 2 H), 4.02 (1,
J=8.5 Hz, 2 H), 4.37 (dd, J=8.1, 3.4 Hz, 1 H), 443 (dd, J=8.2, 4.8 Hz, 1 H), 4.59 (s, 4 H), 6.57 (¢,
J=7.2 Hz, 1 H), 6.66 (d, /=8.1 Hz, 2 H), 7.04 - 7.10 (m, 2 ), 7.15 - 7.21 (m, 4 H), 7.29 - 742 (m, 5
H), 7.48 —~7.57 (m, 4 H), 7.69 (d, J=7.9 Hz, 1 H),9.83 (s, 1 H), 9.98 (s, 1 H); MS m/z 846.3 M+H)".
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Example 71
methy! {(1R)-2-[(28)-2-{ [4-({[4-({[(25)-1-{(25)-2-[(methoxycarbonyl)amino]butanoyl } pyrrolidin-2-
yljcarbonyl} aminojbenzyl](phenylhamino }methyl)phenyljcarbamoyl } pyrrolidin-1-y1}-2-0xo-1-
5 phenylethyl}carbamate
The product from Example 69A (0.031 g, 0.045 mmol) was subjected to the procedure
described in Example 10B, substituting (8)-2-(methoxycarbonylamino)butanoic acid for (R)-2-
(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0126 g, 34%). 'H NMR (500
MHz, DMSO-D6) & ppm 0.90 (t, /=74 Hz, 3 H), 1.46 — 1.58 (m, 1 H), 1.61 - 1.71 (m, 1 H), 1.73 —
10 2.05(m, 8 H), 2.07~2.20 (m, 2 H), 3.52 (s, 3 H), 3.53 (s, 3 H), 3.56 — 3.64 (m, 2 H), 3.69 - 3.76 (m,
1 H), 377 -3.84 (m, 1 H), 4.14 -~ 421 (m, 1 H), 437 (dd. J=8.2, 3.4 Hz, 1 H), 443 (dd, /=8.1, 4.6
Hz, 1 H), 459 (s, 4 H), 6.57 (t, J=7.2 Hz, 1 H), 6.66 (d. J=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.1§
(dd, J=8.5,5.9 Hz, 4 H), 7.29 — 7.42 (m, 5 H), 7.48 - 7.56 (m, 4 H), 7.69 (d, /=7.8 Hz,  H), 9.83 (5, 1
H), 9.95 (s, 1 H); MS m/z 832.2 (M+H)".
15

o
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Fxample 72
methyl {(15)-2-[(25)-2-{ [4-({[4-({[(25)-1-{(2R)-2-[(methoxycarbonylyamino]-2-
phenylacetyl }pyrrolidin-2-
20 yl]carbonyljamino)benzyl](phenyl)amino }methyl)phenyljcarbamoyl } pyrrolidin- 1-yl}-2-oxo0-1-[(3R)-
letrahydrofuran-3-yijethyl }carbamate

The product from Example 69A (0.031 g, 0.045 mmol) was subjected to the procedure

described m Example 10B, substituting (S)-2-(nethoxycarbonylamino)-2-((R)-tetrahydrofuran-3-
ylacetic acid for (R)-2-(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0219 g,

25 55%). '"H NMR (500 MHz, DMSO-D6) & ppm 1.21 ~1.29 (m, 4 H), 1.69 - 1.80 (mn, 2 H), 1.81 - 2.05
(m, § H), 2.11 —2.20 (m, 2 H), 3.53 (s, 3H), 3.53 (s, 3 H), 3.58 = 3.71 (m, 2 H), 3.71 -~ 3.89 (m, 2 H),

423 (t, J=8.9 Hz, 1 H), 4.37 (dd, J=8.1, 3.2 Hz, 1 H), 4.44 (dd, /=8.2,4.7 Hz, 1 H), 4.60 (s, 4 H), 6.57
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(t, /=72 Hz, 1 H), 6.66 (d, J/=8.1 Hz, 2 H), 7.04 - 7.11 {m, 2 H), 7.18 (dd, /=8.6, 3.4 Hz, 3 H), 7.32 -
7.42 (m, 5 H), 7.53 (dd, J=13.5, 8.5 Hz, 4 H), 7.61 (d, J=7.9 Hz, 1 H), 7.69 (d, J/=7.8 Hz, 1 H), 9.83
(s, 1 H),9.98 (s, 1 H); MS m/z 874.3 (M+H)".

e Vasas i
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Exampie 73
dimethyl {(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl[(25)-4,4-difluoropyrrolidine-2,1-
diy][(28)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate
F i r F
o O i S
AT DT T K4
0O N O
10 o’&o o)\o

Example 73A
(58,5'S)-tert-butyl 5,5'-(4,4"-(phenylazanediyl)bis(methylene)Ybis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(3,3-difluoropyrrolidine- 1-carboxylate)
The product from Example 1B and N-BOC-4,4-diflucro-L-proline (Aldrich) were processed
15 using the method described in Bxample 41 to provide 457 mg (87%) of the title compound. MS (ESL;

M+H) m/z = 770.
FZFL]Y FF
o O i LS
N N
N >
"o \Q/N\/@ o "

Example 738
20 (28.2'S)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-phenylene))bis(4,4-difluoropyrrolidine-2-
carboxamide)
The product from Example 73A was processed wsing the method described in Example 478
to provide 236 mg {70%) of the title compound. MS (DCT; M+H) m/z = 570.

25 Example 73C
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dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl[(25)-4 4-difluoropyrrolidine-2,1-
diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl}} [biscarbamate

The product from Example 73B and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic
acid (DeGussa) were processed using the method described in Example 41 to provide 35 mg (9%) of
the title compound. "H NMR (400 MHz, DMSO-D6) 8 0.97 (s, 18 H) 2.37 - 2.50 (m, 2 H) 2.78 - 2.85
(m, 2 H) 3.54 (s, 6 1) 4.00 - 4.20 (i, 4 H) 4.28 - 4.39 (m, 2 H) 4.59 (br s, 4 H) 4.64 (1, J=8.02 Hz, 2
H) 6.57 (t,}=7.21 Hz, 1 H) 6.65 (d, J=8.24 Hz, 2 H) 7.07 (t, ]=7.92 Hz, 2 H) 7.19 (d, J=8.57 Hz, 4 IT)
7.29 (d, J=8.13 Hz, 2 H) 7.50 (d, J=8.57 Hz, 4 H) 10.13 (s, 2 H).

A Lo ey
“N
O
Example 74

N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{ [ {4-[(1-{ (2R)-2-{(tert-butoxycarbonyl)amino]-2-

phenylacetyl }-L-prolylyaminoibenzyl } (phenylyaminoJmethyl }phenyl)-L-prolinamide

The product of Example 10A (150 mg, 0.224 mmol) was subjected fo the procedure described
in Example 10B, substituting (R)-2-(tert-butoxycarbonylamino)-2-phenylacetic acid (62.0 mg, 0.247
mmot) for (R)-2-(dimethylamino)-2-phenylacetic acid to give the title compound (145 mg, 71%). 'H
NMR (500 MHz, DMSO-D6) & ppm 0.94 - 0.99 (m, 8 H), 1.32 - 1.38 (m, 9 H), 1.76 (d, J=4.1 Hz, 1
H),1.82-191 (m,3H),1.93-2.02 (m, 3 H),2.11-2.20 (m, 1 H), 2.69 (5,4 1), 3.17 (d, J=5.2 Hz, 2
1), 3.54 (s, 3 H), 3.63 (d, /=9.3 Hz, 1 H), 3.78 (dd, J=9.6,6.4 Hz, 2 H), 4.11 (d, J=5.2 Hz, 1 H),4.21
{d, J=9.0 Hz, 1 H), 4.37 (dd, J/=7.9, 3.1 Hz, 1 H), 4.44 (dd, /=8.1,5.3 Hz, I H), 4.59 (s, 4 H), 6.57 (1,
J=7.2 Hz, 1 H), 6.66 (d, J/=8.1 Hz, 2 H), 7.04 - 7.11 (m, 3 H), 7.18 (dd; J=8.5, 3.2 Hz, 4 H), 7.24 -
7.40 (m, 4 H), 7.52 (dd, J=9.9, 8.7 Hz, 4 H), 10.00 (s, 1 H); MS (ESI) m/z 902.8 (M+H)".

Example 75
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methyl [(1R)-2-{(25)-2-[(4-{ [{4-[({ 25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]benzyl }(phenyl)yaminojmethyl } phenyl)carbamoyl]pyrrolidin-1-y1}-2-0xo0-1-
phenylethyl]carbamate
The product from Example 69A (0.033 g, 0.048 mmol) was subjected to the procedure
5 described in Example 10B, substituting (R)-2-(diethylainino)-2-phenylacetic acid for (R)-2-
(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0238 g, 57%). ‘H NMR (500
MHz, DMSO-D6) 6 ppm 0.89 (t, J=6.9 Hz, 3 H), 1.07 (t, J=7.2 Hz, 3H), 1.21 - 1.33 (m, 4 H), 1.74 -
2.03 (m, 8 H), 2.05 - 2.19 (m, 2 H), 3.53 (s, 3 H), 3.76 - 3.84 (m, 1 H), 3.97 ~ 4.04 (m, 1 H), 4.35 -
444 (m, 2 H), 4.61 (s, 4 H). 543 - 552 (m, 2 H), 6.58 (t, J=7.2 Hz, 1 H), 6.67 (d, J/=8.1 Hz, 2 H),
10 7.05-7.11 (m, 2 H), 7.20 (1, J=83 Hz, 4 H), 7.33 -~ 7.42 (m, 6 H), 749 - 7.58 (m, 6 H), 7.66 - 7.71
(m, 2 H),9.84 (s, 1 H), 10.16 (s, 1 H); MS m/z 878.3 (M+iD)",

Example 76
15 methyl {(1R)-2-0x0-1-phenyl-2-[(25)-2~({4-[(phenyl{4-[({(25)-1-[(25)-tetrahydrofuran-2-
ylcarbonyl]pyrrolidin-2-yl}carbonyl)aminoJbenzyl }amino)methyl]phenyl }earbamoyl)pyrrolidin-1-
yliethyl}carbamate
The product from Example 69A (0.032 g, 0.046 mmol) was subjected to the procedure
described in Example 10B, substituting (S)-tetrahydrofuran-2-carboxylic acid for (R)-2-
20 (dimethylamino)-2-phenylacetic acid, to give the title compound (0.0244 g, 66%). 'H NMR (400
MHz, DMSO-D6) & ppm 1.72 — 2.16 (1, 12 H), 3.53 (5, 3 H), 3.58 - 3.84 (m, 4 H), 4.31 ~ 4.45 (m, 2
H), 6.57 (t, J=7.2 Hz, 1 H), 6.66 (d, J=8.2 Hz, 2 H), 7.03 - 7.12 (m, 2 H), 7.18 (dd, J=8.3, 4.6 Hz, 4
H), 7.32 -~ 7.42 (in, 5 H), 7.47 ~- 7.58 (m, 4 H), 7.68 (d, J=7.9 Hz, 1 H), 9.83 (s, 1 H), 9.96 (s, 1 H);
MS m/z 787.2 (M+H)*.
25

Example 77
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N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({ {4-({ 1-[(2R)-2-amino-2-phenylacetyl]-L-
prolyl}amino)benzyl] (phenyl)amino }methyl)phenyl]-L-prolinamide

To a solution of the product from Example 74 (136.1 mg, 0.151 mmeol) m CH,CL, (0.2 mL)
was added trifluoroacetic acid (0.20 mL). The mixture was stirred at rt and concentrated in vacno.
The crude product was partitioned between CH,Cl, and saturated aqueous NaHCO;, and the organic
layer was dried (Na,SO,), filtered and concentrated in vacuo to afford the title compound (115 mg,
94%). "H NMR (400 MHz, DMSO-D6) & ppm 0.96 (s, 8 H), 1.53 (s, 1 H), 1.74 (s, 1 H), 1.82 - 1.91
(m, 3H), 1.99(s,2 H),2.15(s, 1 ), 2.69 (s, 2 H), 2.84 (s, 1 H),3.54 (5,3 H),3.63 (s, 1 H),3.79 (s, 2
H),4.21 (d, J=8.9 Hz, 1 H), 441 -4.47 (m, 2H),4.60 (s, 4 H), 5.29 (s, 1 ), 6.57 (t, J=7.2 Hz, 1 H),
6.66 (d, J/=8.2 Hz, 2 H), 7.05 - 7.11 (m, 3 H), 7.19 (t, J=8.3 Hz, 4 H), 7.42 - 7.49 (m, 4 H), 7.53 (dd,
J=12.8, 8.5 Hz, 5 H), 10.00 (s, 1 H), 10.09 (s, 1 H); MS (ESD) m/z 802.5 (M+H)".

H O
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Example 78
dimethyl {(phenylimino)bis[methanediyl-1H-benzimidazole-3,2-diyl(28)pyrrolidine-2,1-diyl{(15)-2-
ox0-1-[(3R)-tetrahydrofuran-3-yljethane-2,1-diyl }] } biscarbamate

The product from Example 7E (17 mg, 0.035 mmol) was subjected to the procedure described
in Example 2, substituting (S)-2-(methoxycarbonylamino)-2-((R)-tetrahydrofuran-3-ylacetic acid
(14.75 mg, 0.073 mmol) for (R)-2-(dimethylamino)-2-phenylacetic acid, to afford the title compound
(10 mg, 34%). 'H NMR (400 MHz, DMSO-D6) & ppm 0.80 - 0.87 (m, 1 H), 1.19 - 1.30 (m, 6 H), 1.63
(s, 2H), 1.73 (d, J=12.9 Hz, 2 H), 1.96 (5, 3 H), 2.10 (s, 2 H), 2.17 (s, 1 H), 3.39 - 3.47 (m, 3 H), 3.52
-3.57 (m, 7 H), 361 (t, J=7.9 Hz, 2H), 3.70 (d, J=8.0 Hz, 2 1), 3.81 (s, 3 H), 4.29 (5, 2 1), 4.75 (4,
J=10.1 Hz, 3 H), 5.12 (s, 2 H), 6.54 (s, 1 1), 6.72 (d, J=8.3 Hz, 2 H), 7.01 - 7.09 (m, 4 H), 7.26 (s, 1
H), 7.34 - 7.38 (m, 2 H), 7.44 (d, J=8.2 Hz, I H), 7.57 (s, 1 H), 12.00 (s, 2 H); MS (ESD m/z 862.4
(M4,

X
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Example 79
(28,2'S)-N,N'-{(phenylimino)bis(methanediylbenzene-4,1-diyl)]bis{ 1-[(25)-2-(acetylamino)-3,3-

dimethylbutanoyl]pyrrolidine-2-carboxamide }

At~ O i
rof UYL ﬁ k »\/p(‘%
@) :
Example 79A
tert-butyl (25,2'S)-1,1'-((25,2'5)-2,2'-(4,4 -(phenylazanediyl}bis(methylene bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3,3-dimethyl-1 -oxobutane-
2,1-diyl)dicarbamate

10 The product of Example 1D (1.0 g, 2.01 mmol) and (8)-2-(tert-butoxycarbonylamino)-3,3-

dimethylbutanoic acid (1.02 g, 4.42 mmol) were processed as in Example 258 to give 1.46 g (76%) of

the title compound as an off-white solid.

HoN Q TP‘QN
P00y

15 Example 79B
(S,28,2'S)-N,N'-(4,4"-(phenylazanediyl)bis(methylcne)bis(4,1 -phenylence))bis(1 -((S)-2-amino-3,3-
dimethylbutanoyl)pyrrolidine-2-carboxamide)
The product from Example 79A (1.44 g, 1.56 mmol) was dissolved in dichloromethane (10
ml.) at ambient temperature and treated with trifluoroacetic acid (5 mL). After 3 hours, the solution
20 was concentrated, taken up into 25% isopropanol in chloroform and washed with 10% sodium
bicarbonate solution. The organic was dried over sodium suifate, filtered, and concentrated to dryness

1o give the title compound as a white solid.

Example 79C
25 (28,2'S)-N.N'-[{phenylimino)bis(methanediylbenzene-4,1-diyl)] bis{ 1-[(25)-2-(acetylamino)-3,3-
dimethylbutanoyl]pyrrolidine-2-carboxamide}
The product from Example 798 (0.03 g, 0.041 mmol) was dissolved dichloromethane (1.5
mL) at ambient temperature and was treated with DMAP (0.012 g, 0.10 mmol), followed by acetic

aphydride (0.009 mL, 0.091 mmol) and stirred for 2 hours. The. solution was concentrated and
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purified by combi-flash 12g column, eluting with 0-4% methanol in dichloromethane w give 0.025 g
(75%) of the title compound as a white solid. 'H NMR (500 MHz, DMSO-D6) & ppm 0.95 (s, 18 H)
1.79-1.90 (m, 10 H) 1.90 - 2.00 (m, 2 H) 2.07 - 2.19 (m, 2 H) 3.59 - 3.67 (m, 2 1) 3.73 - 3.82 (m, 2
H) 4.41 (dd, J=8.32, 5.26 Hz, 2 H) 4.51 (d, J=9.00 Hz, 2 H) 4.57 (s, 4 H) 6.55 (t, }=7.25 Hz, 1 H) 6.64

5 (d J=8.00 Hz, 2 H) 7.03 - 7.10 (m, 2 H) 7.16 (d, J=8.54 Hz, 4 H) 7.50 (d, J=8.54 Hz, 4 H) 7.87 (d,
J=9.00 Hz, 2 H) 9.97 (s, 2 H); MS ESI- m/z 806.6.

H
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Example 80
10 (28,2°S)-N.N-[(phenylimino)bis(methanediylbenzene-4,1-diyl)]bis( 1-{(25)-2-
[(dimethylcarbamoylyamino]-3,3-dimethylbutanoyl } pyrrolidine-2-carboxamide)
The product from Example 79B (0.045 g, (0.062 mmol) was dissolved in dichioromethane (2
mL) at ambient temperature and treated with diisopropylamine (0.065 mi., 0.37 mmol), followed by
dimethylcarbamoyl chloride (0.013 mlL, 0.14 mmol) and stirred for 3 days. The solution was
15  concentrated at dryness and purified by combi-flash 12g silica column, eluting with 0-10% methanol
in dichloromethane to give 0.031 g (58%) of the title compound as a white solid. ‘H NMR (400 MHz,
DMSO-D6) & ppm 0.95 (s, 18 H) 1.79 - 1.90 (m, 4 H) 1.92 - 2.04 (m, 2 H) 2.08 - 2.18 (m, 2 H) 2.79
(5, 12 H) 3.55 - 3.66 (m, 2 H) 3.77 - 386 (m. 2 H) 4.35 (4, J=0.11 Hz, 2 1) 4.40 (dd, J=8.08, 5.69 1iz,
2 H) 4.57 (s, 4 H) 5.36 (d, J=9.11 Hz, 2 H) 6.55 (1, J=7.26 Hz, 1 H) 6.64 (d, J=8.35 Hz, 2 H) 7.05 (4,
20 J=7.92Hz 2H)7.16 (d, J=8.46 Hz, 4 H) 7.49 (d, J=8.46 Hz, 4 H) 9.98 (s, 2 H); MS ESI- m/z 864.6.

—~O
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Example 81
methyl {(15)-2-{(28)-2-[(4-{[{4-{({(25)-1-[(2R)-2~(diethylamino)-2-phenylacetyl]pyrrolidin-2-
25  yl}carbonyl)aminobenzyl }{4-fluorophenyl)amino]methyl }phenylcarbamoyl]pyrrolidin-1-y1}-2-0x0-
1-[(3R)-tetrahydrofuran-3-yl]ethyl } carbamate
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Example 81A
(S)-1-((R)-2~(diethylamino)-2-phenylacetyl)-N-(4-(((4-fluorophenyl)(4-((S)-pyrrolidine-2-
carboxamido)benzylyamino)methyl)phenylpyrrolidine-2-carboxamide
5 The product from Example 13D (0.428 g, 0.83 mmol) and (R)-2-(diethylamino)-2-
phenylacetic acid (0.138 g, 0.664 mmol) were combined in dimethylsulfoxide (8 ml) at ambient
temperature and treated with ditsopropylethylamine (0.26 mL., 1.49 mmol), followed by HATU (0.252
2, 0.664 mmol). After one hour, the solution was diluted with water and the product filtered off and
purified by combi-flash 24g column, eluting with 0-10% methanol in dichloromethane to give 0.159 g
10 (27%) of the title compound as a white solid.

Example 81B
methyl {(15)-2-{(28)-2-[(4-{[{4-[({(25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl Jpyrrolidin-2-
yl}carbonylaminolbenzyl }{(4-fluorophenylyamino] methyl jphenyl)carbamoyl]pyrrolidin-1-yl }-2-0x0-
15 1-[(3R)-tetrahydrofuran-3-yijethyl Jcarbamate
The product from Exampie 81 A (0.042 g, 0.060 mmol) and (§)-2-(methoxycarbonylamino)-2-
((R)-tetrahydrofuran-3-ylacetic acid (0.013 g, 0.066 mmol) were processed as in Example 81A to
give 0.033 g (62%) of the title compound as an off-white solid. MS (AA, BLSD+) nv/z 890 (M+H)+.

B @ i L0
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Example 82
N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({{4-({ 1 -[(2R)-2-(diethylamino)-2-phenylacetyl}-L-
prolyl}amino)benzyl}(4-fluorophenyl)amino jmethyl)phenyl]-L-proliramide
The product from Example 81A (0.042 g, 0.060 mmol) and (S)-2-(methoxycarbonylamino)-

25  33-dimethylbutanoic acid (0.013 g, 0.066 mmol) were processed as in Example 81A to give 0.031 g

(59%) of the title compound as an off-white solid. "H NMR (500 MHz, DMSO-D6) & ppm 0.88 (4,
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J=7.10 Hz, 6 H) 0.95 (s, 9 H) 1.76 - 1.89 (m, 4 H) 1.93 - 2.00 (m, 2 H) 2.02 - 2.10 (m, 1 H) 2.10 - 2.18
(m, 1 H) 2.40 - 2.47 (m, 2 H) 2.56 - 2.65 (m, 2 H) 3.52 (s, 3 H) 3.61 (dd, J=17.24, 7.48 Hz, 2 H) 3.73 -
3.80 (m, 2 H) 4.20 (d, J=9.00 Hz, 1 H) 4.37 (dd, J=7.93, 4.27 Hz, 1 H) 4.42 (dd, J=7.78, 5.19 Hz, 1 H)
4.54 (s, 4 H) 4.66 (s, 1 H) 6.63 (dd, J=9.31, 4.43 Hz, 2 H) 6.90 (t, J=8.85 Hz, 2 H) 7.07 (d, J=8.85 Hz,
1 H) 7.17 (dd, J=8.47, 3.89 Hz, 4 H) 7.26 (t, J=7.17 Hz, 1 H) 7.32 (1, J=7.40 Hz, 2 H) 7.39 (d, ]=7.17
Hz, 2 H) 7.50 (dd, J=8.39, 6.10 Hz, 4 H) 9.95 (s, 1 H) 6.99 (s, 1 H); MS ESI+ m/z 876.5.

Q
Example 83

(25)-1-[(2R)-2~(diethylamino)-2-phenylacetyl]-N-(4-{ [(4-fluorophenyl) { 4-[({ (25)-1-[(2R)-2-phenyl-
2-pyrrolidin-1 -ylacetyl|pyrrolidin-2-yl }carbonyl)amino Jbenzyl jamino |methy! } phenyD)pyrrolidine-2-
carboxamide

The product from Example 81A (0.032 g, 0.045 mumol) and (R)-2-phenyl-2-(pyrrolidin-1-
yhacetic acid (0.010 g, 0.05 mmol) were processed as in Example 81A to give 0.015 g (37%) of the
title compound as an off-white solid. "H NMR (500 MHz, DMSO-D6) & ppm 0.89 (1, J=7.10 Hz, 6 H)
156-166(m, 4 H)1.74-1.88 (m, 4 H) 1.94 - 2.09 (m, 4 H) 2.29 - 2.34 (m, 2 H) 2.57 - 2.62 (m, 4 H)
3.36 - 3.50 (m, 4 H) 3.75 - 3.88 (m, 2 H) 4.21 (s, 1 H) 4.31 (dd, J=7.93, 4.27 Hz, 1 H) 4.38 (dd,
J=8.16,4.50 Hz, 1 H) 4.57 (s, 4 H) 4.68 (s, 1 H) 6.65 (dd, J=9.31, 4.43 Hz, 2 H) 6.92 (t, ]=8.93 Hz, 2
H)7.19(d, J=8.24 Hz, 4 H) 7.26 - 7.30 (m, 2 H) 7.31 - 7.36 (m, 4 H) 7.40 (d, J=7.17 Hz, 2 H) 7.46 (d,
J=6.87 Hz, 2 H) 7.53 (d, J=8.24 Hz, 4 H) 9.96 (d, J=5.34 Hz, 2 1); MS ESI- m/z 890.5.

F
0 :
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Example 84
N-(methoxycarbonyl)-O-methyl-L-threonyl-N-{4-({[4-({ 1-[(2R)-2-(diethylamino)-2 -phenylacetyl]-L-
prolyl jJamino)benzyl](4-fluorophenylhamino }methyl)phenyl}-L-prolinamide
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The product from Example 81A (0.038 g, 0.054 mmol) and (2S,3R)-3-methoxy-2-
(methoxycarbonylamino)butanoic acid (0.011 g, 0.059 mmol) were processed as in Example 81A to
give 0.019 g (40%) of the title compound as an off-white solid. 'H NMR (500 MHz, DMSO-D6) &
ppm 0.89 (t, }=7.10 Hz, 3 H) 1.07 (t, J=7.17 Hz, 2 H) 1.13 (d, J=06.26 Hz, 3 H) 1.28 (1, ]=7.25 Hz, 1
H)1.76-192 (m, 4 H) 1.94 -2.05 (m, 2 H) 2.07 - 2.23 (m, 2 H) 2.39 - 2.46 (m, 2 H) 2.57 - 2.63 (m, 2
H)324(s,3H)3.34-342(m, 1 B)3.43-3.50 (m, 1 H)3.53 (5, 3H)3.63-3.70 (m, 1 H)3.75 - 3.87
(m, 2 H) 3.97 - 4.03 (m, 1 H) 4.26 (t, ]=7.78 Hz, 1 H) 4.36 - 4.46 (m, 2 H) 4.56 (s, 4 H) 4.67 (s, 1 H)
6.64 (dd, J=9.31,4.43 Hz, 2 H) 6.89 - 6.95 (m, 2 H) 7.16 - 7.22 (m, 4 H) 7.28 (1, J=7.17 Hz, 1 H) 7.33
(1, =740 Hz, 2 1) 7.40 (d, J=7.17 Hz, 1 H) 7.49 - 7.57 (m, 4 H) 7.66 - 7.70 (10, 1 H) 9.96 (d, J=7.02
Hz, 2 H); MS ESI- m/z 876.5.

Q %H\Q\g‘; \/Q/H\ggl;\/ Q
Q
Example 85

(28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis{ 1-[(2R)-2-phenyl-2-
pyrrolidin-1-ylacetyl] pyrrolidine-2-carboxamide }

The product from Example 13D (0.10 g, 0.19 mmol) and (R)-2-phenyl-2-(pyrrolidin-1-
yDacetic acid (0.088 g, 0.43 mmol) were processed as in Example 25B to give 0.098 g (57%) of the
title compound as an off-white solid. 'H NMR (500 MHz, DMSO-D6) & ppm 1.62 (s, 8 H) 1.76 -
1.86 (m, 6 H) 1.94 - 2.06 (m, 6 H) 2.28 - 2.43 (m, 4 H) 3.42 - 3.49 (m, 2 H) 3.81 - 3.89 (m, 2 H) 4.21
(s, 2 H) 4.31 (dd, J=7.86, 4.20 Hz, 2 H) 4.57 (s, 4 F) 6.65 (dd, }=9.31, 4.43 Hz, 2 H) 6.92 (1, J=8.85
Hz, 2 H) 7.19 (d, J=8.54 Hz, 4 H) 7.26 - 7.37 (m, 6 H) 746 (d, J=7.02 Hz, 4 H) 7.52 (d, ]=8.54 Hz, 4
H) 9.96 (s, 2 H); MS ESI- nv/z 888.6 (M-H)-.

