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ANTI-VIRAL COMPOUNDS

This claims the benefit of U.S. Provisional Application No. 61/169,449, 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 to compounds effective in inhibiting replication of Hepatitis C
virus (“HCV”). The present invention 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
proteins in one single, uninterrupted, open reading frame. The open reading frame comprises
approximately 9500 nucleotides encoding a single large polyprotein of about 3000 amino acids. The
polyprotein comprises a core protein, envelope proteins El and E2, a membrane bound protein p7,
and the non-structural proteins NS2, NS3, NS4A, NS4B, NS5A and NS5B.

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

need for new drugs to treat HCV infection.

SUMMARY

The present invention features compounds of Formulae I, I, Iy 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.

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

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

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

In addition, the present invention features methods of using the compounds or salts of the
present invention, or compositions comprising the same, to treat HCV infection. The methods

5  comprise administering a compound or salt of the present invention, 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 invention also features use of the compounds or salts of the present invention for
the manufacture of medicaments for the treatment of HCV infection.

10 Furthermore, the present invention features processes of making the compounds or salts of the
invention.

Other features, objects, and advantages of the present invention are apparent in the detailed
description that follows. It should be understood, however, that the detailed description, while
indicating preferred embodiments of the invention, are given by way of illustration only, not

15  limitation. Various changes and modifications within the scope of the invention will become apparent

to those skilled in the art from the detailed description.

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

20 salts thereof,

wherein:

A and B are each independently C;-C qcarbocycle or 3- to 10-membered heterocycle, and are
25 each independently optionally substituted with one or more Ru;

D is C5-Cigearboceycle or 3- to 10-membered heterocycle, and is optionally substituted with

one or more Ry; or Dis Rp;

Xis C(R¢)or N;

L, and [, are each independently selected from a bond; or C,-Csalkylene, C,-Csalkenylene, or
30 C,-Csalkynylene, each of which is independently optionally substituted at each

occurrence with one or more substituents selected from halogen, R, -O-Rs, —-S-Rg, —

2
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N(RsRs), “OC(O)Rg, —C(O)ORyg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano;

Ls 1s bond or —Ls—K-I.s’—, wherein K is selected from a bond, —-O—, —S—, -N(Rg)—, -C(O)—, —
S(O)—, —-S(0)-, —-0S(0)-, —-0S(0)—, -S(0),0-, -S(O)O-, -C(0)O-, —-0OC(0)-, -
OC(O)0-, -C(O)N(Rp)—, -N(Rp)C(O)-, -NRp)C(O)O-, ~OC(O)N(Rp)—, -N(Rp)S(O)-,
—N(Rg)S(0)2—, =S(O)N(Rz)-, =S(O):N(Rp)-, “C(O)N(Rp)C(O)—, -N(Rp)C(ON(Rg")-, -
N(Rg)SONRp")-, or -N(Rp)S(O)N(Rg")—;

Y is selected from —T'—C(R;R)N(R5)-T-Rp, —T"-C(R3R,)C(RcR7)-T-Rp, —[.x-T-Rp, or —
Lx—E;

R, and R; are each independently R, and Rs is Rg; or R, is R, 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;

Ri, R4, Re, and R; are each independently Rc; or R; and Rg are each independently R¢, 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
more Ry;

7. is selected from —T"—C(RgR¢)N(R,)-T-Rp, —T"—C(R0R1;)C(R13R14)-T-Rp, -[.xk-T-Rp, or
—Lx-E;

Rg and R, are each independently R, and Ry, is Rg; or Rg is R, 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;

Rio, Ri1, Rz, and Ry, are each independently Re; or Ry, 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;

Lx 1s independently selected at each occurrence from a bond;, —N(Rp)C(O)-Ls—; -
C(O)N(Rp)-Ls—; or C,-Cgalkylene, C,-Csalkenylene, C,-Csalkynylene, C;-C qocarbocycle
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-Rg, —S—
Rs, —-N(RsRy"), —OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano;

E is independently selected at each occurrence from C;-Cigcarbocycle 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, —Lg—, -[.c—M-L.5"—,
—LsM-Lsg-M’-Ls’—, wherein M and M’ are each independently selected at each
occurrence from a bond, -O—-, —-S—, -N(Rp)-, -C(O)—, -S(0O),—, —-S(O)—, -OS(O)-,
0S(0)—, -S(0),0-, -S(0)O-, -C(0)O-, -OC(0)-, -0OC(0)O-, —C(O)N(Rz)-,
NRp)CO)-, -NRp)CO)O-, -OCONRgp)- -NRp)S(O)- -NRp)S(O):,
S(ON(Rg)-,  -S(O)NRp)-,  -C(ONRp)CO)-,  -N(Rp)C(ONRp")-,
N(Rg)SO,N(Rp’)—, —N(Rp)S(O)N(Rg’)-, C;-Cjcarbocycle, or 3- to 10-membered

heterocycle, and wherein said C;-Cgcarbocycle 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 halogen, hydroxy, mercapto, amino,
carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, —L, or —LLs—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-
C,ocarbocycle or 3- to 10-membered heterocycle;

R 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, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from hydrogen or R,

Rg is independently selected at each occurrence from -O-Rg, —S—Rg, “C(O)Rg, —OC(O)Rg,
C(O)ORs, -N(RsRs), —-S(O)Rs, -SORs, —C(O)N(RsRs*), -N(RICO)Ry’,
NRHCONR'Rs™?), -N(R)SO:Rs’,  —-SO:N(RsRs), -N(RgSONRs'Rg™?), -
N(R$)S(O)N(Rs’Rs™), “OS(0O)-Rs, “OS(0)2—Rs, —=S(0),0Rs, —=S(O)ORg, -OC(O)ORs, —
N(R5)C(O)ORg’, “OC(O)N(RsRs*), -N(R5)S(O)—Rs’, =S(O)N(RsRs*), “C(O)N(Rs)C(O)-

Ry, Cs-Cigcarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C;-
Cigearbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, R, —
O-Rjp, —-S-Ri, -N(RgRp’), —OC(O)R5, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C,-Cealkyl, C,-Cealkenyl, C,-Csalkynyl,
C;-Cgcarbocyclyl, C3-CgearboceyclylC-Cgalkyl, 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 ¢yano,
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L., i1s independently selected at each occurrence from C;-Cgalkyl, C,-Cgalkenyl, or C,-
Csalkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, -O-Rs, —-S—Rg, —N(RsRy"), —
OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ls, Ls” and Ls” are each independently selected at each occurrence from a bond; or C,-
Cesalkylene, C,-Csalkenylene, or C,-Csalkynylene, 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)Rs, —C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano;

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

Ry is independently selected at each occurrence from C;-Cealkyl, C,-Cesalkenyl, C,-Csalkynyl,
C;-Cgcarbocyclyl, Cs-CgecarbocyclylC)-Cgalkyl, 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, Rg, —
O-Rjp, —-S-Rji, -N(RgRp’), —-OC(O)R5, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano.

A and B preferably are independently selected from Cs-Cgcarbocycle, 5- to 6-membered
e N 2",

\ i LT

g_LWS/ Z< ’ \Zs \W3 l ’

heterocycle, or 8- to 10-membered bicycles such as
W
sV 22 W
\ Z 4\
1P R2a@s
= x %
We Z4 or Ze g

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

, where 7, is independently selected at each

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 W, are each independently 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 selected from Cs-Cycarbocycle, 5- to 6-membered heterocycle,
W _

% “~Zw, : /- A,

= I T
\ :

23 W3 or Z \WG %

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

W2/ W1\ 4
L)
is selected from Cs-Cgcarbocycle, 5- to 6-membered heterocycle, Wi % or

5
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9 us

Wi, Wy, W5, Wy are as defined above. Preferably, Z; is N and 7, is NH. For instance, A can be

selected from phenyl (e.g., %@*%)’ §_<\N1:©*§ (e.g., §_<\N:<j*§) or
D KT

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

Z4
= s
or more R,; and B can be selected from phenyl (e.g., ) N (e.g.,

k]

O 0 (0 (0

N ) or H (e.g., H or H ), and is

, and is optionally substituted with one or more R, where 7.1, 75, Zs, 74, W1, W,

optionally substituted with one or more R4.

D preferably is selected from Cs-Cecarbocycle, 5- to 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,-Cealkynyl, and is optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rs, -N(RgRy"), -OC(O)Rg, —C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is Cs-Cgcarbocycle, 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 —L&—Rg.  Also
preferably, D is phenyl, and is optionally substituted with one or more Rs. More preferably, D is

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

Ru R

1s v 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,-Csalkyl, C,-Cealkenyl 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 Csi-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,

6
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hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Csalkyl, C,-Cgalkenyl, C,-Csalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl. More
preferably, Ry, is halogen, hydroxy, mercapto, amino, carboxy; or C,-Cealkyl, C,-Cealkenyl or C,-
Csalkynyl, 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,-Csalkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

X is preferably N.

L, and I, are preferably independently C,-Csalkylene, and 1.5 is preferably selected from a
bond, C,-Cgalkylene, or -C(O)-. L, I,, and I; are each independently optionally substituted with one
or more substituents selected from halogen, Ry, -O-Rgs, —S-Rg, -N(RgRs’), -OC(O)Rs, -C(O)ORg,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, 1., and I, 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)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and [ ; is a bond or -C(O)-.

Y is preferably selected from —Ls—C(R;R)N(Rs5)-T-Rp —Ls—C(R3R4)C(RsR7)-T-Rp, G-
C(R;R)N(Rs-T-Rp, —G-C(R:R)C(RsR7)-T-Rp, —N(Rp)C(O)CRR,)N(R5)-T-Rp, -
N(Rp)C(O)C(R:R)C(RsRH)-T-Rp, “C(O)N(Rp)C(R;R2)N(Rs5)-T-Rp, —C(O)N(Rp)C(R;R)C(RsR7)—
T-Rp, —N(R)C(O)-Ls-E, or —C(O)N(Rp)-Ls—E. G is Cs-Cgecarbocycle or 5- to 6-membered

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

IR
12-membered bicycle (e.g., an 8- to 10-membered bicycle such as Z20~U , wherein U is
independently selected at each occurrence from -(CH,)- or -(NH)-; wherein V and 7,, are each
independently selected from C,-Cjalkylene, C,-Cjalkenylene or C,-Cjalkynylene, 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 R, and Rs, taken together with the atoms to

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

‘%QN\%‘ % % [’}\5

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

7



WO 2010/120935 PCT/US2010/031102

1?‘{ JOEst Q\s E&s EQN\; EQN\; ) Q\;)

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., allyl)); and 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

wag\i %y 3

5 carbocyclic or heterocyclic ring or 6- to 10-membered bicycle (e.g., 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,-Csalkyl (e.g., methyl), or C,-Cealkenyl (e.g., allyl)). Non-limiting

HO,

(x O D<e
l Y WX
examples of preferred Y include , D ;
HO, OH B
O\(O ()‘(O (B\(O w\(o /[3\(0
’Tl HN ’Tl HN ’Tl HN rl\l HN ,Tl HN
AT ~ AT ~ AT \; AT \; AT ~4
RF R E,
O O O O
tl\}m | HN ,Tl HN A HN HN
N (
_|I_ HN\gS HN\; HN\;
—
Rp , , and wherein T and Ry are as defined

hereinabove and hereinbelow.
Y can also be selected from —-M—C(R;R,)N(R5)-C(O)-Ly’-M’—Rp, -M-C(R;R;)N(R5)-Ly’—
M’—-Rp, —Ls—C(RR)N(R5)-C(O)-Ly’'-M’-Rp, —Ls—C(RR,)N(R5)-Ly’-M’—Rp, -M-
15 CR:R)CRRHN-C(O)-Ly’'-M’-Rp, —-M-C(R3R)C(ReR7)-Ly'-M’-Rp, —Ls—C(R3R4)C(RcR7)-C(O)—
Ly’-M’-Rp, or —-Ls—C(R3R,)C(ReR7)-Ly’'-M’—Rp, wherein M preferably is bond, -C(O)N(Rg)- or —
N(Rp)C(O)-, M’ preferably is bond, —-C(O)N(Rp)-, -NRpC(O)-, -NRpCO)O-,

8
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NRp)CONR)-, —N(Rp)S(0)- or —-N(Rp)S(0),—, and Ly’ is Lg, and preferably Ly is C;-
Csalkylene which is optionally substituted with one or more substituents selected from halogen, Ry, —
O-Rs, —S-Rs, —-N(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo,
formyl or cyano. More preferably, R, is R¢, 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\; " ?\g

or more R4; and R; and Rg are each independently Rc, and R4 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, 4

bicycle (e.g., - or ° or a 6- to 8-memberd bicycle) which is optionally
substituted with one or more R 5.

Also preferably, Y is selected from —-N(Rp)CO—-C(R;R)N(R5)-C(O)-Ly’-N(Rp)C(O)O-Rp, —
N(Rp)CO—C(R;R,)N(R;5)-C(O)-Ly’—-N(Rp)C(O)-Rp, —N(Rg)CO-C(R;R,)N(R5)-C(O)-Ly'—
N(Rp)S(0),-Rp, —-N(Rp)CO-C(R;R)NR5)-C(O)-Ly’'-N(RRp)-Rp, —N(Rp)CO-C(R;R)N(R5)-
C(O)-Ly’-O-Rp, —NRp)CO-C(RR)N(R5)-C(O)-Ly’-Rp, —NRp)CO-C(R;R;)N(R5)-Rp, —Ls—
C(R1R)N(Rs)-C(O)-Ly’-N(Rp)C(O)O-Rp, —Ls—C(R;R)N(R5)-C(O)-Ly’-N(Rp)C(O)-Rp, —Ls—
C(RiR)N(Rs)-C(O)-Ly’-N(Rp)S(O)>—Rp,  —Ls—C(R;R)N(Rs}-C(O)-Ly’-N(RgRp)-Rp,  —Lgs—
C(RiR)N(Rs)-C(O)-Ly’-O-Rp, -Ls—C(RR)N(R)C(O)-Ly’—Rp, —Ls—C(R;R)N(Rs5)-Rp, -
N(Rp)CO-C(R:R)C(RR7)-C(O)-Ly’-N(Rp)C(O)O-Rp, -NRp)CO-C(R:R)HCRR7)-C(O)-Ly’ -
N(Rp)C(O)-Rp, —N(Rp)CO-C(R:R)C(RsR7)-C(O)-Ly’-N(R)S(O)—Rp, —-N(Rz)CO-
C(R:R,)C(RR7)-C(O)-Ly’-N(RsRp")-Rp, —N(Rp)CO-C(R3R4)C(RsRH)—C(O)-Ly’'—O-Rp, -
N(Rp)CO-C(R;R,)C(R¢R7)-C(O)-Ly’—Rp, —N(R)CO-C(R3R)C(RgR7)»-Rp, —Ls—C(R3R)C(RR;)-
C(O)-Ly’-N(Rg)C(O)O-Rp, —Ls—C(R3R)C(RsR7)-C(O)-Ly’-N(Rp)C(O)-Rp, —Ls—
C(R:R,)C(RR7)-C(O)-Ly’-N(Rp)S(O)—Rp, —Ls—C(R3R)C(RR7)-C(O)-Ly’-N(RgRp")-Rp, —Ls—
C(R:R)C(RR7H)-C(O)-Ly’-O-Rp, -Ls—C(R3R)C(RR)-C(O)-Ly'—Rp, or —Ls—C(R3R)C(RR;)-
Rp, wherein Ly’ is Ls’, and preferably Ly’ is C,-Csalkylene which is optionally substituted with one
or more substituents selected from halogen, Ry, -O-Rgs, —S-Rg, -N(RgRs’), -OC(O)Rs, -C(O)ORg,
nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. R; may be Rc, and R, and Rs, taken

together with the atoms to which they are attached, may form a 5- to 6-membered heterocycle or 6- to
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h S

10-membered bicycle (e.g., or a 6- to 8-memberd bicycle) which is
optionally substituted with one or more R,; and R; and Rs may be each independently R¢, and R4 and

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

carbocycle/heterocycle or 6- to 10-membered bicycle (e.g., ‘?77- E or %- or a 6- to 8-
memberd bicycle) which is optionally substituted with one or more R 4.

Highly preferably, Y is selected from —N(Rp"")CO-C(R;R,)N(R5)—C(O)-Ly—N(Rp’ " )C(O)—
Ls—Rg or —C(R;R,)N(Rs5)-C(O)-Ly—N(Rp*)C(O)-Ls—Rg, wherein Ly is C;-Csalkylene optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rs, —-S—Rg, -N(RsRs"), —
OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; and wherein
Ry’ is each independently Rg. Ry’ and R, are each preferably hydrogen or C,-Cealkyl, and R, and

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

EQ\E N % N\E'

heterocycle or 6- to 10-membered bicycle (e.g., or a 6- to 8-memberd
bicycle) which is optionally substituted with one or more Ra. (e.g., hydroxy, halo (e.g., fluoro), C;-
Csalkyl (e.g., methyl), or C,-Cgalkenyl (e.g., allyl)). Preferably, Ly is C;-Cgalkylene substituted with
one or more Ry such as a C;-Cycarbocycle or 3- to 6-membered heterocycle which is optionally
substituted with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Csalkyl, C,-Csalkenyl, C,-Cgalkynyl,
C,-Cghaloalkyl, C,-Cghaloalkenyl or C,-Cshaloalkynyl.

7. is preferably selected from —Ls—C(RsRoIN(R1»)-T-Rp, —[.s—C(R10R1;)C(R13R14)-T-Rp, —
G-C(RgRoN(R5)-T-Rp, —-G-C(R;gR;))C(R;zR)-T-Rp, -NRp)C(O)C(RgRN(R,)-T-Rp, -
N(Rp)C(O)C(R1oR11)C(R 3R 14)-T-Rp, —C(O)N(Rp)C(RsRg)N(R;2)-T-Rp, -

C(ONRp)C(RoR)C(R ;3R 11)-T-Rp, -NRp)C(O)-Ls-E, or —C(O)N(Rp)-Ls—E. G s Cs-
Ro Rp
N N
51/\ Il ats
Cgcarbocycle or 5- to 6-membered heterocycle, such as PBo 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
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I
such as Z2o~U , wherein U is independently selected at each occurrence from -(CH,)- or -(NH)-;
wherein V and 7, are each independently selected from C,-Cjalkylene, C,-Cjalkenylene or C,-
Caalkynylene, 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, Rg is R, 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-

EQN\? N ?\é

membered bicycle (e.g.,

HZAS\H 8 O\, SW
v vy e Q\% ] *}“\? ‘%}N\? y
1&@\5

halo (e.g., fluoro), C,-Cg4alkyl (e.g., methyl), or C,-Cgalkenyl (e.g., allyl)); and R, and R,; are each

or a 6- to 8-memberd bicycle; preferably

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

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

5- to 6-membered carbocycle/heterocycle or 6- to 10-membered bicycle (e.g., 1777— or

ﬁ'?’- or a 6- to 8-memberd bicycle) which is optionally substituted with one or more R4 (such
as, but not limited to hydroxy, halo (e.g., fluoro), C,-Cgalkyl (e.g., methyl), or C,-Csalkenyl (e.g.,
N { 5 ) { 5
v \ we
AR TN
NH | %i/NH |

allyl)). Non-limiting examples of preferred 7 include D, D,

11
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OH OH HO
@] @] @] @] @] J
N Vi NTY NTY N .
vy a2y a2y a2
2'2/ ™~ Rp z/ ™~ Rp %l/ ™~g ZL/ T\RD E/ T\RD
R F F F
Z ; @] ( ; @] ( 5 ]
\\\ (j\ \\\ ﬁ\\\‘ \\\\ \\\‘ )
—NH —NH —NH —NH —NH
e L e L e L e e
3 ol a)
ol o o 0 7
\\“ \\“ \\\‘ AN et
A N) A <r\? TN DA
ZL/NH _Il_ E/NH _I_ '%l/NH 'll' 'Z,l/NH _I_
S~
\RD, RD, \RD, and ~Rp , wherein T and Rp are

as defined hereinabove and hereinbelow.