Example 86
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dimethyl {[(4-fluorophenyhimino]bis[methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl{ (18)-2-0ox0-1-[(3R)-tetrahydrofuran-3-yljethane-2,1-diyl } ] }biscarbamate

The product from Example 13D (0.03 g, 0.058 mmol) and (S)-2-(methoxycarbonylamino)-2-
((R)-tetrahydrofuran-3-ylyacetic acid (0.026 g, 0.128 mmol) were processed as in Example 25B to

5 give 0.040 g (78%) of the title compound as an off-white solid. 'H NMR (500 MHz, DMSO-D6) &
ppm 1.71 (dt, J=20.07, 7.21 Hz, 2 H) 1.82 - 1.94 (m, 6 H) 1.96 - 2.05 (m, 2 H) 2.10 - 2.21 (m, 2 H)
237-245(m, 2H) 341 -347 (m, 2H) 353 (s, 6 H) 3.58 - 3.70 (m, 6 H) 3.71 - 3.79 (m, 2 I{) 3.85

(ddd, J=9.57, 6.71, 6.60 Hz, 2 H) 4.20 - 4.26 (m, 2 H) 4.43 (dd, J=8.16, 4.65 Hz, 2 H) 4.55 (5, 4 H)

6.63 (dd, J=9.31,4.43 Hz, 2 H) 6.91 (1, J=8.93 Hz, 2 H) 7.17 (d, J=8.70 1z, 4 H) 7.51 (d, ]=8.54 Hz, 4

10 H)7.61(d,J=7.93 Hz, 2 1) 9.98 (5, 2 H); MS ESI- m/z 884 (M-H)-.

W\f&( @E? v@% | HQ
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Example 87

N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({ phenyi[4-({ 1-[(2R)-2-phenyl-2-{ [(25)-
15 tetrahyydrofuran-2-ylcarbonyljamino jacetyl]-L-prolyl jamino)benzyllamino  methylyphenyl]-L-
prolinamide
The product from Example 77 (20 mg, 0.025 mmol) was subjected to the procedure described
in Example 10B, substituting (S)-(-)-2-tetrahydrofuroic acid (3 pl, 0.031 mmol) for (R)-2-
(dimethylamino)-2-phenylacetic acid, to give the title compound (21 mg, 94%). 'H NMR (500 MHz,
20 DMSO-D6) 8 ppm 0.96 (s, 8 1), 1.22-1.27 (m, 3 H), 1.73 - 1.82 (m, 3 H), 1.82 - 1.90 (m, 3 H), 1.94
-2.03 (m, 2 H), 2.09 (s, 2 H), 2.69 (s, 3 I1), 3.54 (s, 3 H), 3.71 - 3.80 (m, 2 H), 3.82 - 3.89 (m, 2 H),
4.19 - 4.25 (m, 2 H), 4.38 (dd, J=8.5, 3.1 He, 1 H), 4.44 (dd, J=8.0, 5.3 Hz, 1 H), 4.60 (s, 4 H), 5.65
(d, /=72 Hz, 1 H), 6.57 (t, J=7.2 Hz, 1 H), 6.66 (d, J=8.1 Hz, 2 H), 7.05 - 7.11 (m, 3 H), 7.18 (dd,
J=8.5.5.2 Hz, 4 H), 7.33 (dd, /=5.7.3.0 Hz, 1 H), 7.37 - 7.41 (m, 3 H), 7.49 - 7.56 (mn, 4 H), 8.08 (d,
25  J=7.3Hz 1 H),831 (s, 1H) 988 (s, 1H), 10.00 (s, I H); MS (ESD m/z 900.4 (M+H)".

A &
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Bxample 88
N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({phenyl[4-({ I-[(2R)-2-phenyl-2-{ [(2R)-
tetrahydrofuran-2-ylcarbonyljamino } acety!]-L-prolyl }amino)benzyl]amino  methyl)yphenyl]-L-

prolinamide
5 The product [rom Example 77 {20 mg, 0.025 mmol) was subjected (o the procedure described
in Example 10B, substituting (R)-(+)-2-tetrahydrofuroic acid (2.6 pL, 0.027 mmol)} for (R)-2-
(dimethylamino)-2-phenylacetic acid, to afford the title compound (17 mg, 76%). '"H NMR (500
MHz, DMSO-D6) 8 ppm 0.96 (s, 9 H), 1.24 (s, 4 H), 1.66 (s, 2 H), 1.74 (s, 1 H), L.78 (s, 1 H), 1.86
(dd, J/=5.6,2.8 Hz, 3 H), 1.99 (s, 2 H),2.06 (s, 1 H), 2.14 (s, 1 H), 2.69 (s, 3 H), 3.54 (s, 3 H), 3.72 -
10 379 (m, 2 H), 3.82 (d, J=7.9 Hz, 2 H}, 421 (d, J=0.0 Hz, 1 H), 4.27 (dd, J=8.2, 5.1 Hz, 1 H), 4.37 (s,
1 H), 4.44 (s, 1 H), 4.60 (s, 4 1), 5.64 (d, J=7.0 Hz, 1 H), 6.57 (s, 1 H), 6.66 (d, J=8.1 Hz, 2 H), 7.04 -
7.10 (m, 3 H), 7.18 (dd, J=8.5,5.0 Hz, 4 H), 7.37 - 7.40 (m, 3 H), 7.49 - 7.55 (m, 4 H), 8.14 (d, J=7.0

Hz, 1 H), 9.90 (s, 1 H), 10.00 (s, 1 H); MS (ESD m/z 900.5 (M+H)".

15
Example 89

(28.2°5)-N.N'-{{(3.4-difluorophenyl)imino}bis(methanediylbenzene-4, L -diyl) } bis{ 1-[(2R)-2-
(diethylamino)-2-phenylacetyllpymrolidine-2-carboxamide }

20 Exampie 89A
3,4-diftuoro-N,N-bis(4-nitrobenzyhaniline
3,4-Difluoroaniline and 4-nitrobenzyl bromide were processed using the method described in
Example 32A to afford the title compound. LC/MS Rt 2.13 m/z 400 (M+H)™.

F
E

H,N NH,
\©\/N\/©/
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Example 89B
N,N-bis(4-aminobenzyl)-3,4-difluoroaniline
The product from Example 89A was processed using the method described in Example 1B to

afford the title compound.

040 © \©\/N\/©/ \g O/\*o
; 0 <

BExample 89C
(25,2'S)-tert-butyl 2,2'-(4,4'-(3,4-difluorophenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine- 1 -carboxylate

The product from Example 89B was processed using the method described in Example 1C

10 replacing DMSO with dichloromethane to afford the title compound. 'H NMR (400 MHz, DMSO) &
(.89 - 0.80 (m, 1H), 1.26 (s, 12H), 1.39 (s, 6H), 1.93 - 1.74 (m, 6H), 2.23 - 2.08 (m, 2H), 3.41 (m, J =
0.6,89,64,3H),4.17 (dd. 7= 8.0, 4.4, 1H), 4.24 (dd, J = 8.1, 2.6, 11), 4.60 (5, 4H), 6.41 (d, J = 9.4,

1H), 6.68 - 6.35 (m, 1H), 7.11 (dd. J = 19.7,9.7, 1H), 7.18 (d, J = 8.0, 4H), 7.54 {d, /= 8.5, 4H), 9.94

(s, 2H). MS (ESD) m/z 734 (M+H)T, 732 (M-H)™.

F
F
WHH H H
HQSWN e
O N 0]

Example 89D
(28,2'5)-N,N'-(4,4'-(3,4-difluorophenylazanediyl)bis(methylene)bis(4,1 -phenylene))dipyrrolidine-2-

15

carboxamide

The product from Example 89C was processed using the method described in Example 1D to

20 afford the title compound. MS (EST) m/z 534 (M+H™, 60%), 532 (M-H)™.

Example §89E
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(28,2'8)-N,N'-{[(3,4-diflucrophenyl}imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(2R)-2-
(diethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide }

The product from Example 89D was processed using the method described in Example 12
replacing DMSO with dichloromethane to afford the title compound (68.5 mg, 52%). 'H NMR (500
MHz, DMSQ) 6 0.95 - 0.83 (m, 14H), 1.23 (s, 2H), 1.81 (m, 5H), 2.10 - 1.91 (m, 5H), 2.61 (dt, J =
14.1,3.5, 3H), 3.84 - 3.73 (m, 2H), 4.39 (dd, J = 8.2, 4.5, 2H), 4.60 (s, 4H), 4.68 (s, 2H), 6.46 - 6.36
(m, 1H), 6.64 (ddd, J = 17.5, 6.8, 3.0, 1H), 7.16 - 7.06 (m, 2H), 7.19 (d, J = 8.6, 4H), 7.30 - 7.25 (m,
2H), 7.33 (¢, J =74, 4H), 740 (d, J = 7.1, 4H), 7.54 (d, J = 8.5, 4H), 9.98 (s, 2H). MS (ESD m/z 912

(M+H", 40%) 457 (0.5M+HT, 100%), 910 (M-H)*.

70T i
;io OT
Example 90

dimethyl ([(3.4-diflvorophenyl)imino]bis{methanediylbenzene-4,1 -diylcarbamoyl(2S)pyrrolidine-2,1 -
diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } biscarbamate

The product from Example 89D was processed using the method described in Example 6
replacing DMSO with dichloromethane and purified wsing flash chromatography (silica gel,
MeOH/dichloromethane) to afford the title compound (0.14 g, 35%). 'H NMR (500 MHz, DMSO) &
0.96 (s, 18H), 1.93 - 1.75 (m, 4H), 2.05 - 1.93 (m, 2H), 2.22 - 2.08 (m, 2H), 3.54 (s, 6H), 3.63 (dd, J =
16.0, 6.8, 2H), 3.84 - 3.71 (m, 2H), 4.21 (d, J=8.9, 2H), 444 (dd, J = 7.9, 5.3, 2H), 4.58 (s, 4H), 6.40
(d, J=9.1, 1H), 6.62 (ddd, J = 14.5, 6.8, 3.0, 1H), 7.10 (m, 3H), 7.17 (d, J = 8.5, 4H), 7.52 (d, J = 8.5,

4H), 10.00 (s, 2H). MS (ESI) m/z 876 (M+H)™, 874 (M-H)™.

Example 91
dimethy! [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-1-
oxo-4-phenylbutane-1.2-diyl] } | biscarbamate
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Example 9TA
(S)-2-(methoxycarbonylamino)-4-phenylbutanoic acid
(S)-2-amino-4-phenylbutanoic acid (0.50 g, 2.8 mmol) was suspended in IM Na,CO; (8.4
ml., 8.4 mmol) and then a solution of methyl chloroformate (0.32 mlL, 4.2 mmol) in THF (4.0 mL)
was added and the mixture was stirred vigorously at room temperature for 4 hours. The mixture was
then concenirated under reduced pressure and the residue was dissolved in water and made acidic with
0.1N HCl. The mixture was extracted with ethyl acetate, dried over Na,SOy, filtered and concentrated

under reduced pressure to provide the title compound (0.64g, 97% yield).

Example 91B
dimethyl! [(phenylimino)bis{ methanediylbenvzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-1-
oxo-4-phenylbutane-1,2-diyl]} Jbiscarbamate

The title compound was prepared using the methods from Example 2 substituting the product
from Example 91A for (R)-2-(dimethylamino)-2-phenylacetic acid to provide the title compound (103
mg, 55% yield). 'H NMR (500 MHz, DMSO) & 9.97 (s, 2H), 7.53 — 7.46 (m, 6H), 7.31 — 7.26 (m,
41H), 723 (d, J = 7.0, 4H), 7.18 (¢, 7= 7.3, 2H), 7.15 (d, J = 8.6, 4H), 7.05 (dd, J = 7.3, 8.7, 2H), 6.64
(d, J=18.1,2H), 656 (t, =72, 1H), 458 (s, 4H), 442 (dd, 7 =45, 8.3, 21, 4.22 (dd, J = 8.1, 13.5,
2H), 3.61 ~ 3.54 (m, 2H), 3.54 (s, 6H), 3.45 - 3.37 (m, 21I), 2.73 - 2.57 (m, 41T), 2.18 - 2.06 (m, 2H),
1.99 — 1.74 (m, 10H). MS (ESI; M+H) nyz = 937.

J

(28,2'S)-N,N'-{ [{4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis{ 1 -[(2R)-2-phenyl-2-

Example 92

piperidin-1-ylacetyl]pyrrolidine-2-carboxamide }
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Example 92A
(R)-tert-butyl 2-phenyl-2-(piperidin-1-yljacetate
To a slurry of (R)-tert-butyl 2-amino-2-phenylacetate HCL (Chem-Impex, 0.200 g, 0.821
5 mmol), MP-cyanoborohydride (2.44 mmol/g; 500 mg) and acetic acid (0.141 mL, 2.462 mmol) in
MeOH (2.00 mL) and CH,Cl, (2 mL) at rt was added ghutaraldehyde (0.155 mL, 0.821 mmol) as a
50% solution in water. The reaction was stirred for 30 min., the reaction filtered, washed with MeOH
and concentrated. The residue was taken up in CH,Cl,, washed with saturated NaHCO;, dried

(Na,80,) and concentrated to give the title compound. MS (DCI; M+H) m/z = 276.

&%
N OH

10

Example 928
(R)-2-phenyl-2-(piperidin-1-ylacetic acid
The product from Example 92A was treated with TFA (1.5 mL.) at 1t for 3 h. The volatiles
15 were removed under vacuum, the residue concentrated from toluene (x 2) and dried in a vacuum oven

to give title compound which was used without further purification. MS (DCT; M+H) m/z = 220.

‘ F
&
Example 92C

20 (25,2'S)-N . N-{ [(4-fluorophenylyimino}bis(methanediylbenzene-4,1-diyl) }bis { 1-[(2R)-2-phenyl-2-
piperidin-1-ylacetyljpyrrolidine-2-carboxamide }
The product from Example 13D and the product from 92B were processed using the method

described in Example 41 to provide 30 mg (11%) of the title compound. "H NMR (500 MHz,
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methanol-D4Y 8 140 - 145 (n, 4 H) 1.50 - 1.58 (m, 8 H) 1.79 - 1.88 (m, 2 H) 192 -2.02 (m, 2 H)
2.05-2.14 (m, 4 H)2.30-2.40 (m, 4 H) 2.35 - 2.48 (m, 4 H) 3.43 - 3.51 (m, 2 H) 3.87 - 3.93 (m, 2 H)
4.15 (m, 2 H) 4.42 (dd, J=7.78, 4.43 Hz, 2 H) 4.54 (s, 4 H) 6.69 - 6.75 (m, 2 H) 6.81 - 6.88 (m, 2 H)
7.17-7.23 (m, 4 ¥) 7.30 - 7.38 (m, 8 ) 7.46 - 7.53 (m, 8 I1).

<Si(k} Q P

/OQNO\Q\/N\/@/\Q/\N o

Yy gss

Example 93
methyl {(15)-1-{[(4R)-4-{[4-({[4-({ [(4R)-3-{(25)-2-[(methoxycarbonyl)amino]-3,3-

dimethylbutanoyl}-3,5-dimethyl-1,3-thiazolidin-4-

10 yllcarbonyl jamino)benzyl](phenyhamino } methyhphenyl]carbamoyl}-5,5-dimethyl-1,3-thiazolidin-3-
yl]carbonyl}-2,2-dimethylpropyl]carbamate

Ean G
7 @ﬁ‘@k}

15 (4R 4'R)-tert-butyl 4,4'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(3,5-dimethylthiazolidine-3-carboxylate)

The title compound was prepared using the methods from Example 1C substituting (R)-3-
(tert-butoxycarbonyl)-5,5-dimethylthiazolidine-4-carboxylic acid for N-(tert-butoxycarbonyl)-L-
proline to provide the title compound (0.32 g, 61% yield).

20

s Ls
d%n Q P
OO
O N ]
Example 938

(4R 4R)-N N'-(4,4"-(phenylazanediyl)bis(methylene)bis(4,1 -phenylene))bis(5,5-dimethylthiazolidine-

4-carboxanmude)
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The title compound was prepared using the methods from Example 1D substimting the
product from Example 93A for the product from Example 1C to provide the title compound (0.23 g,
97% yield).

5 Example 93C
methyl [(18)-1-{[(4R)-4-{[4-({[4-({ [(4R)-3-{ (25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }-5,5-dimethyl-1,3-thiazolidin-4-
yljcarbonyl}amino)benzyl](phenyl)amino }methyl)phenyl]carbamoyt} -5,5-dimethyl-1,3-thiazolidin-3-
yljcarbonyl}-2,2-dimethylipropyl]carbamate

10 The title compound was prepared using the methods from Example 13E substituting the
product from Example 93B for the product from Example 13D to provide the title compound. 'H
NMR (500 MHz, DMSO) § 10.02 (s, 2H), 7.51 (d, J = 8.6, 41), 7.28 (d, J = 8.1, 2}, 7.19 (4, / = 8.6,
41D, 7.08 (dd, J = 7.3, 8.7, 2H), 6.66 (d, J = 8.1, 2H), 6.57 (t, J = 7.2, 1H), 5.07 (d, J = 8.6, 2H), 4.85
(d, J = 8.6, 2H), 4.65 —4.56 (m, 6H), 4.22 (d, J = 8.0, 2H), 3.55 (s, 6H), 1.50 (s, 6H), 1.36 (s, 6H),

15 0.97 (s, 18H). MS (EST; M+H) m/z = 933.

F
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Example 94

dimethyl [ (phenylimino)bis { methanediylbenzene-4,1-diylcarbamoyl[(25,4.5)-4-fluoropyrrolidine-2,1 -

20 diyl}{(25)-3,.3-dimethyl-1-oxobutane-1,2-diyl] } |biscarbamate

W@?ﬁ“ﬁ%

A0
i
Example 94A

(38,3'8,58.5'S)-tert-butyl 5,5'-(4 4'-(phenylazanediyDbis(methylene)bis(4,1-
25 phenylene)bis(azanediyl))bis(oxomethylene)bis(3-flucropyrrolidine-1-carboxylate)
The title compound was prepared using the methods from Example 1C substituting (28,4S8)-1-
(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid for N-(tert-butoxycarbonyl)-L-proline to
provide the title compound (0.42 g, 87% yield).
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Example 94B
(28,2'8,48,4'S)-N N'-(4,4'-(phenylazanediy)bis(methylene )bis(4, 1 -phenylene))bis(4-
fluoropyrrolidine-2-carboxamide)

The titlc compound was prepared using the methods from Example 1D substituting the
product from Example 94A for the product from Example 1C to provide the title compound (0.29 g,
93% vyield).

Example 94C
dimethyl {(phenylimino)bis { methanediylbenzene-4,1-diylcarbamoyl{(2S,45)-4-fluoropyrrolidine-2,1-
diyl}{(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } biscarbamate

The title compound was prepared using the methods from Example 13E substituting the
product from Example 94B for the product from Example 13D to provide the title compound (89 mg,
57% yield). "H NMR (500 MHz, DMSO) & 9.88 (s, 2H), 7.49 (d, J = 8.5, 4H), 7.22 — 7.14 (m, 6H),
7.06 (dd, J =7.3,8.7, 2H), 6.65 (d, J = 8.1, 2H), 6.56 (1, J = 7.2, 1H), 5.36 (d, J = 53.5, 2H), 4.65 (dd,
J=2.1,100, 2H), 4.59 (s, 4H), 4.16 (d, J = 8.7, 2H), 4.12 - 4.04 (m, 1H), 4.04 — 3.86 (m, 311), 3.54
(s, 6H), 2.29 — 2.19 (m, 2H), 0.98 (s, 18H). MS (ESL M+H) m/z = §77.

F
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Example 95

NN-bis[(2-{ (25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrohidin-2-y1} -1 H-benzimidazol-5-
yhmethyl]-4-fluoroaniline
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Example 95A
(S)-teri-butyl 2-(5-formyl-1H-benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate
The product of Example 7B (1.0 g, 3.15 mmol) and MnO, (1.37g, 15.75 mmol) in
tetrahydrofuran (20 mL) were heated to reflux for 24 hours. The mixture was filtered and
5 concentrated to afford the title compound (0.99 g, 100%). MS (ESD) m/z 316 (M+H)".

Example 958
(S)-tert-butyl 2-(5-((4-fluorophenylaminoymethyl)-1H-benzo[d]imidazol-2-ypyrrolidine-1 -

10 carboxylate
To a mixture of the product from Example 95A (1.0 g, 3.17 mmol), 4-fluoroaniline (304 uL,,
3.17 mmol) and AcOH (150 pL) in MeOH (30 mi) was added sodium cyanoborohydride (199 mg,
3.17 mmol). The mixture was stirred at rt overnight, and was then quenched with agueous 1N HCl
followed by stirring for 5 minutes. A few drops of aqueous NH,OH were added, and the mixture was
15 diluted with EtOAc and washed with saturated aq. NaHCOs, H,O, and brine. The organic layer was
dried (MgSOy), filtered and concentrated to afford the title compound (1.3 g, 100%). MS (ESD m/z

411 (M+H)™

: A

g 5

20 Example 95C
(28,2'S)-tert-butyl 2,2'-(5,5"-(4-fluorophenylazanediyl)bis(methylene)bis(1H-benzo[d]imidazole-5,2-
diyl))dipyrrolidine-1-carboxylate
The product of Example 95B (1.29 g, 3.14 mmol), Example 7C (1.2 g, 3.14 mmol) and
K,CO5 (1.3 g, 9.43 mmol) in dimethylformamide (25 mL) were processed using the method described
25  in Example 7D to afford the title compound (1.3 g, 58%). MS (EST) m/z 710 (M+H)".
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Example 95D
4-fluoro-N,N-bis((2-((S)-pyrrolidin-2-yl)- 1 H-benzo[ d}imidazol-5-yl)ymethyl janiline
The product of Example 95C (1.3 g, 1.83 mmol) was processed using the method described in
Example 7F 1o afford the title compound (0.46 g, 50%). MS (ESI) m/z 310 (M+I)™.

Example 95E
N.N-bis[(2-{(25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrolidin-2-y1} -1 H-benzimidazol-5-
yhmethyl}-4-fluoroaniline

The product from Example 95D (20 mg, 0.039 mmol) was subjected to the procedure
described in Example 7F, substituting (R)-2-(diethylamino)-2-phenylacetic acid hydrochloride (23.9
mg, 0.098 mmol) for (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid to afford the title
compound as a TFA salt (8.5 mg). 'H NMR (500 MHz, DMSO-D6) § ppm 0.76 (t, J=7.0 Hz, 1 H),
099 (t, J=7.0Hz, 2 H), 1.07 - 1.16 (m, 11 H), 1.22 - 1.31 (m, 4 H), 1.91 (s, 3 H), 1.99 - 2.08 (m, 5 H),
2.17-225¢m, 3 H),3.05-3.15(m, 10H), 4.11 - 4.18 (m, 2 H), 4.83 (s, 3 H), 5.21 (dd, J=8.5, 2.7 Hz,
2 H),5.45 (5,2 H), 6.68 - 6.77 (m, 2 H), 6.93 (1, J=8.9 Hz, 2 H), 7.27 (d, J=8.2 Hz, 2 H), 7.47 (s, 2 H),
7.52 -7.61 (m, 8 ), 7.63 - 7.70 (m, 4 H); MS (ESI) m/z 888.6 (M+H)".

o
0

;::L,):O Of({o
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Example 96
methyl [(15)-1-{[(25)-2-(5-{ [(4-fluoropheny!)( {2-[(25)-1-{{28)-2-[(mcthoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yi}-1H-benzimidazol-5-yl jmethylyaminojmethyl } -1 H-benzimidazol-2-
yDpyrrolidin-1-ylicarbonyl}-2-methylpropyljcarbamate
The product from Example 95D (20 mg. 0.039 mmol) was subjected to the procedure
described in Example 7F, substituting (8)-2-(methoxycarbonylamino)-3-methylbutanoic acid (17.2
mg, 0.098 mmol) for (8)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid to afford the title
compound as a TFA salt (8 mg). "H NMR (500 MHz, DMSO-D6) & ppm 0.75 - 0.84 (m, 11 H), 1.20 -
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1.28 (m, 2 H), 1.97 (dd, J=13.8, 6.8 Hz, 3 H), 2.05 - 2.14 (m, 4 H), 2.18 (dd, J=11.9, 6.4 Hz, 2 H),
3.54 (s, 14 H), 3.81 - 3.90 (m, 4 H), 4.12 (t, J=7.9 Hz, 2 H). 4.87 (s, 3 H), 5.20 (dd, /=79, 5.5 Hz, 2
H), 6.69-6.75 (m, 2 H), 6.94 (t, /=89 Hz, 2 H), 7.33 (d, /=8.4 Mz, 2 H), 7.41 (d, J=8.4 Hz, 2 H), 7.55
(s, 2 H), 7.71 (d, J=R.4 Hz, 2 H); MS (ESD) m/z 824.4 (M+H)".

0
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Example 97
dimethyl ([(3R)-tetrahydrofuran-3-ylimino]bis{ methanediylbenzene-4,1-
diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25,3R)-3-hydroxy- 1 -oxobutane-1,2-diyl] })biscarbamate
10 To a solution of the product from Example 44D (0.05 g, 0.102 mmol) in DMSO (1.0 m}) at
room temperature were added the product from Example 25A (0.040 g, 0.224 mmol), HATU (0.085
g, 0.244 mmol) and Hunig’s base (0.089 mL, 0.509 mmol), and the mixture was stirred at room
temperature for 1 hour. The reaction was diluted with ethyl acetate and washed with saturated
NaHCO,, water, and saturated NaCl.  The organic was dried over MgSQy, filtered and evaporated.
15  The product was purified by chromatography on silica gel to give the title compound. "H NMR (400
MiIz, DMSO-dg) 8 ppm 1.14 (d, J=6.40 Hz, 6 11) 1.80 - 2.03 (m, 8 H) 2.10-2.22 (m, 2 H) 3.33 - 3.44
(m, 3H)3.47-353(m, 2 H)3.53(s,6 H) 3.56 - 3.64 (m, 2 H) 3.66 - 3.75 (m, 2 H) 3.76 - 3.87 (m, 4
H) 4.21 (1, J=7.37 Hz, 2 H) 4.43 (dd, J=8.29, 472 Hz, 2 H) 4.81 (d, J=5.64 Hz, 2 H) 7.09 (d, J=7 .48
Hz, 2 TI) 7.24 (d, J=8.46 Hz, 4 1) 7.52 (d, J=8.46 Hz, 4 H) 9.83 (s, 2 H). MS (ESI) m/z 8104
20 (M+H)Y.

Example 98
dimethyl ([(4-fluorophenyl)imino]bis { methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
25 diyl[(25)-3-hydroxy-3-methyl-1-oxobutane-1,2-diyl] } )biscarbamate
The product from Example 13D (0.03 g 0.058 mmol) and (S)-3-hydroxy-2-
(methoxycarbonylamino)-3-methylbutanoic acid (0.025 g, 0.128 mmol) were processed as in Example

25B w0 give 0.010 g (82%) of the title compound as an off-white solid. 'H NMR (400 MHz, DMSO-
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D6) & ppm 1.15 (s, 6 H) 1.22 (s, 6 H) 1.86 - 1.98 (m, 6 H) 2.11 - 2.23 (m, 2 H) 3.55 (s, 6 H) 3.65 -
3.74 (m, 2 H) 3.83 - 3.94 (m, 2 H) 4.38 (d, J=8.67 Hz, 2 H) 4.44 - 451 (m, 2 H) 4.56 (s, 4 H) 5.09 (s,
2 H) 6.63 (dd, J=9.22, 4.45 Hz, 2 H) 6.91 (1, ]=8.89 Hz, 2 H) 7.11 - 7.21 (m, 6 H) 7.52 (d, J=8.46 Hz,
4H) 9.66 (s, 2 H); MS ESL+ m/z 862 (M+H)+: m/z 879 (M+NH4)+,

5
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Example 99
3-hydroxy-N-(methoxycarbonyl)-L-valyl-N-[4-{{ (4-fluorophenyD{(2- { (25)- 1 -[3-hydroxy-N-
(methoxycarbonyl)-L-valyl]pyrrolidin-2-yi} -1 H-benzimidazol-5-yl)methyljamino jmethyl)phenyl]-L~
10 prolinamide
H
o~
Ox NG
Example 99A

(S)-tert-butyl 2-(5-formyl-1H-benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate
The product from Example 7B (0.50 g, 1.58 mmol) was dissolved in tetrahydrofuran (8 mlL),
15 heated 1o 70 °C and treated with manganese dioxide, adding an amount (0.27 g, 3.5 mmol) every two
hours till the reaction was complete for a total of 10 eq. The solution was filtered through celite and

concentrated to dryness to give the title compound.