Z. can also be selected from —-M—C(RgRg)N(R,)-C(O)-Ly’-M’-Rp, -M-C(RsR¢)N(R ;»)-Ly’—
M’—-Rp, —Ls—C(RsRo)N(R,)-C(O)-Ly’-M’—Rp, —Ls—C(RsRo)N(R ;)-.v’'-M’—Rp, -M-
C(R10R11)C(R 3R 1)-C(O)-L.y'-M’-Rp, -M-C(R0R11)C(R13R14)-Ly’-M’—Rp, —Ls—
CR R )NCR ;R )-C(O)-L.y'-M-Rp, or —L—C(R;gR;;))C(R ;3R )-I.y'-M’—Rp, wherein M
preferably is bond, -C(O)N(Rp)- or —-N(Rp)C(O)-, M’ preferably is bond, —C(O)N(Rp)-, —
N(Rp)C(O)—, -N(Rp)C(O)O-, N(R)C(O)N(Rp")—, —-N(Rp)S(O)- or —N(Rp)S(0),—, and Ly’ is Lg’,
and preferably Ly’ is C;-Csalkylene which is optionally substituted with one or more substituents
selected from halogen, Rr, -O-Rs, —=S-Rs, —-N(RsRs"), —OC(O)Rs, —C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. More preferably, Rg is R, 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

@LLQN\? N ?\é

substituted with one or more R,; and Ry and Ry, are each independently R¢, and Ry; and R4, taken

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

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

or 6- to 10-membered bicycle (e.g., 17?1 g or .??1 or a 6- to 8-memberd bicycle) which
is optionally substituted with one or more Ra.
Also preferably, Z is selected from —N(Rg)CO—C(RsRo)N(R 1,)—-C(O)-Ly’—N(R)C(O)O-Rp,
—N(Rg)CO-C(RsR9)N(R}2)-C(O)-Ly’-N(Rp)C(O)-Rp, —N(Rp)CO-C(RsR9)N(R,)}-C(O)-Ly’—
12
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N(Rp)S(0),—Rp, —N(Rg)CO-C(RgR¢)N(R,)-C(O)-Ly’-N(RgRz)-Rp, —N(Rg)CO-C(RgRgIN(R;,)-
C(O)-Ly’-O-Rp, —-N(Rp)CO-C(RsRoIN(R 1)-C(O)-Ly’—Rp, —-N(Rp)CO-C(RsRoN(R2)-Rp, —Ls—
C(RsRo)N(R12)-C(O)-Ly’-N(Rp)C(O)YO-Rp, —Ls—C(RsRoN(R2:)-C(O)-Ly'—N(Rp)C(O)-Rp, —Ls—
C(RsRo)N(R1)-C(O)-Ly'-N(Rp)S(0),-Rp, —Ls—C(RsRg)N(R»)-C(O)-Lyv’-N(RgRp’»-Rp, —Ls—
C(RsRo)N(R1)-C(O)-Ly'-O-Rp, -Ls—C(RsRy)N(R;)-C(O)-Ly’-Rp, —Ls—C(RsRo)N(R;2)-Rp, -
N(Rp)CO-C(R10R11))C(R 3R 14)-C(O)-Ly’-N(Rp)C(O)O-Rp, —N(Rp)CO-C(R;oR;1)C(R 3R 14)-C(O)-
Ly’'-N(Rp)C(O)-Rp,  —N(Rp)CO-C(R0R;))C(R3R19)-C(O)-Ly’-N(Rp)S(O)-Rp,  —N(Rp)CO-
C(R10R11)C(R 3R 14)-C(O)-Ly'-N(RgRp")-Rp, —N(Rp)CO-C(Ri0R1))C(R 3R 14)-C(O)-Ly’'-O-Rp, —
N(Rp)CO-C(R10R11)C(R 3R 14)-C(O)-Ly’—Rp, —N(Rp)CO-C(R10R11)C(R13R14)-Rp, —Ls—
C(R;gR1)C(R;:R1)-C(O)-Ly'-N(Rp)C(O)O-Rp, —Lg—C(RgR11)C(R 3R 1,)-C(O)-Ly’—N(Rp)C(O)-
Rp,  —Ls—CRoR11)C(R13R11)-C(O)-Lyv'-N(Rp)S(O),-Rp,  —LsC(R10R11))C(R13R11)-C(O)-Ly’—
N(RpRp’)-Rp, -Ls—C(R10R11)C(R13R14)-C(O)-Ly’-O—-Rp, —Ls—C(R10R1;1)C(R 3R 14)-C(O)-Ly’-Rp, or
—Ls—C(R10R1))C(R13R14)-Rp, wherein Ly” is Lg”, and preferably Ly’ is C,;-Csalkylene which is
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rg, —
N(RsRs"), “OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. Rg
may be R¢, and Ry and R, taken together with the atoms to which they are attached, may form a 5- to

ag\é‘ y ?\é

6-membered heterocycle or 6- to 10-membered bicycle (e.g., ° ora6-to
8-memberd bicycle) which is optionally substituted with one or more R,; and Ry and R;; may be
each independently R¢, and Ry; and R4, taken together with the atoms to which they are attached,

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

17'?1 g or .??1 or a 6- to 8-memberd bicycle) which is optionally substituted with one or
more Ry.

Highly preferably, 7 is selected from —N(Rp’")CO—C(RsRo)N(R,)-C(O)-Ly—N(Rp " )C(O)—
Ls—Rg or “C(RsR¢IN(R2)-C(O)-Ly—N(Rp"")C(O)-Ls—Rg, wherein Ly is C;-Cealkylene optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rs, —-S—Rg, -N(RsRs"), —
OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; and wherein
Ry’ is each independently Rg. Ry’ and Ry are each preferably hydrogen or C,-Cealkyl, and Ry and

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

heterocycle or 6- to 10-membered bicycle (e.g., 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;-Cgsalkyl (e.g., methyl), or C,-Cgalkenyl (e.g., allyl)). Preferably, Ly is C;-Cgalkylene
substituted with one or more Rt such as a C;-Cgcarbocycle 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,-
Csalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl.

T can be, without limitation, independently selected at each occurrence from -C(O)-Ls—, —
C(O)0O-Ly—, —C(0O)-Ls’—N(Rp)C(O)-Ls’—, —C(O)-Lsg’-NRgp)C(O)O-Ls’—, -N(Rp)C(O)-Lg -
N(Rp)C(O)-Ls’—, —N(Rp)C(O)-Ls—N(Rp)C(O)O-Ls’—, or -N(Rp)C(O)-Lg—N(Rp)-Ls"—.
Preferably, T is independently selected at each occurrence from —-C(O)-Lg'-M’-Ls’— or —
N(Rp)C(O)-Ls—M’-Ls’’—. More preferably, T is independently selected at each occurrence from —
C(O)-Ls -N(Rp)C(O)-Ls’— or —C(O)-Ls’-N(Rp)C(O)YO-Lg -

T can also be, for example, —[.s—M-Ls’-M’—-Ls”’— where Ls is a bond; M is C(O); L’ is C,-

Csalkylene (e.g., ‘:rr\/ﬁk ), where g is optionally substituted with Ry; the optional Ry is a
substituent such as, but not limited to, —C,-Cgalkyl, —C,-Csalkenyl, —C,-Csalkyl-OH, —C,-Csalkyl-O-
C,-Cesalkyl, 3- to 6-membered heterocycle (e.g., tetrahydrofuranyl), or Cs-Cecarbocyclyl (e.g., phenyl,
cyclohexyl); M’ is -NHC(O)—, -N(Et)C(O)— or —-N(Me)C(O)—; and L5’ is a bond. Ry preferably is
hydrogen, —C,-Cgalkyl (e.g., methyl), —O—C,-Csalkyl (e.g., methoxy, tert-butoxy), methoxymethyl, or
—N(C;-Cgsalkyl), (e.g., —NMe,).

H
O__N
O - O
e
Y jl e Y
T-Rp can be, without limitation, o o

k] k] k]

oML oH
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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, —Ls—M-Ls’— where Lg is a bond; M 1s C(O); Lg’ is C;-

Csalkylene (e.g., ‘f\/ﬁl") where Lg’ is optionally substituted with Ry; the optional Ry is a
substituent such as, but not limited to, —C,-Cgalkyl, —C,-Csalkyl-OH, —C;-Csalkyl-O—-C,-Cgalkyl, or a
C;-Cgcarbocycelyl (e.g., phenyl, cyclohexyl). Rp, for example is -OH; —OC(O)Me; -NH(C,-Csalkyl)
(e.g., -NHMe, —-NHELt); —-N(C;-Csalkyl), (e.g., -NMe,, -NELt,); a 3- to 10-membered heterocyclyl
(e.g., pyrrolidinyl, imidazolidinyl, hexahydropyrimidinyl, morpholinyl, piperidinyl) optionally
substituted with one or more halogen, oxo; C;-Cjgcarbocycle (e.g., cyclopentyl) optionally substituted
with —OH; —C,-Csalkyl (e.g., isopropyl, 3-pentyl) optionally substituted with —OH; or NHR} where Ry
is a 3- to 6-membered heterocyclyl (e.g., thiazolyl, pyrimidinyl). T-Rp includes, but is not limited to:

o
M7 m T o N 0 ~N 0
HN\[rN o 1N\n/l\ro g\'\l/\éo
0 o
0
F
=~ T Y T T T @ Ty T
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s s s , or , wherein the

Oo-T

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

For Formula T as well as Formulae I,, Iz 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;-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 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, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C,-Cgalkyl, C,-Csalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or
C,-Cehaloalkynyl; or —LL.—O-Rg, —LA—S—Rs, —-LA—C(O)Rs, —-L,—OC(O)Rs, —L.o.—C(O)ORs, —Lo—
N(RsRs"), -La—S(O)Rs, -Ls—SO;Rs, —La—C(ON(RsRs), —Lsi—NRCORs — —La—
NRHCON(Rs'Rs™"), —-La—NRSO.Rg’, —La—SO:N(RsRs"), -La—-N(Rg)SO.NR'Rs™), -La—
N(Rs)S(OIN(Rs’Rs), —-La—OS(O)-Rs, -La—O0S(0)>-Rs, -Ls—S(0),0Rs, —La—S(O)ORs, —La—
OC(O)ORg, —-LA—N(RC(O)ORy’, —-LA—OC(O)N(RsRs*), -LA—-N(R$)S(O)-Rg’, -LAo—S(O)N(RsRs’) or
—LA—C(O)N(R5)C(O)-Rs’, wherein L4 is bond, C;-Csalkylene, C,-Cgalkenylene or C,-Cgalkynylene.

More preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo,
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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cshaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl.

Highly preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, o0xo,
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.

Ls, Ls” and L™ preferably are each independently selected at each occurrence from bond; or

C,-Cgalkylene, C,-Csalkenylene or C,-Cgalkynylene.
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A and B can be the same or different. Likewise, I.; and [,, 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 to Z—
B-L,—. In some other instances, Y-A—-L,— is different from Z-B—IL,—.

For each compound of Formula I, [.x can also be independently selected at each occurrence
from a bond; —Lg’"-N(Rg)C(O)-Ls—; L'~ C(O)N(Rg)-Ls—; or C;-Csalkylene, C,-Csalkenylene, C,-
Csalkynylene, C;-Cjgcarbocycle 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(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein [g and I3’ are as defined above.

In one embodiment, A, B, and D are each independently phenyl, and are each independently
optionally substituted with one or more Ra. I, and I, are each independently C,-Cgalkylene, L is a
bond, C;-Csalkylene or -C(O)-, and L, L,, and 15 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)ORgs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, [, 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)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and I, is a bond or -C(O)-. Y is —Ls—C(R;Ry))N(Rs)-T-Rp, —Ls—
C(R:R)C(RR7)-T-Rp, —N(Rp)C(O)C(RR)N(R5)-T-Rp, or —N(Rp)C(O)C(R:R)C(RsR7)-T-Rp,
and 7 is —-Ls—C(RgR¢)N(R,)-T-Rp, —Ls—C(R19R;))C(R ;3R 14)-T-Rp, -N(R5)C(O)C(RgRIN(R 15)-T-
Rp, or -N(R)C(O)C(RgR))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 6-membered heterocyclic ring which is optionally substituted
with one or more R4; 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 heterocyclic ring which is
optionally substituted with one or more R,. Rgis R¢, and Ry and R),, taken together with the atoms to
which they are attached, form a 5- to 6-membered heterocyclic ring which is optionally substituted
with one or more R,; and Rj, and R,; are each independently R, 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)-Ls’— or —C(O)-Lg’-N(Rp)C(0O)O-Ls’—, wherein Lg’
preferably is C,-Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more substituents
selected from halogen, Rr, -O-Rs, —=S-Rs, —-N(RsRs"), —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—Lg —, ~C(0)-Lg—O-Ls"—, -C(O)-Ls’~N(Rp)-Ls" —, or —C(O)-Ls’~N(Rp)S(O)»-Ls’—. Tn some
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R .
T, wherein R, and

cases, at least one of Y and 7 is, or Y and Z are independently,
Ry are as defined above, and non-limiting examples of Ry 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—Rg, -S—Rgp, -N(RgRg’), —

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

§{\Z:©§ N g_{;ﬂé

In another embodiment, A is N , and is optionally
Z4 Z;
A
o ¥ el '
substituted with one or more R,; B is N or H , and is optionally

substituted with one or more R,; and D is Cs-Cgcarbocycle 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 7, is independently selected at each occurrence from N or CH.
L, and [, are each independently C;-Csalkylene, 1.5 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-Rs, —S—Rg, —-N(RsRs"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, or cyano. Preferably, I, and 1., are -(CH,)-, and are each independently optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rg, —-S—Rg, -N(RsRy"), —
OC(O)Rs, —C(O)ORgs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and I; is a bond
or -C(0)-. Y is —Ls—C(R;R)N(R5)-T-Rp, —Ls—C(R3R,)C(RcR7)-T-Rp, —N(R)C(O)C(R;R,)N(R5)-
T-Rp, or —N(Rp)C(O)C(R:R)C(RR)-T-Rp, and Z is -Lg—C(RgRoN(R;)-T-Rp, -Lg—
C(R10R11)C(R 3R 14)-T-Rp, -N(Rp)C(O)C(RsRg)N(R 12)-T-Rp, or -N(Rp)C(O)C(R10R11))C(R13R14)-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 R4; R; and Re 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 heterocyclic ring which is optionally substituted with one or more R,.
Rs 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 R4; and R;, and Ry are
each independently R¢, and Ry; 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 Ra. T is preferably independently selected at each occurrence from —C(O)-Ls’—N(Rg)C(O)-
Ls”"— or —C(O)-Ls’-N(Rp)C(O)O-Ls’—, wherein Ls’ preferably is C,-Csalkylene (e.g., -CH,-) and is

optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rs, —
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N(RsRg"), “OC(O)Rg, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T
can also be, without limitation, selected from —C(O)-Lg¢’-Lgs"—, -C(O)-Ls’'-O-Ls’—, —C(O)-Ls’ -
N(Rp)-Ls’—, or -C(O)-Ls’-N(Rp)S(0)>—Ls’—. In some cases, at least one of Y and Z is, or Y and Z

\/H ‘ i Ro
N )\(
are independently, fr , wherein Rp and Ry are as defined above, and non-limiting

examples of Ry 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, Rp, —-O-Rg, —S—-Rg, —-N(RpRy"), —OC(O)Rg, —C(O)ORg, nitro, oxo, phosphonoxy,

phosphono, thioxo, formyl or cyano.

N
In yet another embodiment, A is phenyl, N H , and
Zy
109
is optionally substituted with one or more R,; B is phenyl, N or

5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with one or more Ra. 7 is

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

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 [, are each independently C,-Csalkylene, 1.5 is a bond, C;-
Csalkylene or -C(O)-, and L, I,, and I; are each independently optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rg, -N(RsRs"), “OC(O)Rg, —C(O)ORg, nitro,
oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, I, and I, are -(CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, R, —
O-Rs, —S-Rs, —-N(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and I; is a bond or -C(O)-. Y is —-Ls—C(R;R,)N(Rs)-T—Rp —[.«—C(R3R,)C(RsR7)-T-
Rp, —-NRp)C(O)C(R;R)N(R5)-T-Rp, or —N(Rp)C(O)C(R;:R)C(ReR7)-T-Rp, and Z 1is -Lg¢—
C(RsRo)N(R12)-T-Rp, -Ls—C(R10R11))C(R13R14)-T-Rp, —N(Rp)C(O)C(RsRg)N(R;;)-T-Rp, or -
N(Rp)C(O)C(R1oR1)C(R;3R14)-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 R4; 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 heterocyclic ring which is
optionally substituted with one or more R,. Rgis R¢, and Ry and R),, taken together with the atoms to

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 R, 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 R4. T is preferably independently selected at each
occurrence from —C(O)-Lg’-N(Rp)C(O)-Ls’— or —C(O)-Lg’-N(Rp)C(0O)O-Ls’—, wherein Lg’
preferably is C,-Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more substituents
selected from halogen, Rr, -O-Rs, —=S-Rs, —-N(RsRs"), —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—Lg —, ~C(0)-Lg—O-Ls"—, -C(O)-Ls’~N(Rp)-Ls" —, or —C(O)-Ls’~N(Rp)S(O)»-Ls’—. Tn some

N
cases, at least one of Y and Z is, or Y and 7 are independently, fr , wherein non-
limiting examples of Rp include 5- or 6-membered heterocycles (e.g., pyridinyl), and non-limiting
examples of Rr include C;-Cgalkyl optionally substituted at each occurrence with one or more
substituents selected from halogen, R, -O-Rg, —S-Rg, -N(RgRgp’), -OC(O)Rp, —C(O)ORg, nitro,

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

N
In still another embodiment, A is N N
O, I
N or N , and is optionally substituted with one or more R,; and B is

k] k] k]

and is optionally substituted with one or more R,; and D is Cs-Cgcarbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. L, and I, are each
independently C,-Csalkylene, I.; is a bond, C,-Cgalkylene or -C(O)-, and L.,, [,, and I; 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)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or
cyano. Preferably, I, and I, are -(CH,)-, and are each independently optionally substituted with one
or more substituents selected from halogen, Ry, -O-Rgs, —S-Rg, -N(RgRs’), -OC(O)Rs, -C(O)ORg,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and I; is a bond or -C(O)-. Y i1s —Ls—
CRR)N(Rs)-T-Rp  -Ls—C(R:R)C(RR7)-T-Rp, —N(Rp)C(O)C(R;R)N(Rs)-T-Rp, or -
N(Rp)C(O)C(R;R)C(RgR,)-T-Rp, and Z is —Ls—C(RgRo)N(R,)-T-Rp, —Ls—C(R10R1)C(R 3R 14)-T—
Rp, —=N(Rp)C(O)C(RsRo)N(R12)-T-Rp, or -N(Rp)C(O)C(R10R11)C(R13R14)-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 R,; R; and Rs are each
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independently R, 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,.
Rs 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 R4; and R;, and Ry are
each independently R¢, and Ry; 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 Ra. T is preferably independently selected at each occurrence from —C(O)-Ls’—N(Rg)C(O)-
Ls”"— or —C(O)-Ls’-N(Rp)C(O)O-Ls’—, wherein Ls’ preferably is C,-Csalkylene (e.g., -CH,-) and is
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rs, —
N(RsRg"), “OC(O)Rg, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T
can also be, without limitation, selected from —C(O)-L¢'-Lg’—, -C(O)-Ls’—O-Lgs’—, -C(O)-Lgs’—
N(Rp)-Ls’—, or -C(O)-Ls’-N(Rp)S(0)>—Ls’—. In some cases, at least one of Y and Z is, or Y and Z

\/H ‘ i Ro
N )\(
are independently, fr , wherein non-limiting examples of Rp include 5- or 6-

membered heterocycles (e.g., pyridinyl), and non-limiting examples of Rr include C;-Cealkyl
optionally substituted at each occurrence with one or more substituents selected from halogen, Ry, —
O-Rp, —S-Ri, —-N(RgRp’), “-OC(O)Rg, —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. I, and I, are each independently C,-Cgalkylene, L is a
bond, C;-Csalkylene or -C(O)-, and L, L,, and I; 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)ORgs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, [, 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)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and I3 is a bond or -C(O)-. Y is -G—C(R;R;)N(R5)-T-Rp or —-G—
C(R:R,)C(RR7)-T-Rp, and 7 is -G—C(RsRo)N(R12)-T-Rp or -G-C(RR1))C(R13R14)-T-Rp. G is

Cs-Cgearbocycle or 5- to 6-membered heterocycle, such as Ro Rp | Rp Ro or

/N
oy
Rg Ro. R 118 R¢, and R, and R, taken together with the atoms to which they are attached, form a

5- to 6-membered heterocyclic ring which is optionally substituted with one or more Ry; R; and Rg
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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 heterocyclic ring which is optionally substituted with one or
more Ry. Rgis Re, and Ry and R, taken together with the atoms to which they are attached, form a
5- to 6-membered heterocyclic ring which is optionally substituted with one or more R,; and R;o and
Ri; are each independently Rq, 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 Ry. Rp is as defined above. T is preferably independently selected at each
occurrence from -C(O)-Lg'-N(Rp)C(O)-Ls’— or —-C(O)-Lg'-N(Rp)C(0O)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-Rg, —=S—-Rg, —-N(RsRy"), —OC(O)Rg, —C(O)ORg, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected from —C(O)-
Ls'-Ls—, —C(O)-Ls-0O-Ls—, “C(O)-Ls’-N(Rp)-Ls"—, or —C(O)-Ls’-N(Rp)S(0),-Ls’—. In some
For

.