2o

Z 2T

~
o,

O

7&

Example 99B
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(S)-tert-butyl 2-(5-((4-fluorophenylamino)methyl)-1H-benzo[d}imidazol-2-ylypyrrolidine-1-
carboxylate
The product from Example 99A (0.50 g, 1.59 mmol), 4-fluoroaniline (0.15 g, 1.59 mmol),
and acetic acid (0.09 mL, 1.59 mmol) were combined at ambiem {emperature in methanol (15 mL)
and treated with sodium cyanoborohydride (0.10 g, 1.59 mmol) and stirred 17 hours. The mixture
was poured into water, extracted into ethyl acetate, dried over sodivm sullale, filtered, and

concentrated to give 0.65 g (100%) of the title compound.

Z T

N@E%@:f

Example 99C

(S)-tert-butyl 2-(5-(((4-flucrophenyl}{4-nitrobenzylamino)methy))- 1 H-benzold}imidazol-2-
yh)pyrrolidine- I-carboxylate
The product from Example 99B (0.65 g, 1.58 mmol), 1-(bromomethyl)-4-nitrobenzene (0.479
g, 2.22 mmol), and potassiom carbonate (0.547 g, 3.96 mmol) were combined in dimethyl formamide
(15 mL) and heated at 40 °C for 3 hours then diluted with water and filtered. The product was
purified by combi-flash 24 g silica column, eluting with 0-5% methanol in dichloromethane to give

0.805 g (93%) of the title compound.

2T

S

Exarple 99D

(S)-tert-butyl 2-(5-(((4-aminobenzyl)(4-fluorophenylamino)methyl)- 1 H-benzo[d)imidazol-2-
ylpyrrolidine- 1 -carboxylate
The product from Example 99C (0.67 g, 1.23 mmol) was dissolved in ethanol (15 mL) and
cooled in an ice bath. Bismuth trichloride (0.245 mL, 3.68 mmol) was added and a slurry formed to

165



WO 2016/120935 PCT/US2010/031102

which was added sodium borohydride (0.743 g, 19.7 mmol) portionwise causing a black precipitate t©
form. This mixture was stirred at ambient temperature for 20 minutes, then re-cooled and quenched
with methanol (2 mL), stiring for 10 min before filtering through celite. The filtrated was

concentrated to give the title compound.

5
F
{1, & g
N fl,‘l ]/N %N Hj
O O/&o © N Y
. e;
W, A
Example 99E
(R)-(9H-fluoren-9-yhmethyl 2-(4-((((2-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl)-1H-
benzo[d}imidazol-5-yhmethyl)(4-fluorophenyl)amino)methyl)phenylcarbamoyl)pyrrolidine-1 -
10 carboxylate

The product from Example 99D (0.251 g, 0.75 mmol), EMOC-PRO-OH (0.32 ¢, 0.621
mmol), and diisopropylethylamine (0.27 mL, 1.55 mmol} were combined in dimethyl sulfoxide (8
ml.) at ambient temperature and treated with HATU (0.26 g, 0.683 mmol). The solution was stirred
for 40 min then diluted with water, filtered, and purified by combi-flash 24g silica column, eluting

15 with 0-5% methanol in dichloromethane to give 0.38 g (55%) of the title compound.

O. 0&0 g/ @\/N\/@N/ng

Example 99F

(R)-(9H-fluoren-9-yhmethyl 2-(4-(((4-fiuorophenyl((2-((S)-pyrrolidin-2-y1)-1H-benzo[d}imidazol-5-
20 yhmethyl)amino )methyl)phenylcarbamoyl)pyrrolidine- 1 -carboxylate
The product from Example 99E (0.38 g, 0.455 mmol) was dissolved in dichloromethane (4

mL) and treated with triffuoroacetic acid (3 mL) at ambient temperature for 3 hours, then concentrated
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to dryness, taken up in ethyl acetate and washed with sodivm bicarbonate solution. The organic was

dried over sodium sulfate, filtered, and concentrated to give 0.092g (28%) of the titde compound.

O o’zo P)/N\Ow"j\/@r\f)‘(wj
9 NN,
O HO g/ A

5 Example 99G
(R)-(9H-fluorcn-9-yhmethyl 2-(4-({(4-fluorophenyl}((2-((S)-1-((8)-3-hydroxy-2-
(methoxycarbonylamino)-3-methylbutanoylypyrrotidin-2-y1)-1H-benzo[d]imidazol-5-
ylymethyhamino)methyl)phenylcarbamoyl)pyrrolidine-1-carboxylate
The product from Example 998 (0.092 g, 0125 mmol), (8)-3-hydroxy-2-
10 (methoxycarbonylamino)-3-methylbutanoic acid (0.029 g, 0.15 mmol) was processed as in Example
99E to give 0.115 g (100%) of the title compound.

O

H
N Q,
N
Ho ~ ©
Example 99H
15 methyl (§)-1-((S)-2-(5-(((4-fluorophenyl}{4-((R)-pyrrolidine- 2-carboxamido)benzyl jamino )methyl)-
1H-benzo[d]imidazol-2-yDpyrrolidin-1-yl)-3-hydroxy-3-methyl-1 -oxobutan-2-ylcarbamate
The product from Example 99G (0.115 g, 0.127 mmol) was dissolved m acetonitrile (2 mL) at
ambient temperature and treated with diethylamine (1 mL) for 1 hour. The solution was concentrated
to dryness to give the crude title compound.
20
Example 991
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3-hydroxy-N-(methoxycarbonyl)-L~valyl-N-{4-({ (4-fluorophenyD[(2-{(25)-1-[3-hydroxy-N-
(methoxycarbonyl)-L-valyl]pyrrolidin-2-y1 }-1 H-benzimidazol-5-yl)methyl]amino  methyl)phenyl]-L-
prolinamide

The product from Example 99H (0.087 g, (0.127) was processed as in Example 99G to give

5 0.048 g (44%) of an off-white solid. '"H NMR (400 MHz, DMSO-D6) & ppm 1.06 (d, J=7.05 Hz, 3 H)

1.15 (s, 3 H) 1.17 (s, 3 H) 1.23 (s, 3 H) 1.87 - 2.05 (m, 6 H) 2.13 - 2.20 (m, 1 H) 2.23 - 2.30 {m, 1 H)

3.55 (s, 6 H) 3.69 (ddd, J=16.13, 8.00, 7.86 Hz, 2 H) 3.84 - 3.92 (m, 1 H) 4.08 - 4.15 (m, I H) 440

(dd, I=14.42, 8.78 Hz, 2 H) 4.47 (dd, J=8.35, 3.36 Hz, 1 H) 4.59 (d, J=2.93 Hz, 2 H) 4.70 (d, J=8.67

Hz, 2 H) 5.09 (d, J=2.49 Hz, 1 1) 5.22 - 5.28 (m, 1 H) 5.84 (d, J=5.64 Hz, 1 H) 6.64 - 6.70 (m, 2 H)

10 690 (1d, J=8.84, 4.77 Hz. 2 H) 7.03 - 7.09 (m, 2 H) 7.14 (d, J=8.67 Hz, 1 H) 7.19 (d. J=7.59 Hz, 2 H)

7.30 (d, J=20.28 Hz, 1 H) 7.39 (dd, J=11.66, 8.29 Hz, 1 H) 7.52 (dd, J]=8.51, 1.57 Hz, 2 H) 9.67 (d,
J=2.39 Hz, 1 H) 12.11 (d, J=13.34 Hz, 1 H); MS ESI+ m/z 859 (M+H)+.

DS ‘N//\rﬁ @ ﬁmDN H:"
6 DALY 9K

15 Example 100
methyl {{185)-1-{{(25)-2-{ [4-({ (4-fluorophenyD} {4-({ [(28)-1-{(28)-2-[ (methoxycarbonylamimo]}-3,3-
dimethylbutanoyl }azetidin-2-yljcarbonyl }amino)benzyljamino } methyl)phenyljcarbamoyl Jazetidin-1-

ylJcarbonyl }-2,2-dimethylpropyljcarbamate

CPralondy

Example 100A
(25.,2'S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-

20

phenylene)bis(azanediyl))bis(oxomethylene )diazetidine-1-carboxylate
The product of Exampie 138 and (S)-N-Boc-azetidine carboxylic acid were processed using
25  the method described in Example 1C replacing DMSO with dichloromethane to afford the title
compound. LC/MS Rt 2.04 m/z 688 (M+H)".
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Example 100B
(25,2'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4, 1 -phenylene))diazetidine -2 -
carboxamide
5 The product from Example 100A was processed using the method described in Example 1D
to afford the title compound. MS (ESI) m/z 488 (M+H)", 486 (M-H)*.

Example 100C
methyl [(18)-1-{[(25)-2-{ [4-({(4-fluorophenyD) [4-({ [(25)-1-{ (25)-2-[ (methoxycarbonyDamino]-3,3-
10 dimethylbutanoyl}azetidin-2-yljcarbonyl } amino)benzyl]amino }methyl)phenyljcarbamoyl } azetidin-1-
yljcarbonyl}-2,2-dimethylpropyl]carbamate

The product from Example 100B was processed using the method described in Example 13E

to afford the title compound (93.9 mg, 21%). "H NMR (400 MHz, DMSO) § 0.96 (s, 18H),2.28 - 2.11

(m, 2H), 2.48 - 2.36 (m, 2H), 3.55 (s, 6H), 3.85 (d, J = 8.6, 2H), 4.30 - 4.14 (m, 4H), 4.57 (s, 4H),

15 479(dd, J=8.9,5.7,2H),6.64 (dd,J=92,44,21),691 (t, 7=89,2H),7.20(t, J = 7.9, 6H), 7.53

(d, J = 8.4, 4H), 10.05 (s, 2H). MS (ESD) m/z 830 (M+H)™, 828 (M-H)*.

Y o

Example 101
20 methyl [(18)-1-{[(25)-2-{ [4-({ (4-fluoropheny]) [4-({ [(25)-1-{(25)-2-[ (methoxycarbonyl)amino}-3,3-
dimethylbutanoyl} piperidin-2-yl]carbonyl }amino)benzyllamino } methyl)phenyljcarbamoyl }piperidin-
1-yl]carbonyl}-2,2-dimethylpropyl]carbamate
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Example 101A

(28,2'S)-tert-butyl 2,2'-(4,4"-(4-fluorophenylazanediylybis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipiperidine-1-carboxylate
The product from 13B and Boc-L-pipecolic acid were processed using the method described
in Example 1C replacing DMSO with dichloromethane to afford the title compound. LC/MS Rt 2.31
m/z 744 (M+H)* present.

F
0L o

Example 1018
(28,2'S)-N,N'-(4,4"-{(4-fluorophenylazanediyl) bis(methylene)bis(4,1 -phenylene))dipiperidine-2-
carboxamide

The product from Bxample 101A was processed using the method described in Example 1D
to afford the tide compound. MS (DCI) m/z 544 (M+H)™.

Example 101C
methyl [(15)-1-{[(25)-2-{ [4-({ (4-flvorophenyD) [4-({ [(285)- 1-{ (28)-2-[(methoxycarbonylamino]-3,3-
dimethylbutanoyl Jpiperidin-2-yl}carbonyl ) amino)benzyilamino jmethyl)phenylicarbamoyl } piperidin-
1-yljcarbonyl}-2,2-dimethylpropyl]carbamate

The product from Example 101B was processed using the method described in Example 13E
replacing DMF with dichloromethane to afford the title compound (0.23 g, 57%). 'H NMR (400
MHz, DMSO) & 0.95 (s, 13H), 0.97 (4, J = 10.6, 5H), 1.80 - 1.08 (m, 12H), 2.10 (d, J = 13.1, .51H),
2.27(d, J =105, 0.5H), 3.54 (s, 6H), 4.03 (d, J = 12.2, 1H), 444 (dd, J = 129,65, 1H), 456 (d, J =
5.9, 6H), 5.10 (s, 0.5H), 5.20 (s, 1.5H), 6.64 (dd, J =9.1,4.4, 2H), 691 (t, J = 8.9, 2H), 7.05 (d, J =
9.1, 1H), 7.20 (dd, J = 18.9, 9.9, 5H), 7.50 (d, J = 8.5, 3H), 7.60 (d, J = 8.3, 1H), 9.83 (s, 0.5H), 9.88

(s, L.5H). MS (BSI) m/z 886 (M+H™, 20%) 944 (M+CH;CN+NH,, 100%), 884 (M-H)*.
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(25 AR.2'S A'R)-N N'-{[(4-fluorophenyl)imino]bis(methancdiylbenzene-4, 1 -diyl) } bis { 4-fluoro-1-
5 [(2R)-2-phenyl-2-piperidin-1-ylacetyl]pyrrolidine-2-carboxamide }

F

Example 102A
(3R,3'R,58,5'S)-tert-butyl 5,5'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-
10 phenylene)bis(azanediyl))bis(oxomethylene)bis(3-fluoropyrrolidine- 1 -carboxylate)
The product from Example 13D and (2S4R)-1-(tert-butoxycarbonyl}-4-flucropyrrolidine-2-
carboxylic acid (Aldrich) were processed using the method described in Example 41 to provide 1.05 g
(90%} of the title compound. MS (DCIL; M+H) m/z = 752.

F

w PR ot

Example 102B
(28.2'S,4R 4R)-N N'-(4 4'-(4-fluorophenylazanediyl)bis(methylene)bis(4, 1 -phenylene))bis(4-
fluoropyrrolidine-2-carboxamide)
The product from Example 102A was processed using the method described in Bxample 478
20 toprovide 540 mg (70%) of the title compound. MS (ESI; M+H) my/z = 552.

Example 102C
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(25 4R .2'S 4'R)-N,N-{[(4-fluorophenyl}imino]bis(methanediylbenzene-4, 1 -diyl) } bis{4-fluoro-1-
[(2R)-2-phenyl-2-piperidin-1-ylacetyl]lpyrrolidine-2-carboxamide }

The product from Example 1028 and the product from 92B were processed using the method
described in Example 41 to provide 25 mg (8%) of the title compound. "H NMR (400 MHz,
methanol-D4) 6 1.45 - 1.55 (m, 4 H) 1.58 — 1.70 (m, 8 H) 2.09 —-2.27 (m, 2 ) 2.39 - 2.90 (m, 10 1)
3.75-4.04 (m, 4 H) 422 —-4.70 (m, 4 H) 4.55 (s, 4 H) 5.22 (s, 1 H) 5.35 (3, 1 H) 6.69 - 6.76 (m, 2 H)
6.81 - 6.839 (m, 2 H) 7.22 (d, I=8.46 He, 4 H) 7.42 (s, 6 H) 7.50 (d, J=8.46 He, 4 H) 7.54 (d, J=4.23
Hz, 4 H).

F F

O 1S
/OZI/HE/(LET \©\/N\/©/ \}l Oiﬁ \\go\
N

Fxample 103
dimethyl ([(4-fluorophenyhimino]bis{ methanediylbenzene-4,1-diylcarbamoyl[ (25,4R)-4-
fluoropyrrolidine-2,1-diy1][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

-

P @ oS
. N & Jo
I L >

Example 103A
(3S,3'S,58,5'S)-tert-butyl 5,5'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(3-fluoropyrrolidine- 1 -carboxylate)
The title compound was prepared using the methods from Example 13C substituting (25,4R)-
1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid for N-(tert-butoxycarbonyl)-L-proline
to provide the title compound (0.29 g, 83% yield).

F

3 F

Example 103B
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(28,2'S,48,4'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4, 1 -phenylene))bis(4-
fluoropyrrolidine-2-carboxamide)
The title compound was prepared using the methods from Example 13D substituting the

product from Example 103A for the product from Example 13C to provide the title compound.

Example 103C
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4, 1-diylcarbamoyl[(2S5,4R)-4-
fluoropyrrolidine-2,1-diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )hiscarbamate

The title compound was prepared using the methods from Example 13E substituting the
product from Example 103B for the product from Example 13D to provide the title compound (89
mg, 57% yield). 'H NMR (400 MHz, DMSO) 8 10.11 (bs, 2H), 7.51 (d, J = 8.5, 4H), 7.21 ~7.15 (m,
6H), 691 (¢, J = 8.9, 2H), 6.64 (dd, J = 4.4, 9.1, 2H), 546 (bs, 1H), 5.32 (bs, 1H), 4.57 — 4.48 (m,
GH), 4.20 - 4.06 (m, 411), 3.88 — 3.71 (m, 2H), 3.54 (s, 6H), 3.17(d, J = 5.2, 2H), 2.21 ~ 1.97 (m, 21II),
0.96 (s, 181). MS (ESI, M+H) m/z = §93.
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O

dimethyl ([(4-fleorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-

O

zZx

Example 104

diyl[(185)-1-cyclohexyl-2-oxoethane-2,1-diyl] } )biscarbamate
The product from Example 13D and (S)-2-cyclohexyl-2-(methoxycarbonylamino)acetic acid

were processed using the method described i Example 13E replacing DMF with dichloromethane to

afford the title compound (74.4 mg, 16%). T NMR (400 MHz, DMSO) 6 1.29 - 0.83 (m, 10H), 1.69
(dd, J = 14.2,61.5, 12H), 1.93 - 1.81 (m, 4H), 2.06 - 1.93 (m, 2H), 2.19 - 2.06 (m, 2H), 3.51 (s, 6H),
3.66 - 3.55 (m, 2H), 3.88 - 3.73 (m, 2H), 4.07 (t, ] = 8.6, 2H), 4.41 {dd, ] = 4.8, 8.1, 2H), 4.55 (s, 4H),
6.69 - 6.56 (m, 2H), 6.97 - 6.83 (m, 2H), 7.17 (d, J = 8.5, 4H), 7.30 (d, T = 8.4, 2H), 7.50 (d, J = 8.5,

4H), 9.96 (s, 2H). MS (ESD) m/z 910 (M+H)*, 908 (M-H)*.
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Example 105
(25,2'S)-N,N'-{ [(4-fluorophenyljiminobis(methanediylbenzene-4,1-diyl) }bis[ 1 -(3-ethyl-3-hydroxy-2-
phenylpentanoyl)pyrrolidine-2-carboxamide]

The product from Example 13D (30 mg, 0.058 mmol) was subjected to the procedure
described in Example 24E, substituting 3-ethyl-3-hydroxy-2-phenylpentanocic acid (27 mg, 0.122
mmol) for (§)-2-(methoxycarbonylamino)-3-methylbutanoic acid to afford the title compound as a
TIA salt (11 mg). 'H NMR (400 MHz, DMSO-D6) & ppm 0.66 - 0.74 (m, 7 H), 0.84 (t, J=7.4 Hz, 6
H), 1.00 (d, J=7.9 Hz, 4 H), 1.52 - 1.63 (m, 3 H), 1.86 (d, /=7.3 Hz, 4 H), 2.05 (d, J=16.6 Hz, 2 H),
3.30(s, 2 H),3.34 - 342 (m, 2 H), 3.83 (d, /=13.3 Hz, 3 H), 4.32 - 4.39 (m, 1 H), 4.50 (s, 1 H), 4.53 -
4.61 (m, 5 H), 6.65 (ddd, J=9.3, 4.9, 4.7 Hz, 2 H), 6.88 - 6.96 (m, 3 H), 7.14 - 7.22 (m, 4 H), 7.24 -
7.33 (m, 7 H),7.39 (d, J=6.7 Hz, 2 H), 7.42 - 7.50 (m, 5 H), 7.55 (ddd, J=15.8, 8.6, 2.3 Hz, 3 H), 9.94
(s, 1 H), 10.00 (s, 1 H); MS (BSD) nv/z 924.5 (M+H)".

Example 106
(28,2'8)-N.N'-{ [(4-fluorophenyl)imino Ibis(methanediylbenzene-4,1-diyl) } bis{ 1 -[(1-
hydroxycyclopentyl}phenyljacetyl]pyrrolidine-2-carboxamide }

The product {rom Example 13D (30 mg, 0.058 mmol) was subjected o the procedure
described in Example 24E, substituting 2-(1-hydroxycyclopentyl)-2-phenylacetic acid (27 mg, 0.122
mmol) for (8)-2-(methoxycarbonylamino)-3-methylbutanoic acid to afford the title compound as a
TFA salt (13 mg). "H NMR (400 MHz, DMSO-D6) & ppm 1.09 (s, 2 H), 1.50 (d, J=5.9 Hz, 6 H),
1.61 (s, 4 H), 1.67 (d, J=4.7 Hz, 6 H), 1.77 (s, 1 H), 1.81 - 1.87 (m, 3 1), 1.91 (s, 1 H), 2.02 (5, 1 H),
207 (s, 1 H),3.14 (s, 1 H), 322 (d, J=10.0 Hz, 1 H), 3.71 (d, /=10.1 Hz, 2 H), 3.80 (s, 1 H), 3.91 (d,
J=12.8 Hz, 2 H), 4.38 (dd, J/=8.2, 4.1 Hz, 1 H), 4.49 (d, J=3.8 Hz, | H), 4.57 (d, J=2.9 Hz, 4 1), 6.62 -

6.69 (m, J=4.6,2.3 Hz, 2 H), 6.92 (t, J=8.8 Hz, 2 H), 7.16 - 7.22 (m, 4 H), 7.24 - 7.31 (m, 6 H), 7.34 -
174
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737 (m, 2 H), 7.47 (dd, J=16.2, 7.6 Hz, 4 H), 7.54 (d, J=8.3 Hz, 3 H), 9.97 (d, J=1.7 Hz, 2 H); MS
(ESD) my/z 920.2 (M+H)".

5 Example 107
(28,2°S)-N.N'-{ {[{(4-fluorophenyl)imino]bis{methanediylbenzene-4,1-diyl) } bis{ 1-
[cyclopentyl(phenyl)acetyl]pyrrolidine-2-carboxamide }
The product from Example 13D (30 mg, 0.058 mmol) was subjected to the procedure
described in [xample 24E, substituting 2-cyclopentyl-2-phenylacetic acid (25 mg, 0.122 mmol) for
10 (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid to afford the title compound as a TFA salt (12
mg). "H NMR (400 MHz, DMSO-D6) & ppm 1.03 (s, 2 H), 1.16 (d, J=4.2 Hz, 3 H), 1.25 (d, J=13.1
Hz, 3 H), 1.38 (d, J=3.3 Hz, 3 H), 1.48 - 1.60 (in, 4 H), 1.74 (s, 2 H), 1.79 (s, 2 H), 1.81 - 1.91 (m, 4
H),1.99(s, 2 H),2.07 (s, 1 H), 3.32(d, /=9.7Hz, 2 H), 342 (s, 1 H),3.70 (s, 2}, 3.81 (s, 1 H), 4.29
-4.35 (m, 1 H), 445 (dd, J=8.2,3.6 Iz, 1 H), 452 - 4.62 (m, 4 H), 6.60 - 6.70 (m, 2 H), 6.88 - 6.98
15 (m,2H), 7.14-7.26 (m, 6 H), 7.27 - 7.38 (m, 8 H), 7.44 (dd, J=8.6, 2.6 Hz, 2 H), 7.51 - 7.56 (m, 2
H), 7.58 (dd, J=8.6, 2.6 Hz, 1 H), 9.88 (s, 1 H), 9.93 (s, 1 H); MS (ESD m/z §88.3 (M+H)™.

Example 108
20 (28,2°5)-N,N'- { [ (4-fleorophenyl)iminojbis(methanediylbenzene-4,1-diyl) jbis[ I-(3-methyl-2-
phenylbutanoyl)pyrrolidine-2-carboxamide]
The product from Example 13D (30 mg, 0.058 mmol) was subjected to the procedure
described in Example 24, substituting 3-methyl-2-phenylbutanoic acid (22 mg, 0.122 mmol) for (S)-
2-(methoxycarbonylamino)-3-methylbutanoic acid to afford the title compound as a TFA salt (24 mg).
25 'H NMR (400 MHz, DMSO-D6) 8 ppm 0.41 (dd, J=6.7, 1.5 Hz, 2 H), 0.56 (dd, J=6.6, 4.5 Hz, 4 H),
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0.75 - 0.84 (m, 2 H), 0.94 (dd, J=8.4, 6.7 Hz, 4 H), 1.20 (s, 3 H), 1.73 - 1.88 (m, 5 H), 1.96 (s, 3 H),

2.10 - 224 (m, 4 H), 3.37 (d, J=10.2 Hz, 2 H), 4.27 (d, J=7.7 Hz, 1 H), 4.43 (dd, J=8.3, 3.4 Hz, 2 H),

4.53 (dd, J=16.5, 8.3 Hz, 4 H), 6.61 (s, 3 H), 6.83 - 6.93 (m, 3 H), 7.08 - 7.34 (m, 11 1), 7.35 - 7.44

(m, 2 H), 7.46 - 7.53 (m, 2 H), 7.53 - 7.59 (m, 1 H), 9.84 (s, 1 H), 9.92 (s, 1 H); MS (ESI) m/z 836.8
5 (M+H)Y™

o H

Example 109
methyl [(15)-1-{[(1S5,25,5R)-2-{[4-({(4-fluoropheny}) [4-({ [(15,25,5R)-3-{(25)-2~
[{methoxycarbonylyamino]-3,3-dimethylbutanoyl } -3-azabicyelo[3.1.0]hex-2-
10 yljcarbonyl}amino)benzyllamino } methyl)phenyl]carbamoyl } - 3-azabicyclo[3.1.07hex-3-yljcarbonyl } -
2,2-dimethylpropyl]carbamate

F
Me o=
NN NN
] ! 5
0N, 50

B K

Example 109A
(18,1'5,28,2'S,5R,5'R)-tert-butyl 2,2'-(4,4"-(4-fluorophenylazanediylybis(methylene)bis(4,1-
15 phenylene)bis(azanediyl))bis(oxomethylene)bis(3-azabicyclo[3.1.0]hexane-3-carboxylate)
The product from Example 13D and  (1S,28,5R)-3-(tert-butoxycarbonyl)-3-
azabicyclo[3.1.0hexane-2-carboxylic acid (Tensiid) were processed using the method described in

Example 41 to provide 685 mg (96%) of the title compound. MS (ESI; M+I1) m/z = 740.

F
H 7 N
(i © el
N N
N \ﬁ\‘ N
i o \©\/N\/©/ < i

Example 1098

20
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(18,1'S,28,2'5,5R,5'R)-N,N'-(4,4'-(4-fluorophenylazanediyhbis(methylene)bis(4, 1-phenylene ))bis(3-
azabicyclo[3.1.0}hexane-2-carboxamide)
The product from Example 109A was processed using the method described in Example 47B
1o provide 458 mg (92%) of the title compound. MS (ES]; M+H) m/z = 540.

5
Example 109C
methyl [(18)-1-{[(1S,25,5R)-2-{[4-({(4-fluoropheny[4-({ [(15,25,5R)-3-{(25)-2~
{(nethoxycarbonylyamino]-3,3-dimethylbutanoyl }-3-azabicyclo[3.1.0}hex-2-
ylcarbonyl Jamino)benzyl]amino j methyl)phenyl]carbamoyl }-3-azabicyclo[3.1.0lhex-3-yl]carbonyl } -
10 2,2-dimethylpropyljcarbamate

The product from Example 109B and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic
acid were processed using the method described in Example 41 to provide 237 mg (73%) of the title
compound. 'H NMR (400 MHz, methanol-D4) § 0.20 - 0.30 (m, 2 1) 0.81 - 0.91 (m, 2 I1) 0.92 - 1.03
(m, 18 H) 1.67 - 1.79 (m, 4 H) 3.64 (s, 6 H) 3.72 (m, 2 H) 3.92 (dd, J=9.81, 4.07 Hz, 2 H) 4.03 - 4.13

15 (m 2H)421(,2H)4.53(s, 4 H)4.72 (5,2 H) 6.67 - 6.73 (m, 2 H) 6.79 - 6.86 (m, 2 H) 7.20 (d,
J=R.46 Hz, 4 H) 7.48 (d, }=8.46 Hz, 4 H).

Example 110
(28.,2'S)-N,N'- {[(4-fluorophenyhiminolbis{methanediylbenzene-4,1-diyl) } bis{ 1-[(2R)-2-hydroxy-2-
20 phenylacetyl]pyrrolidine—2»carboxémide}

The product from Example 13D (0,045 g, 0.087 mmol) and (R)-2-hydroxy-2-phenylacetic
acid (0.095 g, 0.192 mmol) were processed as in Example 258 to give the title compound as an off-
white solid. 'H NMR (400 MHz, DMSO-D6) & ppm 1.71 - 1.88 (m, 4 H) 1.88 - 2.06 (m, 4 H) 3.09 -
3.18 (m, 2 H)3.62 -3.73 (m, 2 H) 4.40 (dd, J=8.13, 3.25 Hz, 2 H) 4.57 (s, 4 H) 5.26 (d, J=3.58 Hz, 2

25  H)5.50(d, J=5.64 Hz, 2 H) 6.65 (dd, J=9.27, 439 Hz, 2 £) 6.92 (1, ]=8.89 Hz, 2 H) 7.13 - 7.23 (m, 6
H)7.27-733 (m, 2 1) 7.33-7.42 (m, 6 H) 7.53 (d, J=8.57 Hz, 4 H) 10.00 (s, 2 H); MS ESI- m/z 782
(M-H)-.
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Hxample 111
(28,2'S)-N.N'-{(phenylimino)bis(methanediylbenzene-4,1-diyl)]bis{ 1-[(28)-3,3-dimethyi-2-
(pyrimidin-2-ylamino)butanoyl]pyrrolidine-2-carboxamide }

The product from Example 79B (0.05 g, 0.069 mmol) and 2-bromopyrimidine (0.066 g, 0.414
mmol) were dissolved in dimethylsulfoxide (1.5 mL), treated with diisopropylethylamine (0.072 mlL,
0.414 mmol) and heated at 100 °C in a sealed tube in a microwave reactor for 1.5 hours. The solution
was poured into water, extracted into ethyl acetate, concentrated, and purified by combi-flash 12g
column, eluting with 0-5% methanol in dichloromethane to give 0.004 g (7%) of the title compound
as an off-white solid. "H NMR (400 MHz, DMSO-D6) & ppm 1.04 (s, 18 H) 1.81 - 1.94 (m, 4 H) 1.97
=207 (m, 2H) 2.07 - 2.18 (m, 2 H) 3.63 - 3.72 (m, 2 H) 3.96 - 4.04 (m, 2 H) 4.40 (dd, J=7.92, 5.75
Hz, 2 H) 4.59 (s, 4 H) 4.68 (d, J=0.00 Hz, 2 H) 6.51 (d, J=9.00 Hz, 2 H) 6.57 (t, J=7.16 Hz, 1 H) 6.62
(t, J=4.77 Hz, 2 H) 6.66 (d, J=8.13 Hz, 2 H) 7.04 - 7.11 (m, 2 H) 7.17 (4, J=8.57 Hz, 4 H) 7.51 (d,
J=8.57 Hz, 4 H) 8.29 (d, J=4.77 Hz, 4 H) 9.98 (s, 2 H); MS ESI- n/z 878.6 (M-H)-.

/027/“\/% Q/NVQ/ WOI o)‘jnw(o\
:\\ O

Example 112
dimethy! ({(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-
diylf(25)-1-oxobutane-1,2-diyl]} )biscarbamate

The product from Example 13D (0030 g 0058 mmol) and (S)-2-
(methoxycarbonylamino)butanoic acid (0.021 g, 0.128 mmol) were processed as in Example 25B to
give the title compound as an off-white solid. "H NMR (400 MHz, DMSO-D6) & ppm 0.90 (t, J=7.37
Hz, 6 H) 1.52 (td, J=14.07, 6.89 Hz, 2 H) 1.65 (1d, J=13.61, 6.61 Hz, 2 H) 1.81 - 1.93 (m, 4 H) 1.95 -
205(m, 2H)2.08-220 (m, 2 H) 3.52 (s, 6 H) 3.56 - 3.67 (m, 2 H) 3.68 - 3.81 (m, 2 H) 4.12-4.23
(m, 2 H) 4.42 (dd, J=8.02, 4.55 Hz, 2 H) 4.55 (5, 4 H) 6.63 (dd, }]=9.22, 4.45 Hz, 2 H) 6.91 (t, }=8.89
Hz, 2 H)7.16 (d, J=8.46 Hz, 4 H) 7.30 (d, J=7.70 Hz, 2 H) 7.50 (d, J=8.46 Hz, 4 H) 9.94 (s, 2 H); MS
ESI- my/z 800 (M-H)-.
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[(4-fluorophenylyimino]bis| methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl(1R)-2-

Example 113

oxo-1-phenylethane-2,1-diyl] diacetate

W

The product from Example 13D (0.030 g, 0.058 mmol) and (R)-2-acetoxy-2-phenylacetic acid
(0.025 g, 0.128 mmol) were processed as in Example 25B to give the title compound as an off-white
solid. 'H NMR (400 MHz, DMSO-D6) d ppm 1.74 - 2.01 (m, 8 H) 2.02 - 2.09 (m, 6 H) 3.07 - 3.15
(m, 2 H) 3.79 - 3.88 (m, 2 H) 4.38 (dd, J=7.75, 2.87 Hz, 2 11) 457 (s, 4 1) 5.98 - 6.23 (m, 2 H) 6.65
10 (ddd, J=9.30, 4.36, 2.49 Hz, 2 H) 6.92 (1d, }=8.95,3.04 Hz,2 H) 7.11 - 7.23 (m, 6 F) 7.28 - 7.36 (m, 2
H)740-7.47 (m, 6 H) 748 - 7.52 (m, 2 H) 7.54 (d, }J=8.57 Hz, 2 H) 9.73 - 10.02 (m, 2 H); MS ESI-
m/z 866 (M-H)-.

H LwHO

15 Example 114
methyl {(15)-2-{(25)-2-[(4-{[(4-fluoropheny){4-[({(25)-1-[(2R)-2-phenyl-2-piperidin-1-
ylacetyljpyrrolidin-2-yl } carbonyl)amino]benzyl} aminohmethyl }phenylycarbamoyllpyrrolidin-1-yl}-2-
0x0-1-[(3R)-tetrahydrofuran-3-yljethyl} carbamate

Pl oDk

Example 114A

20
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(8)-tert-butyl 2-(4-(((4-fluorophenyl}(4-((S)-pyrrolidine-2-
carboxamido}benzyl)amino)methyl)phenyicarbamoyl)pyrrolidine- 1 -carboxylate
A solution of Example 13C (2.25 g, 3.14 mmol) in dichloromethane (20 mL) was treated
trifluoroacetic acid at ambient temperature, adding 1 mL every 30 min for a total of 4 ml.. The
5 reaction was monitored closely to achieve a good distribution of bis-boc, mono-boc, and unreacted
compounds,  The mixture was washed wilh sodium bicarbonate solution, exftracted into
dichloromethane, concentrated, and purified by combi-flash 40g silica column with 0-40% methanol

in dichloromethane to give (.632 g (33%) of the title compound containing a single Boc group.

QN Y o

0 o °

10
Example 114B
(S)-tert-butyl 2-(4-(((4-fluorophenyl)(4-((S)-1-((R)-2-pheny}-2-(piperidin-1-yacetypyrrolidine-2-
carboxamido)benzyl)amino)ymethyl)phenylcarbamoyhpyrrolidine- I -carboxylate
The product from Example 114A (0.26 g, 0.42 mumol) and (R)-2-phenyl-2-(piperidin-1-
15 ybhacetic acid (0.12 g, 0.55 mmol) was processed as in Example 81A 1o give 0.20 g (58%) of the title

compound as a white solid.

Example 114C
20 (8)-N-(4-(((4-fluorophenyl)(4-((S)-pyrrolidine-2-carboxamido)benzyl)aminoymethylyphenyl)-1-((R)-
2-phenyl-2-(piperidin-1-yhacetyl)pyrrolidine-2-carboxamide
The product from Example 114B (0.20 g, 0.24 mmol} was dissolved in dichloromethane (3
mlL) and treated with trifluoroacetic acid (2 mL) at ambient temperature for 2 hours. The solution was
concentrated, taken wp in 25% isopropanol in chloroform, washed with sodium bicarbonate solution,

25 dried over sodium sulfate, filtered and concentrated to give 0.16 g (91 %) of the title compound.
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Example 114D
methyl {(15)-2-{(25)-2-[(4-{[(4-fluoropheny]){4-[({(25)-1-[(2R)-2-phenyl-2-piperidin-1-
ylacetyl]pyrrolidin-2-yl }carbonyl)amino}benzyl } amino]methyl jphenyl)carbamoyl]pyrrolidin-1-y1}-2-
ox0-1-[(3R)-tetrahydrofuran-3-ylethyl} carbamate

The product from Example 114C (0.040 g, 0.056 mmol) and (8)-2-(methoxycarbonylamino)-
2-((R)-tetrahydrofuran-3-yl)acetic acid (0.014 g, 0.067 mmol) were processed as in Example 81A
give the title compound. "H NMR (400 MHz, DMSO-D6) & ppm 1.29 - 1.38 (m, 2 H) 1.39 - 1.47 (m,
4Hy1.68-1.78 (m, 1 H)1.79-1.90 (m, 4 H) 1.93 - 2.06 (m, 4 H) 2.10-2.22 (m, 1 H) 3.14 - 3.25 (m,
1 H)3.41-3.50(m, 4 H)3.53(s,3H)3.58 -3.70 (m, 4 H) 3.71 - 3.79 (m, 2 H) 3.80 - 3.90 (m, 2 H)
420-4.28 (m, 2 H) 4.31 (dd, J=7.64,4.07 Hz, 1 H) 4.44 (dd, J=7.97,4.93 Hz, 1 H) 4.56 (s, 4 H) 6.64
(dd, J=9.22, 4.34 Hz, 2 H) 6.91 (1, J=8.95 Hz, 2 H) 7.18 (d, J=8.13 Hz, 4 1) 7.25 - 7.37 (m, 3 H) 7.42
(d, J=6.83 Hz, 2 H) 7.51 (dd, J=8.57, 1.84 Hz, 4 H) 7.60 (d. J=8.02 Hz, 1 H) 9.96 (s, 1 H) 9.98 (s, 1
H); MS ESI- mv/z 900.6 (M-H)-.

Example 115
methyl [(18)-1-({(28)-2-[(4-{ [(4-fluoropheny]) {4-[({(25)-1-{(2R)-2-phenyl-2-piperidin-1-
ylacetyllpyrrolidin-2-yl}carbonyl)amino}benzyl } amino}methyl } phenylcarbamoyl]pyrrolidin-1-
yl}earbonyl)propyljcarbamate

The product from Example 114C (0.040 g, 0.056 mmol) and (5)-2-
(methoxycarbonylamino)butanoic acid (0.011 g, 0.067 munol) were processed as in Example 81A to
give the title compound. 'H NMR (400 MHz, DMSO-D6) § ppm (.90 (1, J=7.37 Hz, 3 H) 1.29 - 1.37
(m,2H) 1.39-1.47 (m, 4 H) 1.47-1.58 (m, 1 H) 1.61 - 1.72 (m, 1 H) 1.75 - 2.06 (m, 6 H) 2.08 - 2.20
(m, 1 H)3.39-350(m, TH)3.52(s,3H)3.56 -3.64 (m, 1 H)3.69 - 3.77 (m, 1 H) 3.79 - 3.90 (m, 1
H)4.14 - 4.21 (m, 1 H) 4.24 (s, 1 H) 4.31 (dd, J=7.81, 4.23 Hz, 1 H) 4.43 (dd, J=7.92, 434 Hz, 1 H)
4.56 (s, 4 H) 6.64 (dd, J=9.27, 439 Hz, 2 H) 6.91 (t, J=8.89 Hz, 2 H) 7.17 (dd, J=8.51, 2.55 Hz, 4 H)
7.27 - 7.36 (m, 3 H) 7.42 (d, J=6.94 Hz, 2 H) 7.51 (dd, J=8.51, 3.74 Hz, 4 H) 9.95 (d, J=2.93 Hz, 2
H): MS ESI- m/z 858.6 (M-H)-.
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Example 116
(28,2'S)-N,N-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis(1-{ [(3R)-3-
fluoropyrrolidin-1-yl](phenyl)acetyl }pyrrolidine-2-carboxamide)
5 The product from Example 13D and 2-((R)-3-fluoropyrrolidin-1-y1)-2-phenylacetic acid were
processed using the method described in Example 13E replacing DMF with dichloromethane to afford

a mixture of three stereoisomers. The title compound of Example 116 was the first isomer to elute

from the chromatography. 1y NMR (400 MHz, DMSO) 6 190 - 1.68 (m, 6H), 2.15 - 1.90 (m, 6H),
245 -235 (m,2H), 2.65- 258 (m, 3H),2.70 (dd, J = 4.1, 10.7, 1H),2.77 (d, T = 11.2, 1H), 2.84 (d, ]
10 =114, 1H), 3.45 - 3.34 (m, 2H), 3.90 - 3.76 (m, 2H), 4.36 - 4.29 (m, 2I), 4.38 (s, 211), 4.57 (s, 411),
507 (t, =56, 1H), 521 (t, T =56, 1H), 6.70 - 6.60 (m, 2H), 6.96 - 6.87 (m, 2H), 7.19 (d, J = 8.5,
4H3, 7.38 - 7.27 (m, 6H), 7.46 (d, I = 6.8, 4H), 7.53 (d, ] = 8.5, 4H), 9.97 (s, 2H). MS (EST) n/; 926

(M+H)*, 924 (M-H)*.

15 H FH
Example 117
(28,2'S)-N.N-{ [(4-fluorophenylimino]bis(methanediylbenzene-4,1-diyl) }bis(1- [ [(3R)-3-
fluoropyrrotidin-1-yl](phenyl)acetyl }pyrrolidine-2-carboxamide)
The title compound of Example 117 was isolated from the purification of Example 116 as the
20 second eluting isomer. 1y NMR (400 MHz, DMSO) 8 1.91 - 1.70 (m, 7H), 2.14 - 1.93 (m, 6H), 2.46 -
2.35 (m, 3H), 2.66 - 2.57 (m, 2H), 2.88 - 2.69 (m, 4H), 3.39 (dd, ] = 8.4, 17.4, 1H), 3.68 (td, ] = 5.5,
9.6, 1H), 3.86 - 3.78 (m, 1H), 4.36 - 4.30 (m, 1H), 4.38 (s, 1H). 4.46 (dd, J = 4.3, 8.4, 1H), 4.49 (s,
1H), 4.57 (d,J =102, 3H), 5.07 (, J=5.5, 1H), 5.21 (t. J = 5.3, 1H), 6.65 (dt, I = 4.4, 9.2, 2I), 6.92
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(d, T = 2.8, 9.1, 2H), 7.26 - 7.13 (m, 4H), 7.39 - 7.26 (m, 6H), 7.59 - 7.39 (m, 8H), 10.34 - 9.87 (m,
2H). MS (BSD) m/z 926 (M+ID, 924 (M-H)*.

@]
N N
. -
H F H
5 Example 118
(28,2'5)-N N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis(1-{ {(3R)-3-
fluoropyrrohidin-1-yl](phenyl)acetyl }pyrrolidine-2-carboxamide)

The title compound of Example 118 was isolated from the purification of Example 116 as the
third eluting isomer. 1y NMR (400 MHz, DMSO) 8 1.00 - 0.77 (m, 8H), 1.94 - 1.69 (m, 6H), 2.15 -
10 1.94 (m, 6H), 2.87 - 2.69 (m, 2H), 3.73 - 3.52 (m, 2H), 4.61 - 4.40 (m, 7H), 5.06 (t, T = 5.5, 1}), 5.21
(1, } =53, 1H), 6.64 (dt, } = 4.4, 8.9, 2H), 6.91 (td, ] = 2.9, 8.9, 2H), 7.60 - 7.12 (m, 19H), 10.31 -

9.90 (m, 2H). MS (EST) m/z 926 (M+H)*, 924 (M-H)*.

Q%WQQ@W
2 <

Hs F H F
15 Example 119
(28,2'8)-N.N'-{[(4-fluorophenyl)imino]bis(methancdiylbenzenc-4,1 -diyl) }bis(1-{ [(38)-3-
fluoropyrrokidin-1-yl)(phenyDhacetyl }pyrrolidine-2-carboxamide)
The product from Exampile 13D and 2-((S)-3-fluoropyrrolidin-1-yl)-2-phenylacetic acid were
processed using the method described in Example 13E replacing DMF with dichloromethane to afford

20 a mixture of sterecisomers. The title compound of Example 119 was the first isomer to elute from the

chromatography. TH NMR (400 MHz, DMSO) 8 2.15 - 1.70 (m, 13H), 2.66 - 2.57 (m, 2H), 2.81 -
2.71 (m, 3H), 3.43 - 3.34 (m, 2H), 3.90 - 3.78 (m, 2H), 432 (dd, T = 4.2, 7.9, 2H), 4.36 (s, 2H), 4.57
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(s, 4H), 5.06 (s, 1H), 5.20 (s, 1H), 6.70 - 6.60 (m, 2H), 6.97 - 6.86 (m, 2H), 7.19 (d, J = 8.5, SH), 7.39
-7.24 (m, TH), 7.46 (d, ] = 6.9, 4H), 7.53 (d, ] = 8.5, 4H), 9.96 (s, 2H). MS (ESD) m/z 925 (M+H)*.

QP Qo
N o

HOF HF
5 Example 120
(28,2'5)-N,N-{ [(4-fluorophenyl)inminolbis(methanediylbenzene-4,1 -diyl) this(1-{ [(35)-3-
fluoropyrrolidin-1-ylj(phenyhacetyl } pyrrolidine-2-carboxamide)

The title compound of Example 120 was isolated from the purification of Example 119 as the
second eluting isomer. 1y NMR (400 MHz, DMSO) 8 2.16 - 1.67 (m, 12H), 2.39 (dd, J = 11.8, 19.9,
10 2H), 2.65 - 2.55 (m, ZH), 2.1 - 2.70 (m, 4H), 3.44 - 3.33 (m, 2H), 3.66 (dt, ] = 6.1, 14.0, 1H), 3.92 -
3.78 (m, 1H),4.32(dd, T = 4.2, 7.9, 1H), 436 (s, 1H), 445 (dd, ] = 3.9, 8.2, 1H), 4.49 (s, 1H), 4.57 (d,
J=10.0, 4H), 5.06 (dd, J =35, 9.6, 1H), 5.25 - 5.15 (m, 1H), 6.65 (dt, I =44, 9.2, 2H), 6.92 («d, ] =

2.9,9.1, 2H), 7.59 - 7.12 (m, 18H), 10.32 - 9.86 (m, 2H). MS (EST) my/z 926 (M+H)*, 924 (M-H)*.

15
Example 121

(25,2'S)-N.N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl) Jbis{ 1-[(25)-3,3-dimethyl-2-(1,3-

thiazol-2-ylamino)butanoyllpyrrolidine-2-carboxamide }

ﬁ QOVQVQ 13 ;-jp(

20 7\

Example 121A
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(8,28,2'S)-N,N'-(4 .4'-(phenylazanediylbis(methylene)bis(4,1 -phenylene))bis(1-((S)-3,3-dimethyl-2-
thioureidobutanoyl)pyrrolidine-2-carboxamide)
The product from Example 798 (0.075 g, 0.104 mmol) was dissolved in dichloromethane (2
ml.) at ambient temperature and treated with fluorenylmethoxycarbonyl isothiocyanate (0.061 g,
0.218 mmol) and stirred for 4 hours. Diethylamine (0.50 ml) was added dropwise and the resulting

solution was stirred for 1 hour, then concentrated (o dryness to give the title compound.

Example 1218
(28,2'9)-N,N'-{(phenylimino)bis(methanediylbenzene-4,1-diyl) ] bis{ 1-{(25)-3,3-dimethyl-2-(1,3-
thiazol-2-ylaminobutanoyl|pyrrolidine-2-carboxamide }

The product from Example 121A (0.087 g, 0.103 mmol) was dissolved in ethanol (1 mL} and
treated with chloroacetaldehyde (0.040 mL, 0.310 mmol) and the solution was heated at 70 °C for 18
hours at which time another (.04 mL ol chloroacetaldehyde was added to push the reaction to
completion. The solution was concentrated and purified by combi-flash 12g silica column, eluting
with 0-5% methanol in dichloromethane, followed by a second columm, eluting with 0-15% ethyl
acetate in dichloromethane to give 3.5 mg of the title compound. ‘H NMR (400 MHz, DMSO-D6) &
ppm 1.02 (s, 18 H) 1.46 - 1.65 (m, 4 H) 1.67 - 1.77 (m, 1 H) 1.79 - 1.91 (m, 4 H) 2.08 - 2.20 (m, 1 H)
3.63-3.71(m, 2 H)y4.43(dd, J=7.92,5.64 Hz, 2 H) 4.56 - 4.63 (m, 6 H) 6.54 - 6.61 (m, 3 H) 6.66 (d,
J=8.24 Hz, 2 H) 6.96 (d, J=3.69 Hz, 2 H) 7.07 (t, ]=7.97 Hz, 2 H) 7.17 (d, J=8.46 Hz, 4 H) 7.51 (d,
J=8.57 Hz, 4 H) 7.64 (4, }=9.11 Hz, 2 H) 9.99 (s, 2 H); MS ESI- m/z 888.5 (M-H)-.

\ CHTWQVQVCF g{
e

(o]
FExample 122
(28,2'8$)-NN'-{ [{4-fluorophenyl imino Jbis(methanediylbenzene-4,1-diyl) }bis(1-{ (2R)-2-

[acetyl(ethyl)amino]-2-phenylacetyl }pyrrolidine-2-carboxamide)

\V%Oy

Example 122A
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(R)-tert-butyl 2-(ethylamino)-2-phenylacetate
To a solution of (R)-tert-butyl 2-amino-2-phenylacetate hydrochloride (0.25 g, 1.026 mmol)
i MeQH (10.26 mL) was added 10% Pd/C (0.080 g, 1.026 mmol). The resulting mixture was cooled
10 0 °C, and acetaldehyde (0.576 mL, 10.26 mmol) was added. The resulting mixture was stirred at 0
5 °C for 10-15 mins, the ice bath was removed, and the mixture was placed under a hydrogen balloon
and stirred at rt for 45 mins. The mixture was filtered through celite, washed with methanol, and the

filtrate was concentrated m vacuo to give the titte compound (0.267 g).

f}%«

10 Example 1228
(R)-tert-butyl 2-(N-ethylacetamido)-2-phenylacetate
A solution of product from Example 122A (0.267 g, 1.135 mmol) in acetic anhydride (1.073
ml, 11.35 mmol} and pyridine (0.918 mi., 11.35 mumol) was stirred at 98 °C for 2 hrs. The mixture
was partitioned between CH,Cl, and 1IN HCI solution, and the organic extract was separated, dried
15 over anhydrous sodium sulphate, filtered, and concentrated in vacuo. The crude product was purified
by column chromatography on silica gel using a solvent gradient of 1-35% cthyl acetate in hexane to

give the title compound (0.083 g, 27%).

G o
AN OH
20 Example 122C

(R)-2-(N-ethylacetamido)-2-phenylacetic acid
To a solution of product from example 122B (81 mg, 0.293 mmol) in CH,CL, (3 mL) was
added 2,2,2-trifluoroacetic acid (1.5 ml., 0.293 mmol), and the resulting mixture was stirred at rt for 1
hr. The mixture was concentrated in vacuo to give the title compound (50 mg, 77%).
25
Example 122D
(25,2'8)-N.N'-{ {(4-fluorophenyl)imino]bis(methanediylbenzene-4, 1 -diyl) }bis(1- [ (2R)-2-
facetyl(ethyD)amino]-2-phenylacetyl } pyrrolidine-2-carboxamide)
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The product from Example 13D (0.024 g, 0.047 munol) was subjected to the procedure
described in Example 24B, substituting the product from Example 122C for (S5)-2-
{methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (7 mg). 'H
NMR (400 MHz, DMSO-D6) 6 ppm 0.49 - 0.63 (m, 4 H), 0.69 - 0.78 (m, 2 H), 1.24 (s, 2 H), 1.70 -
2.04 (m, 8 H), 2.05 - 2.16 (m, 4 H), 2.84 - 3.27 (m, 4 H), 3.42 - 3.69 (m, 3 H), 4.42 - 4.48 (m, 2 H),
4.58 (s, 4 H), 6.63 - 6.68 (m, 2 H), 6.92 (t, /=8.9 Hz, 2 H), 7.20 (dd, J=8.3, 3.8 Hz, 4 H), 7.31 - 7.50
(m, 11 H), 7.51 - 7.64 (m, 6 H), 9.62 (s, 1 H), 10.05 (s, 1 H); MS m/z 923.6 (M+H)".

j
oL
;ﬂ//f\
Example 123
dimethyl ([(4-fluorophenyliminoibis{methanediylbenzene-4,1-
diylcarbamoyl(2§,3aS,6aS)hexahydrocyclopenta[b]pyrrole-2,1(2H)-diyl{(25)-3,3-dimethyl-1-
oxpbutane-1,2-diyl] })biscarbamate

Example 123A
(28,3a8,6aS)-2-benzyl 1-tert-butyl hexahydrocyclopentalblpyrrole-1,2(2H}-dicarboxylate

ﬂII

To a solution of (§,S,5)-2-azabicyclo[3,3,0]-octape-3-carboxylic acid benzyl ester
hydrochloride (0.50 g, 1.8 mmol) in CH,Cl, (8.9 mL) at room temperature was added di-tert-butyl
dicarbonate (0.45 ml, 2.0 mimol) and Hunig’s base (0.77 ml., 4.4 mmol) to give a tan solution. The
mixture was stirred for 2 hours at room temperature then diduted with CH,Cl,, washed with saturated
sodivm bicarbonate solution, and brine. The organic layer was dried over Na,SO,, filtered, and

concentrated under reduced pressure to provide the title compound (0.56 g, 91% yield).

o

Example 123B
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(2S,3a8,6aS)- 1 -(tert-butoxycarbonyl)octahydrocyclopenta[blpyrrole-2-carboxylic acid

To a solution of the product from Example 123A (0.56g, 1.6 mmol) in MeOH (8.0 ml.) was
added Pd(OH),/carbon. The mixture was evacuvated and a H, atmosphere was mtroduced via a
balloon. The mixture was stirred overnight then filtered and the solvent was removed under reduced

5 pressure to provide the title compound (0.42 g, 102% yield).

Q]* ‘@E%@f ‘CLO

Example 123C
28,2'S,3a8,3a'S,6a8S,6a'S)-tert-butyl 2,2'-(4.4'-(4-fluorophenylazanediyDbis(methylene)bis(4,1-
10 phenylene)bis(azanediyl))bis(oxomethylene)bis(hexahydrocyclopentalblpyrrole-1(2H)-carboxylate)
The title compound was prepared using the methods from Example 13C substituting the

product from Example 123B for N-(tert-butoxycarbonyl)-L-proline to provide the title compound

(0.95 g, 100% yield).

Example 123D
(25,2'S,3a8,3a'S,6a8,6a'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-

15

phenylene))bis(octahydrocyclopenta[b]pyrrole-2-carboxamide)
Title compound was prepared using the methods from Example 13D substituting the product

20 from Example 123C for the product from Example 13C to provide the title compound ().17g, 81%).

Example 123E
dimethy! ({(4-fluorophenyl)imino]bis {methanediylbenzene-4,1-
diylcarbamoyl(2S5,3aS,6a5)hexahydrocyclopenta[blpyrrole-2, 12 H)-diyl[(25)-3,3-dimethyl-1-
25 oxobutane-~1,2-diyl] } }biscarbamate
The title compound was prepared using the methods from Example 13E substituting the
product from Example 123D for the product from Example 13D to provide the title compound (75
mg, 41% yield). "H NMR (400 MHz, METHANOL-D4) 8 7.52 — 7.43 (m, 4H), 7.22 — 7.15 (m, 4H),

6.83 (t, J = 8.6, 2H), 6.74 - 6.67 (m, 2H), 4.73 — 4.65 (m, 2H), 4.59 ~ 4.50 (m, 6H), 4.39 (bs, 21,
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3.65 (s, 61), 2.85 - 2.74 (m, 2H), 2.39 (m, 2H), 2.19 (d, J = 8.0, 2H), 2.09 - 1.90 {m, 4H), 1.89 - 1.56
(m, 8H), 1.03 (s, 18H). MS (ESL M+H) m/z = 939.