N

cases, at least one of Y and Z is, or Y and Z are independently, Ro or
oﬁ/ﬂ
N Rr

AN N
g
Ro Ro , wherein Ry, is as defined above and 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,-Cgalkyl optionally substituted at each occurrence with one or more
substituents selected from halogen, R, -O-Rg, —S-Rg, -N(RgRgp’), -OC(O)Rp, —C(O)ORg, nitro,

0xo0, phosphonoxy, phosphono, thioxo, formyl or cyano.

Z, Z
<), K
In another embodiment, A is N or N , and is optionally

Z1 22
3
_ .g@i/ﬁ% ‘e
substituted with one or more R,; B is N or H , and is optionally

substituted with one or more R,; and D is Cs-Cgcarbocycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more Ra. Z; is 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 L, are each independently C;-Csalkylene, 1.5 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-Rs, —S—Rg, —-N(RsRs"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, or cyano. Preferably, I, and 1., are -(CH,)-, 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)Rs, —C(O)ORgs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and I; is a bond

or -C(O)-. Y is -G-CRR)N(Rs)-T-R, or —-G-C(R;R)C(RR7)>-T-Rp, and Z 1is -G-

C(RsRy)N(R5)-T-Rp or -G—C(RgR}1)C(R;3R14)-T-Rp. G is Cs-Cgearbocycle or 5- to 6-membered
|

Rp  Rp Ro or RO Rp. R, 1s R, and R, and Rs, taken

D

heterocycle, such as Ro
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 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 R4. Rgis R¢, and Ry and R, taken
together with the atoms to which they are attached, form a 5- to 6-membered heterocyclic ring which
is optionally substituted with one or more R4; and R and Ry; are each independently R¢, 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,. Rp is as defined above. T is
preferably independently selected at each occurrence from —C(O)-Ls -N(Rp)C(O)-Ls’— or —C(O)-
Ls’-N(Rp)C(O)O-Ls’—, wherein Lg* preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rs, —-S—Rg, -N(RsRs"), —
OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be,
without limitation, selected from —C(O)-Ls —Lg"—, -C(O)-Ls’-O-Lg"'—, —C(O)-Ls’-N(Rp)-Ls’’—, or
—C(O)-Ls’-N(Rp)S(0),-Ls’—. In some cases, at least one of Y and Z is, or Y and Z are

RDv RD'

?D O?/A OYA

R

N 4 RT § N\ N T

WG

independently, Ro or "0 Rp , wherein Rp is as defined above and
preferably is hydrogen, Ry’ is Rp and non-limiting examples of Ry’ include 5- or 6-membered
heterocycles (e.g., pyridinyl), and non-limiting examples of Rr include C,-Cgalkyl optionally

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

Rg, —N(RgRp’), “OC(O)Rg, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or

cyano.
/:
Z4

. . = :@; g{Njijg .
In yet another embodiment, A is phenyl, N or H , and 1s

2,

Z, 2
| . o U
optionally substituted with one or more R4; B is phenyl, N or H , and is

optionally substituted with one or more R,; and D is Cs-Cgcarbocycle or 5- to 6-membered
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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 7, is independently selected at each
occurrence from N or CH. L, and [, are each independently C,-Csalkylene, I; is a bond, C;-
Csalkylene or -C(O)-, and L, I,, and I; are each independently optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rs, -N(RgRy"), -OC(O)Rg, —C(O)ORg, nitro,
0xo0, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, [, and I, are -(CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, R, —
O-Rs, —S-Rs, —-N(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and I3 is a bond or -C(O)-. Y is —-G—C(R;R,)N(R5)-T-Rp or -G-C(R3R4)C(RsR7)—
T-Ryp, and Z is -G-C(RgRg)N(R ,)-T-Rp, or -G—C(R(R;;)C(R 3R ,))-T-Rp. G is Cs5-Cgcarbocycle or
R

RD
\ Y j 1% HO
5- to 6-membered heterocycle, such as } Ro or RO Rp. R, i1s 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 Rs 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 heterocyclic ring which is optionally substituted with one or more R,.
Rs 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 R4; and R;, and Ry are
each independently R¢, and Ry; 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 Rs. Rp is as defined above. T is preferably independently selected at each occurrence from —
C(O)-Ls’-N(Rp)C(O)-Ls’— or —C(O)-Ls’-N(Rp)C(O)O-Ls’—, wherein Ls preferably is C;-
Csalkylene (e.g., -CH,-) and is optionally substituted with one or more substituents selected from
halogen, Ry, -O-Rg, =S—-Rs, -N(RsRs”), “OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano. T can also be, without limitation, selected from —C(O)-Lg’-I.5""— —C(O)—
Ly —-O-Lg"’—, “C(O)-Ls’-N(Rp)-Ls’—, or -C(O)-Ls’-N(Rp)S(0)—Ls’’—. In some cases, at least one

RDv I:KD'
?D O?/A O?/A
R
N N RT N\ N T
WA
of Y and Z is, or Y and Z are independently, Ro or 1o Ro , wherein Rp, is
as defined above and preferably is hydrogen, Ry’ 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, —S-Rg, —-N(RzRp’), “OC(O)R3, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo,

formyl or cyano.

In still another embodiment, A is §‘ng E_Q:Ij;g Emg
O D

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

$ . >7 )
§‘©'§’ %mé, %QN/ g, % H , Or % H s

and is optionally substituted with one or more R4; and D is Cs-Cecarbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. L, and I, are each
independently C,-Csalkylene, I.; is a bond, C,-Cgalkylene or -C(O)-, and L.,, [,, and I; 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)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or
cyano. Preferably, I, and I, are -(CH,)-, and are each independently optionally substituted with one
or more substituents selected from halogen, Ry, -O-Rgs, —S-Rg, -N(RgRs’), -OC(O)Rs, -C(O)ORg,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and [; is a bond or -C(O)-. Y is -G—
C(RiR)N(Rs)-T-Rp or -G-C(R3R)C(ReR7)-T-Rp, and Z is —G—C(RsR¢)N(R;5)-T-Rp or —G-
CR1oRNC(R;3R1)-T-Rp. G is Cs-Cgcarbocycle or 5- to 6-membered heterocycle, such as

Rg Rp. R; is R, and R, and Rs, taken together with the

D
|

ITD R
N R R
RS N i N Ro, Rp N\RD or
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 Re are each independently R, and R, 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. Rgis R, and Ry and R, taken together with the
atoms to which they are attached, form a 5- to 6-membered heterocyclic ring which is optionally
substituted with one or more R4; and R, 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 R,. Rp is as defined above. T is
preferably independently selected at each occurrence from —C(O)-Ls -N(Rp)C(O)-Ls’— or —C(O)-
Ls’-N(Rp)C(O)O-Ls’—, wherein Lg* preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rs, —-S—Rg, -N(RsRs"), —

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)-Ls s’ —, “C(O)-Ly'-O-Ls’—, —C(O)-Ls-N(Rp)-L5*"—, or
—C(O)-Ls’-N(Rp)S(0),-Ls’—. In some cases, at least one of Y and Z is, or Y and Z are

Ro oﬁ/ZD OYZD'
independently, Ro N or "0 Rp , wherein Ry is as defined above and
preferably is hydrogen, Rp’ is Rp and non-limiting examples of Rp’ include 5- or 6-membered
heterocycles (e.g., pyridinyl), and non-limiting examples of Rr include C,-Cgalkyl optionally
substituted at each occurrence with one or more substituents selected from halogen, Rg, -O—Rg, —S—
Rg, —-N(RgRp’"), “OC(O)Rg, —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

e
heterocycle (e.g., phenyl such as a‘@'%)’ and are each independently optionally substituted
with one or more Rs. X preferably is N. D preferably is Cs-Cecarbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. L, and I, are each
independently C,-Csalkylene, and I.; is bond, C,-Csalkylene or -C(O)-, and L, [, and L5 are each
independently optionally substituted with one or more substituents selected from halogen, R, -O-Rg,
—S—Rs, —-N(RsRys"), “-OC(O)Rs, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano. Preferably, I, and I, are each independently C,-Cealkylene (e.g., -CH,—) and [; is bond. Y is
—N(Rp)C(O)C(R|R)NR5)-T-Rp, or —N(Rp)CO)C(R3RH)C(RRN)-T-Rp, and Z is -
N(Rp)C(O)YC(RsRg)N(R12)-T-Rp, or —-N(Rp)C(O)YC(R10R11)C(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- to 6-membered heterocyclic ring

N\ -
(e.g., 'ILL ) which is optionally substituted with one or more Ra; 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 carbocyclic or heterocyclic ring (e.g., ‘?77- ) which is optionally substituted

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

S

substituted with one or more R4; and R, and Ry; are each independently R, and R}, and Ry4, taken

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

together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or
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heterocyclic ring (e.g., ‘??7- ) which is optionally substituted with one or more Rs. T is
preferably independently selected at each occurrence from —C(O)-Ly'-N(Rp)C(O)-Ls’— or —-C(O)-
Ly’-N(Rp)C(O)O-Ls’—. Ly’ is each independently Ls” and, preferably, is each independently 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)ORg, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano. T can also be, without limitation, selected from —C(O)-Ly’-Lg"’—, -C(O)—
Ly'-O-Ls’—, -C(O)-Ly’'-N(Rp)-Ls’—, or -C(O)-Ly’-N(Rp)S(0O),—Ls’’—. In some cases, at least

H O o Y
o
N Ly o}
one of Y and Z is, or both Y and Z are independently, , wherein non-

limiting examples of Ry, include (1) —O—C;-Cgalkyl, —-O-C,-Cgalkenyl, —-O—C,-Cgalkynyl, 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, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cs;-Cecarbocycle or 3- to 6-membered
heterocycle; 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, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-
Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl; and non-
limiting examples of Ly’ include C;-Cgalkylene optionally substituted with halogen, hydroxy,
mercapto, amino, carboxy, phosphonoxy, —O—C;-Cgalkyl, —O—C,-Csalkenyl, -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,;-Cgalkyl, C,-

Csalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl.

§—<\21ng N g_{;ﬂé

In another embodiment, A is N , and is optionally

Z,
Zy
>
. | g@[ s 'S
substituted with one or more R,; B is N or H , and is optionally

substituted with one or more Rs. 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. 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 R,. L., and I, are each independently C;-
Csalkylene, and 5 is 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-Rg, —
N(RsRs"), “OC(O)Rs, —C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano.
Preferably, L., and L, are each independently C,-Cgalkylene (e.g., —CH,—) and L; is bond. Y is —[.s—
C(R1R)N(Rs)-T-Rp or —-Ls—C(R3R,)C(RgR7)»-T-Rp, and Z is —Ls—C(RsRg)N(R;)-T-Rp or —Ls—
C(RoR)C(R;3R14)-T-Rp. R; is Re, and R, and Rs, taken together with the atoms to which they are

Nl
attached, form a 5- to 6-membered heterocyclic ring (e.g., ’YZL ) which is optionally
substituted with one or more R,; R; and R¢ are each independently R, and R, and R5, taken together

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

(e.g., ‘??1 ) which is optionally substituted with one or more R,. Rs is R¢, and Ry and Ry,

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

w&g\g‘

(e.g., ) which is optionally substituted with one or more R4; and Ry, and R,; 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 (e.g., gﬁ'— ) which is optionally substituted
with one or more R,. T is preferably independently selected at each occurrence from —C(O)-Ly’—
N(Rp)C(O)-Ls’— or —C(O)-Ly'-N(Rp)C(O)O-Ls’—. Ly’ is each independently Ls” and, preferably,
is independently C,-Csalkylene (e.g., -CH,-) and optionally substituted with one or more substituents
selected from halogen, Rr, -O-Rs, —=S-Rs, —-N(RsRs"), —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'-Ls"—, —C(O)-Ly'-O-1Ls"—, -C(O)-Ly'-N(Rp)}-Ls’—, or —C(O)-Ly’-N(Rp)S(O),-Ls’—. In
some cases, at least one of Y and 7 is, or both Y and 7 are independently,
/?\Ly./HYRD

N ®)

, wherein non-limiting examples of Rp include (1) -O-C,;-Cealkyl, —O-C;-
Csalkenyl, —O-C,-Cgalkynyl, C,-Cgalkyl, C,-Csalkenyl or C,-Cgalkynyl, 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, C;-Cgcarbocycle or 3- to 6-membered heterocycle; or (2) 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, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Csalkyl, C,-Cealkenyl, C,-Cealkynyl, C;-Cshaloalkyl, C,-
Cshaloalkenyl or C,-Cghaloalkynyl, and non-limiting examples of Ly’ include C;-Cealkylene
optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, —O-C;-
Csalkyl, —O-C,-Cgalkenyl, -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,-Cgalkyl, C,-Csalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or
C,-Cghaloalkynyl.

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

2
carbocycle or heterocycle (e.g., A and B are each independently phenyl, such as ng), and
are each independently optionally substituted with one or more R,. X preferably is N. D preferably
is Cs-Cecarbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with
one or more R,. L) and [, are each independently C;-Csalkylene, and L5 is bond, C;-Cealkylene or -
C(0)-, and L, [,, and [; are each independently optionally substituted with one or more substituents
selected from halogen, R, —-O-Rg, —S-Rg, —N(RgRy), —OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, L., and I, are each independently C;-
Csalkylene (e.g., -CH,-) and I; is bond. Y is -G—C(R;R,)N(R5)-T-Rp or —-G—C(R3R,)C(R¢R;)-T—
Rp, and 7. is -G—C(RgR9)N(R,)-T-Rp or -G-C(R0R;;)C(R ;3R 14,)-T-Rp. G is Cs-Cgcarbocycle or 5-

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

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

Nl
to 6-membered heterocyclic ring (e.g., ‘1}7- ) which is optionally substituted with one or more

Ra; R; and Rg 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 heterocyclic ring (e.g., E ) which is

optionally substituted with one or more R,. Rgis R¢, and Ry and R),, taken together with the atoms to
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‘%Q\é‘

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

R4, taken together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or

heterocyclic ring (e.g., 3‘— ) which is optionally substituted with one or more Rs. T is
preferably independently selected at each occurrence from —C(O)-Ly'-N(Rp)C(O)-Ls’— or —-C(O)-
Ly’-N(Rp)C(O)O-Ls’—. Ly’ is each independently L5’ and, preferably, is each independently 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)ORg, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano. T can also be, without limitation, selected from —C(O)-Ly’-Ig"’—, -C(O)—

Ly'-O-Ls’—, -C(O)-Ly’'-N(Rp)-Ls’—, or -C(O)-Ly’-N(Rp)S(0O),—Ls’’—. In some cases, at least

NN
N= o) H
%* o
N L O
one of Y and 7 is, or both Y and 7 are independently, or
N

N
HN /(1)\ /HYRD
L6

, wherein non-limiting examples of Ry include (1) -O-C,-Csalkyl, -O-
C,-Cgalkenyl, —O-C,-Cgalkynyl, C,-Cgalkyl, C,-Cgalkenyl or C,-Cgsalkynyl, 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;-Cgcarbocycle or 3- to 6-membered heterocycle; or (2) 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, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cghaloalkyl, C,-
Cshaloalkenyl or C,-Cghaloalkynyl, and non-limiting examples of Ly’ include C;-Cealkylene
optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, —O-C;-
Csalkyl, —O-C,-Cgalkenyl, -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,
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thioxo, formyl, cyano, C,-Cgalkyl, C,-Csalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or
C,-Cghaloalkynyl.

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 g\<;—>\§), 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 R,. [, and [, are each independently C,-Cealkylene, and 1.5 is bond, C,-Csalkylene or -C(O)-,
and [, [, and [; are each independently optionally substituted with one or more substituents
selected from halogen, R, —-O-Rs, —-S—Rg, —N(RgRg’), -OC(O)Rs, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, L, and L, are each independently C;-
Csalkylene (e.g., —CH,—) and L; is bond. Y is -NRp)C(O)CRR)NRs)-T-Rp or -
N(Rp)C(O)C(R:R)C(RsR7)-T-Rp, and 7 is -G—C(RsRg)N(R;)-T-Rp or -G—C(R10R1;)C(R 3R 14)-T—
Rp; or Y is -G-C(RR)N(Rs-T-Rp or -G-C(R;R;))C(RR7;)>-T-Rp, and 7 is -
N(Rp)C(O)YC(RsRg)N(R12)-T-Rp or -N(Rp)C(O)YC(R10R11)C(R13R14)-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

Nl
(e.g., Li}’- ) which is optionally substituted with one or more Ra; 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 carbocyclic or heterocyclic ring (e.g., ‘?77- ) which is optionally substituted

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

w&g\é‘

substituted with one or more R4; and R, and Ry; are each independently R, and R}, and Ry4, taken

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

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

heterocyclic ring (e.g., 3‘— ) which is optionally substituted with one or more Rx. G is Cs-

¥ N
oo KO
N or N
substituted one or more R4. T is preferably independently selected at each occurrence from —C(O)-
31
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Ly’ -N(Rp)C(O)-Ls’— or —C(O)-Ly-N(Rp)C(O)O-Lg’—. Ly’ is each independently Lg" and,
preferably, is each independently C,-Cgalkylene (e.g., -CH,-) and optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rs, -N(RgRy"), -OC(O)Rg, —C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected

from —C(O)-Ly’-Ls”—, -C(O)-Ly'-O-Lg’—, -C(O)-Ly’-N(Rp)-Lg’—, or —C(O)-Ly’-N(R5)S(0),—

\—H P Q N R
/ D

T

Ly—. In some cases, Y is as described above, and Z is

;\K\NH ¢ N

N== 0 H R 3\< / (@] H
)\ - ~N ° HN /N\n/RD
N Ly o) N Ly o)
or
)J\(\NH s N
~

as described above. In some other

]
N 0 H
)I\ /NY RD HN )(J)\ /H\H/RD
Ly’ o) N Ly 0

N

cases, Y 1s or as described above , and

H O H
N o
\ /j\ /N\H/RD
N Ly’ o]
Z.1s as described above.

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

Z,

Z,
A
O . L
such as ), and B is N or H (e.g.,

N , H , or H ); or A is N
Zy H N
egIEvVea*egiE=a gl
N % 4<\ § N % N %
H (e.g., N , H , or H ), and B
HOH
is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as : ). A and B are each

independently optionally substituted with one or more R,. 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.

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 I, are each independently C,-Csalkylene,

and [; is bond, C;-Csalkylene or -C(O)-, and L, [,, and I; 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)Rs, C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, I,
and [, are each independently C,-Cgalkylene (e.g., -CH,—) and I; is bond. When A is 5- or 6-

2 < >
membered carbocycle or heterocycle (e.g., phenyl such as : g), Y is -
NRp)C(O)C(RR)N(R5)-T-Rp,, —N(Rp)C(O)C(R3R4)C(ReR7)-T-Rp, -G-C(R;R;)N(R5)-T-Ry, or —
G-CR;3RHCRR)-T-Rp, and Z is —L—C(R3Re)N(R»)-T-Rp or —-Ls—C(R;(R;))C(R 3R 4)-T-Rp.

2
When B is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as a‘@'%)’ Y is —Lg—
C(R1R)N(Rs)-T-Rp or —Ls—C(R3R)C(RcR7)-T-Rp, and Z is -N(Rp)C(O)YC(RsRe)N(R,)-T-Rp, —
N(Rp)C(O)C(R10R11)C(R 3R 14)-T-Rp, -G—C(RsReIN(R5)-T-Rp or -G—C(R;0R11)C(R13R14)-T-Rp.
R; is R, and R, and Rs, taken together with the atoms to which they are attached, form a 5- to 6-

N~3.

membered heterocyclic ring (e.g., i“’- ) which is optionally substituted with one or more R,;

R; and R are each independently R, and R, and R5, taken together with the atoms to which they are

attached, form a 5- to 6-membered carbocyclic or heterocyclic ring (e.g., 17?7— ) which is

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

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

R4, taken together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or

heterocyclic ring (e.g., 17?1 ) which is optionally substituted with one or more Rx. G is Cs-

substituted one or more R4. T is preferably independently selected at each occurrence from —C(O)-

Ly’-N(Rp)C(O)-Ls’— or —C(O)-Ly'-N(Rp)C(O)O-Ls’—. Ly’ is each independently L and,

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

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(RgRg"), “OC(O)Rg, —C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected
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from —-C(O)-Ly’-Ls”—, -C(O)-Ly'-O-Lg’—, -C(O)-Ly’-N(Rp)-Lg’—, or —C(O)-Ly’-N(R3)S(0),—

[s”’— In some cases when A is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as
A
H O o H N= (0] H R
\-N P AP0 //l\\L P wh
5 i : g N Ly o) N Y o)
; ), Y 18 , or
N
A7

0 H
/ O H N RD
HN /N F{D )j\ ./ Y
N)I\LYI \([)I/ @\j 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

? §
P ~Fo
N Ly o}
=
3 . . .
as ), Y is as described above, and Z is
)!\(\NH $ /N
— i
H O H N (@] H \< / H
\N 7 Ne_—R AN~ —Fo i N —R
s D ; Y HN - D
&/l\u' j(.)K 6/1\“ 0 N/J\LY, \(TDI/
) or

as
described above.

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

pharmaceutically acceptable salts thereof.

7
L
R5 O |3 0O Rg R12
s A—L,—N—L,—B r|\1
LT NTLLT ,
RDu_T/ [l\l/ \[Tl \T_RD
\ R¢'
Rc'  Rng Rne ©
Ia

wherein:
Rng 1s each independently selected from Rg;
R¢’ is each independently selected from Re;
Rp’ 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 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 Rx;

A,B,D, L, L, Ls, T, Ra, Rg, R, and Ry, are as described above for Formula I.

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

W,
Wz/ W1\ Z A W,
T T
membered heterocycle, or 8- to 10-membered bicycles such as gAkWs/ L % \WaJ_ g,
ws” SE % / & /W4\W5
A
I BT
6 or 6

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

, where 7, is independently selected at each occurrence from

selected at each occurrence from N or CH, 7, is independently selected at each occurrence from O, S,
NH or CH,, and W,, W,, W3, W,, W5 and W are each independently selected at each occurrence from
CH or N. A and B are each independently optionally substituted with one or more Ra.
More preferably, A is selected from Cs-Cescarbocycle, 5- to 6-membered heterocycle,
KL L
g W % or g E

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

wy S
L)
selected from Cs-Cgearbocycle, 5- to 6-membered heterocycle, Ws Zs or

W
woS 22\
1L )
We Z4 , and is optionally substituted with one or more R, where 7.1, 75, Zs, 74, W1, W,

Wi, Wy, W5, Wy are as defined above. Preferably, Z; is N and 7, is NH. For instance, A can be

7, N
HOn, KO, KON
selected from phenyl (e.g., ), N (e.g. N ), or

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

Z4
H .
more R,; and B can be selected from phenyl (e.g., @g), §<©:N/>7§ (e.g.
H Z N
N 3 N\ AN

N ) or H (e.g., H or H ), and 1is

optionally substituted with one or more R4.
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Highly preferably, A and B are independently selected from Cs-C¢carbocycle or 5- to 6-

membered heterocycle, and are each independently optionally substituted with one or more Ra.
HOH
Preferably, at least one of A and B is phenyl (e.g., ; ), and is optionally substituted with

H
one or more R,. For instance, both A and B can be each independently phenyl (e.g., r@%)’
and are each independently optionally substituted with one or more Ra.

D preferably is selected from Cs-Cgcarbocycle, 5- to 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,-Cealkynyl, and is optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rs, -N(RgRy"), -OC(O)Rg, —C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is Cs-Cgcarbocycle, 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 —L&—Rg.  Also
preferably, D is phenyl, and is optionally substituted with one or more Rs. More preferably, D is

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

Ru Ry

1s oy 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,-Csalkyl, C,-Cealkenyl 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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Csalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl. More
preferably, Ry, is halogen, hydroxy, mercapto, amino, carboxy; or C,-Cealkyl, C,-Cealkenyl or C,-
Csalkynyl, 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,-Csalkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

L, and I, are preferably independently C,-Csalkylene, and 1.5 is preferably selected from a

bond, C,-Cgalkylene, or -C(O)-. L, I,, and 15 are each independently optionally substituted with one
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or more substituents selected from halogen, Ry, -O-Rg, —S-Rg, -N(RgRy’), —OC(O)Rg, —C(O)ORg,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, 1., and I, 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)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and [ ; 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., E_N g) or 6- to 8-membered bicycle (e.g., 577- ),

which is optionally substituted with one or more R .

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

N\§_
6-membered heterocyclic ring (e.g., § N_g) or 6- to 8-membered bicycle (e.g., is- ),
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’-N(Rp)C(O)O-Ls’-Rp’, —
N(Rp)C(O)-Ls—N(Rp)C(O)-Ls’-Rp’, —-N(Rp)C(O)-Ls’—N(Rp)C(O)O-Ls-Rp’, or —-N(Rgp)C(O)-
Ls™—N(Rp)-Ls’—Rp’. Preferably, -T-Rp’ is independently selected at each occurrence from —C(O)-
Ls'-M’-Ls"-Rp’” or —N(Rp)C(O)-Ls’-M’-Ls”’-Rp’.  More preferably, _T-Rp’ is independently
selected at each occurrence from —C(O)-Ls’-N(Rg)C(O)-Ls’—Rp’ or —C(O)-Ls’-N(Rp)C(O)O-Ls" -
Rp’.

—T-Rp’ can also be, without limitation, independently selected at each occurrence from —
C(O)-Ly’-Rp’, -C(O)O-Ly’-Rp’, -C(O)-Ly'-N(Rp)C(O)-Ls’—Rp’, =C(O)-Ly’-N(R5)C(O)O-Lg -
Rp’, —-NRp)C(O)-Ly'-N(Rp)C(O)-Ls-Rp’, —N(Rp)C(O)-Ly'—N(Rp)C(O)O-Ls’-Rp’, or -
N(Rp)C(O)-Ly'—N(Rp)-Ls’—Rp’, wherein Ly’ is each independently Ls’ and, preferably is each
independently 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. Preferably, —T-Rp’ is independently selected at each
occurrence from —C(O)-Ly’—M’-Ls’—Rp’” or -N(Rp)C(O)-Ly’-M’—Ls’—Rp’. 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(O)O-Ls’-Rp’. Highly preferably, -T-Rp’ is independently selected at each occurrence
from —C(O)-Ly’-N(Rp)C(O)-Rp’” or -C(O)-Ly’-N(Rp)C(O)O-Rp’, wherein Iy’ 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-Rg, —=S-Rg, —-N(RsRy"), —OC(O)Rg, “C(O)ORg, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano.

Rnp 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-Rgz, —S-Rz, —N(RgRy’), -OC(O)Rg, —C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, Rp’ 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, C;-Cycarbocycle or 3- to 6-membered heterocycle; or C;-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, mercapto, amino, carboxy, nitro, 0xo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,-Csalkenyl, C,-Csalkynyl, C;-
Cshaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl.

For each compound of Formula I, [.x can also be independently selected at each occurrence
from a bond; —Lg"-N(Rg)C(O)-Ls—; —Lg’—C(O)N(Rp)-L.s—; or C;-Csalkylene, C,-Csalkenylene, C,-
Csalkynylene, C;-Cjgcarbocycle 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-Rg, —S-Rg, —-N(RsRy"), “OC(O)Rg, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein [g and I3’ are as defined above.

R, preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C,-Csalkyl, C,-Cealkenyl 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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl; or —I.,—
O-Rg, —La—S-R5, —-Lo—C(O)Rs, -LA—OC(O)Rs, —Lo—C(O)ORs, —-La—N(R¢Rs’), —-Ls—S(O)Rg, —La—
SO.Rs, —La—C(O)N(RsRs"), —-LA-N(RHC(O)Rg™ —LA—N(Rs)C(O)N(Rs’Rs™"), —LA—N(Rs)SO.Rg’, —
La—SO,N(RsRs™), —La—N(RSON(Rs'Rs™”), —La—NRS(OIN(Rs’Rg™”), —La—OS(0O)-Rs, —La—
OS(0),-Rs, -La—S(0),0Rs, -Ls—S(O)YORs, -LA—OC(O)ORs, -Li—N(RC(O)ORg*, —La—
OC(O)N(RsRs"), —-LA—N(Rs)S(O)-Rs’, —LA—S(O)N(RsRs") or —LLA—C(O)N(Rs)C(O)-Rs’, wherein L4
is bond, C,-Csalkylene, C,-Csalkenylene or C,-Cealkynylene.
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More preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo,
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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cshaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl.

Highly preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, o0xo,
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, Ls” and L™ preferably are each independently selected at each occurrence from bond; or
C,-Cgalkylene, C,-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 Rs. L; and I, are each independently C;-
Csalkylene, 15 is a bond, C;-Csalkylene or -C(O)-, and L, I,, 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)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, 1., and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg’—N(Rp)C(O)-Ls’-Rp” or —C(O)-Ls’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rg, —-S—Rg, -N(RsRy"), —
OC(O)Rg, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. —T-Rp’ can also
be, without limitation, selected from —-C(O)-Lg'-Ls’-Rp’, -C(O)-Ls’'-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or —-C(O)-Ls’-N(Rp)S(O),—Ls” —Rp’.

In another embodiment of this aspect, A is N

Z 22\ %
. o | g@i ) ‘el
optionally substituted with one or more R4; B is N or H , and is
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optionally substituted with one or more R,; and D is Cs-Cgcarbocycle 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 CH,; and Z, is independently selected at each
occurrence from N or CH. L, and [, are each independently C,-Csalkylene, I; is a bond, C;-
Csalkylene or -C(O)-, and L, I,, and I; are each independently optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rg, -N(RsRs"), “OC(O)Rg, —C(O)ORg, nitro,
oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, I, and I, are -(CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, R, —
O-Rs, —S-Rs, —-N(RsR¢"), “OC(O)Rs, —C(O)ORs, 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)-Lg’-N(Rp)C(0)O-Ls’-Rp’, wherein
Ls” preferably is C,-Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more
substituents selected from halogen, Ry, —-O-Rs, —S—R5, -N(RsRy"), -OC(O)Rs, “C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected
from —-C(O)-Ls’-Ls’-Rp’, “C(O)-Ls'—O-Ls-Rp’, —C(O)-Ls'—-N(Rp)-Ls’-Rp’, or —-C(O)-Ls’—
N(Rp)S(0),-Ls—Rp’.

Z
egr
In yet another embodiment of this aspect, A is phenyl, N or
Z;
agh
H , and 1is optionally substituted with one or more R,; B is phenyl,
Z Z;
A\
g el . - o
N or H , and is optionally substituted with one or more R,4; and

D is Cs-Ceearbocycle 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 CH,; and Z,
is independently selected at each occurrence from N or CH. L, and [, are each independently C;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, 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)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, 1., and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg’—N(Rp)C(O)-Ls’-Rp” or —C(O)-Ls’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
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substituted with one or more substituents selected from halogen, Ry, -O-Rg, —-S—Rg, -N(RgRy"), —
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)-Lg'-Ls’-Rp’, -C(O)-Ls’'-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or —-C(O)-Ls’-N(Rp)S(O),—Ls” —Rp’.

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

, N , H , and is optionally
substituted with one or more R,; and D is Cs-Cgcarbocycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more R,. L., and I, are each independently C,;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, and [; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rg, —
N(RsRs"), “OC(O)Rs, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, 1., and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg’—N(Rp)C(O)-Ls’-Rp” or —C(O)-Lg’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rg, —-S—Rg, -N(RsRy"), —
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)-Lg'-Ls’-Rp’, -C(O)-Ls’'-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or —-C(O)-Ls’-N(Rp)S(O),—Ls” —Rp’.

In a further embodiment of this aspect, A, B, and D are each independently Cs-Cscarbocycle,
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 Rs. L; and I, are each independently C;-
Csalkylene, and I; is bond, C;-Cgalkylene or -C(O)-, and L;, [,, and [; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rg, —
N(RsRs"), “-OC(O)Rs, —C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano.
Preferably, L., and [, are each independently C,-Cgalkylene (e.g., -CH,-) and L5 is bond. —-T-Rp’ is
independently selected at each occurrence from —C(O)-Ly’-N(Rg)C(O)-Lg’-Rp’ or -C(O)-Ly'—
N(Rp)C(O)O-Ls’-Rp’, wherein Ly” is 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, —
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C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano, and L.s** preferably is bond.
—T-Rp’ can also be, without limitation, selected from —C(O)-Ly’-Ls’-Rp’, —C(O)-Ly’-O-Ls’-Ryp’,
—C(0)-Ly’-N(Rp)}-Ls’—Ryp’, or -C(O)-Ly’-N(Rg)S(0),-Ls’—Rp’.

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

pharmaceutically acceptable salts thereof:

T
Rs ||_3 R |12
N AL —N—L,—B N
Ro—T" 1 : TFo
R¢ Re'
Is

wherein:

R¢’ is each independently selected from Re;

Rp’ 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;

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 Rx;

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

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

ws sz
g_L 7 z/>7g
membered heterocycle, or 8- to 10-membered bicycles such as W S

R T AGTEYal"
§4<\23:\[V\,} % E_L\stiz?; or 4<Z4I\W6J_ %

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

, where 7, 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,, 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 R 5.
More preferably, A is selected from Cs-Cycarbocycle, 5- to 6-membered heterocycle,
S T
\23 \W3)_ % or Zi \We)_ g, and is optionally substituted with one or more Ry; B is
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W2/ W1\ Z
_gJI\WS/IZ{fE O

selected from Cs-Cgcarbocycle, 5- to 6-membered heterocycle,

W
woS 22\
1L )
We Z4 , and is optionally substituted with one or more R, where 7.1, 75, Zs, 74, W1, W,

Wi, Wy, W5, Wy are as defined above. Preferably, Z; is N and 7, is NH. For instance, A can be

HI ), <)

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

Z4
O
or more R,; and B can be selected from phenyl (e.g., ) N (e.g.,

k]

i 0 0 (0

N ) or H (e.g., H or H ), and is

T

optionally substituted with one or more R4.

O
\23 \W?,J_ % of 75 \WGJ_ §

Highly preferably, A is selected from , and is
wy S
s 1L g
optionally substituted with one or more R,; B is selected from Ws Zs or
W,
WS 22\’
E_t 7~z g
We 4 , and is optionally substituted with one or more Ry, where 7., Z,, 73, 7.4, W1, W,

Wi, Wy, W5, Wy are as defined above. Preferably, Z; is N and 7, is NH. For instance, A can be

selected  from E{\;j@’é (.2, g{\::O‘%) or §_</H:©~§ 2.
R R0

or ), and is optionally substituted with one or more R,; and B can be
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selected from é‘@i}_g (e.g., §‘©:5/>7§) or % ;2>_§ (e.g.,
A 0

H or H ), and is optionally substituted with one or more R.

RRCCTIIR 0 G

Also preferably, A is (e.g., ), and B is
N N
HeL A
N % N |
H (e.g., H ), A’ and B’ are independently selected from Cs-

Cgcarbocycle or 5- to 6-membered heterocycle, and A and B are independently optionally substituted
with one or more R 4.

D preferably is selected from Cs-Cecarbocycle, 5- to 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,-Cealkynyl, and is optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rs, -N(RgRy"), -OC(O)Rg, —C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is Cs-Cgcarbocycle, 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 —L&—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 Ry

1s oy 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;-Cgalkyl, C,-Cgalkenyl 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 Csi-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,-

Csalkyl, C,-Cgalkenyl, C,-Csalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl. More
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preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or C;-Cgalkyl, C,-Cgalkenyl or C,-
Csalkynyl, 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,-Csalkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

L, and I, are preferably independently C,-Csalkylene, and 1.5 is preferably selected from a
bond, C,-Cgalkylene, or -C(O)-. L, I,, and 15 are each independently optionally substituted with one
or more substituents selected from halogen, Ry, -O-Rgs, —S-Rg, -N(RgRs’), -OC(O)Rs, -C(O)ORg,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, 1., and I, 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)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and [ ; 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\%
o s—N—L—5 : %

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

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

N\%
6-membered heterocyclic ring (e.g., § N‘g) or 6- to 8-membered bicycle (e.g., LSZ ),
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-Lg'—Rp’, -C(O)-Ls’-N(Rp)C(O)-Ls’-Rp’, “C(O)-Ls’-N(Rp)C(O)O-Ls’-Rp’, —
N(Rp)C(O)-Ls’-N(Rp)C(O)-Ls’—Rp’, —-N(Rp)C(O)-Ls™—N(Rp)C(O)O-Ls’-Rp’, or —-N(Rg)C(O)-
Ls™—N(Rp)-Ls’—Rp’. Preferably, -T-Ry’ is independently selected at each occurrence from —C(O)-
Ly’-M’-Ls-Rp’” or —N(Rp)C(O)-Ls’-M’-Ls’-Rp’.  More preferably, -T-Rp’ is independently
selected at each occurrence from —C(O)-Ls’-N(Rg)C(O)-Ls’—Rp’ or —C(O)-Ls’-N(Rp)C(O)O-Ls" -
Rp’.

-T-Rp’” can also be, without limitation, independently selected at each occurrence from —
C(O)>-Ly'-Rp’, -C(O)O-Ly'-Rp’, -C(O)-Ly’-N(Rp)C(O)-Ls—Rp’, —C(O)-Ly’-N(Rp)C(O)O-Ls ™’ -
Rp’, —-NRp)C(O)-Ly'-N(Rp)C(O)-Ls-Rp’, —N(Rp)C(O)-Ly'—N(Rp)C(O)O-Ls’-Rp’, or -
N(Rp)C(O)-Ly'—N(Rp)-Ls’—Rp’, wherein Ly’ is each independently I.s° and, 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-Rg, —=S-Rg, —-N(RsRy"), —OC(O)Rg, “C(O)ORg, 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’-Rp’. 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(O)O-Ls’-Rp’. Highly preferably, -T-Ry’ is independently selected at each occurrence
from —C(O)-Ly’-N(Rp)C(O)-Rp’” or -C(O)-Ly’-N(Rp)C(O)O-Rp’, wherein Iy’ preferably is each
independently 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.

R¢’ 1s preferably hydrogen, and Ry’ preferably is independently selected at each occurrence
from L4, or 5- or 6-membered carbocycle or heterocycle which is optionally substituted with one or
more halogen, Ry, —O-Rp, —S-Rp, —-N(RgRp’), “OC(O)Rp, —C(O)ORjg, 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 C;-Cgearbocycle 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;-Csalkyl, C,-Cealkenyl, C,-Cealkynyl, C;-Cshaloalkyl, C,-
Cshaloalkenyl or C,-Cghaloalkynyl.

For each compound of Formula I, Ix can also be independently selected at each occurrence
from a bond; —Lg"-N(Rg)C(O)-Ls—; —Lg’—C(O)N(Rp)-L.s—; or C;-Csalkylene, C,-Csalkenylene, C,-
Csalkynylene, C;-Cjgcarbocycle 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(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein [g and I3’ are as defined above.

R, preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C,;-Csalkyl, C,-Cealkenyl 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 Csi-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,-

Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cshaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl; or —.,—
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O-Rg, —-Ly—-S-Rg, -LA—C(O)Rg, -LL,—OC(O)Rg, —L,—C(O)ORg, —[,—N(RsRg"), -LA—S(O)Rg, —L.o—
SO.Rs, —La—C(O)N(RsRs"), —-LA-N(RHC(O)Rg™ —LA—N(Rs)C(O)N(Rs’Rs™"), —LA—N(Rs)SO.Rg’, —
La—SO,N(RsRs™), —La—N(RSON(Rs'Rs™”), —La—NRS(OIN(Rs’Rg™”), —La—OS(0O)-Rs, —La—
OS(0),-Rs, -La—S(0),0Rs, -Ls—S(O)YORs, -LA—OC(O)ORs, -Li—N(RC(O)ORg*, —La—
OC(O)N(RsRs"), —-LA—N(Rs)S(O)-Rs’, —LA—S(O)N(RsRs") or —LLA—C(O)N(Rs)C(O)-Rs’, wherein L4
is bond, C;-Cgalkylene, C,-Cgalkenylene or C,-Cgalkynylene.

More preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo,
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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cshaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl.

Highly preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, o0xo,
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.

Ls, Ls” and L™ preferably are each independently selected at each occurrence from bond; or
C,-Cgalkylene, C,-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 Rs. L; and I, are each independently C;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, and [; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rg, —
N(RsRs"), “OC(O)Rs, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, I, and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg—N(Rp)C(O)-Ls’-Rp” or —C(O)-Ls’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rg, —-S—Rg, -N(RsRy"), —
OC(O)Rs, —C(O)ORgs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. —T-Rp’ can also

47



10

15

20

25

WO 2010/120935 PCT/US2010/031102

be, without limitation, selected from —C(O)-Lg-Lg’-Rp’, -C(O)-Lg’-O-Lg’-Ry’, —C(O)-Lg’—
N(Rp)-Ls”-Rp’, or -C(O)-Ls’~N(Rp)S(O),-Ls’-Rp’.

In another embodiment of this aspect, A is N H , and 1s
Z Z,
1 g >_§
| _ -} el auy
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-Cgcarbocycle 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 CH,; and Z, is independently selected at each
occurrence from N or CH. L, and [, are each independently C,-Cgalkylene, I; is a bond, C;-
Csalkylene or -C(O)-, and L, I,, and I; are each independently optionally substituted with one or
more substituents selected from halogen, R, -O-Rs, —S—Rs, -N(RgRy"), -OC(O)Rg, —C(O)ORg, nitro,
0xo0, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, [, and I, are -(CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, R, —
O-Rs, —S-Rs, —-N(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano; and [; 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)-Lg’-N(Rp)C(0)O-Ls’-Ryp’, wherein
Ls” preferably is C,-Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more
substituents selected from halogen, Ry, —O-Rs, —S—Rg, -N(R4Rg"), “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)-Ls’-Ls”-Rp’, -C(O)-Ls’-O-Ls-Rp’, -C(O)-Ls’-N(Rp)-Ls"-Rp’, or -C(O)—
Ls’-N(Rp)S(0),-1s"’-Rp’. —T-Rp’ can also be independently selected at each occurrence from —
C(O)-Ly’-N(Rp)C(O)-Ls’—Rp’” or —C(O)-Ly’-N(Rp)C(O)O-Ls’—Ryp’, 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)ORg, 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’—

Ls”-Rp’, —C(O)-Ly’-O-Ls”"-Rp’, —C(O)-Ly'-N(Rp)-Ls”"—Rp’, or -C(O)-Ly"-N(Rp)S(O)>-Ls""-

A

In yet another embodiment of this aspect, A is phenyl, N

, and 1is optionally substituted with one or more R,; B is phenyl,
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Z %
g e N>_ :

N or H , and is optionally substituted with one or more R,4; and
D is Cs-Cgcarbocycle 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 CH,; and Z,
is independently selected at each occurrence from N or CH. L., and [, are each independently C;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, and [; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rg, —
N(RsRs"), “OC(O)Rs, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, 1., and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg’—N(Rp)C(O)-Ls’-Rp” or —C(O)-Lg’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rg, —-S—Rg, -N(RsRy"), —
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)-Lg'-Ls’-Rp’, -C(O)-Ls’'-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or —-C(O)-Ls’-N(Rp)S(O),—Ls” —Rp’.

In still another embodiment of this aspect, A is N
ceTtsel
O

, or

H , and is optionally

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

k] k]

substituted with one or more R,; and D is Cs-Cgcarbocycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more R,. L., and I, are each independently C,;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, 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)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, 1., and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rg, —S-Rg, —-N(RgRy’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg’—N(Rp)C(O)-Ls’-Rp” or —C(O)-Ls’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
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substituted with one or more substituents selected from halogen, Ry, -O-Rg, —-S—Rg, -N(RgRy"), —
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)-Lg'-Ls’-Rp’, -C(O)-Ls’'-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or -C(O)-Ls’-N(R5)S(O),-Ls —Rp’.

In yet another aspect, the present invention further features compounds of Formula I~ and

pharmaceutically acceptable salts thereof.

7
R 0O Ls R
,ll 5 R, | Re lll 12
RDu_T/ N/A_L1_N_L2—B \T\ RD'
¢ Rns R’
Ic
wherein:
Ryz is Rg;

R¢’ 1s each independently selected from R

Rp’ 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;

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, L, Ls, T, Ra, Rg, R, and Ry are as described above in Formula L.

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

W

Wg/ 1;\[21 g

. g_t 7 z/
membered heterocycle, or 8- to 10-membered bicycles such as W ° ,

W
W ~14 z

Z < 2 W
LT T Y oW
R R A

S ‘ P
Z3 W3 ’ W6 Z4 or Z4 \W6

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

, where 7, is

occurrence 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,, W3, W,, W5 and W
are each independently selected at each occurrence from CH or N. A and B are each independently

optionally substituted with one or more R4.
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More preferably, A is selected from Cs-Cycarbocycle, 5- to 6-membered heterocycle,

Z = W1‘W Zs /W4\
2 /J W
§{\Zsjlw Lg ) §{Z4IW6| §

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

W2/ W1\ 4
gi 7 z/>7g
is selected from Cs-Cgcarbocycle, 5- to 6-membered heterocycle, W 8 or

1P0s

Wi, Wy, W5, Wy are as defined above. Preferably, Z; is N and 7, is NH. For instance, A can be

selected from phenyl (e.g., %@-%)’ §_<\Nj©*§ (e.g., §_<\N<j‘§) or
I < O,

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

Z4
O (A
or more R,; and B can be selected from phenyl (e.g., ) N (e.g.,

k]

O 07 O (00

N ) or H (e.g., H or H ), and is

, and is optionally substituted with one or more R, where 7.1, 75, Zs, 74, W1, W,

optionally substituted with one or more R4.
Highly preferably, A is Cs-Cscarbocycle 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;” NG ws W‘jv\zi %
SPUoNt P

Ra. 7,180, S, NH or CH,; 7, is N or CH; Z5 is N or CH; Z, is O, S, NH or CH,; and W,, W,, W3,

), and is optionally substituted with one or more

W, W5 and W are each independently selected from CH or N.

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

W,
. % l\ 7 z/ % l\ 77
one or more R,; and B is Ws s or We

with one or more R, where 7., 7, 75, Z.,, W1, W, W3, W,, W5, Wy are as defined above. Preferably,

, and is optionally substituted
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H

z, N
7Z; 1s N and 7Z, is NH. For instance, B can be §<©:N/>_§ (e.g., §~©:N/>_§) or
Zy N
A O DA

H (e.g., H or H ), and is optionally substituted
with one or more R 4.

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

N N
100 g@ '
18 H (e.g., H ), B’ is selected from Cs-Cgcarbocycle or 5- to 6-
membered heterocycle, and A and B are independently optionally substituted with one or more R4.

D preferably is selected from Cs-Cecarbocycle, 5- to 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,-Cealkynyl, and is optionally substituted with one or
more substituents selected from halogen, Ry, -O-Rg, —S—Rg, -N(RgRg"), “OC(O)Rg, —C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is Cs-Cgcarbocycle, 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 —L&—Rg.  Also
preferably, D is phenyl, and is optionally substituted with one or more Rs. More preferably, D is

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

Ru R

1s vy 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,-Csalkyl, C,-Cealkenyl 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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Csalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl. More
preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or C;-Cealkyl, C,-Csalkenyl or C,-

Csalkynyl, 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,-Csalkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

L, and I, are preferably independently C,-Csalkylene, and 1.5 is preferably selected from a
bond, C,-Cgalkylene, or -C(O)-. L, I,, and 15 are each independently optionally substituted with one
or more substituents selected from halogen, Ry, -O-Rgs, —S-Rg, -N(RgRs’), -OC(O)Rs, -C(O)ORg,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, 1., and I, 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)ORg, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl or cyano; and I; 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\%
membered heterocyclic ring (e.g., E_N g) or 6- to 8-membered bicycle (e.g., 51‘ ),

which is optionally substituted with one or more R .

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

N\%
6-membered heterocyclic ring (e.g., § N‘g) or 6- to 8-membered bicycle (e.g., 51‘ ),
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’-N(Rp)C(O)O-Ls’-Rp’, —
N(Rp)C(O)-Ls—N(Rp)C(O)-Ls’-Rp’, —-N(Rp)C(O)-Ls’—N(Rp)C(O)O-Ls-Rp’, or —-N(Rgp)C(O)-
Ls™—N(Rp)-Ls’—Rp’. Preferably, -T-Ry’ is independently selected at each occurrence from —C(O)-
Ly’-M’-Ls-Rp’” or —N(Rp)C(O)-Ls’-M’-Ls’-Rp’.  More preferably, -T-Rp’ is independently
selected at each occurrence from —C(O)-Ls’-N(Rg)C(O)-Ls’—Rp’ or —C(O)-Ls’-N(Rp)C(O)O-Ls" -
Rp’.

-T-Rp’” can also be, without limitation, independently selected at each occurrence from —
C(O)>-Ly'-Rp’, -C(O)O-Ly'-Rp’, -C(O)-Ly’-N(Rp)C(O)-Ls—Rp’, —C(O)-Ly’-N(Rp)C(O)O-Ls ™’ -
Rp’, —-NRp)C(O)-Ly'-N(Rp)C(O)-Ls-Rp’, —N(Rp)C(O)-Ly'—N(Rp)C(O)O-Ls’-Rp’, or -
N(Rp)C(O)-Ly'—N(Rp)-Ls’—Rp’, wherein Ly’ is each independently I.s° and, preferably, is each
independently 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. Preferably, -T-Rp’ is independently selected at each
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occurrence from —C(O)-Ly'-M’-Ls’-Rp’ or -N(Rp)C(O)-Ly'-M’-Ls’-Rp’. 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(O)O-Ls’-Rp’. Highly preferably, -T-Ry’ is independently selected at each occurrence
from —C(O)-Ly’-N(Rp)C(O)-Rp’” or -C(O)-Ly’-N(Rp)C(O)O-Rp’, wherein Iy’ preferably is each
independently 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.

Rnp 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, R, —O-Rg, —-S-Rg, —N(RgRy"), —-OC(O)Rz, —-C(O)ORg, nitro,
phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, Rp’ 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, C;-Cgcarbocycle or 3- to 6-membered heterocycle; or C;-Cgearbocycle 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;-Cealkyl, C,-Csalkenyl, C,-Csalkynyl, C;-
Cshaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl.

For each compound of Formula I¢, Lx can also be independently selected at each occurrence
from a bond; —Lg"-N(Rg)C(O)-Ls—; —Lg’—C(O)N(Rp)-L.s—; or C;-Csalkylene, C,-Csalkenylene, C,-
Csalkynylene, C;-Cjgcarbocycle 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(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein [g and I3’ are as defined above.

R, preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C,-Csalkyl, C,-Cealkenyl 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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cshaloalkyl, C,-Cghaloalkenyl or C,-Cghaloalkynyl; or —.,—
O-Rg, —La—S-R5, —-Lo—C(O)Rs, -LA—OC(O)Rs, —Lo—C(O)ORs, —-La—N(R¢Rs’), —-Ls—S(O)Rg, —La—
SO.Rs, —La—C(O)N(RsRs"), —-LA-N(RHC(O)Rg™ —LA—N(Rs)C(O)N(Rs’Rs™"), —LA—N(Rs)SO.Rg’, —
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LA—SO,N(RsRs™), —-La—N(RgSO,N(Rs'Rg™”), —LA—NRS(OIN(Rs'Rg™”), —L,—OS(0O)-Rg, -L—
OS(0),-Rs, -La—S(0),0Rs, -Ls—S(O)YORs, -LA—OC(O)ORs, -Li—N(RC(O)ORg*, —La—
OC(O)N(RsRs"), —-LA—N(Rs)S(O)-Rs’, —LA—S(O)N(RsRs") or —LLA—C(O)N(Rs)C(O)-Rs’, wherein L4
is bond, C;-Cgalkylene, C,-Cgalkenylene or C,-Cgalkynylene.

More preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo,
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 Csi-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,-
Csalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C;-Cshaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl.

Highly preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, o0xo,
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.

Ls, Ls” and L™ preferably are each independently selected at each occurrence from bond; or
C,-Cgalkylene, C,-Cgalkenylene 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 Rs. L; and I, are each independently C;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, 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)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, 1., and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, 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)-Lg’—N(Rp)C(O)-Ls’-Rp” or —C(O)-Ls’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rs, —-S—Rg, -N(RsRy"), —
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)-Lg'-Ls’-Rp’, -C(O)-Ls’'-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or —-C(O)-Ls’-N(Rp)S(O),—Ls” —Rp’.
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In another embodiment of this aspect, A is N , and 1s

Z4 Z;

A\
o ¥ ‘el ‘el
optionally substituted with one or more R4; B is N or H , and is

optionally substituted with one or more R,; and D is Cs-Cgcarbocycle 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 CH,; and Z, is independently selected at each
occurrence from N or CH. L, and [, are each independently C,-Csalkylene, I; is a bond, C;-
Csalkylene or -C(O)-, and L, I,, and I; are each independently optionally substituted with one or
more substituents selected from halogen, Ry, -O-Rg, —S—Rg, -N(RgRg"), “OC(O)Rg, —C(O)ORg, nitro,
oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, I, and I, are -(CH,)-, and are
each independently optionally substituted with one or more substituents selected from halogen, R, —
O-Rs, —S-Rs, —-N(RsR¢"), “OC(O)Rs, —C(O)ORs, 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)-Lg’-N(Rp)C(0)O-Ls’-Ryp’, wherein
Ls” preferably is C,-Cgalkylene (e.g., -CH,-) and is optionally substituted with one or more
substituents selected from halogen, Ry, —-O-Rs, —S—R5, -N(RsRy"), -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)-Lg’-Ls""-Rp’, -C(O)-Ls-O-Lg"-Ryp’, -C(O)-Ls’-N(Rg)-Ls"-Rp’, or —C(O)—
Ls’-N(Rp)S(O)-Ls"-Rp’.

Z
2eQgr
In yet another embodiment of this aspect, A is phenyl, N or
Z;
agh
H , and 1is optionally substituted with one or more R,; B is phenyl,
Z Z;
A\
¢ el . - o
N or H , and is optionally substituted with one or more R,4; and

D is Cs-Ceearbocycle 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 CH,; and Z,
is independently selected at each occurrence from N or CH. L., and [, are each independently C;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, and [; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rs, —-S-Rg, —

N(RsRg"), “OC(O)Rgs, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
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Preferably, I, and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg’—N(Rp)C(O)-Ls’-Rp” or —C(O)-Ls’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rs, —-S—Rg, -N(RsRy"), —
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)-Lg'-Ls’-Rp’, -C(O)-Ls’'-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or —-C(O)-Ls’-N(Rp)S(O),—Ls” —Rp’.

In still another embodiment of this aspect, A is N
ceTitsel
I )
or H

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

k]

, N , H , and is optionally
substituted with one or more R,; and D is Cs-Cgcarbocycle or 5- to 6-membered heterocycle (e.g.,
phenyl), and is optionally substituted with one or more R,. L., and I, are each independently C,;-
Csalkylene, I; is a bond, C,-Csalkylene or -C(O)-, and L;, I,, and [; are each independently
optionally substituted with one or more substituents selected from halogen, Ry, -O-Rg, —-S-Rg, —
N(RsRs"), “OC(O)Rs, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano.
Preferably, 1., and [, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, Ry, -O-Rs, —-S-Rgs, —-N(RsRg’), “OC(O)Rg, —C(O)ORg, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl or cyano; and 15 is a bond or -C(O)-. —T-Ryp’ is preferably
independently selected at each occurrence from —C(O)-Lg—N(Rp)C(O)-Ls’-Rp” or —C(O)-Ls’—
N(Rp)C(O)O-Ls’-Rp’, wherein Lg” preferably is C,-Csalkylene (e.g., -CH,-) and is optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rg, —-S—Rg, -N(RsRy"), —
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)-L¢'-Ls’-Rp’, —-C(O)-L¢’-O-Ls’-Rp’, —C(O)-Ls’ -
N(Rp)-Ls’-Rp’, or —-C(O)-Ls’-N(Rp)S(O),—Ls” —Rp’.

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

Z Z; %
A
g e e B
more R,; and B is N or H , and is optionally substituted with

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

57



10

15

20

25

WO 2010/120935 PCT/US2010/031102

membered heterocycle (e.g., phenyl), and is optionally substituted with one or more R,. I.; and L, are
each independently C,-Csalkylene, and L5 is bond, C,-Cealkylene or -C(O)-, and L, I,, and 15 are
each independently optionally substituted with one or more substituents selected from halogen, Ry, —
O-Rs, —S-Rs, —-N(RsR¢"), “OC(O)Rs, —C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo,
formyl or cyano. Preferably, I, and L, are each independently C,-Csalkylene (e.g., -CH,-), and 15 is
bond. —T-Rp’ is independently selected at each occurrence from —C(O)-Ly’-N(Rp)C(O)-Ls’—Rp’ or
—C(0)-Ly’-N(Rp)C(O)O-Ls’-Rp’, wheren Ly’ is C,-Cealkylene (e.g., -CH,-) and optionally
substituted with one or more substituents selected from halogen, Rt, -O—Rg, —-S—Rg, -N(RsRy"), —
OC(O)Rs, —C(O)ORs, 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’-I.s”’-Rp’, —
C(O)-Ly'-O-Ls"-Rp’, -C(O)-Ly’-N(Rp)-Ls’—Ryp’, or —C(O)-Ly’-N(Rp)S(O)—Ls’-Rp’.

The present invention also features the compounds of Formulae I, I, Iy and I as described
herein (including each embodiment described herein) or salts thereof, except that D is Cs-
Cigearboceycle or 3- to 10-membered heterocycle which is substituted with J and optionally substituted
with one or more R4, where J is C;-C,ocarbocycle or 3- to 10-membered heterocycle and is optionally
substituted with one or more Ry, or J is —SFs. Preferably, D is Cs-Cgcarbocycle, 5- to 6-membered
heterocycle or 6- to 10-membered bicycle and is optionally substituted with one or more Ry, and J is
C;-Cgcarbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or more Ry.
More preferably, D is Cs-Cgcarbocycle or 5- to 6-membered heterocycle and is optionally substituted
with one or more R4, and J is Cs;-Ceearbocycle or 3- to 6-membered heterocycle and is optionally
substituted with one or more R,. Highly preferably, D is phenyl substituted with J and optionally
substituted with one or more R4, where J is C3-Cgearbocycle or 3- to 6-membered heterocycle and is

optionally substituted with one or more R,. Preferred Rss are as described above. In one
J
RN R

= R
embodiment, D is s , wherein each Ry is independently selected from Ry and preferably

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

heterocycle optionally substituted with one or more R,. In another embodiment, Dis v and J is
C;-Cgyearbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or more R 5.
The present invention also features the compounds of Formulae I, 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 Ry is R¢, and R, and Rs, taken
together with the atoms to which they are attached, form a 3- to 10-membered
heterocyclic ring which is optionally substituted with one or more R4; and

Ri, Ry, Rs, and R; are each independently Rc; or R; and R¢ are each independently R,
and R, and R, taken together with the atoms to which they are attached, form a 3- to
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 under 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 to a patient, the salt preferably is pharmaceutically
acceptable. Pharmaceutically acceptable salts include, but are not limited to, acid addition salts, base
addition salts, and alkali 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, hydroionic, 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 (pamoate), methanesulfonate, ethanesulfonate, benzenesulfonate,
pantothenate, toluenesulfonate, 2-hydroxyethanesulfonate, sufanilate, cyclohexylaminosulfonate,
algenic acid, b-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, bisulfate, butyrate,
camphorate,  camphorsulfonate,  cyclopentanepropionate,  dodecylsulfate,  glycoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, nicotinate, 2-naphthalesulfonate, oxalate,
palmoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and
undecanoate.