Qj\“ QLY Y\)\/N
3
Example 124

(28.3a8,6a8,2'S,3a'S,6a'S)-N,N-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-

[(2R)-2-phenyl-2-piperidin-1-ylacetyl]octahydrocyclopenta{ s |pyrrole-2-carboxamide }

To a mixture of the product from Example 123D (0.17 g, 0.29 mmol), (R)-2-phenyl-2-
(pipesidin-1-yhacetic acid - TFA salt (0.21 g, 0.67 mmol), and HATU (0.24 g, 0.64 rﬁmol) m CH,Cl,
(2.9 mL) was added Hunig's base (0.41 mi, 2.3 mmol), and the reaction was stirred al room
temperature for 1 hour. The mixture was then concentrated under reduced pressure and purified by by
column chromatography eluting with 30-70% ethyl acetate in hexanes to provide the title compound
(39 mg, 13% yield). "H NMR (400 MHz, METHANOL-D4) 8 7.54 — 7.43 (m, 8H), 7.38 - 7.30 (n,
6H), 7.23 - 7.17 (m, 4H), 6.84 (1, J = 8.6, 2I), 6.72 (dd, J = 4.2, 9.2, 211), 4.54 (bs, 411), 4.46 (1, J =
8.3, 21I), 4.31 (dd, J = 8.1, 13.9, 2H), 4.12 (s, 2I1), 2.73 - 2.60 (m, 211), 2.53 — 2.44 (m, 3H), 2.42 ~
2.24 (m, 8H), 2.17 ~ 2.04 (m, 2H), 2.03 — 1.88 (m, 2H), 1.83 ~ 1.64 (m, 7H), 1.35 (s, 10H), 1.43 (s,
4H). MS (ESL M+H) m/z =999.

B @ K>
N

Example 125
methyl [(15)-1-{[(25)-2-{ [4-({(4-fluorophenyl}[4-({ [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }-2,5-dihydro-1 H-pyrrol-2-
yljcarbonyl }amino)benzyl]amino }methyl)phenyllcarbamoyl }-2,5-dihydro-1 H-pyrrol-1-yl]carbonyi } -
2,2-dimethylpropyljcarbamate
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Example 125A

(28,2'S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(2.5-dihydro-1H-pyrrole-1-carboxylate)
The title compound was prepared using the methods from Example 13C substituting (S)-1-
(tert-butoxycarbonyl)-2,5-dilyydro- 1H-pyrrole-2-carboxylic  acid for N-(tert-butoxycarbonyl)-L-
proline to provide the title compound (0.64 g, 96% yield).

Example 1258
(25,2'S)-N,N'-(4 4'-(4-fluorophenylazanediyl)bis(methylene }bis(4, 1-phenylene)ybis(2,5-dihydro-11-
pyrrole-2-carboxamide)
The tile compound was prepared using the methods from Example 13D substituting the
product from Example 125A for the product from Example 13C to provide the title compound (0.50
2. 109% yield).

Example 125C
methyl [(18)-1-{{(25)-2-{{4-({ (4-fluorophenyl) [4-({ [ (25)-1-{ (25)-2-[(methoxycarbonylyamino]-3,3-
dimethylbutanoyl}-2,5-dihydro-1 H-pyrrol-2-
ylicarbonyl jamino}benzyljamino }methyl)phenyljcarbamoyl }-2,5-dihydro-1 H-pyrrol-1-yljcarbonyl } -
2,2-dimethylpropyl]carbamate

The title compound was prepared using the methods from Example 13E substifuling the
product from Example 125B for the product from Example 13D to provide the title compound (0.15
2, 45% yield). "H NMR (400 MHz, DMSQ) 5 10.13 (s, 2H), 7.51 (d, J = 8.5, 4H), 7.23 (4, J = 8.7,
2H), 7.18 (d, J = 8.5, 4H). 6.91 (t. J= 8.9, 2H), 6.63 (dd, J = 9.2, 4.4, 2H), 6.06 (dd, J = 6.3, 1.8, 2H),
5.88 (dd, J=6.2, 2.1, 2H), 5.20 - 5.13 (m, 2H), 4.61 - 4.51 (m, 6H), 4.49 — 4.39 (m, 2H), 4.15 (d, J =
8.7, 2H), 3.54 (5, 6H), 0.99 (s, 18H). MS (ESL M+H) m/z = 855.
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Example 126
dibenzyl (45,4'$)-4,4'-{[(4-fluvorophenyl)imino]bis(methanediylbenzene-4,1-diylcarbamoyl) }bis(1,3-
oxazolidine-3-carboxylate)

] The product from Example 138 (100 mg, 0311 mmol) and (§)-3-
(benzyloxycarbonyloxazolidine-4-carboxylic acid (195 mg, 0.778 mmol) were processed using the
method described in Example 43 to afford 215 mg (88%) of the title compound. "H NMR (400 MHz,
DMSO-D6) & ppm 10.09 (s, 2H), 7.51 (d, J=7.1 Hz, 4H), 7.36 (m, 4H), 7.18 (m, 10H), 6.91 (d, /=8.9
Hz, 2H), 6.64 (m, 2H), 5.13 (m, 2H), 5.03 (m, 2H), 4.93 (m, 4H), 458 (bs, 4H). 4.48 (m, 2H), 4.28

10 (m, 2H), 4.01 (m, 2H).

OH

A ra oy o

Example 127
(25,45,2'S,4'S)-N,N'-{ [(4-fluorophenyl)imino bis(methanediylbenzene-4, 1 -diyl) } bis {4-hydroxy-1-
15 [(2ZR)-2-phenyl-2-piperidin-1-ylacetyl]pyrrolidine-2-carboxamide }

Example 127A
(28,48)-1-(tert-butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid
To a sojution of (28,48)-4-hydroxypyrrolidine-2-carboxylic acid (3.9 g, 29.7 mumol) in THF
20 (26.7 mL) and water (13.3 ml) was added di-tert-butyl dicarbonate (7.14 g, 32.7 mmol) and sodium
hydroxide (2.0 N, 22.9 ml,, 45.8 mmol} and the mixture stirred at room temperature overnight. The
mixture then had 10% citric acid (50 mL) added followed by EtOAc and extraction with water and
brine. The organic extract was dried, filtered and concentrated to afford 5.31 g (77%) of the title
compound. MS (ESD m/z 232 (M+H)+.
25
Example 127B
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(28,45)-1 -(tert-butoxycarbonyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-2-carboxylic acid
To a solution of Example 127A (5.31 g, 22.96 mmol) and mmidazole (7.82 g, 115 mmol) in
dichloromethane (106 mL) and DMF (21.3 mL) was added rert-butyldimethylsilyl chioride (7.61 g,
50.5 mmol) and the mixture stirred at room temperature overnight. The mixture then had water (425
S ml) added and the solution was extracted with EtOAc and the organic extract concentrated to a
residue that was dissolved in 25% EtOAc and 75% hexanes then extracted with brine and the organic
extract concentrated to 2 solid. The resultant solid was dissolved in methanol (65 mL) and water (85
mL) then lithium hydroxide monohydrate (1.93 g, 46 mmol) added and the solution stirred at room
temperature for 2 h. Afterwards water (106 mL} and a solution of 1IN agueous hydrochloric acid was
10 added until a pH of 2 was reached. The mixture was then extracted with a mixture of 25% EtOAc and
75% hexanes, the organic extract dried, filtered and concentrated 1o give the title compound as a

colorless solid. MS (EST) m/z 346 (M+11)+.

K Sy

5(\ /

By Py
paace

15 Example 127C
(35,3'S,58.5'S)-tert-butyl 5,5'-(4 4'-(4-fluorophenylazapediylibis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(3-(tert-butyldimethylsilyloxy)pyrrolidine-1-
carboxylate)
The product of Example 127B (161 mg, 0.467 mmol) and the product from Example 13B (50
20 mg, 0.156 mmol) were processed using the method described in Example 43 to afford 110 mg (72%)
of the title compound. MS (ESI) m/z 977 (M+H)+.

OH

e}
Example 127D
25 (2S,2'S,48,4'S)-N,N'-(4,4'-(4-fiuorophenylazanediyl)bis(methylene)bis(4, 1 -phenylene))bis(4-
hydroxypyrrolidine-2-carboxamide)
The product of Example 127C (110mg, 0.113 mmol) was dissolved in trifluoroacetic acid (6
mL), water (0.2 mL) and dichloromethane (0.3 ml) and the mixture stirred at room temperature for 2
192
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hours, Afterwards the mixture was concentrated to an oil which was dissolved in 75% CHCl; and
25% isopropy! alcohol then extracted with a saturated aqueous sodium bicarbonate solution, the
organic extract separated, dried, filtered and concentrated to give the title compound as a colorless

solid. MS (ESI) m/z 548 (M+H)+.

Example 127E
(28,48.2'S,4'S)-N N-{ [(4-fluorophenyl)imino}bis(methanediylbenzene-4, 1 -diyl) } bis{ 4-hydroxy-1-
{(2R)-2-phenyl-2-piperidin-1 -ylacetyl]pyrrolidine-2-carboxamide }

The product from Bxample 127D (30 mg, 0.055 mumol) and (R)-2-phenyl-2-(piperidin-1-
yDhacetic acid (36 mg, 0.164 mmol) were processed using the method described in Example 43 to
afford 8 mg (15%) of the iitle compound. 'H NMR (400 MHz, DMSO-D6) § ppm 9.97 (s, 2H), 7.51
(d, J=8.4 Hz, 4H), 7.40 (m, 4H), 7.30 (m, 6}), 7.19 (d, J=8.6 Hz, 4H), 6.91 (d, J/=9.0 Hz, 2H), 6.63
(m, 2H), 5.27 (d, J=6.6 Hz, 2H), 4.56 (bs, 4H). 4.24 (m, 2H), 4..07 (m, 2H), 3.68 (m, 2H), 3.61 (m,
2H), 3.32 (m, 8H), 1.74 (m, 2H), 1.42 (m, 8H), 1.35 (m, 4H).

£
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Example 128

(28,2'5)-N,N'-{ {(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl} } bis{ 1 -[(2-oxopyrrolidin-1-
yh(phenyDacetyl]pyrrolidine-2-carboxamide }

Example 128A
(R)-ethyl 4-(2-tert-butoxy-2-0x0- I -phenylethylamino)butanoate

A mixture of (R)-tert-butyl 2-amino-2-phenylacetate hydrochloride (0.5 g, 2.051 mmol), ethyl
4-bromobutanoate (0.44 g, 2.26 mmol), and K,CO; (1.13 g, 8.21 mmol} in CH;CN (10 mL) was
heated to 50 °C for 40 hours. The mixture was diluted with BEtOAc and then washed with H,O and
brine. The organic was then dried (MgSQ,), filtered and concentrated.  Purification by
chromatography (silica gel, 40% EtOAc in Hexanes) afforded 486 mg (74%) of the tite compound.
MS (ESD) m/z 322 (M+H)".
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Example 128B
(R)-4-(2-tert-butoxy-2-oxo-1-phenylethylamino)butanoic acid
The product of example 128A (480 mg, 1.49 mmol) and NaOH (299 mg, 7.47 mmol) in
MeOH (10 mlL) was stirred at ambient temperatore for 1 hour. The mixture had HC1 (1M) added and
was extracted with EtOAc. The organic was washed with brine, dried (MgSQ,), filtered and
concentrated to afford 310 mg (71%) of the title compound. MS (ESD) m/z 294 (M+H)".

)g o q
ot

Example 128C
(R)-tert-butyl 2-(2-oxopyrrolidin-1-yl}-2-phenylacetate

The product of example 128B (307 mg, 1.05 mmol) and N1-((ethylimino)methyleng)-N3,N3-
dimethylpropane-1,3-diamine hydrochloride (602 mg, 3.14 mmol) in pyridine (5 mL) and
dimethylformamide (5 mL) was stirred at ambient temperature for 16 hours. The mixture was diluted
with BtOAc and washed with H;O and brine. The organic was dried (MgSO,), filtered and
concentrated. Purification by chromatography (silica gel, 60% EtOAc in Hexanes) afforded 249 mg

(86%) of the title compound. MS (ESI) m/z 276 (M+H)".

Example 128D
(R)-2-(2-oxopyrrolidin- I -y1)-2-phenylacetic acid
The product of example 128C (245 mg, 0.89 mmol) m trifluoroacetic acid (5 mL) was stirred
at ambient temperature for 2 hours. The mixture was concentrated to afford 201 mg (100%) of the
title compound. MS (EST) m/z 276 (M+H)".

Example 128E
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(28,2'S)-N,N'-{ [ (4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis { 1-{(2.5)-2-(2~
oxopyrrolidin-1-yl)-2-phenylacetyl]pyrrolidine-2 -carboxamide }

The product of Example 128D (42.5 mg, 0.194 mimol) and Example 13E (50 mg, 0.087
mmol) were processed using the method described in Example 7F to afford three stereoisomers. The
title compound was the first eluting somer and the HPLC fractions were neutralized with saturated
aqueous NaHCO; solution followed by extraction with a mixture of isopropyl alcohol/CH,Cl, (1:3
ratio; 3 x 100 mL) and isolation of the title compound. The title compound of Example 129 eluted
second and the title compound of Example 130 eluted third. 'H NMR (400 MHz, DMSO-ds) & ppm
172 -2.00 (m, 5 H), 2.03 - 2.14 (m, 2 H), 2.27 - 2.34 (m, 6 H), 2.94 (1d, /=8.81, 5.80 Hz, 2 H), 3.16
(5,6 H),3.50 - 3.58 (m, 2 H), 3.65 (1d, J=8.67, 6.07 Hz, 2 H), 4.08 (s, 2 ), 4.44 (dd, J=8.29, 4.39 Hz,
2 H), 4.55(s, 4 H), 6.59 - 6.65 (m, 2 H), 6.90 (t, J/=8.89 Hz, 2 H), 7.17 (d, J=8.57 Hz, 4 H), 7.23 (d,
J=6.94 Hz, 4 H), 7.30 - 7.41 (m, 6 H), 7.53 (d, J=8.46 Hz, 4 H), 9.94 (s, 2 H). MS (ESD m/z 919
(M+H)y".

F

Q/ZO © @\/N\/@/ \g OS\(Q

C. N N &)

O T
Example 129

(28,2'8)-N,N'-{[(4-fluorophenyl)imino}bis(methanediylbenzene-4,1-diyl) Ybis { 1-{(2-oxopyrrolidin-1-
yl)(phenylacetyllpyrrolidine-2-carboxamide }

The title compound, Example 129, was the second eluting compound described in the
procedures for Example 128E. Neutralization of the HPLC fractions with saturated aqueous NaHCO;
solution followed by extraction with a mixture of isopropyl alcohol/CH,Cl, (1:3 ratio; 3 x 100 ml)
and isolation afforded 26 mg (25%) of the tdtle compound. 'H NMR (400 MHz, DMSO-dy) & ppm
1.73 - 2.00 (m, 10 H), 2.04 - 2.21 (m, 2 H), 2.23 - 2.36 (m, 4 H), 2.63 - 2.70 (m, 2 H), 2.90 - 3.03 (m,
2 H), 3.16 (s, 6 H), 3.47 - 3.61 (m, 4 H), 3.60 - 3.72 (m, 1 H), 4.09 (s, 2 H), 4.46 (1d, J=8.13, 4.88 Hz,
2 M), 4.56 (s, 4 H), 5.94 (d, J=3.04 Hz, 2 H), 6.64 (dd, J=9.27, 4.39 Hz, 2 H), 6.91 (¢, J=8.89 Hz, 2
H), 7.18 (dd, J=8.40, 5.15 Hz, 6 H), 7.23 (d, /=6.94 Hz, 1 H), 7.32 - 743 (m, 8 H), 7.54 (d, J=R.46
Hz, 4 H), 9.94 (s, 1 H), 10.08 (s, 1 H). MS (ESD m/z 919 (M+H)".
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Example 130

(28,2'S)-N.N-{[(4-fluorophenyl)yimino] bis(methanediylbenzene-4, 1-diyl) }bis{ 1-[(2-oxopyrrolidin-1-
yh(phenylacetylipyrrolidine-2-carboxamide }

5 The title compound, Example 130, was the third eluting compound described in the
procedures for Example 128E. Neutralization of the HPLC fractions with saturated agueous NaHCO;
solution followed by extraction with a mixture of isopropyl alcohol/CH,CL, (1:3 ratio; 3 x 100 mL)
and isolation afforded 13 mg (12%) of the title compound. 'H NMR (400 MHz, DMSO-dg) & ppm
1.73- 192 (m, 10 H), 2.11 - 2.34 (m, 7 H), 2.64 - 2.72 (m, 4 H}, 2.95 - 3.04 (m, 2 H), 3.47 - 3.63 (m,

10 6H),4.43-4.51 (m, 2 H),4.57 (s, 4 H),5.94 (s, 2 H), 6.65 (dd, J=9.22, 4.45 Hz, 2 H), 6.91 (1, /=8.89
Hz, 2 H), 7.20 (d, /=8.57 Hz, 4 H), 7.34 - 7.43 (m, 10 H), 7.55 (d, J/=8.46 Hz, 4 H), 10.09 (s, 2 H).
MS (ESD m/z 919 (M+H)".

3 ‘ ©
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15 Example 131

(25.2'8)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis{ 1-[(2R)-2-
(ethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide }
bR
NN SoH

Example 131A
20 (R)-2-(ethylamino)-2-phenylacetic acid
The product from Example 122A was subjected to the procedure described in Example 122C

to give the title compound.
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Example 131B
(R)-2-(tert-butoxycarbonyl(ethyl)amino)-2-phenylacetic acid
5 To a solution of product from Example 131A (0.23 g, 1.28 mmol) in MeOH (5 mL) was
added Hunig's base (0.90 mL, 5.13 mmol) and di-tert-butyl dicarbonate (0.56 g, 2.57 mmol). The
mixture was stirred at rt for 22 hrs and was partitioned between CH,Cl, and 1IN HCI solution. The
organic layer was dried over anhydrous sodium sulphate, filtered, and concentrated in vacuo. The
crude product was purified by column chromatography on silica gel using a solvent gradient of 0-4%
10 MeOH in CH,CL, to give the title compound (0.086 g, 24%).

A{_ E/N (Ojj)r \Q/N\/Q/ Z/ Oj\{&z_’_
3
Example 131C

tert-butyl (1R, 1'R)-2,2"-((28,2'5)-2,2"-(4,4'"-(4-fluorophenylazancdiyl)bis(methylene)bis(4, 1 -
15 phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2, 1-diyl))bis(2-oxo-1-phenylethane-2,1-
diyl)bis{ethylcarbamate)
The product from Example 13D (0.062 g, 0.120 mmol) was subjected to the procedure
described in Example 2, substituting the product from Example 131B for (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound (0.0427 g, 34%).
20
Example 131D
(28,2'5)-N.N'-{|(4-fluorophenyliminojbis(methanediylbenzene-4,1 -diyl) }bis { 1-[(2R)-2-(ethylamino)-
2-phenylacetyl]pyrrolidine-2-carboxamide}
To a solution of the product from Example 131C (0.043 g, 0.041 mmol) in CH,Cl, (1.5 mL)
25 was added 2,2,2-trifluoroscetic acid (0.75 ml., 0.041 mmol), and the solution was stirred at rt for 45

mins. The mixture was partitioned between CH,Cl, and saturated aq. NaHCO;, and the organic layer
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was dried over anhydrous sodium sulphate. The drying agent was filtered off, and the solvent was
removed in vacuo to give the title compound (18 mg, 51%). 'H NMR (400 MHz, DMSO-D6) & ppm
098 (g, /=69 Hz, 6 H), 1.70 - 2.26 (m, 10 H), 3.18 - 3.27 (m, 2 H), 3.82 (s, 2 H), 4.37 (dd, J=7.9, 3.7
Hz, 2 H), 4.56 (d, /=3.9 Hz, 4 H), 6.61 - 6.69 (in, 2H), 6.88 - 6.96 (m, 2 H), 7.14 - 7.22 (m, 4 H), 7.24
-7.42 (m, 10 H), 746 - 7.58 (m, 4 H), 9.97 (d, J=9.7 Hz, 2 H); MS m/z 838.3 (M+H)".

Q
Example 132

(28,2'5)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis(1-{(2R)-2-[ethyl(1-

methylethyhamino]-2-phenylacetyl } pyrrolidine-2-carboxamide)

\,\%«

Example 132A
(R)-tert-butyl 2-(ethyl(isopropyl)amino)-2-phenylacetate

To a solution of product from example 122A (0.098 g, 0.416 mmol) in EtOH (5 ml.) was
added acetone (0.031 mlL, 0.416 mmol), acetic acid (0.024 ml, 0416 mmol), and sodium
cyanoborobydride (0.039 g, 0.625 mmol), and the resulting mixture and stirred at rt for 8 hrs. The
mixture was partitioned between CH,Cl, and saturated aq. Nal{CO;, and the organic layer was dried
over anhydrous sodium sulphate, filtered, and concentrated in vacuo. The crude product was purified
by column chromatography on silica gel using a solvent gradient of 0-1% MeOH in CH,CL, to give
the title compound (0.0352 g, 31%).

Yoo

NN OH

Example 132B
(R)-2-(ethyl(isopropyl)amino}-2-phenylacetic acid
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The product from Example 132A (0.035 g, 0.13 munol) was subjected to the procedure
described in Example 122C to give the title compound (0.027 g).

Example 132C
(28,2'S)-NN'-{ [(4-{luorophenyl)immo bis(methanediylbenzene-4, 1-diyl}  bis(1-{ (2R)-2-{ethyl(1-
methylethyl)amino]-2-phenylacetyl }pyrrolidine-2 -carboxamide)

The product from Example 13D (0.030 g, 0.058 mmol) was subjected to the procedure
described in Example 13E, substituting the product from Example 132B for (8)-2-
(methoxycarbonylamino)-3,3-dimethylbutanoic acid, to give the title compound (0.011 g, 21%). 'H
NMR (400 MHz, DMSO-D6) § ppm 0.78 - 1.02 (m, 6 H), 1.14 (4, J=6.4 Hz, 2 H), 1.21 - 1.35 (m, 12
H), 1.39 (d, J=6.4 Hz, 4 H), 1.73 - 2.18 (m, 8 H), 2.74 - 3.21 (m, 6 H), 4.41 (dd, J=8.3, 3.4 Hz, 2 H),
459 (s, 4 H), 543 - 5.52 (m, 2 H}, 6.59 - 6.69 (m, 2 H}, 6.92 (t, J=8.8 Hz, 2 H), 7.21 (d, J=8.3 Hz, 4
H), 7.47 - 7.82 (m, 12 H), 9.32 (s, 1 H), 10.14 (s, 1 H); MS m/z= 922.6 (M+H)".

Example 133

dimethyl ([(4-fluorophenylyimino]bis{ methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-

H\‘(O\

O

diyl[(1.9)-1-cyclopentyl-2-oxoethane-2, I -diyl] } )biscarbamate

The product from Example 13D (0.035 g, 0.068 mmol) and (S)-2-cyclopentyl-2-
(methoxycarbonylamino)acetic acid (0.030 g, 0.149 mmol) were processed as in Example 25B to give
the title compound as an off-'white solid. "H NMR (400 MHz, DMSO-D6) & ppm 1.20 - 1.36 (i, 4 IT)
1.41-150(m, 4 H)1.51 -1.74 (m, 8 1) 1.82 - 1.92 (m. 4 H) 1.95 - 2.04 (m, 2 H) 2.08 - 2.19 (m, 4 H)
3.52¢s,6 H) 3.57 - 3.65 (m, 2 H) 3.79 - 3.80 (m, 2 H) 4.10 (1, I=8.73 Nz, 2 H) 4.42 (dd, J=8.13, 4.77
Hz, 2 H) 4.55 (s, 4 H) 6.64 (dd, J=9.22, 4.45 Hz, 2 H) 6.91 (t, ]=8.84 Hz, 2 H) 7.17 (d, J=8.46 liz, 4
H)7.41(d,J=792Hz,2 H) 7.51 (d, J=8.57 Hz, 4 H{) 9.95 (s, 2 H)
MS ESI- m/z 880.6 (M-H)-.
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HO OH
Example 134
dimethyl ([(4-fluorephenyl)imino]bis{ methanediylbenzene-4, 1 -diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(25)-4-hydroxy-1-oxobutane-1,2-diyl] } )biscarbamate

The product from Example 13D (0035 g 0068 mmol) and (S)-4-hydroxy-2-
(methoxycarbonylamino)butanoic acid (0.027 g, 0.149 mmol) were processed as in Example 25B to
give the title compound as an off-white solid. "H NMR (400 MHz, DMSO-D6) & ppm 1.58 - 1.70 (m,
2H)1.75-1.82(m, 2H) 1.84 -2.04 (m, 6 H) 2.07 - 2.17 (m, 2 H) 3.42 - 3.50 (m, 4 H) 3.50 - 3.54 (m,
6 H) 3.68 (t, J=6.45 Hz, 4 H) 4.37 - 447 (m, 4 H) 4.55 (s, 4 H) 4.61 (. J=4.93 Hz, 2 H) 6.63 (dd,
J=0.22,4.34 Hz, 2 H) 6.91 (t, J=8.89 Hz, 2 H) 7.16 (d, J=8.46 Hz, 4 H) 7.34 (d, J=7.70 Hz, 2 H) 7.50
(d, J=8.46 Hz, 4 H) 9.94 (s, 2 H); MS ESI+ m/z 834.4 (M+H)+.

\/ET ngv@ \" ™

O o

~

dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl{(25)-3-ethyl-1-oxopentane-1,2-diyl} } )biscarbamate

H OH
O N

/\g\é/go
M

Example 135A

Example 135

(S)-3-ethyl-2-(methoxycarbonylamino)pentanoic acid
(S)-2-amino-3-ethylpentanoic acid (1.0 g, 6.89 mmol) was processed as in Example 25A to

give 1.02 g (73%}) of the title compound as a waxy solid.
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Example 135B
dimethyl ([(4-fluorophenyl}imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diylf(25)-3-ethyl-1-oxopentane-1,2-diyl} } biscarbamate

The product from Example 13D (0.040 g, 0.078 mmol) and the product from Example 135A
(0.035 g, 0.171 mmol) were processed as in Example 25B to give the title compound as an off-white
sofid. 'H NMR (400 MHz, DMSO-D6) & ppm 0.59 - 0.93 (m, 12 H) 1.05 - 1.36 (m, 6 H) 1.37 - 1.50
(m,2H)1.54-1.70 (m, 2 H) 1.78 - 1.97 (m, 3 H) 2.08 - 2.21 (m, 2 H) 3.41 -3.49 (m, 2 H) 3.51 - 3.64
(m, 9 H) 3.74 - 3.85 (m, 2 H) 4.27 - 4.48 (m, 4 H) 4.55 (s, 4 H) 6.63 (dd, J=9.22, 434 Hz, 2 H) 6.90
(t, ]J=8.80 Hz, 2 H) 7.17 (d. ]=8.24 Hz, 4 H) 7.20 - 7.38 (m, 2 H) 7.47 - 7.55 (m, 4 H) 9.71 - 10.24 (m,
2 Hy; MS ESI- nvz 884.6 (M-H)-.

QH

Example 136
dimethyl ([(4-fluorophenyl)imino}bis{methancdiylbenzene-4,1-diylcarbamoyt[(28,45)-4-

hydroxypyrrolidine-2,1-diy1}[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

The product from Example 127D (30 mg, 0.057 mmol) and (8)-2-(methoxycarbonylamino)-
3,3-dimethylbutanoic acid (26.8 mg, 0.142 mmeol) were processed using the method described in
Example 43 to afford 8.5 mg (15%) of the title compound. "H NMR (400 MHz, DMSO-D6) & ppm
997 (s, 2H), 749 (d, J=7.6 Hz, 41), 7.17 (d, J=7.6 1z, 411), 7.10 (m, 2H), 6.90 (m, 4H), 6.62 (mn,
2H), 5.29 (d, J=5.5 11z, 211), 4.54 (bs, 411), 4.38 (m, 2H), 4..22 (m, 2H), 4.15 (m, 21I), 3.96 (m, 2I1),
3.52 (s, 6H), 2.53 (s, 4H), 2.38 (m, 2H), 1.65 (m, 2H), 0.95 (s, 18H).

Q030
s

(28,2'$)-N,N'-{{(3 4-difluorophenylyimmobis(methanediylbenzene-4,  -diyl) }bis{ 1-[(2R)-2-phenyl-
2-piperidin-1 -ylacetyl]pyrrolidine-2-carboxamide }
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The product from Example 89D and (R)-2-phenyl-2-(piperidin-1-ylacetic acid hydrochloride
were processed using the method described in Example 13E replacing DMF with dichloromethane to
afford the title compound (55.5 mg, 25%). "1 NMR (400 MHz, DMSO) 8 1.51 - 1.20 (m, 14H), 1.90 -
1.74 (m, 5H), 2.10 - 1.91 (m, 5H), 2.40 - 2.34 (1, 4H), 3.54 - 3.41 (m, 2H), 3.90 - 3.78 (m, 2H), 4.24
(s, 2H), 4.36 - 4.29 (m, 2H), 4.60 (s, 4H), 6.46 - 6.37 (m, 111), 6.68 - 6.57 (m, 1H), 7.14 - 7.07 (m,
2H), 7.19 (d, J = 8.4, 4H), 7.36 - 7.25 (m, SH), 7.42 (d, J = 7.2, 4H), 7.53 (d, J = 8.5, 4H), 997 (s,
2H). MS (EST) m/z 936 (M+H", 30%) 469 (0.5M+H", 100%).

Example 138
(25.2'S)-N.N'-{[(4-fluorophenyl)imino]bis(methanediylbenzene-4,1 -diyl) }bis { 1-[(4,4-
difluoropiperidin-1-ylj(phenyl)acetyl]pyrrolidine-2-carboxamide }

QB
H
70
Example 138A
(S)-1-phenylethyl 2-bromo-2-phenylacetate

To a mixture of o-bromophenylacetic acid (11.20 g, 52.1 mmol), (8)-(-)-1-phenylethanol (8.2
mL, 67.9 mmol) and DMAP (0.63 g, 5.2 mmol) in CH,Cl; (100 mL). was added EDAC (13.80 g, 72.0 .
mmol). The resulting mixture was stirred at room temperature for 3 hours then diluted with ethyl
acetate (200 mL.), washed with water (2X 100 ml.} and brine (100 mL). The organic layer was dried

(MgSO,), filtered, and concentrated then purified by column chromatography to provide the title
compound (12.6g, 76% yield).

£

e
2h

Example 138B

F
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(S)-1-phenylethyl 2-(4,4-difluoropiperidin-1-y1)-2-phenylacetate
To a solution of the product from Example 138A (1.00 g, 3.13 mmol) in tewrahydrofuran (20
ml) at room temperature was added triethylamine (1.75 ml., 12.5 mmol) and tetrabutylammonium
iodide (0.46 g, 1.25 mmol). The mixture was stirred for 5 minutes and then 4.4-difluoropiperidine
hydrochloride (0.74g, 4.70 mmol) was added as the {ree base inn THE. The mixture was stirred f{or 1
hour at room temperature and then heated to 55 °C overnight. The cooled mixture was washed with
brine, concentrated, then purified by column chromatography (EtOAc-hexane) to provide the title

compound (1.04 g, 92% yield).

¥

£
)
Example 138C
2-(4 4-difluoropiperidin-1-yl1)-2-phenylacetic acid
To a solution of the product from Example 138B (1.04 g, 2.89 mmol) in CII,Cl, (6 mL) at
room femperature was added trifluoroacetic acid (2.0 ml.} and the mixture was stirred for 48 hours.
The mixture was concentrated under reduced pressure and the residue was taken up in toluene. The

mixture was concentrated under reduced pressure and dried in vacuum oven at 50 °C to provide the

title compound (as the TFA salt) as a light yellow solid (1.07 g, 100%).

Example 138D
(28,2'S)-NN'-{ [(4-fluorophenyl)iminobis(methanediylbenzene-4, 1 -diyl) } bis { 1-[(4.4-
diftuoropiperidin- I -yl)(phenyhacetyllpyrrolidine-2-carboxamide }

Title compound was prepared using the methods from Example 13E substituting the product
from Example 138C for (8)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid to provide a
mixture of three diastereomers. The title compound (176 mg, 31% yield) was isolated by column
chromatography as the first eluting diastereomer. 'H NMR (400 MHz, METHANOL-D4) § 7.52 -
7.46 (m, 8H), 7.41 — 7.31 (m, 6H), 7.21 (d, J = 8.4, 4H), 6.85 (1, J = 8.8, 2H), 6.72 (dd, J = 9.2, 4.3,
2H), 4.54 (s, 4H), 4.42 (dd, J = 7.8, 4.8, 2H), 4.31 (s, 2H), 3.94 - 3.85 (m, 2H), 3.52 ~ 3.40 (m, 2H),
2.66 — 2.44 (m, 8H), 2.19 - 1.79 (m, 16H). MS (ESL M+H) m/z = 990.
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Example 139
(28.,2'S)-N,N'-{ [ (4-floorophenyDimino]bis(methanediylbenzene-4.1-diyl) }bis {1-[(4,4-
difluoropiperidin-1-yl)(phenyl)acetyl]pyrrolidine-2-carboxamide }
5 The title compound (77 mg, 14% yield) was isolated from the column chromatography of
Example 138D as the second eluting diastereomer. '"H NMR (400 MHz, METHANOL-D4) § 7.57 -
7.44 (m, 6H), 7.43 — 7.30 (m, 8H), 7.28 — 7.15 (m, 4H), 6.88 — 6.81 (m, 2H), 6.77 - 6.68 (m, 2H),
4.63 ~4.51 (m, SH), 4.48 (s, 1H). 442 (dd, J =74, 4.6, 1H), 4.31 (5, 1H), 3.94 - 3.86 (m, 1H), 3.81 ~
371 (m, 1H), 3.54 — 3.3 (m, 2H), 2.69 ~ 2.35 (m, 8§H), 2.23 — 1.77 (m, 16H), MS (ES[; M+H) m/z =
10 990

F

Example 140
(25,2'8)-NN'-{ [{(4-fluorophenyDimino]bis(methanediylbenzene-4, 1 -diyl) }bis { 1-[(4,4-
15 difluoropiperidin-1 -yl (phenyl)acetyljpyrrolidine-2 -carboxamide }
The title compound (49 mg, 9% yield) was isolated from the column chromatography of
Example 138D eluting as the third eluting diastereomer. 'H NMR (400 MHz, METHANOL-D4) &
7.57 ~7.15 (mn, 18H), 6.88 — 6.81 (m, 2H), 6.76 ~ 6.68 (m, 2H), 4.62 — 4.51 (m, 4H), 4.50 - 4.40 (m,
2H), 3.81 - 3.67 (i, 2H), 3.53 - 3.33 (m, 2H), 2.70 — 2.35 (m, 8H), 2.29 - 1.81 (m, 18H). MS (ESL
20 M+H) m/z=990.

E

i V%OSD \/@,wggi o~
-+

Example 141
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dimethyl ([(4-fluorophenylimino]bis { methanediyl{6-methoxybenzene-3,1-
diyDcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Ybiscarbamate
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl[(25,35)-3-
hydroxypyrrolidine-2,1-diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

Example 141A
(28,38)-1-(tert-butoxycarbonyl)- 3-hydroxypyrrolidine-2-carboxylic acid
To a solution of (28,38)-3-hydroxypyrrolidine-2-carboxylic acid (0.50 g, 3.8 mmol) in
10 CH,CL (19 ml) at room temperatore was added di-tert-butyl dicarbonate (0.96 mL, 4.2 mmol) and
Hunig’s base (1.32 mL, 7.6 mmol) to give a tan solution. The reaction was stirred overnight at room
temperature and then diluted with CH,Cl, and washed with saturated sodium bicarbonate solution.
The aqueous layer was concentrated under reduced pressure and then suspended in methanol and
filtered. The solvent was then removed under reduced pressure (o prodive the title compound (0.91g,
15 103% yield).

F
e HO,
o H b
T IS
Example 141B

(28,2'S,38,3'S)-tert-butyl 2,2'-(4,4"-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-
20 phenylene)bis(azanediyl))bis(oxomethylene)bis(3-hydroxypyirolidine-1-carboxylate)
The title compound was prepared wsing the methods from Example 13C substituting the
product from Example 141A for N-(tert-butoxycarbonyl)-L-proline to provide the title compound
©.51 g, 77% yield).

F
LOH HO
e 1 O
N <N
H \[T H
o N ¢]

Example 141C

25
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(25,2'S,38,3'S)-N,N'-(4,4"-(4-fluorophenylazanediyl)bis(methylene)bis(4, 1 -phenylene) Ybis(3-
bydroxypyrrolidine-2-carboxamide)
The title compound was prepared using the methods from Example 13D substituting the

product from Example 141B for the product from Example 13C to provide the title compound (0.28 g,
5 76% yield).

Example 141D
dimethyl {[(4-fluorophenyl)imino]bis{ methanediyl(6-methoxybenzene-3,1-
diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
10 dimethyl ([(4-fluorophenyl)imino}bis { methanediylbenzene-4,1 -diylcarbamoyl[(25,38)-3-
hydroxypyrrolidine-2,1-diyl}((25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
The title compound was prepared using the methods from Example 13E substituting the
product from Example 141C for the product from Example 13D to provide the title compound (0.15
g, 45% yield). "H NMR (400 MHz, DMSO) & 10.14 (s, 2H), 7.52 (d, J = 8.5, 4H), 7.15 (d, J = 8.5,
15 4H),7.08(d, J=9.3,2H), 6.89 (t, J = 8.6, 2H), 6.62 (dd, J = 4.4, 9.2, 2H), 5.39 (5, 2H), 4.53 (bs, 4H),
430 - 4.16 (m, 6H), 3.82 - 3.69 (m, 4H), 3.53 (s, 6H), 2.15 — 2.02 (m, 2H), 1.88 — 1.78 (m, 2H), 0.96
-0.88 (m, 18H). MS (ESE;, M+H) m/z = 891.

£
/om/ﬁ 0 © \©\/N\/©/ ZI/\N N ox
0 Oq \g
Example 142
20 methyl [(LR)-1-{ [(25)-2-{[4-({ (4-fluoropheny])[4-({ [(25)-1-{ (25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl}-5-methylpyrrolidin-2-
ylJcarbonyl}amino)benzyljamino }methyl)phenyl]carbamoyl } - 5-methylpyrrolidin-1-yljcarbonyl}-2,2-
dimethylpropyljcarbamate

N
S0
g __T__
25
Example 142A
(28)-1-tert-butyl-2-ethyl-5-methylpyrrolidine-1,2-dicarboxylate
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The title compound was prepared from (25)-1-tert-butyl 2-ethyl 5-hydroxy pyrrolidine-1,2-
dicarboxylate following the method described by Collado et al. J. Org. Chem. 1995, 60, 5011-5015.

/L’H CH
N
J0
e __T__‘
Example 142B
(28)-1-(tert-butoxycarbonyl)-5-methylpyrrolidine-2-carboxylic acid
To a solution of product from Example 142A (0.068 g, .264 mmol) in MeOH (2.64 ml.) was
added NaOH (10.57 mg, 0.264 mmol), and the resulting mixture was stirred at rt overnight. The
mixture was partitioned between CH,Cl, and aq.IN HCI solution, and the organic layer was separated
and dried over anhydrous sodium sulphate. The drying agent was filtered off, and solvent was

removed in vacuo to give the title compound (0.050 g, 83 %).

Example 142C
methyl [(1R)-1-{[(25)-2-{[4-({ (4-fluoropheny}[4-({[(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl}-5-methylpyrrolidin-2-
yllcarbonyl }amino)benzyljamino jmethyl)phenyl]carbamoyl } -5-methylpyrrolidin-I-yljcarbonyl}-2.2-
dimethylpropyllcarbamate

The title compound was prepared from the product from Example 13B using the procedures
described in Examples 1C-1E, substituting the product from Example 142B for N-(tert-
butoxycarbonyl)-L-proline, and substituting (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic
acid for (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid, and the final product purified by silica
gel chromatography gradient eluting with 0-3% methanol in dichloromethane. "H NMR (400 MHz,
DMSO-D6) & ppm 0.96 (s, 18 H), 1.25 (d, J=6.0 Hz, 6 H), 1.61 (dd, J=11.4, 6.1 Hz, 2 H). 1.78 - 2.30
(m, 6 H), 3.53 (s, 6 H), 3.58 - 3.67 (m, 2 H), 4.27 - 4.38 (m, 3 H), 4.43 (d, J=9.4 Hz, 2 H), 4.54 (5, 4
H), 6.60 - 6.67 (m, 2 H), 6.85 - 6.95 (m, 2 H), 7.16 (d, J=8.5 Hz, 4 H), 7.49 (d, J=8.6 Hz, 4 H), 9.97
(s, 2 Hy; MS m/z 886.7 (M+H)™.
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Example 143
dimethyl ([(4-fluorophenyl}imino]bis{ methanediylbenzene-3,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl{(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
F

O,N” : N : “NO

Example 143A
4-fluoro-N,N-bis(3-nitrobenzyl)aniline

2

4-Fluoroaniline and 3-nitrobenzyl bromide were processed using the method described in

Example 1A to provide 1.46 g (87%) of the title compound. 'H NMR (400 MHz, DMSO-D6) § 4.88

10 (5,4 H)6.69 - 6.75 (m, 2 H) 6.97 (t, I=8.89 Hz, 2 H) 7.64 (t, J=7.81 Hz, 2 H) 7.70 - 7.74 (m, 2 H)
8.08 - 8.13 (m, 4 H).

N\/Q\
HQN/Q\’ NH

Example 143B
15 N,N-bis(3-aminobenzyl)-4-fluoroaniling
To a shurry of the product from Exampile 143A (0.450 g, 1.180 mumol) in THF (4 mL), ethanol
(1.00 mL) and water (4.00 mL) at rt was added ammonium chloride (0.189 g, 3.54 mmol) followed by

2

iron (0.329 g. 5.90 mmol) and the mixture heated to 80 °C. After 3 h, the mixture was filtered through
Celite, concentrated and the residue partitioned between water and 25% isopropyl alcohol-CHCl.
20 The organic phase was dried (Na,SO,) and concentrated. The solid was dried in a vacuum oven to

provide 321 mg (85%) of the title compound. MS (ESL; M+H) m/z = 322.
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Example 143C
(28,2'S)-tert-butyl 2,2'-(3,3'-(4-fluorophenylazanediyl)bis(methylene)bis(3,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine-1-carboxylate
5 The product from Example 143B and (S)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic
acid (Aldrich) were processed using the method described in Example 41 to provide 495 mg (69%) of
the title compound. MS (ESL; M+H) m/z = 716.

F
Py
e

Example 143D
10 (28,2'S)-N,N'-(3,3"-(4-fluorophenylazanediyl)bis(methylene)bis(3,1-phenylene))dipyrrolidine-2-
carboxamide
The product from Example 143C was processed using the method described in Example 478
to provide 341 mg (96%) of the title compound. "H NMR (400 MHz, DMSO-D6) & 1.60 - 1.68 (m, 4
H) 1.71 - 1.80 {m, 2 H) 1.98 - 2.08 (m, 2 H) 2.69 (s, 6 H) 2.88 (t, J=6.56 Hz, 4 H) 3.67 (dd, J=8.73,
15 5.69Hz 2H)4.63 (s, 4 H)6.61 (dd, ]=9.27, 439 Hz, 2H) 6.89 - 6.97 (in, 4 H) 7.25 (dd, J=7.81 Hz, 2
H)7.55 (5,4 H)9.92 (s, 2 H).

Example 143E
dimethy! ([(4-fluorophenyl)iminoibis{ methanediylbenzene-3,1-diylcarbamoyl(2S)pyrrolidine-2,1-
20 diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
The product from Example 143D and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic
acid were processed using the method described in Example 41 to provide 460 mg (81%) of the title
compound. ‘H NMR (400 MHz, DMSO-D6) 8 0.96 (s, 18 H) 1.80 ~ 1.90 (m, 4 H) 1.93 - 2.03 (m, 2
H)2.09 - 2.19 (m, 2 H) 3.54 (s, 6 H) 3.60 - 3.68 (m, 2 H) 3.71 - 3.82 (m, 2 H) 4.21 (d, J=8.89 Hz, 2
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H) 4.43 (dd, J=8.02; 5.31 Hz, 2 ) 4.63 (s, 4 H} 6.57 - 6.66 (m, 2 H) 6.89 - 6.96 (m, 4 H) 7.08 (d,
J=8.78 Hz, 2 H) 7.24 (1, J=7.86 Hz, 2 H) 7.38 (s, 2 H) 7.59 (d, J=8.13 Hz, 2 H) 10.00 (s, 2 H).

I

«/O

N

E
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5 Example 144
dimethy! (35,3'5)-3,3'-{[(4-fluorophenyl)imino]bis[methanediylbenzene-4,1-
diylcarbamoyl(28)pyrrolidine-2,1-diylcarbonyl] }dimorpholine-4-carboxylate
The product from Example 13D and (S)-4-(methoxycarbonylymorpholine-3-carboxylic acid
were processed using the method described in Example 13E replacing DMF with dichloromethane to
10 afford the title compound (0.21 g, 52%). ‘H NMR (400 MHz, DMSO) 8 1.95 - 1.76 (m, 4H), 2.08 -
1.95 (m, 2H), 2.23 - 2.08 (m, 2H), 3.90 - 3.36 (m, 20H), 4,15 (d, J = 11.6, 2H), 4.50 - 4.38 (m, 2H),
4.55 (s, 6H), 6.63 (dd, /=92, 44, 2H), 6.91 (, J = 8.9, 2H), 7.17 (d, J = 8.5, 4H), 7.51 (d, J = 8 4,

411), 9.90 (s, 21T). MS (ESI) m/z 858 (M+I)*.

/oz/n;z}f va@ ! O”}ﬁf‘
+

Example 145

15

dimethy! ([(4-fluorophenyDimino}bis{ methanediylbenzene-4,1-diylcarbamoyl[(25,35)-3-
methylpyrrolidine-2,1-diyl}[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

20 Example 145A
(25,38)-1-(tert-butoxycarbonyl)-3-methylpyrrolidine-2-carboxylic acid
The title compound was prepared using the methods from Example 141A substituting the
(2S,38)-3-methylpyrrolidine-2-carboxylic acid for (28,35)-3-hydroxypyrrolidine-2-carboxylic acid to

provide the title compound (0.31 g, 74% yield).
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Example 1458

(25,2'8,38,3'S)-tert-butyl 2,2'-(4,4'-(4-{luorophenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(3-methylpyrrolidine-1-carboxylate)
The title compound was prepared using the methods from Example 13C substituting the

product from Example 145A for N-(tert-butoxycarbonyl)-L-proline to provide the title compound

(0.32 g, 70% yield).
F
o Q 1
N N o
(] N O

Example 145C
(28,2'S,38,3'S)-N,N"-(4,4"-(4-fluorophenylazanediyl)bis(methylene)bis(4, 1-phenylene))bis(3-
methylpyrrolidine-2-carboxamide)

The title compound was prepared using the methods from Example 13D substituting the
product from Example 145B for the product from Example 13C to provide the title compound (0.20 g,
86% yield).

Example 145D
dimethyl ({(4-fluorophenylyimino}bis { methanediyl(6-methoxybenzene-3,1-
diyl)carbamoyl(28)pyrrolidine-2,1-diyl[(2S}-3,3-dimethyl- 1 -oxobutane-1,2-diyl] } Ybiscarbamate
dimethy! ([(4-[luorophenyl)iminolbis{ methanediylbenzene-4,1-diylcarbamoyl[(25,39)-3-

hydroxypyrrolidine-2,1-diyl}[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } biscarbamate

The title compound was prepared using the methods from Example 13E substituting the
product from Example 145C for the product from Example 13D fo provide the title compound (55
mg, 33% yield). 'H NMR (400 MHz, DMSO) § 10.01 (bs, 2H), 7.53 (d, J = 8.5, 4H), 7.17 (d, J = 8.5,
5H), 7.07 (d, J = 8.6, 2H), 6.91 (t, J = 8.7, 2H), 6.64 (dd, J =4.4,9.2, 2H), 455 (bs, 411), 4.16 (d, J =
8.5, 2H), 3.97(d, J = 6.8, 2H), 3.90 (s, 2H), 3.62 - 3.55 (m, 2H), 3.54 (s, 6H), 2.28 ~ 2.16 (m, 2H),
2.15-2.03 (m, 2I1), 1.62 - 1.49 (m, 2I), 1.09 (d, J = 6.7, 6H), 0.95 (s, 18H). MS (ESL; M+H) n/z =
887.
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Example 146
dimethy! ([(4-fluorophenyl)iminobis{ mecthanecdiylbenzene-3,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(25)-3-methyl-1-oxobutane-1,2-diyl] } Ybiscarbamate

©O-
QO-Z©

Example 146A
4-fluoro-N,N-bis(3-nitrobenzyl)aniline
4-Fluoroaniline and 3-nitrobenzyl bromide were processed using the method described in

10 Example 32A to afford the title compound. LC/MS Rt 2.15 m/z 423 (M+CH;CN)*.

HQNQ\/N\/@\NHz
Example 146B
N,N-bis(3-aminobenzy!)-4-fluoroaniline
15 The product from Example 146A (1 g, 2.62 mmol), ammonium chloride (0.4965 g, 9.28
mrol) and iron (0.7849 g, 14.05 mmol) were combined in THF (12 mL)/Ethanol (12.00 mL)/Water
(3.00 mL) and warmed to 80 °C. After 18 hours additional ammonium chloride (0.5162 g, 9.65 mmol)
and iron (0.8541 g, 15.29 mmol) were added and heating continued for 3 days. The reaction mixture

was filtered through a celite plug and concentrated. The residue was taken up in EtOAc and washed
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with water (2 x), brine (1 x), dried (MgSO4), and concentrated. The title compound was used without

purification. MS (DCI) m/z 322 (M+H)*.

0\(0 o] Q{? 0 Oyo
LA DL

5 Example 146C
(28,2'S)-tert-butyl 2,2'-(3,3-(4-flucrophenylazanediyl)bis(methylene)bis(3,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine- 1-carboxylate
The product from Example 146B was processed using the method described in Example 1C

replacing DMSO with dichloromethane to afford the title compound (1.34 g, 71%). MS (ESI) m/z 716
10 M+H)*

.:

Example 146D
(28,2'S)-N,N'-(3,3"-(4-fluorophenylazanediyl)bis(methylene)bis(3,1 -phenylene))dipyrrolidine-2-
15 carboxamide

The product from Example 146C was processed using the method described in Example 1D

to afford the title compound. LC/MS Rt 1.26 m/z 516 (M+H)™.

Examplc 146E
20 dimethyl ([(4-fluorophenylyimino]bis{ methanediylbenzene-3,1-diylcarbamoyl(28)pyrrolidine-2,1-
diyl{(2$)-3-methyl-I-oxobutane-1,2-diy1] } )biscarbamate
The product from Example 146D was processed using the method described in Example 1E

and purified using flash chromatography (silica gel, MeOH/dichloromethane) to afford the ftitle

compound. 1y NMR (400 MTz, DMSO) & 0.97 - 0.82 (m, 12H), 2.19 - 1.79 (m, 10H), 3.52 (s, 6H),
25 3.67-3.57 (m, 2H), 3.85 - 3.75 (m, 2H), 4.02 (t, ] = 8.5, 2H), 4.43 (dd, J = 4.7, 8.1, 2H), 4.63 (s, 4H),
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6.63 - 6.56 (m, 2H), 6.92 (dd, J = 5.6, 12.0, 4H), 7.24 (, ] = 7.9, 2H), 7.31 (d, J = 8.4, 2H), 740 (s,
2H), 7.58 (d, I = 8.1, 2H), 10.00 (s, 2H). MS (ESD) m/z 831 (M+H)*, 828 (M-H)*.

HN" ",
e .
5 Example 147
dimethyl ([(4-fluorophenyl)imino]bis{ methanediyl(6-methoxybenzene-3,1-
diyDcarbamoyl(2S)pyrrolidine-2, 1-diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

10 Example 147A
4-fluoro-N,N-bis(4-methoxy-3-nitrobenzyl)aniline
4-Fluoroaniline and 4-methoxy-3-nitrobenzyl bromide were processed using the method
described in Example 1A w provide 2.33 g (91%) of the title compound. MS (EST, M+H) m/z = 442.

15
Example 1478
N,N-bis(3-amino-4-methoxybenzyl)-4-fluoroaniline
The product from Example 147A was processed using the method described in Example
143B to provide 1.64 g (81%) of the title compound. MS (EST; M+H) m/z = 382,
20
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Example 147C
(28,2'S)-tert-butyl 2,2'-(5,5'-(4-fluorophenylazanediyl)bis(methylene)bis(2-methoxy-5,1-
phenylene))bis(azanediy)bis(oxomethylene)dipyrmrolidine- 1-carboxylate
The product from Example 147B and (S)-1-(lerl-butoxycarbonyl)pyrrolidine-2-carboxylic
acid (Aldrich) were processed using the method described in Example 41 to provide 2.49 g (75%) of
the title compound. MS (ESI: M+H) m/z = 776.

F
5 © $
0 )
ka Nm N \/©[ N .,
T H HNO
Example 147D
(28,2'S)-N,N'-(5,5"-(4-fluorophenylazanediyDbis(methylene)bis(2-methoxy-5,1-
phenylene))dipyrrolidine-2-carboxamide
The product from Example 147C was processed using the method described in Example 47B

to provide 1.82 g (99%) of the tidle compound. LC/MS (M+H) m/z = 576; retention time 1.13

minutes.

Example 1478
dimethy! ([(4-fluorophenyl)imino}bis{ methanediyl(6-methoxybenzene-3,1-
diyDcarbamoyl(2S)pyrrolidine-2,1-diyH(2S5)-3,3-dimethyl-1 -oxobutane-1,2-diyl] } Ybiscarbamate

The product from Example 147D and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic
acid were processed using the method described in Example 41 to provide 250 mg (48%) of the title
compound. 'H NMR (400 MHz, DMSO-D6) 8 0.97 (s, 18 H) 1.88 - 1.95 - 2.03 (m, 8 H) 3.54 (s, 6 H)
3.61-3.67 (m,2 H)3.73-3.82 (m, 2 H) 3.79 (s, 6 H) 4.21 (d, ]=8.78 Hz, 2 H) 4.51 (s, 4 H) 4.67 (dd,
J=6.89, 5.15 Hz, 2 1) 6.58 - 6.68 (m, 2 H) 6.86 - 6.56 (m, 6 H) 7.16 (d, J=8.67 Hz, 2 H) 8.05 (brs, 2
H)9.20 (brs, 2 H).
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Example 148
methyl [(18)-1-{[(25)-2-(5-{[({2-[(2S}-1-{(25)-2-[(methoxycarbonyl)amino]-3-
5 methylbutanoyl) pyrrolidin-2-y1]-1,3-benzoxazol-5-yl ) methyl)(phenyl)aminoimethyl } -1,3~

/O

benzoxazol-2-ylpyrrolidin-1-ylicarbonyl} -2-methylpropyljcarbamate

Example 148AA
4-(bromomethyl)-1-chioro-2-nitrobenzene
10 To a solution of (4-chloro-3-nitrophenyhmethanol (5.0 g, 26.6 mmol) in toluene (100 mL)
was added phosphorus tribromide (0.879 mL., 9.32 mmotl) at 40 °C. The reaction mixture was stirred
at 100 °C for 15 mins and partitioned between water and ethyl acetate. The organic layer was dried

over Na,SO,, filtered, and concentrated in vacuo to give the title compound.

Cl

Examplc 148BB

15

N-(4-chloro-3-nitrobenzyl)aniline
To a solution of 4-chloro-3-nitrobenzaldehyde (10.0 g, 53.9 mmol) and aniline (2.34 mL, 25.7
mmol} in ethanol (200 mL) was added acetic acid (7.35 mL, 128 mmol), followed by the portion-wise
20 addition of sodium cyanoborohydride (4.84 g, 77 mmol). The resulting mixtare was stirred at rt for
2.5 hrs and concentrated to vacuo. The residue was partitioned between ethyl acetate and saturated
aq. NaHCOQs, and the organic layer was dried over anhydrous Na,SO,. The drying agent was fillered
off, and solvent was removed in vacuo to give a crude product that was purified by column
chromatography on silica gel using a solvent gradient of 0-1% methanol in dichloromethane to give
25  the title compound (5.7 g, 85%).

OZND/\N/\Q:NOQ
Cl @ Cl
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Example 148C
N,N-bis (4-chloro-3-nitrobenzylaniline
To a solution of product from Example 148A (4.0 g, 15.23 mmol) and the product from
Example 148B (7.63 g, 30.5 mmol) in DMF (150 mL) was added Hunig’s base (8.0 mL., 45.7 mmol),
and the resulting mixture was stirred at 90 °C overnight. The mixture was cooled to rt and partitioned
between CH,ClL and H,0, and the organic layer was dried over anhydrous Na,SO,. The drying agent
was filtered off, and solvent was removed m vacuo to give a crude prodnct that was purified by

column chromatography on silica gel using a solvent gradient 0-5% methanol in dichloromethane to

HQE\E:@/\N/\@NHZ
Cl @ Cl

Example 148D

give the title compound.