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 la)
salts, alkaline earth metal (group Ila) salts, and other pharmaceutically acceptable metal salts. Such
salts may be made, without limitation, from aluminum, calcium, lithium, magnesium, potassium,

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 amino 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 enantiomers or single diastereomer), mixtures of stereoisomers (e.g. a mixture of
enantiomers or diastereomers), or racemic mixtures. Compounds identified herein as single
stereoisomers 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 to 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 inversion of stereochemistry at the chiral centers. Mixtures of stereoisomers of

compounds, including 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 HPLC.

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 technique is useful when the
compounds to be separated contain a carboxyl, amino or hydroxyl group that will form a salt or
covalent bond with the chiral auxiliary. Non-limiting examples of suitable chiral auxiliaries include
chirally pure amino acids, organic carboxylic acids or organosulfonic acids. Once the diastereomers
are separated by chromatography, the individual enantiomers can be regenerated. Frequently, 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
enantiomerically 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-carbon double
bonds. All double bond isomers, such as the cis (Z) and trans (E) isomers, and mixtures thereof are
intended to be encompassed within the scope of a recited compound unless otherwise specified. In
addition, where a compound exists in various tautomeric forms, a recited compound is not limited to
any one specific tautomer, but rather is intended to encompass all tautomeric forms.

Certain compounds of the invention may exist in different stable conformational forms which
may be separable. Torsional asymmetry due to restricted rotations about an asymmetric single bond,
for example because of steric hindrance or ring strain, may permit separation of different conformers.
The 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 having asymmetric center(s), it should be understood that all
of the stereoisomers of the compound and mixtures thereof are encompassed in the present invention
unless otherwise specified.  Non-limiting examples of stereoisomers include enantiomers,
diastereomers, and cis-transisomers. Where a recited compound exists in various tautomeric forms,
the compound is intended to encompass all tautomeric forms. Certain compounds are described
herein using general formulas that include variables (e.g., A, B, D, X, L, [,, [, Y, Z, T, R4 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 moiety or moieties.

The number of carbon atoms in a hydrocarbyl moiety can be indicated by the prefix “C,-Cy,”
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, C;-Cecycloalkyl means a saturated hydrocarbyl ring containing from 3 to 6 carbon ring atoms.
A prefix attached to a multiple-component substituent only applies to the first component that
immediately follows the prefix. To illustrate, the term “carbocyclylalkyl” contains two components:
carbocyclyl and alkyl. Thus, for example, C;-CycarbocyclylC;-Cgalkyl refers to a C;-Cgecarbocyclyl
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 structure, the leftmost-described component of the linking element is bound to the left
element in 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 —L.«—M-—
Ly’— and M 1s —N(Rg)S(O)-, then the chemical structure is —Ls—N(Rp)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 —L—M-I.g’— and M is selected as bond, then the
chemical structure will be —Ls—I.s’—. If two or more adjacent linking elements in a depicted structure
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 depicted as —Lg—
M-L¢'-M’-Lg’—, and M and Lg’ are selected as bonds, then the chemical structure will be —L¢M’—
Ls’— Likewise, if a chemical structure is depicted as —[.s—M-Lg’-M’—L.s”’—, and M, s’ and M’ are
bonds, then the chemical structure will be —Lg—I.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 a moiety is described as being “optionally substituted”, the moiety may be either substituted
or unsubstituted. If a moiety is described as being optionally substituted with up to a particular
number of non-hydrogen radicals, that moiety may be either unsubstituted, or substituted by up to that
particular number of non-hydrogen radicals or by up to the maximum number of substitutable
positions on the moiety, whichever is less. Thus, for example, if a moiety is described as a
heterocycle optionally substituted with up to three non-hydrogen radicals, then any heterocycle with
less than three substitutable positions will be optionally substituted by up to only as many non-
hydrogen radicals as the heterocycle has substitutable positions. To illustrate, tetrazolyl (which has
only one substitutable position) will be optionally substituted with up to one non-hydrogen radical.
To illustrate further, if an amino nitrogen is described as being optionally substituted with up to two
non-hydrogen radicals, then a primary amino nitrogen will be optionally substituted with up to two
non-hydrogen radicals, whereas a secondary amino nitrogen will be optionally substituted with up to
only one non-hydrogen radical.

The term “alkenyl” means a straight or branched hydrocarbyl chain containing one or more
double bonds. Each carbon-carbon double bond may have either cis or trans geometry within the
alkenyl moiety, relative to groups substituted on the double bond carbons. Non-limiting examples of
alkenyl groups include ethenyl (vinyl), 2-propenyl, 3-propenyl, 1.4-pentadienyl, 1,4-butadienyl,
1-butenyl, 2-butenyl, and 3-butenyl.

The term “alkenylene” refers to a divalent unsaturated hydrocarbyl chain which may be linear
or branched and which has at least one carbon-carbon double bond. Non-limiting examples of
alkenylene groups include —CH)=C(H)—, —CH)=C(H)—CH,—, —C(H)=C(H)—CH,—CH,—,
—CH,—C(H)=C(H)—CH,—, —C(H)=C(H)—CH(CH;)—, and —CH,—C(H)=C(H)—CH(CH,CH3)—.

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,CHs-, 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

linear or branched and which has at least one carbon-carbon triple bonds. Representative alkynylene
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groups include, by way of example, —(C=C—, —(C=C—CH,—, —(C=C—CH,—CH,—,
—CH,—C=C—CH,—, —C=C—CH(CH;)—, and —CH,—C=C—CH(CH,CH;)—.

The term “carbocycle” or “carbocyclic” or “carbocyclyl” refers to a saturated (e.g.,
“cycloalkyl”), partially saturated (e.g., “cycloalkenyl” or “cycloalkynyl”) or completely unsaturated
(e.g., “aryl”) ring system containing zero heteroatom ring atom. “Ring atoms” or “ring members” are
the atoms bound together to form the ring or rings. A carbocyclyl may be, without limitation, a single
ring, two fused rings, or bridged or spiro rings. A substituted carbocyclyl may have either cis or trans
geometry. Representative examples of carbocyclyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl,
cyclopentadienyl, cyclohexadienyl, adamantyl, decahydro-naphthalenyl, octahydro-indenyl,
cyclohexenyl, phenyl, naphthyl, indanyl, 1,2,3,4-tetrahydro-naphthyl, indenyl, isoindenyl, decalinyl,
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, Ci;-CecarbocyclylC;-Cealkyl refers to a Cs-
Cscarbocyclyl group appended to the parent molecular moiety through C,-Csalkylene.

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

The term “cycloalkyl” 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;-Cghaloalkyl” means a
C,-Csalkyl substituent wherein one or more hydrogen atoms are replaced with independently selected
halogen radicals. Non-limiting examples of C;-Cghaloalkyl include chloromethyl, 1-bromoethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, and 1,1,1-trifluoroethyl. It should be recognized that if
a substituent is substituted by more than one halogen radical, those halogen radicals may be identical
or different (unless otherwise stated).

The term “heterocycle” or “heterocyclo” or “heterocyclyl” refers to a saturated (e.g.,
“heterocycloalkyl”), partially unsaturated (e.g., “heterocycloalkenyl” or “heterocycloalkynyl”) or
completely unsaturated (e.g., “heteroaryl”) ring system where at least one of the ring atoms is a

heteroatom (i.e., nitrogen, oxygen or sulfur), with the remaining ring atoms being independently
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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 I), the heterocycle group can be attached to the two other elements
through any two substitutable ring atoms.

A heterocyclyl may be, without limitation, a monocycle which contains a single ring. Non-
limiting examples of monocycles include furanyl, dihydrofuranyl, tetrahydrofuranyl, pyrrolyl,
isopyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl, isoimidazolyl, imidazolinyl, imidazolidinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl, isothiazolidinyl, thiodiazolyl,
oxathiazolyl, oxadiazolyl (including 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl (also known as “azoximyl”),
1,2,5-oxadiazolyl (also known as “furazanyl”), and 1,3.4-oxadiazolyl), oxatriazolyl (including 1,2,3.4-
oxatriazolyl and 1,2,3,5-oxatriazolyl), dioxazolyl (including 1,2,3-dioxazolyl, 1,2.4-dioxazolyl, 1,3,2-
dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, pyranyl (including 1,2-pyranyl and 1,4-pyranyl),
dihydropyranyl, pyridinyl, piperidinyl, diazinyl (including pyridazinyl (also known as “1,2-diazinyl”),
pyrimidinyl (also known as “1,3-diazinyl”), and pyrazinyl (also known as “1,4-diazinyl”)),
piperazinyl, triazinyl (including s-triazinyl (also known as “1,3,5-triazinyl”), as-triazinyl (also known
1,2, 4-triazinyl), and v-triazinyl (also known as “1,2,3-triazinyl), oxazinyl (including 1,2,3-oxazinyl,
1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as “pentoxazolyl”), 1,2,6-oxazinyl, and 1,4-oxazinyl),
isoxazinyl (including o-isoxazinyl and p-isoxazinyl), oxazolidinyl, isoxazolidinyl, oxathiazinyl
(including 1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl), oxadiazinyl (including 1,4,2-oxadiazinyl and
1,3,5,2-oxadiazinyl), morpholinyl, azepinyl, oxepinyl, thiepinyl, and diazepinyl.

A heterocyclyl may also be, without limitation, a bicycle containing two fused rings, such as,
for example, naphthyridinyl (including [1,8] naphthyridinyl, 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 known as “benzothiophenyl”,
“thionaphthenyl”, and ‘“benzothiofuranyl”), isobenzothienyl (also known as “isobenzothiophenyl”,
“isothionaphthenyl”, and “isobenzothiofuranyl”), benzothiazolyl, benzothiadiazolyl, benzimidazolyl,
benzotriazolyl, benzoxazinyl (including 1,3.2-benzoxazinyl, 1.4,2-benzoxazinyl, 2,3,1-benzoxazinyl,
and 3,1,4-benzoxazinyl), benzisoxazinyl (including 1,2-benzisoxazinyl and 1,4-benzisoxazinyl), and
tetrahydroisoquinolinyl.

A heterocyclyl may comprise one or more sulfur atoms as ring members; and in some cases,
the sulfur atom(s) is oxidized to SO or SO,. The nitrogen heteroatom(s) in a heterocyclyl may or may
not be quaternized, and may or may not be oxidized to N-oxide. In addition, the nitrogen
heteroatom(s) may or may not be N-protected.

=== 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 load.

The term “prodrug” refers to derivatives of the compounds of the invention which have
chemically or metabolically cleavable groups and become, by solvolysis or under physiological
conditions, the compounds of the invention which are pharmaceutically active in vivo. A prodrug of a
compound may be formed in a conventional manner by reaction of a functional group of the
compound (such as an amino, hydroxy or carboxy group). Prodrugs often offer advantages of
solubility, tissue compatibility, or delayed release in mammals (see, Bungard, H., DESIGN OF
PRODRUGS, pp. 7-9, 21-24, Elsevier, Amsterdam 1985). Prodrugs include acid derivatives well
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 solution-phase and isolable solvates. Exemplary solvates include, 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 IN CHEMICAL SYNTHESIS (3rd 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, trifluoroacetyl, 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 triphenylmethylsulfenyl (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, 34-

dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2.4-dimethoxybenzyloxycarbonyl,

4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3.4.,5-
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 (Cbz).

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 Formula III as shown in Scheme I, where Q is halo (e.g.,
bromo, chloro or i0odo), and A, B, D, L;, I,, L5, Y and Z are as described above. Amino compound IT
may be alkylated by reaction with haloalkyl (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 NaHCO;, 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. Formation of symmetric products (e.g., Formula I’ in Scheme I, where B, 7 and L, in
Formula I are identical to A, Y and L, 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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Alternatively, Q in compounds IIT 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 of an acid,
such as acetic acid) in a solvent such as ethanol, toluene, THF, or dichloromethane. Alternatively 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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Scheme 1

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’-Ls’—Rp, and Ls’, M’, Ls”” and Rp 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, sodium hydride, CsOH, Hunig’s base, Na,CO;, or NaHCOs, 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 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 BiClz;, SbCls,
NiCl,, Cu,Cl,, or CoCl,) 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, in 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-lutidine, 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 VII 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 III, where R is —[.g"-M’—I.s""~Rp, and L.g’, M’, [.s’* 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, dichloromethane, or
DMSO, with or without the addition of an amine base, such as Hunig’s base, pyridine, 2,6-lutidine, or
triethylamine, to give III as a mixture of the amide products. Heating III 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 MnO». See Penning ef al.,

BIOORG. 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
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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 PBr;.
Alternatively, V may be oxidized by a number of methods to the aldehyde VII, such as MnO,, PCC,
PDC, Swern oxidation, or Dess-Martin periodinane. Compound VII can be used to prepare
compound IX by reaction with aniline to form a Schiff 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 palladium or platinum catalyst or
Raney nickel. Compound VI may be reacted with aniline 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 is compatible with aqueous solvent)
with or without an added surfactant, such as sodium dodecyl sulfate or tetrabutylammonium bromide,
to give symmetric compound VIII. Alternatively, VIII can also be generated by reaction of IX with
VI 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 proline acid can provide XI. After removal of the Boc protecting groups from XI
(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, where A is (e.g., H ), B is

N N
H (e.g., 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 II1.
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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 —I.s’-M’-L.s’’—Rp, and L.s’, M’, L5, Rp,
R, Ry, and Rs 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 DMSQ, to provide
ester III. The ester IIT may be treated with an ammonia source, 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 IV. See Gordon ef al., TET. LETT. 34:1901-1904 (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 IV may be converted to the ester V by treatment with a palladium catalyst (such
as Pd(PPhs), or Pd(dppf)ClL,, or a Pd (I) catalyst such Pd(OAc), or Pd2(dba)3 with or without the
addition of organophosphorous ligands, such as PPh; or P(t-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 to form a Schiff base (imine), which may be reduced to VIII 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 reacted with 4-nitrobenzyl bromide under the alkylation
conditions described above to give IX. Reduction of the nitro group of IX using the conditions
described above and coupling with a suitably protected proline acid can provide XI. After removal of
the Boc protecting groups from XI (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,,

Ls, Y and Z are 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 is 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, chloro or
10do), using the same conditions as those to react (1) with (2), to give compounds of general Formula
[. Where B, Z and I, in Formula I are identical to A, Y and L, respectively then symmetric products
result. The formation of symmetric products may be conducted in a single operation, or the
nonsymmetric products (where any of B, 7, or I, 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 I’

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, sodium hydride, CsOH, Hunig’s base,
Na,CO;, or NaHCOs;, 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,, Cu,Cl,, or CoCl,) in a solvent such as ethanol or
THE. Alternatively, (8) can be reduced to 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
substituted) in the presence of a peptide coupling reagent, such as EDAC/HOBT, PyBOP, HATU, or
DEBPT, in a solvent such as THF, DMF, dichloromethane, or DMSO, 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 R, is —.g"-M’—L¢"’—Rp, and
Ls’, M’, Ls” 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 Formula I, as described above, can be similarly prepared.
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(RA)n (RA)n
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(10)

(RA)n (RA)n

O*@QQYD - ol
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Scheme I’

As yet another non-limiting example, the compounds of the present invention (20) and (24)
can be prepared by the methods shown in Scheme III’, where Ry is —L.s’-M’—Ls’’—Rp, and Ls*, M’,
Ls’’, Rp, and Ry 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 substituted)
in the presence of a peptide coupling reagent, such as EDAC/HOBT, PyBOP, HATU, or DEBPT, in a

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)y or MnOj. See Penning et 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 to the alcohol (16) under the standard conditions, such as treatment with lithium 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, such 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 MnQO,, 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 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 (18) can be reduced to the products (21) by hydrogenation in the presence of a
suitable catalyst, such as a palladium or platinum 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,COs, or NaHCOs, 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, 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 to 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 Iy can

SEoTERYS S IIRTCHS

be similarly prepared, where A is (e.g., H ), B is H (e.g.,
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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 IIT°.
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As still another non-limiting example, the compounds of the present invention (35) can be

prepared by the methods shown in Scheme IV’, where Ry is -L.s'-M’—Ls’—Rp, and L.s", M’, Ls”*, Rp,

10 Ri, 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 treatment 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 THF) in a solvent such as

THF, DMF or DMSO, to provide ester (26). The ester (26) may be treated 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 et 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(PPh;), or Pd(dppf)Cl,, or a Pd (I) catalyst such
Pd(OAc), or Pd,(dba);) with or without the addition of organophosphorous ligands, such as PPh; or
P(t-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 (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, THF, 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 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’

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 in 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, supra. 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, temperatures 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 embodiments and schemes and the
following examples are given by way of illustration, not limitation. Various changes and
modifications 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.
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Example 1
Dimethyl (28,2'S)-1,1'-((2S,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-
10 diyl)dicarbamate

O,N NO,

Example 1A
N,N-bis(4-nitrobenzyl)aniline
15
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 1 hr. After 1 hr, the reaction was cooled to room temperature. The product
20  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).

H,N NH,

Example 1B
25 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(III)
chloride (1.14 g, 3.60 mmol) in ethanol (12 ml) and cooled in a water bath. Added Sodium
borohydride (726 mg, 19.20 mmol) portionwise (exotherm and bubbling occurred) and the reaction
turned dark black in color. Stirred at room temperature for about 1 hour. Added MeOH and filtered
through celite, rinsing with MeOH. Concentrated to half volume via rotovap, diluted with 25%
isopropanol/CHCl;, and washed with 10% sodium bicarbonate. Dried the organic layer over Na,SOy,,
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 temperature. The mixture was filtered through a nylon membrane
and the solvent was evaporated to give the title compound, which was used without further

purification.

Dol

, N
Boc O éoc
Example 1C
(25,2'S)-tert-butyl 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) in 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 stirring for 48 hours, add water and filtered to collect
solid. The solid was purified by chromatography on silica gel eluting with 0-4% MeOH/CH,Cl, to
give the title compound (339.4 mg, 47.5% yield, light yellow powder).

(I Q e
A RCUSGh Y
o N o H
Example 1D
(28,2'S)-N,N'-(4.4'-(phenylazanediyl)bis(methylene)bis(4,1-phenylene))dipyrrolidine-2-carboxamide
To the product from Example 1C (150 mg, 0.215 mmol) in CH,Cl, (537 ul) was added TFA

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

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

SC PN GPY W
oW \EjV \/©/ TN
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Example 1E

Dimethyl (28,2'S)-1,1'-((2S,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-
diyl)dicarbamate

To a mixture of the product from Example 1D (0.01 g, 0.020 mmol), (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (8.80 mg, 0.050 mmol), and HATU (0.019 g, 0.050
mmol) in DMSO (0.100 ml) was added Hunig's base (0.021 ml, 0.121 mmol), and the reaction was
stitred at room temperature for 15 minutes. The reaction was diluted with acetonitrile and water (0.1%
TFA) and purified by reversed phase chromatography (C18), eluting 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) 6 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)
2.08 -2.19 (m, 2 H) 3.58 - 3.65 (m, 2 H) 3.77 - 3.85 (m, 2 H) 4.02 (t, J=8.54 Hz, 2 H) 4.42 (dd,
J=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 (t, J=7.86
Hz, 2 H) 7.17 (d, J=8.70 Hz, 4 H) 7.37 (d, J=8.39 Hz, 2 H) 7.51 (d, J=8.54 Hz, 4 H) 10.01 (s, 2 H).

_ G*@E%@ 7’24\

Example 2

(R,28,2'S)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)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)-
2-phenylacetic acid (40.5 mg, 0.226 mmol), and HATU (86 mg, 0.226 mmol) in DMSO (0.45 ml) was
added Hunig's base (95 ul, 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,SQy, filtered and concentrated. Purification by chromatography on silica gel eluting with O-
5% MeOH/CH,CI, to give the title compound (7 mg, 9.4% yield). '"H NMR (500 MHz, DMSO-D6) 8
ppm 10.03 (brs, 2 H) 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 (t, J=7.17 Hz, 1 H) 4.61 (s, 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).

N N
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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-oxo-1-phenylethane-2,1-

diyl)dicarbamate

To a mixture of the product from Example 1D (47.2 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 ul, 0.569 mmol), and the reaction was stirred
at 1t 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) § ppm 9.79 - 10.11 (m, 2 H) 7.60 - 7.97 (m, 2 H) 7.46 - 7.62
(m, 3 H) 7.28 - 7.46 (m, 10 H) 7.13 - 7.27 (m, 4 H) 7.03 - 7.14 (m, 3 H) 6.63 - 6.74 (m, 2 H) 6.54 -
6.63 (m, 1 H) 5.28 - 5.54 (m, 2 H) 4.61 (s, 4 H) 4.34 - 4.50 (m, 2 H) 3.63 - 3.85 (m, 2 H) 3.53 (s, 6 H)
3.06 -3.24 (m, 2 H) 1.70 - 2.09 (m, 8 H).

Oﬁ/o o N 0 O)ao
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Example 4
(25,2'S)-benzyl 2,2'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine-1-carboxylate

The product from Example 1D (25 mg, 0.050 mmol) was combined with benzyl 2,5-
dioxopyrrolidin-1-yl carbonate (27.5 mg, 0.111 mmol) and triethylamine (0.021 ml, 0.151 mmol) in
DMF (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,SOy,, filtered and concentrated. Purification by
chromatography on silica gel eluting with 10-50% EtOAc in hexanes to 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 - 758 (m,4 H) 7.35-7.41 (m, 3 H) 729 - 7.35 (m, 1 H) 7.03 - 7.26 (m, 12 H) 6.63 - 6.74 (m,
J=8.32,8.32 Hz, 2 H) 6.54 - 6.63 (m, 1 H) 5.02 - 5.12 (m, 3 H) 4.93 (d, J=13.12 Hz, 1 H) 4.58 - 4.67
(m, 4 H)4.28-4.39 (m,2 H) 3.38 -3.55 (m, 4 H) 2.14 - 2.31 (m, 2 H) 1.77 - 1.98 (m, 6 H).

\/ q
e 0
MOQCHN/\( 0 /@ANn 7 NHCO,M

Example 5
Dimethyl (2R,2'R)-1,1'-((25,2'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-
diyl)dicarbamate

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 mmol) in anhydrous DMSO (0.25 ml) was added Hunig'sBase (0.013 ml, 0.072 mmol), and the
resulting mixture was stirred at rt 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 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, DMSO-D6) § ppm 10.23 (s, 0.5 H) 9.67 (s, 1.5 H) 7.49 - 7.56 (m, 4 H)
743 (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 (m,
6H)3.42-349 (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 7§
MeO,CHN 7 N 0 NHCOM
ey N\)J\N @ N)KLN} olvie
- )

Example 6
Dimethyl (28,2'S)-1,1'-((2S,2'S)-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

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 ml) 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 water (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, J=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) 4.43 (dd, J=7.93, 5.34
Hz,2 H)4.21 (d, J=8.85Hz, 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,2 H)1.79-1.92 (m, 4 H) 0.96 (s, 18 H).

NHCO,Me MeO,CHN

Example 7

Dimethyl (28,2'S)-1,1'-((2S,2'S)-2,2'-(6,6"-(phenylazanediyl)bis(methylene)bis(1H-
benzo[d]imidazole-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-yl)-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) in 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), aq. 10% NaHCO3, and then
brine. Dried organic over MgSQ,, filtered, and evaporated to 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 to heat with stirring at 70 °C for 3 hours. The mixture was evaporated down to
dryness, azeotroping with toluene and then dried under vacuum. 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.

="

O
N

HO

Example 7B
(S)-tert-Butyl 2-(5-(hydroxymethyl)-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. EtOAc (200 ml.) was
added and the organic was separated, washed with brine, dried (MgSQ,), filtered and evaporated to
give the title 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
5  triphenylphosphine (2.1 g, 3.15 mmol, 150-300 mesh) in THF at 0 °C was added CBr,, and the
mixture was stirred at 0 °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 title

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

purification.
N
>< o HN @ NH o >L
\=N N=
oA s Mo
O )
10
Example 7D

(25,2'S)-tert-Butyl 2,2'-(5,5'-(phenylazanediyl)bis(methylene)bis(1H-benzo[d]imidazole-5,2-
diyl))dipyrrolidine-1-carboxylate

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

20  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-yl)methyl)aniline
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To a solution of the product from Example 7D (46 mg, 0.066 mmol) in CH,Cl, (1.0 ml) was
added TFA (1.0 mL), and the mixture was stirred at room temperature for 30 min. The solvent was
evaporated and the residue was used without further purification.

NHCO,Me MeO,CHN
%““%O OW
NN N
N N
LA T
S N
5 Example 7F

Dimethyl (28,2'S)-1,1'-((2S,2'S)-2,2'-(6,6'-(phenylazanediyl)bis(methylene)bis(1H-
benzo[d]imidazole-6,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3,3-dimethyl-1-oxobutane-2,1-

Iz

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 mmol), and HATU (52.7 mg,
0.139 mmol) in anhydrous DMSO (0.5 ml) was added Hunig'sBase (0.035 ml, 0.198 mmol), and the
resulting mixture was stirred at rt 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 (br s, 2 H) 7.72
(d, /=8.39 Hz, 2 H) 7.56 (s, 2 H) 7.41 (d, J=8.09 Hz, 2 H) 7.31 (d, J=8.70 Hz, 2 H) 7.07 - 7.12 (m, 2
H) 6.73 (d, J=8.09 Hz, 2 H) 6.58 - 6.63 (m, 1 H) 5.19 (dd, J=8.16, 5.87 Hz, 2 H) 4.85 - 4.97 (m, 4 H)

20 421(d,J=8.70Hz,2 H)3.81 -3.92 (m, 4 H) 3.57 (s, 6 H) 2.01 - 2.25 (m, 8§ H) 0.85 (s, 18 H).

/vv?\( @E%@ 7f2 ye

Example §
25 Dimethyl (28,2'S)-1,1'-((2S,2'S)-2,2'-(4,4"-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(1-oxopropane-2,1-
diyl)dicarbamate
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The product from Example 1D (0.024 g, 0.048 mmol), (S)-2-
(methoxycarbonylamino)propanoic acid (0.015 g, 0.101 mmol), HATU (0.039 g, 0.101 mmol) and
Hunig's base (0.025 ml, 0.145 mmol) were mixed in DMSO (0.5 ml) 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,SQ,, filtered, and evaporated. The product was purified
by chromatography on silica gel eluting with 0-5% MeOH in CH,Cl, to give the title compound (11.9
mg, 32.6 % yield). '"H NMR (500 MHz, DMSO-D6) 8 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, J=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) 4.41 (dd, J=8.24, 4.42 Hz, 2 H) 4.27 - 4.36 (m, 2 H) 3.62 - 3.70
(m, 2 H) 3.54 - 3.61 (m, 2 H) 3.60 (s, 6 H) 2.07 - 2.18 (m, 2 H) 1.95 - 2.04 (mm, 2 H) 1.81 - 1.96 (m, 4
H) 1.18 (d, J=4.00 Hz, 6 H).

_O

ooty
gia o8
Example 9

Dimethyl (25,2'S,35,3'S)-1,1'-((25,2'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-oxopentane-2,1-
diyl)dicarbamate

The product from Example 1D (0.0179 g, 0.036 mmol), (25,3S)-2-(methoxycarbonylamino)-
3-methylpentanoic acid (0.014 g, 0.076 mmol), HATU (0.029 g, 0.076 mmol) and Hunig's base
(0.019 ml, 0.108 mmol) were dissolved in DMSO (0.360 ml), and the reaction mixture was stirred at
room temperature for 2 h under nitrogen. The reaction mixture was diluted with CH,Cl, and washed
with water. The organic extract was separated, dried over Na,SQO,, filtered, and evaporated. The
product was purified by chromatography on silica gel eluting with 0-3% MeOH in CH,Cl, 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 (t, J=7.25 Hz, 1 H) 4.59 (s, 4 H) 4.43 (dd, J=8.16, 4.81 Hz, 2 H) 4.07 (¢,
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)1.82-1.93 (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 - 0.84 (m, 6 H).
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Example 10
5 Methyl (S)-1-((S)-2-(4-(((4-((S)-1-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidine-2-
carboxamido)benzyl)(phenyl)amino)methyl)phenylcarbamoyl)pyrrolidin-1-y1)-3,3-dimethyl-1-

oxobutan-2-ylcarbamate

~o_H (N\/\WHOVQ QHW|“‘Q
gr ¥ © N o f
0N
10 Example 10A
Methyl (S)-3,3-dimethyl-1-0x0-1-((S)-2-(4-((phenyl(4-((S)-pyrrolidine-2-
carboxamido)benzyl)amino)methyl)phenylcarbamoyl)pyrrolidin-1-yl)butan-2-ylcarbamate
The product from Example 1D (120 mg, 0.241 mmol) was combined with (S)-2-
(methoxycarbonylamino)-3,3-dimethylbutanoic acid (45.6 mg, 0.241 mmol), HATU (92 mg, 0.241
15  mmol) and Hunig’s base (0.126 ml., 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_K Q\r“@y@ ﬁ“w|“‘Q \
Ty 0 N O P
7 Q
20 Example 10B
Methyl (S)-1-((S)-2-(4-(((4-((S)-1-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidine-2-
carboxamido)benzyl)(phenyl)amino)methyl)phenylcarbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-
oxobutan-2-ylcarbamate
The product from Example 10A (15 mg, 0.022 mmol) was combined with (R)-2-

25  (dimethylamino)-2-phenylacetic acid (4.82 mg, 0.027 mmol), HATU (9.38 mg, 0.025 mmol) 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,Cl, to give the title
compound (8 mg, 43% yield). 'H NMR (500 MHz, CHLOROFORM-D) & ppm 1.02 (s, 9 H) 1.65 -
1.73 (m, 1 H) 1.86 - 1.95 (m, 2 H) 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, J=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, J=7.25 Hz, 1 H) 6.73
(d,J=793Hz,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,
1 H).

v DYDY Loy
/?’ T Y% 0 N o \‘g\
Example 11

Dimethyl (18,1'S)-2,2'-((2S,2'S)-2,2'-(4,4"-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(2-oxo-1-phenylethane-2,1-

diyl)dicarbamate

The product from Example 1D (9.0 mg, 0.018 mmol) was combined with (S)-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)1.89-199 (m, 4 H) 2.38 - 2.45 (m, 2 H) 3.15 - 3.22 (m, 2 H) 3.52 - 3.67 (m, 8§ H) 4.49 (s, 4 H)
4.77 (dd, J=7.86,1.91 Hz, 2 H) 5.42 (d, 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 (S)-1-((S)-2-(4-(((4-((S)-1-((R)-2-(diethylamino)-2-phenylacetyl)pyrrolidine-2-
carboxamido)benzyl)(phenyl)amino)methyl)phenylcarbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-

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 mlL., 0.135 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 (11 mg, 57.2% yield). '"H NMR (500 MHz, CHLOROFORM-D) & ppm 0.87 (t, J=7.10 Hz,
6 H)094 (s,9H)1.59-1.68 (m, 1 H) 1.78 - 1.86 (m, 2 H) 1.92 - 2.00 (m, 1 H) 2.04 - 2.12 (m, 2 H)
243-2.52 (m,2 H)2.55-2.67 (m,4 H) 3.23 - 3.30 (m, 1 H) 3.56 - 3.61 (m, 2 H) 3.62 (s,3H) 3.71 -
3.78 (m, 1 H) 4.30 (d, J=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 (m, 6 H) 7.24 - 7.32 (m, 3 H)
7.33(d,J=8.54 Hz,2 H) 7.35-7.42 (m, 4 H) 9.22 (s, 1 H) 9.64 (s, 1 H).

7\\
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Example 13
Dimethyl (28,2'S)-1,1'-((2S,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-
2,1-diyl)dicarbamate
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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 fluoroaniline for aniline (4.78 g, 93% yield).

H,N NH,

Example 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 Example 1B (0.548 g, 100% yield).

F
OO i 0
LY O
Boc O N O Boc
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
OO 0
2ashdray
o N o H
Example 13D
20 (25,2'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).
92



WO 2010/120935 PCT/US2010/031102

F
/OYN\./& o \©\/N\/©/ \([3' N\(O
0o 7\ © O)}\ O—
Example 13E
Dimethyl (25,2'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-diyl)dicarbamate
To a mixture of the product from Example 13D (0.100 g, 0.194 mmol), (S)-2-
(methoxycarbonylamino)-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 ml, 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,SO,), 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 H), 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 2 H), 691 (dd, J=9.00, 9.00 Hz, 2 H), 7.09 (br d, J=8.85 Hz, 2 H), 7.15 (d, J=8.55 Hz, 4 H), 7.51 (d,
J=8.54 Hz, 4 H), 9.99 (br s, 2 H).

/\
20 Example 14
Dimethyl (28,2'S)-1,1'-((2S,2'S)-2,2'-(4,4'-(4-fluorophenylazanediyl) bis(methylene)bis(4,1-

g @ LY
/wv(g* 19O SCR o)ﬁ\ﬁi

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

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

g, 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 ), 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 ), 4.55 (s, 4 H), 6.63 (dd, J=9.31, 4.43
Hz, 2 H), 6.91 (dd, J=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, J=8.54
Hz, 4 1), 9.98 (s, 2 H).

5
F
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-
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Example 15
Dimethyl (28,2'S)-1,1'-((2S,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-

diyl)dicarbamate

The product from Example 13D was reacted with (S)-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, DMSO-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 (s, 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-
4.42 (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, J=8.55 Hz, 4 H), 9.92 (s, 2 H).

20
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Example 16

Dimethyl (2R,2'R)-1,1'-((25,2'S)-2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1 -

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

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 H), 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 s, 2 H), 6.43 (dd, J=9.31, 4.43 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), 9.43 (br s, 2 H).

Example 17
Dimethyl (25,2'S)-1,1'-((28,2'S)-2,2'-(5,5'-(phenylazanediyl)bis(methylene)bis(1H-
benzo[d]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 pl, 0.212 mmol). The mixture was stirred at room
temperature for 1h, poured into water, and extracted with EtOAc. Dried organic over Na,SQO,, filtered,
and evaporated. The product was purified by chromatography (C18), eluting with 10-100%
acetonitrile in water (0.1% TFA) to give the title compound (14.0 mg, 49.1% yield) as a TFA salt. 'H
NMR (500 MHz, DMSO-D6) 6 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=7.17Hz,2 H) 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 (t, 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, /=8.01 Hz, 2 H) 3.81 - 3.90 (m,
4 H)3.54 (s,6 H)2.15-2.22 (m, 2 H) 2.02 - 2.15 (m, 4 H) 1.92 - 2.01 (m, 2 H) 0.74 - 0.89 (m, 14 H).
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Example 18
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(2R,2'R)-1,1-((25,2'S)-2,2'-(5,5"-(phenylazanediyl)bis(methylene)bis(1H-benzo[d]imidazole-
5,2-diyl))bis(pyrrolidine-2,1-diyl))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

QA A LD
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~0 /:< O ° ° O)y O

Example 19

Dimethyl (28,2'S)-1,1'-((2S,2'S)-2,2'-(4,4'-(4-dimethyl (2S,2'S)-1,1'-((2S,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-1-oxobutane-
2,1-diyl)dicarbamate

OQN NYS N02
o]

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).

25 Example 19B
N,N-bis(4-aminobenzyl)thiazol-2-amine
Example 19B was prepared from the product from Example 19A by method A used to
prepare Example 1B (0.211 g, 56.2% yield).
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Example 19C
(25,2'S)-tert-butyl 2,2'-(4,4'-(thiazol-2-ylazanediyl)bis(methylene)bis(4,1-
phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine- 1-carboxylate
5 Example 19C was prepared from the product from Example 19B by the methods used to
prepare Example 1C (0.25 g, 52.2% yield).

"0 \©\/\Nr\/©/ \g e
Example 19D
(25,2'S)-N,N'-(4,4'-(thiazol-2-ylazanediyl)bis(methylene)bis(4,1-phenylene))dipyrrolidine-2-
10 carboxamide
Example 19D was prepared from the product from Example 19C by the methods used to
prepare Example 1D (0.058 g, 32.5% yield).

QA A LD
YUY QUL L
~0 /:< O O)j< O
Example 19E
15 Dimethyl (25,2'S)-1,1'-((2S,2'S)-2,2'-(4,4'-(4-dimethyl (25,2'S)-1,1'-((25,2'S)-2,2'-(4,4'-(thiazol-2-
ylazanediyl)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
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) in 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
(MgSQ,), filtered, and concentrated. The residue was purified by chromatography on silica gel,
eluting with 0-5% MeOH in CH,Cl, to provide the title compound (0.047 g, 48.3% yield). '"H NMR
(500 MHz, BENZENE-D6) 6 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, 3H), 3.44 (s, 3H), 4.20 (s, 1H), 4.31 (d, /=13.8, 1H), 4.49
(dd, J=24.6,154,4H),4.65 (dd, J=7.6,5.3, 1H), 4.78 (dd, J=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 =
8.4,2M),7.81 (d, J = 8.4, 210), 9.77 (s, 1H), 9.88 (s, 1T).
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Example 20
Methyl (S)-1-((S)-2-(5-(((4-((S)-1-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidine-2-
carboxamido)benzyl)(phenyl)amino)methyl)-1H-benzo[d]imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-
oxobutan-2-ylcarbamate
10

NO,

©/NH
Example 20A
N-(4-nitrobenzyl)aniline
Combined aniline (6.16 g, 66.2 mmol) and 4-nitrobenzaldehyde (10.0 g, 66.2 mmol) in
15 MeOH (165 mL) and toluene (165 mlL.), 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 (MgSQ,) filtered, and evaporated to 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).
\©\/ \/@E /> N
78

Example 20B
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(S)-tert-butyl 2-(5-(((4-nitrobenzyl)(phenyl)amino)methyl)-1H-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 (MgSQO,), 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).

0 oo
)
2

Example 20C
(S)-tert-butyl 2-(5-(((4-aminobenzyl)(phenyl)amino)methyl)- 1H-benzo[d]imidazol-2-yl)pyrrolidine-1-
carboxylate
15 Example 20C was prepared from the product from Example 20B by method A used to prepare
Example 1B.

o=

O

Example 20D

(S)-tert-butyl 2-(4-((((2-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl)-1H-benzo[d]imidazol-5-

20 yDmethyl)(phenyl)amino)methyl)phenylcarbamoyl)pyrrolidine-1-carboxylate
Example 20D was prepared from the product from Example 20C by the methods used to
prepare Example 1C (0.15 g, 38.1% yield).

H
(Nj}('\' §
oo
H
Example 20E
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(S)-N-(4-((phenyl((2-((S)-pyrrolidin-2-yl)-1H-benzo[d]imidazol-5-
ylmethyl)amino)methyl)phenyl)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).
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Example 20F
Methyl (S)-1-((S)-2-(5-(((4-((S)-1-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidine-2-
carboxamido)benzyl)(phenyl)amino)methyl)-1H-benzo[d]imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-
oxobutan-2-ylcarbamate

10 Example 20F was prepared from the product from Example 20E and (S)-2-
(methoxycarbonylamino)-3-methylbutanoic 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,,
followed by 10-60% EtOAc in CH,Cl, (containing 0.5% NH4OH) (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 J=7.32 Hz,3H)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) 3.48 (d, J=5.19 Hz, 6 H) 3.54 - 3.60 (m, 1 H) 3.72 - 3.79 (m, 2 H) 3.92 - 4.04
(m, 2 H) 4.38 (dd, J=8.09, 4.88 Hz, 1 H) 4.56 (s, 2 H) 4.68 (d, J=10.99 Hz, 2 H) 5.05 - 5.12 (m, 1 H)
6.51 (td, 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 (s, 1 H) 11.98 (d, J=26.25 Hz, 1 H).