N,N-bis(3-amino-4-chlorobenzyl)aniline

To a solution of product from Example 148C (0.304 g, 0.703 mmol) m EtOH (10 mL), THF
(10 mL) and H,O (2.5 mL) was added iron powder (0.393 g, 7.03 mmol), followed by addition of
ammonium chloride (0.188 g, 3.52 mmol). The resulting mixture was stirred at 90 °C for 2 hrs and
then filtered through celite and washed with ethanol. The filtrate was concentrated in vacuo, and the
residue was partitioned between CH,Cl, and H,O, and the organic layer was dried over anhydrous
Na,80.. The drying agent was filtered off, and solvent was removed in vacuo to give a crude product
that was purified by column chromatography on silica gel using a solvent gradient 0-0.1% MeOH in
CH,Cl, to afford the title compound (0.259 gm, 99%).

ot

¥-0
S 1LY
sepevardl

Example 148E
(28,2'S)-tert-butyl 2,2'-(5,5'-(phenylazanediyl)bis(methylenc)bis(2-chloro-5,1-
phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-1-carboxylate
To a solution of the product from Example 148D (0.50 g, 1.343 mmol) in DMF (6.7 mL) and

pyridine (6.7 mL) was added (8)-I~(tert-butoxycarbonylpyrrolidine-2-carboxylic acid (0.723 g, 3.36
217



10

15

20

25

WO 2010/126935 PCT/US2010/031102

numol) and 1-[3-(dimethylamino-~propyl]-3-ethylcarbodiimide hydrochloride (2.57 g, 13.43 mmol).
The resulting mixture was stirred at rt overnight, and then partitioned between ethyl acetate and IN
aq. HCL The organic layer was dried over anhydrous sodium sulphate, filtered, and concentrated in
vacuo to give a crude product that was purified by column chromatography on silica gel using a

solvent gradient of 0-2% MeOH in CH,;Cl, to afford the title compound (0.875 g, 85%).

OYO
N N/\©:N O
Y4 AT N
L %% d" o
X
Examplc 148F

(28,2'S)~tert-butyl 2,2'-(5,5-(phenylazanediyl)bis(methylene)bis(benzo{djoxazole-5,2~
diyl))dipyrrolidine- | -carboxylate

To a solution of product from Example 148E (0.366 g, 0.477 mmol) in 1,4-dioxane (5 mL)
was added 1,10-phenanthroline (0.086 g, 0.477 mmol), cesium carbonate (0.933 g, 2.86 mmol) and
copper(l) iodide (0.0435 g, 0.239 mmol). The resulting mixture was stirred at 110 °C for 3.5 days. The
cooled mixture was partitioned between CH,Cl, and HyO, and the organic layer was dried over
anhydrous sodium sulphate. The drying agent was filtered off, and solvent was removed in vacuo to
give a crude product that was purified by column chromatography on silica gel using a solvent

gradient 0-5% MeOH in CH,Cl; to give the title compound (0.150 g, 45%).

SRsepqes i
o) 0O

Example 148G
N.N-bis((2-((S)-pyrrolidin-2-yhbenzo[d]oxazol-5-yl)methylaniline
To a solution of the product from Example 148F (0.150 g, 0.216 mmol) in CH,ClL, (2 mL)
was added 2,2,2-trifluoroacetic acid (I mL, 0.216 mmol). The resulting mixture was stirred at rt for
30 mins and concentrated in vacuo. The mixture was partitioned between CH,Cl, and saturated aq.
NalCO;, and the organic layer was dried over anhydrous sodium sulphate, The drying agent was

filtered off, and solvent was removed in vacuo to give a crude product that was purified by column
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chromatography on silica gel using a solvent gradient 0-14% MeOH in CH,Cl, to give the ftitle
compound (44.3 mg, 42%).

Example 148H
methyl [(18)-1-{{(28)-2-(5-{[({2-[(28)-1-{(25)-2-{(xoethoxycarbonyl)amino]-3-
methylbutanoyl }pyrrolidin-2-yl}-1,3-benzoxazol-5-yl ymethyl)(phenylyamino jmethyl }-1,3-
benzoxazol-2-yl)pyrrolidin-1-yl]carbonyl } -2-methylpropyljcarbamate
The product from Example 148G (0.019 g, 0.038 mmol) was subjected to the procedure
described in Example 24E to give the title compound as a 'TFA salt (6 mg). '"H NMR (500 MHz,
DMSO-D6) & ppm 0.84 - 0.93 (m, 12 H), 1.85 - 2.34 (m, 12 H), 3.53 (5, 6 H), 3.87 - 3.97 (m, 3 H),
4.05-4.14 (m, 2 H), 4.79 - 4.86 (m, 4 H), 5.12 (dd, 1 H), 5.16 (dd, /=7.7, 3.1 Hz, 1 H), 6.58 (t, J=7.2
Hz, 1H),6.71(d,J=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.28 (d, /=8.5 Hz, 2 H), 7.32 - 7.39 (m, 1 H),
7.50 (s, 2 H), 7.56 - 7.64 (m, 2 H); MS m/z 808.3 (M+H)".

oo
OYN

N \fo
O SN
Example 149
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{ [{4-[(E)-2-{(25)-1-[N-(methoxycarbonyl)-3-methyl-L-

valyl]pyrrolidin-2-yl }ethenyl]lbenzyl }(phenyl)aminojmethyl } phenyl)-L-prolinamide

Example 149A
methyl 4-((diethoxyphosphoryl)methyl)benzoate
A solution of methyl 4-(bromomethyhbenzoate (12.5 g, 54.6 mmol) in triethyl phosphite (20
mL, 114 mmol) was heated at 150 °C for 2 hours. After cooling, the solution was concentrated under
vacoum. Purification by chromatography (silica gel, 0-2% methanol in dichloromethane) afforded the

title compound. MS (ESD) m/z 287 (M+H)".

Example 1498
(8,E)-tert-butyl 2-(4-(methoxycarbonyl)styryl)pyrrolidine-1-carboxylate
To a solution of the product of Example 149A (4.02 g, 14.05 mmol} dissolved in THE (50
mL) and cooled to -78 °C was added Lithium bis(timethylsilyhamide (1.0M in THF, 12.05 mL, 12.05

mmol) dropwise and the resultant solution stirred at -78°C for 1 additional hour. Afterwards a
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solution of (S)-tert-butyl 2-formylpyrrolidine-1-carboxylate (2.0 g, 10.04 mmol) in THF (20 mL) was
added dropwise, the cooling bath was then removed and after the reaction reached room temperature it
was maintained at this temperature for an additional 3 hours. The solution had EtQAc added to it and
the mixture extracted with water. The organic extract was then dried, filtered, concentrated and
purified by chromatography (silica gel, 10-50% EtOAc in hexanes) to afford 2.05 g (62%) of the title
compound. MS (EST) m/z 332 (M+H)".

Example 149C
(8.E)-tert-butyl 2-(4-(hydroxymethylstyryDpyrrolidine-1-carboxylate
To a solution of the product of Example 149B (1.0 g, 3.02 mmol) dissolved in
dichloromethane (20 mL) and cooled to -78 °C was added diisobutylaluminum hydride (1.0M in
dichloromethane, 10.56 mL, 10.56 mmol) dropwise and the resultant solution stirred at -78 °C for 10
minutes, the cooling bath was then removed and after the reaction reached room temperature it was
maintained at this temperature for an additional 1 hour. The solution had acetone (1 ml.) added then
EtOAc added to it and the mixture extracted with aqueous sodium potassium tartrate solation. The
organic extract was then dricd, filtered, and concentrated to afford 0.9 g (98%) of the title compound.

MS (ESI) m/z 304 (M-+H)".

Example 149D
(8.E)-tert-butyl 2-(4-(bromomethyl)styrypyrrolidine-1-carboxylate
To a solution of the product of Example 149C (0.9 g, 2.97 mmol) dissolved in THF (50 mL)
was added resin bound triphenylphosphine (5.93 mmol) and carbon tetrabromide (1.48 g, 4.45 mmol)
and the resultant solution stirred at room temperature for 2 hours. The resin was then filtered off,
washed with THF and the combined filtrate was then dried, fillered, and concentrated to afford the
title compound. m/z 368 (M+H)".

Example 149E
(S,E)-tert-butyl 2-(4-(((4-nitrobenzyl)(phenylyaminoymethyl)styryl)pyrrolidine-1-carboxylate
To a solution of the product of Example 149D (1.09 g, 2.97 mmol) and N-(4-
nitrobenzyl)aniline (0.677 g, 2.97 mmol) dissolved in DMF (10 mL) was added potassium carbonate
(1.23 g, 8.9 mmol) and the mixture heated at 50 °C for 1 hour. After cooling, the solution had
dichloromethane added to it and the mixture extracted with water. The organic extract was then dried,
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filtered, concentrated and purified by chromatography (silica gel, 0-2% methanol in dichloromethane)
to afford 0.85 g (56%) of the title compound. MS (ESD m/z 514 (M+H)".

Example 149F
(8,E)-tert-butyl 2-(4-(((4-aminobenzyl)(phenyl)amino)methyl)styryl)pyrrolidine-1-carboxylate

To a solution of the product of Example 149E (0.8 g, 1.56 mmol) dissolved in ethanol (20
mL) was cooled in an ice bath to 0 °C, then bismuth(IlT) chioride (1.47 g, 4.67 mmol) was added
followed by the portionwise addition of sodium borohydride (943 mg, 24.92 mmol) and warming the
solution to room temperature for 20 minutes. The methanol was added and the solid removed by
filtration, the filtrate concentrated to an oil, which was redissolved with dichloromethane and
extracted with aqueous sodiovm bicarbonate. The organic solution was then dried, filtered, and

concentrated to afford the title compound. m/z 484 (M+H)".

e Yo ® .

Example 149G
(S)-tert-butyl 2-(4-(((4-((E)-2-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-
yhvinyl)benzyl)(phenylamino )methyl)phenylcarbamoyl)pyrrolidine-1-carboxylate

The product from Example 149F (700 mg, 145 mmol) and (S)-1-(tert-
butoxycarbonyl)pyrrolidine-2-carboxylic acid (374 mg, 1.74 mmol) were processed using the method
described in Example 43 to afford 240 mg (23%) of the title compound. '"H NMR (500 MHz, DMSO-
D6) & ppm 9.92 (s, 1H), 7.52 (d, J=8.4Hz, 2H), 7.34 (d, J=79Hz, 2H), 7.18 (m, 4H), 7.07 (m, 2H),
6.64 (d, J=8.1Hz, 2H), 6.55 (t, J=7.7Hz, 1), 6.31 (d, J=15.6Hz, 1H), 6.14 (dd, J=15.5, 6.5Hz, 1H),
4.63 (s, 2H), 4.60 (s, 2H), 4.22 (m, 1H), 4.17 (m, 1H), 3.38 (m, 2H), 3.28 (m, 2H), 1.85 (m, 8H), 1.38
(s, GH), 1.30 (s, 9H).

Example 149H

(8)-N-(4-((phenyl{4-((E)-2-((S)-pyrrolidin-2-y)vinyhbenzylyaminoymethyl)phenylpyrrolidine-2-

carboxamide
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To a solution of the product of Example 149G (50 mg, 0.073 mmol) dissolved in
dichloromethane (0.3 mi.) was added trifluoroacetic acid (2.7 mL) and the resultant solution stirred at
room temperature for 20 minutes. The solution was then concentrated under vacuum, the residue
dissolved in a chloroform/isopropanol mixture and extracted with aqueous sodium bicarbonate, the
organic solution was then dried, filtered, and concentrated o afford the title compound. m/z 481
(M+H)".

Example 1491
N-{methoxycarbonyl)-3-methyl-L-valyl-N-(4-{ [ { 4-[(E)-2-{ (25)-1-[N-(methoxycarbonyl}-3-methyl-L-
valyl}pyrrolidin-2-yl }ethenyl]benzyl } (phenylyaminojmethyl } phenyl)-L-prolinamide

The product from Example 149H (35 mg, 0.73 mmol) and (S)-2-(methoxycarbonylamino)-
3,3~dimethylbutanoic acid (33.1 mg, 0.175 mmol) were processed using the method described in
Example 43 to afford 33 mg (55%) of the title compound. "1 NMR (500 MHz, DMSO-D6) § ppm
9.98 (s, 1H), 7.50 (d, J=8.4}1z, 21, 7.28 (d, /=8.3Hz, 2H), 7.17 (m,4H), 7.06 (m, 3H), 6.63 (m, 2H),
6.55 (t, J=73Hz, 1H), 6.37 (d, J=15.7Hz, 1H), 6.22 (m, 1H), 6.17 (dd, J=16.0, 6.3Hz, 1H), 4.63
(m,1H), 4.61 (s, 2H), 4.58 (s, 2H), 4.42 (m, 1H), 4.19 (m, 2H), 3.77 (m, 1H), 3.70 (m, 1H), 3.63 (m,
2H), 3.52 (s, 6H), 2.16 (m, 2H), 1.96 (m, 2H), 1.84 (m, 4H), 0.95 (s, 9H), 0.93 (s, 9H).

ool
O’&O O N O o)*o
ey
4 o
Example 150
di[(38)-tetrahydrofuran-3-y1} (25,2'5)-2,2'-[(phenylimino)bis(methanediylbenzene-4,1~
diylcarbamoyl)ldipyrrolidine-1-carboxylate
The product of Example 1D (25 mg, 0.050 mmol), and (S)-2,5-dioxopyrrolidin-1-yl
tetrahydrofuran-3-y} carbonate (25.3 mg, 0.111 mmol) were dissolved i dichloromethane (3 ml)
then added Hunig’s base (0.026 mL, 0.151 mmol) and siirred the mixture at room temperatare for 18
hours. The solution had dichloromethane added to it and the mixture extracted with water. The
organic cxfract was then dried, filtered, concentrated and purified by chromatography (silica gel, O-
10% methanol in dichloromethane) to afford 28 mg (77%) of the title compound. "H NMR (500
MHz, DMSO-D6) & ppm: 9.96 (s, 2H), 7.48 (d, J=8.4 Hz, 4H), 7.17 (d, J=8.1 Hz, 4H), 7.06 (1, ]=8.0
Hz, 2H), 6.64 (d, J=8.4 Hz, 2H), 6.55 (t, ]=7.3 Hz, 1H), 5.05 (m, 2H), 4.59 (s, 4H), 4.24 (m, 2H), 3.73
(m, 8H), 3.40 (m, 6H), 2.15 (m, 4H), 1.95 (m, 2H), 1.83 (m, 411).
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The title compounds of Examples 1, 2,3, 6,7,9, 10, 11, 12, 13, 14, 17, 18, 20, 21, 22, 23, 28,
31, 34, 35, 39, 42, 43, 50, 53, 54, 55, 56, 57, 58, 60, 64, 65, 66, 67, 69,70, 71, 72,73, 74,75, 76, 17,
78, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 92, 95, 96, 98, 99, 101, 102, 103, 104, 105, 106, 110, 113,
114, 115, 116, 117, 119, 120, 121, 123, 124, 125, 127, 128, 131, 132, 133, 136, 137, 138, 142, 143,
and 145 showed an EC50 of less than I nM in HCV 1b-Con-1 replicon assay; the title compounds of
Examples 8, 15, 24, 25, 33, 36, 37, 38, 45, 46, 47, 48, 49, 51, 52, 61, 62, 91, 93, 94, 100, 108, 111,
112, 118, 129, 130, 134, 135, 139, 140, and 146 showed an EC50 of from 1 nM to 10 oM in HCV 1b-
Con-1 replicon assay; the title compounds of Examples 4, 5, 16, 19, 26, 27, 40, 41, 44, 59, 63, 79, 80,
107, 109, 122, 126, 141, 149, and 150 showed an EC30 of from 10 nM to 100 nM i HCV 1b-Con-1
replicon assay; and the title compounds of Examples 29, 30, 32, 68, 97, 144, 147, and 148 showed an
EC50 of from 100 nM to 250 nM in HCV 1b-Con-1 replicon assay. Each compound’s anti-HCV
activity was determined by measuring the activity of the luciferase reporter gene in the replicon in the
presence of 5% FBS. The luciferase reporter gene was placed under the translational control of the
poliovirus IRES instead of the HCV IRES, and HuH-7 cells were used to support the replication of
the replicon.

The following compounds were similarly prepared according 10 the above-described Schemes

and Examples:
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Moreover, the following compounds of Formula [ can be similarly prepared according to the
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D

Ls
A—L—~X—L,—B
Y/ 1 2 \Z

I
wherein A is selected from Table 1a, B is selected from Table 1b, D is selected from Tablet 2, Y and
Z are each independently selected from Table 3, and A, B, and D are each independently optionally
substituted with one or more R,, and wherein X, L, L,, L; and R are as described above. Preferably,
X is N, L, and L, are each independently C,-Cgalkylene {e.g., -(CH,)-), and Ls is a bond, wherein L,
and L, are each independently optionally substituted with one or more substituents selected from
halogen, Ry, -O-Rs, ~S-Rg, ~-N(RRs’), “OC(O)R;, ~C{O)ORg, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or ¢yano, and Ry, Rg, and R are as defined above.
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Table 3. Y and 7 {continued)
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Table 3. Y and 7 (continued)
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The mhibitory 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 cultore: one derived from genotype 1a-H77 and the other
derived from genotype 1b-Conl, obtained from University of Texas Medical Branch (Galveston, TX)
and Apath, LLC (St. Louis, MO), respectively. The replicon constructs can be bicistronic subgenomic
replicons. 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 E1202G, K1691R,
K2040R and S22041. The 1b-Conl replicon construct is identical to the 1a-H77 replicon, except that
HCV 57 UTR, 3" UTR, and the NS3-NS5B coding region are derived from the 1b-Conl strain, and
the adaptive mutations are KI609E, Ki846T and Y3005C. In addition, the 1b-Conl replicon
construct contains a poliovirus IRES between the HCV IRES and the luciferase gene. 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/mi
G418 (Invitrogen).

The inhibitory effects of the compounds of the invention on HCV replication can be
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 yl 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 comaining 5% FBS. Medium with the inhibitor is added to the overnight cell
culture plates already containing 100 pl of DMEM with 5% FBS. In assays measuring inhibitory
activity in the presence of human plasma, the medivm 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 after which time 30 ul of Passive Lysis buffer (Promega)
can be added to each well, and then the plates are incubated for 15 minutes with rocking to lyse the
cells. Luciferin solution (100 ul, 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 RNA
rephication can be caleulated for each compound concentration and the ECs,y value can be caleulated
using nonlinest regression cucve filting to the 4-parameter logistic equation and GraphPad Prasm 4
software. Using the above-described assays or similar cell-based replicon assays, representative
compounds of the present mvention showed significanily inhibitory activities against HCV

replication.
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The present invention also features pharmaceutical compositions comprising the compounds
of the invention. A pharmaceutical composition of the present invention can comprise one or more
compounds of the invention, each of which has Formula I (or 1, I or Io).

In addition, the present invention features pharmaceutical compositions comprising
pharmaceutically acceptable salts, solvates, or prodrugs of the compounds of the mvention. Without
limitation, pharmaceutically acceptable salts can be zwitterions or derived from pharmaceutically
acceptable inorganic or organic acids or bases. Preferably, a pharmaceutically acceptable salt retains
the biological effectiveness of the free acid or base of the compound without undue toxicity, irritation,
or allergic response, has a reasonable benefit/risk ratio, is effective for the intended use, and is not
biologically or otherwise undesirable.

The present invention further features pharmaceutical compositions comprising a compound
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 mhibitors or NS5A inhibitors), anti-bacterial
agents, anti-fungal agents, immunomodulators, anti-cancer or chemotherapcutic agents, anti-
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, a-interferon, B-interferon, pegylated interferon-o, pegylated interferon-lambda,
ribavirin, viramidine, R-5158, nitazoxanide, amantadine, Debio-025, NIM-811, R7128, R1626,
R4048, T-1106, PSI-7851, PF-00868554, ANA-598, IDX184, IDX 102, IDX375, GS-9190, VCH-759,
VCH-916, MK-3281, BCX-4678, MK-3281, VBY708, ANAS598, GL59728, GL60667, BMS-790052,
BMS-791325, BMS-650032, GS-9132, ACH-1095, AP-11005, A-831, A-689, AZD2836, telaprevir,
boceprevir, ITMN-191, BI-201335, VBY-376, VX-500 (Vertex), PIIX-B, ACII-1625, [DX136,
IDX316, VX-813 (Vertex), SCH 900518 (Schering-Plough), TMC-435 (Tibotec), ITMN-191
(Intermune, Roche), MK-7009 (Merck), IDX-PI (Novartis), BI-201335 (Boebringer Ingclheim),
R7128 (Roche), PSI-7851 (Pharmasset), MK-3281 (Merck), PF-868554 (Pfizer), IDX-184 (Novartis),
IDX-375 (Pharmasset), BILB-1941 (Bochringer Ingelheim), GS-9190 (Gilead), BMS-790052 (BMS),
Albuferon (Novartis), ritonavir, another cytochrome P450 monooxygenase inhibitor, or any
combination thereof.

In one embodiment, a pharmaceutical composition of the present invention comprises one or
more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or more
other antiviral agents.

In another embodiment, a pharmaceutical composition of the present invention comprises one

or more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or more
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other anti-HCV agents. For example, a pharmaceutical composition of the present invention can
comprise a compound(s) of the present invention having Formula [, T, I or I {or a salt, solvate or
prodrug thereof), and an agent selected from HCV polymerase inhibitors (including nucleoside or
non-nucleoside type of polymerase inhibitors), HCV protease inhibitors, HCV helicase inhibitors,
CD81 inhibitors, cyclophilin mhibitors, IRES inhibitors, or NSS5A inhibitors.

In yet another embodiment, a pharmaceutical composition of the present invention comprises
one or more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or
more other antiviral agents, such as anti-HBV, anti-HIV agents, or anti-hepatitis A, anti-hepatitis D,
anti-hepatitis E or anti-hepatitis G agents. Non-limiting examples of anti-HBV agents include
adefovir, lamivodine, and tenofovir. Non-limiting examples of anti-HIV drugs include ritonavir,
lopinavir, indinavir, nelfinavir, saquinavir, amprenavir, atazanavir, tipranavir, TMC-114,
fosamprenavir, zidovudine, lamivudine, didanosine, stavudine, tenofovir, zalcitabine, abacavir,
efavirenz, nevirapine, delavirdine, TMC-125, L-870812, §-1360, enfuvirtide, T-1249, or other HIV
protease, reverse transcriptase, integrase or fusion inhibitors. Any other desirable antiviral agents can
also be included in a pharmaceutical composition of the present invention, as appreciated by those
skilled in the art.

A pharmaceutical composition of the present invention typically includes a pharmaceutically
acceptable carrier or excipient. Non-limiting examples of suitable pharmaceutically acceptable
carriers/excipients include sugars (e.g., lactose, glucose or sucrose), starches (e.g., corn starch or
potato starch), cellulose or its derivatives (e.g., sodium carboxymethyl cellulose, ethyl cellulose or
cellulose acetate), oils (e.g., peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil or
soybean oil), glycols (e.g., propylene glycol), buffering agents (e.g., magnesium hydroxide or
aluminum hydroxide), agar, alginic acid, powdered tragacanth, malt, gelatin, talc, cocoa butter,
pyrogen-free water, isotomic saline, Ringer's solution, ethanol, or phosphate buffer solutions.
Lubricants, coloring agents, releasing agents, coating agents, sweetening, flavoring or perfuming
agents, preservatives, or antioxidants can also be included in a pharmaceutical composition of the
present invention.

The pharmaceutical compositions of the present invention can be formmlated based on their
routes of administration using methods well known in the art. For example, a sterile injectable
preparation can be prepared as 2 slerile injectable aqueous or oleagenous suspension using suitable
dispersing or wetting agents and suspending agents. Suppositories for rectal administration can be
prepared by mixing drugs with a suitable nonirritating excipient such as cocoa butter or polyethylene
glycols which are solid at ordinary temperatures but liquid at the rectal temperature and will therefore
melt in the rectum and release the drugs. Solid dosage forms for oral administration can be capsules,

tablets, pills, powders or granules. In such solid dosage forms, the active compounds can be admixed
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with at least one inert diluent such as sucrose lactose or starch. Solid dosage forms may also comprise
other substances in addition to inert diluents, such as lubricating agents. In the case of capsules,
tablets and pills, the dosage forms may also comprise buffering agents. Tablets and pills can
additionally be prepared with enteric coatings. Liquid dosage forms for oral administration can
include pharmaceutically acceptable emulsions, solutions, suspensions, syrups or elixirs containing
mert diluents commonly used in the art. Liquid dosage formis may also comprise wetting,
emulsifying, suspending, sweetening, flavoring, or perfuming agents. The pharmaceutical
compositions of the present invention can also be administered in the form of liposomes, as described
in U.S. Patent No. 6,703,403. Formulation of drugs that are applicable to the present invention is
generally discussed in, for example, Hoover, John E., REMINGTON'S PHARMACEUTICAL SCIENCES
(Mack Publishing Co., Easton, PA: 1975), and Lachman, L.., eds., PHARMACEBUTICAL DOSAGE FORMS
(Marcel Decker, New York, N.Y., 1980).

Any compound described herein, or a pharmaceutically acceptable salt thereof, can be used to
prepared pharmaceutical compositions of the present invention.

The present invention further features methods of using the compounds of the present
invention (or salts, solvates or prodrugs thereof) to inhibit HCV replication. The methods comprise
contacting cells infected with HCV virus with an effective amount of a compound of the present
invention (or a salt, solvate or prodrug thereof), thereby inhibiting the replication of HCV virus in the
cells. As used herein, “inhibiting” means significantly reducing, or abolishing, the activity being
inhibited (e.g., viral replication). In many cases, representative compounds of the present invention
can reduce the replication of HCV virus (e.g., in an HCV replicon assay as described above) by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more.

The compounds of the present invention may inhibit one or more HCV subtypes. Examples
of HCV subtypes that are amenable to the present invention include, but are not be limited to, HCV
genotypes 1,2, 3, 4, 5 and 6, including HCV genotypes la, 1b, 2a, 2b, 2¢ or 3a. In one embodiment, a
compound or compours of the present invention (or salts, solvates or prodrugs thereof) are used to
inhibit the replication of HCV genotype 1a. In another embodiment, a compound or compounds of
the present invention (or salts, solvates or prodrugs thereof) are used to inhibit the replication of HCV
genotype 1b. In still another embodiment, a compound or compounds of the present invention (or
salts, solvates or prodrugs thereof) are used to inhibit the replication of both HCV genotypes 1a and
1b.

The present invention also features methods of using the compounds of the present invention
(or salts, solvates or prodrugs thereof) to treat HCV mfection. The methods typically comprise
administering a therapeutic effective amount of a compound of the present invention (or a salt, solvate

or prodrug thereof), or a pharmaceutical composition comprising the same, to an HCV patient,
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thereby reducing the HCV viral level in the blood or liver of the patient. As used herein, the term
“treating” refers to reversing, alleviating, inhibiting the progress of, or preventing the disorder or
condition, or one or more symptoms of such disorder or condition to which such term applies. The
term “treatment” refers to the act of treating. In one embodiment, the methods comprise
administering a therapeutic effective amount of two or more compounds of the presen{ invention (or
salts, solvates or prodrugs thereof), or a pharmaceutical composition comprising the same, to an HCV
patient, thereby reducing the HCV viral level in the blood or liver of the patient.

A compound of the present invention (or a salt, solvale 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. Aay
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 (o a patient m 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
dose compositions can contain these amounts or submultiples thereof to make up the daily dose.
Preferably, cach 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
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
administration, route of administration, rate of excretion, drug combination, and the severity of the
particular disease undergoing therapy.

The present invention further features methods of using the pharmaceutical compositions of
the present invention to treat HCV infection. The methods typically comprise administering a
pharmaceutical composition of the present invention to un HCV patient, thereby reducing the HCV
viral level in the blood or liver of the patient. Any pharmaceutical composition described herein can
be used in the methods of the present invention.

In addition, the present invention features use of the compounds or salts of the present
mvention for the manufacture of medicaments for the treatment of HCV infection. Any compound
described herem, or a pharmaceutically acceptable salt thereof, can be used to make medicaments of

the present invention.
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The compounds of the present invention can also be isotopically substituted. Preferred
isotopic substitution include substitutions with stable or nonradioactive isotopes such as deuterium,
3¢, BN or ®0. Incorporation of a heavy atom, such as substitution of deuterium for hydrogen, can
give rise to an isotope effect that could alter the pharmacokinetics of the drug. In one example, at
least 10 mol % of hydrogen in a compound of the present invention is substituted with deuterium. In
another example, at least 25 mole % of hydrogen in a compound of the present invention is
substituted with deuterivm. In a further example, at least 50, 60,70, 80 or 90 mole % of hydrogen in a
compound of the present invention is substituted with deuterium. The natural abundance of deuterium
is about 0.015%. Deuterium substitution or enrichment can be achieved, without limitation, by either
exchanging protons with deuterium or by synthesizing the molecule with enriched or substituted
starting materials. Other methods known in the art can also be used for 1sotopic substitutions.

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

equivalents.
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What is claimed is:

1. A compound of Formula I, or a pharmaceutically acceptable salt thereof,

D

|

La

~

v A—L—X—1L, B\Z
I
wherein:

A and B are each independently C,-Cjscarboceycele or 3- to 10-membered heterocycle, and are each
independently optionally substituted with one or more Ry;

D is C3-Cygcarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with one or
more Ry; or Dis Rp;

X isN;

L1 and L, are each independently selected from a bond; or C,-Cealkylene, C,-Cealkenylene, or Cp-
Cealkynylene, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, -O-Rg, —S—Rg, -N(RsRg’), ~OC(O)Rs, ~
C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano;

L; is bond;

Y is selected from ~T"—C(R1R)N(Rs)}-T-Rp, ~T’~C(R3R)C(R¢R7)~T-Rp, —Lg—T-Rp, or ~Lg—FE;

R; and R, are each independently Rc, and Rs is Rp; or R, is Re, and R, and R, taken together
with the atoms to which they are attached, form a 3- to 8-membered heterocyclic ring which
is optionally substituted with one or more Ry;

Ri, Ry, R, and Ry are each independently Re; or R; and R are each independently R, and R4 and
R;, taken together with the atoms to which they are attached, form a 3- to 8-membered
carbocyclic or heterocyclic ring which is optionally substituted with one or more Ry;

Z is selected from ~T'—C(RgRo)N(R12)-T-Rp, ~T"-C(R1oR11)CR13R14)-T-Rp, ~Lx—T-Rp or —
Lx-E;
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Rg and Ry are each independently Re, and R, is Ry; or Rg is Re, and Ry and Ry,, taken
together with the atoms to which they are attached, form a 3- to §-membered heterocyclic
ring which 1s optionally substituted with one or more R4;

Ric, Rip, Rz, and R, are each independently Re: or Ry and Ry; are each independently Re,
and Ry, and Ry, taken together with the atoms to which they are attached, form a 3- 1o §-
membered carbocyclic or heterocyclic ning which is optionally substituted with one or
more R,;

Ly is independently selected at each occumrence from a bond; -NRpC(O)-Ls—: -
CION(Rg)Ls~; or C;-Cealkylene, Co-Cealkenylene, C;-Cealkynylene, C;-Cocarbocycle
or 3- to 10-membered heterocycle, each of which is independently optionally substituted
at each occurrence with one or more substituents selected from halogen, Ry -O-Rs, -5~
Rs, =NRsRs"), ~OCO)Rs, ~COYORg, nitro, oxo, phosphonoxy, phosphono, thioxo,
formy! or cyano;

E is mdependently selected at each occurrence from Cs-Cycarbocycle or 3- to 10-membered
heterocycle, and is independently optionally substituted at each occurrence with one or
more R,;

T and T* are each independently selected at each occurrence from a bond, ~Lg—, —Ls~M-L¢"~,
~LeM-Lg'~-M’~Lg"~, wherein M and M’ are cach mdependently selected at cach
occurrence from a bond, ~O-, -S—, ~-NRg)}~, ~C(O}~, -S(0)y~, ~S(O)-, ~-OS(O}~, -
OS(O)~, ~5(0)0~, ~8(0)0-, -C(O)0~, -OCO)~, ~O0CO)Y0~, ~CONRp}~, -
NRpICO)-, -NRpCO0-, -OCOINRz)-, -NRp)S@O)-, -NRgS(O),-,
SCOOINRz)y-,  —S(ORNRs)-  ~CONRCO)-, -NRpCONRg)-, -
NRg)SCNRs 3~ ~N{Rp)S(O)NRg" ), C3-Ciocarbocyele, or 3- w 10-membered
heterocycle, and wherein said Cs-Cjpcarbocycle and 3- to 10-membered heterocycle are
each mdependently optionally substituted at each occurrence with one or more Ry}

R, is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,
carboxy, nitro, oxo, phosphonoxy, phosphone, thioxo, formyl, cyano, ~L,, or —Lgs~Rg,
wherein two adjacent R, taken together with the atoms to which they are attached and
any atoms between the aloms to which they are attached, optionally {form a Cs-
Cigearbocycle or 3- to 10-membered heterocycle;

Ry and Rp’ are each mdependently selected at each occurrence from hydrogen or Ry,

Re is independently selected at each occurrence from hydrogen, halogen, hydroxy, mercapto,

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Ry,

Rp is each independently selected at each occurrence from Ry;
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1

Ry is independently selected at each occurrence from —O-Rg, —S—Rs, ~C(O)Rs, ~OC(O)R;,
C(O)YORs, -N(RsR:), =S(O)Rs, =SORs, -CON(RsRs")., -NRHCOIRs’,
NERHCONRRs™),  -NRHSORg,  =SO:NRsRs™), -NR)SONRg'R™), -
NRS(ON(Rs'Rs™), ~OS(0)-Rs, ~OS(0)-Rs, =S(0),0Rs, ~S(OYORs, ~-OC(O)ORs, ~
NRHCO)ORs, ~-OCOIN(RsRs"), -NRS(O)-Rs”, —S(OINR R, ~CIOIN(R$)C(O)-

Rs’, Cs-Cycarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said Cs-

1

Ciccarbocycelyl and 3- to 10-membered heterocyclyl are each mdependently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, —
O-Rg, —S-Rz, ~N(RgpRg"), ~OCO)Rg, ~C(O)ORp, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C,-Calkyl, C,-Cgalkenyl, C;-Cgalkynyl,
C5-Coearboceycelyl, Cs-CeearboeyelylC-Cealkyl, 3- to 6-membered heterocyelyl or (3- or
6-membered heterocyclyl)Ci-Cealkyl, cach of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, niiro, oxo, phosphonoxy, phosphono, thioxo, formyl
Or Cyano;

I, is independently selected at each occurrence from C;-Cealkyl, Cy-Cealkenyl, or Cp-
Cealkynyl, each of which is independently optionally substituted at cach occurrence with
one or more substituents selected from halogen, Ry, —O-Rg, -5—Rs, —N(RsRs'), —
OCO)Rs, ~CIOYORs, nitro, phosphonoxy, phosphono, 0xo, thioxo, formyl or cyano;

Ls, Ls” and Lg™" are each independently selected at each occurrence from a bond; or C,-
Csalkylene, C,-Cealkenylene, or C,-Cealkynylene, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from
halogen, Rr, ~O-Rg, —S-Rs, =N(RsRs"), ~OCO)Rs, ~CO)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano;

Rs, Ry and Rs” are each independently selected at each occurrence from hydrogen or Ry;

Ry 1s independently selected at each occurrence from C,-Cealkyl, Cy-Cgalkenyl, C,-Cealkynyl,
C5-Cycarbocyclyl, Ci-CycarboeyclylC-Caalkyl, 3~ to 6-membered heterocyelyl, or (3- or
6-membered heterocyclyl)Cy-Coalkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, —
O-Rg, —-S-Rg, ~N(RpRg"}), ~-OC(O)Rp, ~C(O)YOR3, nitro, oxo, phosphonoxy, phosphono,

thioxo, formy! or cyano.

A compound of Formula [, or a pharmaceutically acceptable salt thereof,
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wherein:

A and B are each independently phenyl, and are each independently optionally substituted
with one or more Ry;

D is C3-Crocarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry or D 1s selected from C,-Cgalkyl, Co-Cgalkenyl or C,-Cgalkynyl, and is
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rg, ~
S-Rs, =N(RsRs"), ~OC(O)Rs, ~C(OYORs, nitro, phosphonoxy, phosphono, 0xo, thioxo,
formyl or cyano;

XisN;

L, and L, are -{CHy)-, and are each mndependently optionally substituted with one or more
substituents selected from halogen, Ry, -O-R;, ~S-Rs, -NRsRy), -OC(O)Rs, —
C(OYORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano;

I is bond;

Y is selected From —N{Rg)C(OYC(R R)ONRs}-T-Rp or ~N(Rg)CIOIC(R:RICRR-T-Rp;

R; is Re, and R; and Rs, taken together with the atoms to which they are attached, form a 3- to
8-membered heterocyclic ring which is optionally substituted with one or more Ry;

R; and Ry are each independently R, and R, and R,, taken together with the atoms to which
they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which is
optionally substituted with one or more Ry;

Z is selected from ~N(Rp)CIO)CRRIN(R 13)-T-Ryy or ~N(RzICOYCR (R YC(R 3R )T
Rp;

Rg i Re, and Ry and R, taken together with the atoms to which they are attached, form a 3-
to 8-membered heterocyclic ring which is optionally substituted with one or more Ry;

Ry and R;; are each independently R, and R;, and R4, taken together with the atoms to
which they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which
is optionally substituted with one or more Ry;

T is cach independently selected at cach occurrence from a bond, L, ~Le-M-Lg'—, ~Lg
M-Lg"-M'-Lg"’~, wherein M and M’ are each independently selected at each occurrence
from a bond, ~O-, ~S~, -N(Rg)-, ~C(O)~, ~8(Q)~, -S(O)—, ~OS(O0)-, ~0OS(O)—, —
S$(0),0~, -8(0)0~, -C(OYO-, ~OC(O)-, ~OCO)0~, -CION(Rp)~, ~NRp)CO)-, —
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NRpCO)-, ~OCONRz)~ -NRg)S(O}-, -NRg)S(O)-, -S(ONRg)}- -
S(ORNRg)-,  ~CONRE)C(O)-,  -NRpC(OINRp' )~  -N(Rp)SONRp)- -
NRISON(Rg ")}, Cs-Cipearbocyele, or 3- to 10-membered heterocycle, and wherein
said Cs-Cpcarbocycle and 3- 1o 10-membered heterocycle are each independently

optionally substituted at each occurrence with one or more Ry

R, is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxe, formyl, cyano, —L,, or ~Ls—Rsz;

Ry and Ry’ are each independently selected at each occurrence from hydrogen or Rg;

Re is independently selected at each occurrence from hydrogen, halogen, hydroxy, mercapto,

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from Ra;

R is independently selected at each occurrence from —(0-Rg, ~S~Rg, ~((O)Rg, ~OC(O)Rs, —

C(O)ORs, —NRgRs), ~S(O)Rg, -SORs, —~COINRsRs), -NRCO)Rs',
NRHCOINRSRs™), —NRSORg', -SO:NMRGRS), ~N(RgSONRSRs™),
NRSOINRs'Rg™), ~OS(0)-Rs, ~OS(0)-Rs, ~S(0):0Rs, ~S(O)YORs, ~OC(O)ORs, ~
N(RCO)OR, ~OC(O)N(ReRs"), ~N(R)S(O)-Rs’, ~S(OIN(RgRs), ~COIN(RC(O)~

Ry, GC3-Cyearbocyelyl, or 3- to 10-membered heterocyclyl, wherein said Cs-

Cgcarbocyclyl and 3- to 10-membered heterocyclyl are cach independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, -
O-Rs, —5—Rg, -N(RgRg"), “OC{O)R3, ~C(O)ORy, nitro, phosphonoxy, phosphono, oxo,

thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C-Caalkyl, Co-Cgalkenyl, Cy-Cealkynyl,

La

LS H

Cs-Cscarbocyclyl, C3-CecarboceyelylC,-Cealkyl, 3- to G-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 halogen,
hydroxy, mercapto, amine, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl
Or Cyano,

is mdependently selected at each occurrence from C;-Cealkyl, C,-Cqalkenyl, or Ci-
Cealkynyl, each of which is independently optionally substituted at each occurrence with
one or more subsutuents selected from halogen, Ry, —O-Rg, ~S8-Rg ~N(RsRg'), —
OC(O)Rs, -C(OYORs, nitro, phosphonoxy, phosphono, oxo, thioxa, formyilor cyano;

L¢ and Lg” are each independently selected at each occurrence from a bond; or C-
Csalkylene, C,-Cealkenylene, or Cp-Cealkynylene, each of which is independently

optionally substituted at each occurrence wifh one or more substituents selected from
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halogen, Ry, “O-Rs, —S-Rs, -N(RRy"), “OC(O)Rs, ~C(OYOR;, nitro, phosphonoxy,
phosphono, 0x0, thioxo, formyl or cyano,

Rs, Rg” and Ry™ are each independently selected at each occurrence from hydrogen or Ry;

Ry is independently selected at each occurrence from C;-Cealkyl, C,-Cgalkenyl, C,-Cealkynyl,
Cs-Cycarbocycelyl, Cs-CocarboeyelylC-Csalkyl, 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 halogen, Ry, ~
O-Rg, —8-Rz, ~N(RgRy’), ~OC(O)Rz, ~C(OYORg, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or cyano.

3. The compound or salt of claim 2, wherein:
T is independently selected at each occurrence from —C(O)~Lg'~M’~Ls"" — or ~-N(Rp)C(O)~
Ls'-M’~Lg"’—; and
Lg is ndependently C;-Csalkylene, and is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, Ry, ~0-Ry, ~S-Ry, -
N(RgRg"), ~OC(OIRs, —“C(OYORg, nitro, phosphonoxy, phosphono, 0x0, thioxo, formyl or

cyano.

4. The compound or salt of claim 2, wherein:
Y is -NRp)COYCRR)IN(R5-T-Rp;
Zis - NRCOICRRINR ;2)-T-Rp;
T is independently selected at each occurrence from —C(O)-Ls'~-M’'-Lgs”’ —; and
D is Cs-Cgearbocycle, 5- to 6-membered heterocycle, or 6- to 10-membered bicycles, and is
substituted with one or more Ry, where Ry is halogen, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano, or ~Ls-Rg.
5. The compound or salt of claim 4, wherein T is independently selected at each occurrence
from —C(O)}-Lg ~N(Rg)C(O)-Lg"— or ~C(O)-Lg'~-N(RYCO)O-Lg""~.

6. The compound or salt of claim 4, wherein R, is halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphono, thioxo, cyano; or C,-Cealkyl, Cp-Cealkenyl or Cp-Cealkynyl,
each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl or cyano; or C;-Cecarbocycle or 3- to G6-membered heterocycle, each of

which is mdependently optionally substituted at each occurmrence with one or more substituents
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selected from halogen, hydroxy, mercapto, amino, catboxy, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C,-Cgalkyl, C;-Cealkenyl, C,-Cealkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or
Cy-Cehaloalkynyl.

7. A compound of Formula I, or a pharmaceutically acceptable salt thereof,

D

Ls

AL —~X—L,—B
v TNz

wherein:

CH., Z, 1s independently selected at each occurrence {rom N or CH, wherein A and B are

, Zy 1s independently selected at each occurrence from O, S, NH or

each independently optionally substituted with one or more Ry;

D 1s C3-Cjpearbocycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry; or D is selected from C)-Cealkyl, C)-Cralkenyl or Cy-Cealkynyl, and is
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rg, —
5-Rs, -N(R¢Rs"), “OCO)Rs, ~C{(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo,
formyl or cyano;

XisN;

I.; and L, are -(CH,)-, and arc each independently optionally substituted with one or more
substituents selected from halogen, Ry, ~O-Rg, -S-Rg -N(RR¢), -OCO)Rg, -
C({O)ORs;, nitro, oxo, phosphonoxy, phosphone, thioxo, formyl or cyano;

13 18 bond;

Y 1s selected from —C(RR)N(Rs)»-T-Rp or ~C(RaR5IC(RgR)-T-Ry,

R} is Re, and R, and R;, taken together with the atoms to which they are attached, form a 3- to

&-membered heterocyclic ring which is optionally substituted with one or more R,;
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R, and R¢ are each independently Re, and R, and R, taken together with the atoms o which
they are attached, form a 3- to 8§-membered carbocyclic or heterocyclic ring which is
optionally substituted with one or more R,;

Z 1s selected from ~C(RzRo)N(R 15)-T-Rp or ~C(R;oR;1)C(R 1aR 1) -T-Rp;

Rg is R, and Ry and Ry, taken together with the atoms to which they are attached, form a 3-
10 §-membered heterocyclic ring which is optionally substituted with one or more Ry;

Ry and Ry; are each independently Re, and R;) and Ry, taken together with the atoms to
which they are attached, form a 3- o 8-membered carbocychc or heterocyclic ring which
is optionally substituted with one or more R,;

T 1s each independently selected at each occurrence from a bond, ~Lg—, ~Lg~M—¢’~, ~Le~
M-Lg'~M’~Lg"'—, wherein M and M’ are each independently selected at each occurrence
from a bond, ~O-, 8-, -NRg}, -C(O}~, ~S5(0)y—~, ~5(0)-, ~O8(O)~, -1},
S(0),0-, -5(0)0-, ~L(O)O-, -OCO)~, ~0OC(OYO-, -C{OIN(Rg}-, ~N(RpYC(O)—,
NRpCO)O~, -OCO)NRp)~, -NRp)S(O)-, -NRs)SO)r-, -S(ON(Rg)-,
S(O):NRz)-,  ~CONR)CO)-,  ~NRCONRp" ), ~NRp)SONRg"),
NRpIS(O)N(Rp’ ), Cy-Ciocarbocycle, or 3- to 10-membered heterocycle, and wherein

t

{

said Cs-Cicarbocycle and 3- to 10-membered heterocycle are each independently
optionally substituted at each occurrence with one or more R,

R, is independently selected at each oceurrence from halogen, hydroxy, mercapto, amino,
carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, ~L, or ~Ls-Rg;

Ry and Ry’ are each independently selecied at each occurrence from hydrogen or Ry;

Rc 1s independently selected at cach occurrence from hydrogen. halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Ry;

Rp is each independently selected at each occurrence from Ra;

Ry is independently selected at each occurrence from —O-Rg, ~S~Rg, ~C(O)Rg, ~-OC(O)Rs, -
COORs, -NRR), -S(ORs, -SO.Rs. -CONRsR), -NRICORs', -
NRJCONRSRs),  -N(Rg)SORs’,  ~SO;N(RsRg™),  -N(RgSONRRS), ~
NROISOINRRs™), “OS(O)-Rg, ~OS(O)~Rg, ~S(O)0R;, -SIO)YOR;, ~OC(OYOR, ~
NRCOYRs', ~OC(O)N(RgRs ™), ~NR IS(O)-Rs’, ~S(OIN(R R, ~COIN(R)C(O)-
Rs", Ci-Cyearboceyelyl, or 3- to  10-membered heterocycelyl, wherein said Cs-
Cyecarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, -
O-Rg, —5-Rg, ~NRzRg"), “OC(O)Rp, ~C(O)OR, nitro, phosphonoxy, phosphono, oxe,

thioxo, formyl or cyvano;
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Ry is independently selected at each occurrence from C;-Cgalkyl, C;-Csalkenyl, C,-Cgalkynyl,
Cs-Cecarbocyclyl, Cs-CocarbocyclylCi-Cealkyl, 3- to 6-membered heterocyclyl or (3- or
6-membered heterocycly)C;-Cyalkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl
O Cyano;

L, is independently selected at each occurrence from C;-Cealkyl, Cy-Cealkenyl, or C,-
Coalkynyl, each of which is independently optionaily substituted at each occurrence with
one or more substituents selected from halogen, Ry, —~O-Rs, ~S-Rj;, -N(RgR¢’), —
OC(OR;, ~C(OYORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ls, Ls’ and Lg* are each independently selected at each occurrence from a bond; or C;-
Csalkylene, Cy-Cealkenylene, or Cp-Cealkynylene, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from
halogen, Ry, -O-Rs, —=8-Rs, -N(RgRg"), ~OC(O)Rs, ~C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formy! or cyano;

Rs, Ry” and Ry are each independently selected at cach occurrence from hydrogen or Ry;

Ry is independently selected at each occurrence from C,-Cgalkyl, Cy-Cgalkenyl, C,-Cialkynyl,
Cs-Ceearboeyelyl, Cs-CocarboeyelylCi-Cealkyl, 3- to 6-membered heterocyciyl, or (3- or
6-membered heterocyclyl)C-Cgatkyl, each of which is independently optionally

substituted at each occurrence with one or more substituents selected from halogen, Ry, —
thioxo, formyl or cyano.

The compound or salt of claim 7, wherein:

ZiisNH,and 7, is N;

T s independently selected at each occurrence from —C(O)-Ls'~M’-Lg’ '~ or —=N(Rz)C(O)-
Lg’=M’~].s""—; and

Lg" is independently C;-Cgalkylene, and is independently optionally substituted at each
occurrence with one or more substituents selected from balogen, Ry, ~O-Rg, ~S-Rg, —
N(RsRs"), ~OC(O)Rs, ~C(OYORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or

cyano.

The compound or salt of claim 7, wherein:
Zi1s NH, and 7, is N;
Yis “(j(R 1R2)N (R,s)wr "““RD;

270



WO 2010/120935 PCT/US2010/0631102

718 ~C(RsRo)N(R ;,)-T-Rp;

T is independently selected at each occurrence from ~C{Q)-Lgs ~-M’~Lg’’~; and

D is Cs-Cgearbocycle, 5- to 6-membered heterocycle, or 6- o 10-membered bicycles, and is
substituted with one or more Ry, where Ry is halogen, mitro, oxo, phosphonoxy,

5 phosphono, thioxo, cyano, or —Ls—Rg.

10. The compound or salt of claim 9, wherein T is independently selected at each occurrence

from ~C(O)-Ls-N(Rgp)C(O)-Lg" "~ or ~C(O)-Ls’~-N(Rp)C(O)YO-Lg" "~

10 1L The compound or salt of claim 9, wherein R, is halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphono, thioxe, cyano; or C;-Cealkyl, Cs-Cealkenyl or Cp-Cgalkynyl,
cach of which is independently optionally substitated at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl or cyano; or Cs-Ceearbocycle or 3- (0 6-membered heterocycle, each of

15  which is independently optionally substitnted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl, cyano, C;-Cealkyl, C;-Cealkenyl, C,-Coalkynyl, C;-Cshaloalkyl, C;-Cghaloalkenyl or

Cy-Cihaloalkynyl.
20 12 A compound of Formuia [, or a pharmaceutically acceptable salt thereof, -
T
Ls
I
wherein:
Zo
) S
A is N or H , Z; s selected from O, S, NH or CH,, 7, is
25 sclected from N or CH, and A is optionally substituted with one or more R,;

B is phenyl, and is optionally substituted with one or more R}
D is C3-Ciecarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry; or D is selected from C;-Cealkyl, C,-Cgalkenyl or Co-Cealkynyl, and is

optionally substitnted with one or more substituents selected from halogen, Ry, ~O~Rg, —
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S-Rs, ~N(RsRg"), ~OC(O)Rs, -C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo,
formy! or cyano;

Xi1sN;

L; and L, are ~(CH,)-, and are each independently optionally substituted with one or more
substituents selected f{rom halogen, Ry, -O-Rs, ~S5-Rs, ~N(R:Rs™), ~-OC(O)Rs, -
C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formy! or cyano;

L, 1s bond;

Y is selected from —~C(R \RaN(Rs»-T-Rp or ~C(R3R)C(RR)-T-Rp,

R; 18 Re, and R, and Rs, taken together with the atoms to which they are attached, form a 3- to
8-membered heterocyclic ring which is optionally substituted with one or more R ;

R; and Ry are each mmdependently Re, and R, and R,, taken together with the atoms to which
they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which is
optionally substituted with one or more R4}

Z is selected from —NRpICOICRgROIN(R 15)-T-Rp or —N(Rg)COYC(R 10R ;) )CR 2R 14 =T
Rp:

R; 15 Re, and Ry and Ry, taken iogether with the atoms to which they are attached, form a 3-
to 8-membered heterocyclic ring which is optionally substitated with one or more R ,;

Ry, and Rj; are each independently Re, and Ry, and Ry4, taken together with the atoms to
which they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which
is optionally substituted with one or more Ry;

T s each independently selected at each occurrence from & bond, —Ls—, ~Lg-M~Lg'-, ~Lg¢-
M-Ls’~M’—Ls"’~, wherein M and M’ are each independently selected at each occurrence
from a bond, -0, -S—, ~-NRg}, ~C(O)=, ~S(O)s~, —-S(O)-, ~O8(0)-. ~O5(0C)y—, ~
S5(0),0-, -S(0)0~, ~-C(OYO-, ~OC(O}-, ~OCO)O-, ~CON(Rgp)~, ~NRg)C(O)—, —
NRp)C(O)0~, -OCON(Rg)~, -NRp)S(O)~, -NRpS(O)r-, -S(ONRz)}~, -
S(ORNRg)y-  -COONRpCO)-,  -NRpCONRz)-,  -NRpSONRg)~, -
NRRIS(ON(Rg")-, Ci-Ceearbocyele, or 3- to 10-membered heterocycle, and wherein
said C;-Cjpearbocycle and 3- to 10-membered helerocycle are each independenty
optionally substituted af each occurrence with one or more Ry,

R4 18 independently selected at each occurrence from halogen, hydroxy, mercapto, amino,
carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, ~L,, or ~Ls—Rg;

Rp and Ry are each independently selected at each occurrence from hydrogen or Ry

Rc is independently selected at each occurrence from hydrogen, halogen, hydroxy, mercapto,

amino, carboxy, nitro, 0x0, phosphonoxy, phosphone, thioxo, formyl, cyano, or Ry;
Rp 1s each independently selected at each occurrence from Ry;
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13.

Rg is independently selected at each occurrence from ~O-Rg, ~S~Rg, -C(O)R;, ~-OC(O)R;, ~

C(OORs, -N(RsRs"), ~S(ORs, -SORs, ~CONRsRs), -NRGCORg, -~
NR)C(ONRs'Rs™),  -NRSORs, -SONRsRs), ~N(R9)SONRsRs™), -
NROS(O)NRs'Rs™), ~OS(O)-Rs, ~O8(0)-Rs, —S(0):0Rs, ~S(O)OR;, ~OC(O)YORg, ~
NRCIO)ORs™, ~OCOIN(RsRs'), -N(Rs5)S(O)-Ry’, ~S(OIN(RRg”), ~CIONRs)C(O)-
Rs’, C3-Cjgcarboeyclyl, or 3- to 10-membered heterocyclyl, wherein said Cs-
Ciocartbocyeiyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, -
O-Ryp, —S-Rp, ~NRzRz"), ~“OCO)R5, ~C(O)YOR3, nitre, phosphonoxy, phosphono, oxo,

thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C,-Cgalkyl, C,-Cgaltkenyl, Ca-Coalkynyl,

Loa

LS s

Cs-Ceearbocyelyl, Cs-CycarboeyelylCi-Cralkyl, 3- 1o 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 substiruents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl
or ¢yano;

is independently selected at each occurrence from C-Cealkyl, C,-Cealkenyl, or Cs-
Cealkynyl, cach of which is independently optionally substituted at cach occurrence with
one or more substituenis selected from halogen, Ry, ~O-Rs, —S-Rg, ~N(RgR¢"), —
OC(O)Rs, ~C(O)YORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ly and L¢” are each mdependently selected at each occurrence from a bond: or C,-
Cealkylene, C,-Cealkenylene, or C,-Cgalkynylene, each of which is independently
optionally substituled at each occurrence with one or more substituents selected from
halogen, Ry, ~O-Rs, ~S-Rs, -N(RsRg"), ~OC(O)Rs, ~C(OYORs, nitro, phosphonoxy,

phosphono, oxo, thioxo, formyl or cyano;

Rs, Ry and Ry are each independently selected at each occurrence from hydrogen or Ry,

Ry is independenty selected at each occurrence from C,-Cealkyl, C,-Cgalkenyl, C,-Cgalkynyl,

Cy-Cycarbocyclyl, C;-CgearbocyclylC-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 halogen, Ry, —
O-Rz, SRz, -NRRp"), “OCOR5, ~C(OYOR5, mitro, oxo, phosphionoxy, phosphono,

thioxo, formyl or cyano.

The compound or salt of claim 12, wherein:

7, 1s NH, and 7, is N;
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amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxoe, formyl, cyano, C;-Cgalkyl, C,-Calkenyl,
C,-Coalkynyl, C;~Cghaloalkyl, C,-Cghaloalkeny! or C,-Cghaloalkynyl,

17.

18.

A pharmaceutical composition comprising a compound or salt of claim 1.

The pharmaceutical composition of claim 17, further comprising a HCV protease inhibitor, a

HCV polymerase inhibitor, or another anti-HCV agent.

19. Use of a compound or salt of claim 1, in the manufacture of a medicament for treating HCV
infection.
20, A process of making a compound of claim 1, comprising the step of:

coupling a compound of Formula II

— =

pesk

Hy

il
to a compound of Formula III

QLA
i

1

wherein Q is halo, and A, D, L;, L3, and Y are as defined in claim 1.
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