Qi O D ¢

N N
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Example 21

25 (R,25,2'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% yield). "H NMR
(500 MHz, DMSO-D6) & 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)2.49-2.56 (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 (s, 2 H) 6.64 (t, ]=7.25 Hz, 1 H) 6.74 (d, J=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 (t, J=7.40 Hz, 4 H) 7.47 (d,
J=7.17Hz, 4 H) 7.59 (d, J=8.54 Hz, 4 H) 10.03 (s, 2 H).
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Example 22
dimethyl (25,2'S,38,3'S)-1,1-((28,2'S)-2,2'-(5,5"-(phenylazanediyl)bis(methylene)bis(1H-
benzo[d]imidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxopentane-2,1-
diyl)dicarbamate

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,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 % ACN in 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=7.25 Hz, 1 H) 5.21 (dd, J=8.16, 5.57 Hz, 2 H) 4.91 (s,4 H) 4.11 - 4.18 (m, 2 H) 3.82 - 3.94 (m, 4
H) 3.54 (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'S)-2,2'-(5,5"-(phenylazanediyl)bis(methylene)bis(1H-
benzo[d]imidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(2-oxo-1-phenylethane-2,1-diyl)dicarbamate

To a mixture 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 ml, 0.073 mmol), and the
resulting mixture was stirred at rt for 90 min. Partitioned between water (2 ml.) and EtOAc (2 x 2
ml.) and dried the combined organic layers over Na,SO,. Filtered and conc. in vacuo. The crude
product was purified by chromatography on silica gel (C18) eluting with a gradient of 10-100%
acetonitrile in water (0.1% TFA). Pure fractions were pooled and concentrated in vacuo to 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)
494 (s,4H)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).

AP VOO Ly
5

Example 24
dimethyl ([(1-methylethyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5)-3-methyl-1-oxobutane-1,2-diyl] } )biscarbamate

2
Example 24A

N,N-bis(4-nitrobenzyl)propan-2-amine
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A mixture of bis(4-nitrobenzyl)amine (50 mg, 0.174 mmol) and acetone (51.1 ul., 0.696
mmol) in methanol (752 ul.)/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 O °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 NaHCQ;. The organic layer was washed with brine, dried (Na,SO,), 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+H)".

g

oL
HoN NH

Example 24B

2

4-(((4-aminobenzyl)(isopropyl)amino)methyl)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 ~
1/2 volume, diluted with 1:3 isopropyl alcohol:CH,Cl,, and washed with saturated aqueous NaHCOs.
The organic layer was dried (Na,SQO,), filtered and concentrated in vacuo to give the title compound

(31.9 mg). MS (APCI) m/s 270.5 (M+H)".

I8 84bden s

Example 24C
(285,2'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 pl., 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 chromatography (silica gel, 50%
EtOAc/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,Cl, (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 isopropyl alcohol:CH,Cl, and

washed with aqueous saturated NaHCQO;, dried (Na,SQO,), filtered, and concentrated in vacuo to give

the title compound (10.4 mg, 61%). MS (EST) m/z 464.2 (M+H)".

Example 24E
dimethyl ([(1-methylethyl)imino]bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5)-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 Hiinig's Base (23.5 pul,, 0.135 mmol). The resulting mixture was
stirred at rt for 1 hour, and was then partitioned between water and ethyl acetate. The organic layer
was washed with brine, dried (Na,SQOy,), filtered and concentrated in vacuo. Purification by C18-
reverse-phase HPLC (10-90%CH;CN/0.1%TFA in water) afforded the title compound as a TFA salt
(7.5 mg). '"H NMR (500 MHz, DMSO-D6) & 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 (m, 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 H), 3.82 (d, /=9.5 Hz, 2 H), 4.03 (t, /=8.5 Hz, 3 H), 4.34 (d, J=13.4
Hz, 2 H), 4.42 - 4.46 (m, 2 H), 7.31 (d, J=8.4 Hz, 2 H), 7.40 (t, J/=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 (EST) m/z 778.4 (M+H)".

H e
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Example 25
dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S,3R)-
3-hydroxy-1-oxobutane-1,2-diyl] } Jbiscarbamate
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Example 25A
(25,3R)-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 0.12 g of the title compound as a waxy solid.
10
Example 25B
dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-diyl[(2S,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 dimethylsulfoxide (1.5 ml.) at ambient temperature and
treated with diisopropylethylamine (0.061 ml., 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 column, 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,6 H)1.82-1.91 (m, 4 H)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 H) 3.76 - 3.84 (m, 4 H) 4.20 (t, J=7.40 Hz, 2 H) 4.42 (dd, J=8.39, 4.88 Hz, 2 H) 4.57 (s, 4 H)
4.81 (d, J=5.80 Hz, 2 H) 6.55 (t, J=7.25 Hz, 1 H) 6.64 (d, J=7.93 Hz, 2 H) 7.02 - 7.11 (m, 4 H) 7.16
(d, J=8.54 Hz,4 H) 7.49 (d, J=8.70 Hz, 4 H) 9.83 (s, 2 H); MS (TFA,ELSD+) m/z 8§16 (M+H)+.

/WV(E\( @E%@ 1 A

N
25 OH HO
Example 26
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-3-

hydroxy-1-oxopropane-1,2-diyl] } ]biscarbamate
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Example 26A
(S)-3-hydroxy-2-(methoxycarbonylamino)propanoic acid
L-serine (1.0 g, 9.52 mmol) was processed as in Example 25A to give 0.125 g (8%) of the

title compound as a waxy solid.

Example 26B
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-3-
hydroxy-1-oxopropane-1,2-diyl] } Jbiscarbamate

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 25B 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,
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)+.

SR aebdens L
/\

Example 27
dimethyl [(cyclopentylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5)-3-methyl-1-oxobutane-1,2-diyl] } |biscarbamate

2
Example 27A
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 mmol). The resulting mixture was stirred at rt for 16 hours, more 1-(bromomethyl)-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 (EST) m/z 356.0 (M+H)™.

wes %SLNH

Example 27B

2

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

Yo«

Example 27C
15 (25,2'S)-tert-butyl 2,2'-(4,4'-(cyclopentylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)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 (ESI) m/z 690.5 (M+H)".

2 aeVdopt

Example 27D
(25,2'S)-N,N'-(4,4'-(cyclopentylazanediyl)bis(methylene)bis(4,1-phenylene))dipyrrolidine-2-

20

carboxamide
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 (EST) m/z 490.2 (M+H)".
Example 27E
dimethyl [(cyclopentylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(25)pyrrolidine-2,1-
diyl[(2S5)-3-methyl-1-oxobutane-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, § H), 0.94 (t, /=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 (t, 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, /=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) m/z 804.4 (M+H)".

v?\” @E%@V ¥ )11

HO

Example 28
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-3-
hydroxy-3-methyl-1-oxobutane-1,2-diyl] } |biscarbamate
H OH
Ayt
© 7~

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

Example 28B
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-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) § ppm1.14 (s, 6 H) 1.21 (s, 6 H) 1.84 - 1.97 (m, 6
H) 2.11 - 2.20 (m, 2 H) 3.54 (s, 6 H) 3.64 - 3.73 (m, 2 H) 3.84 - 3.93 (m, 2 H) 4.37 (d, J=8.70 Hz, 2
H) 4.46 (dd, J=8.62, 3.74 Hz, 2 H) 4.58 (s, 4 H) 5.09 (s, 2 H) 6.55 (t, J=7.25 Hz, 1 H) 6.63 (d, J=7.93
Hz, 2 H) 7.05 (dd, J=8.77, 7.25 Hz, 2 H) 7.14 (d, J=9.61 Hz, 2 H) 7.16 (d, J=8.70 Hz, 4 H) 7.51 (d,
J=8.70 Hz, 4 H) 9.65 (s, 2 H); MS (TFA,ELSD+) m/z 844 (M+H)+.
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Example 29
dimethyl [(cyclopentylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } |biscarbamate

The product of Example 27D (50 mg, 0.102 mmol) was subjected to the procedure 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 (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, J=3.2 Hz, 2 H), 1.84 - 1.93 (m, 5 H), 1.95 - 2.02 (m, 4 H), 2.14 - 2.21 (m, 2 H), 3.80 (d, /=8.9
Hz,5 H), 4.15 (s, 3 H), 4.22 (d, J=8.7 Hz, 3 H), 4.28 (s, 1 H), 4.42 - 4.47 (m, 2 H), 7.09 (d, J=8.9 Hz,
2 H), 7.40 (dd, J=12.6, 8.6 Hz, 4 H), 7.65 (dd, J=8.7, 2.3 Hz, 4 H), 9.50 (s, 1 H), 10.22 (s, 2 H); MS
(EST) m/z 832.4 (M+H)".

Example 30
dimethyl ([(1-methylethyl)imino]bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

The product of Example 24D (60.0 mg, 0.129 mmol) was subjected to the procedure
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 TFA salt (25
mg). 'H NMR (500 MHz, DMSO-D6) & 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 H), 4.21 (d, J/=8.9 Hz, 2 H), 4.34 (t, J=12.5
Hz, 2 H), 4.44 (d, J=6.6 Hz, 2 H), 7.09 (d, /=8.9 Hz, 2 H), 7.41 (dd, J=13.1, 8.7 Hz, 4 H), 7.64 (dd,
J=8.7,2.9 Hz, 4 H), 9.13 (s, 1 H), 10.22 (s, 2 H); MS (ESD) m/z 806.5 (M+H)".
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Example 31
(25,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl) ]bis{ 1-[(25)-3,3-dimethyl-2-(2-
oxoimidazolidin-1-yl)butanoyl]pyrrolidine-2-carboxamide }

5 The product of Example 1D (32 mg, 0.064 mmol) and (S)-3,3-dimethyl-2-(2-
oxoimidazolidin-1-yl)butanoic 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) 6 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).

GYW@JKT“ ““““ )\\K
Yo

Example 32
dimethyl ([(2-methoxyethyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(25)pyrrolidine-2,1-
15 diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

aeb Ve

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 quenched 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)methyl)aniline

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)™.

o lo,

Example 32C
(25,2'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-H)*.
(Nj(%( \©\/ H\/O/ 3" (s)
Example 32D
15 (25,2'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+H)™, 478 (M-H)*.

20 Example 32E
dimethyl ([(2-methoxyethyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(25)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 using flash chromatography (silica gel,
25  MeOH/dichloromethane) to afford the title compound (7.5 mg, 3%). "H NMR (500 MHz, BENZENE-
D6) 6 1.02 (s, 18H), 1.39 - 1.16 (m, 5H), 1.56 - 1.40 (m, 2H), 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, J = 5.9, 2H), 3.41 - 3.35 (m, 6H),
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 (ESI) m/z 822 (M+H)™, 820 (M-H)™*.

N ©

Example 33
dimethyl [(isoxazol-3-ylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(25)pyrrolidine-2,1-
diyl[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } |biscarbamate

o Q/O\N E‘\o
10 \Q\/N\/O/
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

HzN QN NH,
\O\/N\/Q/
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).

G\( @ LD
O/&O © \©\/Nv©/ jl )\o
N T A

Example 33C
25 (28,2'S)-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
(25,2'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
10 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(25)pyrrolidine-2,1-
15 diyl[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } |biscarbamate
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, DMSO) 6 10.02 (s, 2H), 8.48 (d, J=1.8, 1H), 7.52 (d, J = 8.5, 4H), 7.16 (d, J = 8.5, 4H),
20 7.09(d,J=28.8,2H), 636 (d, J=1.8, 1H), 4.44 (dd, J = 5.3, 8.1, 2H), 4.35 (s, 4H), 4.21 (d, J = 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 (ESI; M+H) m/z = 832.

<o

o NH HN o
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25 Example 34

113



10

15

20

25

WO 2010/120935 PCT/US2010/031102

methyl [(15)-2-hydroxy-1-{[(25)-2-(6-{[({2-[(25)-1-{(25)-3-hydroxy-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl }pyrrolidin-2-yl]-1H-benzimidazol-6-yl }methyl)(phenyl)amino] methyl } -1 H-
benzimidazol-2-yl)pyrrolidin-1-yl]carbonyl }-2-methylpropyl]carbamate

The product 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 7 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-dg) & ppm
1.02 (s,6 H), 1.14 (s, 6 H), 1.91 - 2.16 (m, 6 H), 2.29 - 2.43 (m, 3 H), 2.53 (s, 2 H), 3.18 (s, 2 H), 3.55
(s, 6 H), 3.72 - 3.82 (m, 2 H), 3.97 - 4.06 (m, 2 H), 4.37 (d, J=8.70 Hz, 4 H), 4.88 (s, 4 H), 4.90 (d,
J=10.99 Hz, 2 H), 5.26 (dd, J=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, /=8.54 Hz, 2 H), 7.37 (d, J/=8.39 Hz, 2 H), 7.52 (s, 2 H), 7.66 (d, J=8.24
Hz, 2 H). MS (ESD) m/z 838 (M+H)".

<L onc
5 - e,

o NH HN o
§( 74
0 o)

/ AN

Example 35
methyl [(1S,2R)-2-hydroxy-1-{[(25)-2-(6-{[({2-[(25)-1-{(2S,3R)-3-hydroxy-2-
[(methoxycarbonyl)amino]butanoyl } pyrrolidin-2-yl]-1H-benzimidazol-6-

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

The product of Example 7E (25 mg, 0.051 mmol) and (28,3R)-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 NaHCO;
solution followed by extraction with a mixture of isopropyl alcohol/CH,Cl, (1:3 ratio; 3 x 100 ml)
and isolation to afford 25 mg (43%) of the title compound. 'H NMR (500 MHz, DMSO-dg) & ppm
1.00 (d, J=6.26 Hz, 6 H), 2.00 - 2.20 (m, 7 H), 2.34 - 2.44 (m, 4 H), 3.54 (s, 6 H), 3.87 (dt, /=12.40,
6.18 Hz, 2 H), 4.26 (dd, J=8.24, 5.34 Hz, 2 H), 4.90 (d, J=1.98 Hz, 4 H), 5.21 (dd, J=8.24, 534 Hz, 2
H), 6.60 (t, J=7.25 Hz, 1 H), 6.72 (d, J=8.09 Hz, 2 H), 6.99 (d, /=8.24 Hz, 2 H), 7.05 - 7.12 (m, 2 H),
7.41 (d, J=8.39 Hz, 2 H), 7.54 (s, 2 H), 7.71 (d, J=8.54 Hz, 2 H). MS (ESI) m/z 810 (M+H)".
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Example 36
(25,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl)|bis{ 1-[(25)-3-methyl-2-(2-
oxotetrahydropyrimidin-1(2H)-yl)butanoyl]pyrrolidine-2-carboxamide }

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, J=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, /=8.2, 5.0 Hz, 2 H), 4.59 (s, 4 H), 4.78 (d, /=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 (ESI) m/z 862.5 (M+H)".

NHGYQVQVQWI )\‘\/

Y ”N\(

15 Example 37
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(45)-5-
oxopent-1-ene-5,4-diyl] } [biscarbamate

Example 37A
20 (S)-2-(methoxycarbonylamino)pent-4-enoic acid
A mixture of (S)-2-aminopent-4-enoic acid (1.0 g, 8.69 mmol) and NaHCO; (2.26 mg, 26.9
mmol) in H,O (40 mL.) was cooled to 0 °C. A mixture of methyl chloroformate (740 ul., 9.55 mmol)
dissolved in Et;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 HCI (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 (EST) m/z 174 (M+H)".

Example 37B
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dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(45)-5-
oxopent-1-ene-5,4-diyl] } [biscarbamate

The product of Example 1D (50 mg, 0.100 mmol) 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-dg) & 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 H),
3.55-3.63 (m, 2 H), 3.64 - 3.72 (m, 2 H), 4.24 - 431 (m, 2 H), 4.42 (dd, J=8.09, 4.27 Hz, 2 H), 4.58
(s, 4 H), 5.03 (d, J=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 (d, 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, J=7.93
Hz, 2 H), 7.49 (d, J=8.39 Hz, 4 1), 9.93 (s, 2 H). MS (ESD) m/z 808 (M+H)".

ooty -
YNH HN\(

Example 38
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-1-
oxobutane-1,2-diyl] } |biscarbamate
Example 38A
(S)-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+H)".

Example 38B
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-1-
oxobutane-1,2-diyl] } |biscarbamate

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-d;) 6 ppm 0.89 (t, J=7.40 Hz, 6 H), 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),
3.50 (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=8.09,4.58 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 (t, 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=8.39 Hz, 4 H), 9.94 (s, 2 H).
MS (ESD) m/z 784 (M+H)".
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Example 39
dimethyl {(phenylimino)bis[methanediylbenzene-4,1-diylcarbamoyl(28)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 25B to give
0.039 g (45%) of the title compound as a yellow solid. 'H NMR (500 MHz, DMSO-D6) & ppm 1.65 -
1.76 (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,
2 H)3.51-3.54 (m, 6 H) 3.57 - 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 (t, 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=8.54 Hz, 4 H) 7.59 (d, J=7.93 Hz, 2 H)
9.97 (s, 2 H); MS ESI- m/z 866 (M-H)-.

AN

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

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 mlL.) then cooled in an ice bath. Methoxyacetyl chloride
(0.38 mL., 4.2 mmol) 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 acetate. 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, 18 H) 1.85-1.93 (m, 4 H) 1.94 -
204 (m,2 H)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, J=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 8§66 (M-H)-.

Example 41
di-tert-butyl [(phenylimino)bis { methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5,35)-3-methyl-1-oxopentane-1,2-diyl] } Jbiscarbamate

To a solution of the product from Example 1D (0.062 g, 0.125 mmol) in CH,Cl, (5 ml.) at rt
was added (285,35)-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 0O to 2% MeOH-CH,Cl,) to provide the 67 mg (58%) of the title
compound. 'H NMR (500 MHz, DMSO-D6) & 0.81 (t, J=7.02 Hz, 6 H) 0.85 (d, J=6.71 Hz, 6 H) 1.20
-129 (m, 2 H) 1.37 (s, 18 H) 1.44 - 1.53 (m, 2 H) 1.65 - 1.75 (m, 2 H) 1.82 - 1.92 (m, 4 H) 1.95 -
2.04 (m, 2 H) 2.08 - 2.17 (m, 2 H) 3.56 - 3.64 (m, 2 H) 3.75 - 3.83 (m, 2 H) 4.04 (t, J=8.70 Hz, 2 H)
4.43 (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, J=8.39
Hz, 2 H) 7.07 (m, 2 H) 7.17 (d, J=8.54 Hz, 4 H) 7.51 (d, J=8.39 Hz, 4 H) 9.97 (s, 2 H).
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Example 42
(25,2'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 (S)-3-methyl-2-(2-oxopyrrolidin-1-
ylbutanoic 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),
746 (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 (t, 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, J=6.6 Hz, 6H), 0.72 (d, J=6.6
Hz, 6H).

B LD

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 mmol) 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, filtered, 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)pyrrolidine-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).

Example 44B
(R)-N,N-bis(4-aminobenzyl)tetrahydrofuran-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).

O
G\(“ SR
24<Véens

O =

#O\/&O N O O)\/O%
Example 44C
20 (25,2'S)-tert-butyl 2,2'-(4,4'-((R)-tetrahydrofuran-3-ylazanediyl)bis(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-ylazanediyl)bis(methylene)bis(4,1 -
phenylene))dipyrrolidine-2-carboxamide
5 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,
70% yield).

Example 44E
10 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-dimethylbutanoic 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,

15 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, /=9.7, 2H), 3.77 («d, J = 4.3, 8.4, 1H), 3.70 (dd, J = 5.4, 9.0, 1H), 3.59 —

3.53 (m, 1H), 3.48 — 3.41 (m, 7H), 3.33 (d, J = 12.9, 4H), 3.23 — 3.13 (m, 5H), 2.11 (td, / = 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 (ESI; M+H)

m/z = §35.
20
—o_H N N R o~
YA o N o) ~
0 3/0 o o
Example 45
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-4-
methyl-1-oxopentane-1,2-diyl] } [biscarbamate
25 The product of Example 1D (35 mg, 0.070 mmol) was subjected to the procedure described in

Example 24E, substituting (S)-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
30 H),2.14 (td, J/=7.6, 4.6 Hz, 2 H), 3.67 - 3.75 (m, 3 H), 4.23 - 431 (m, 2 H), 4.42 (dd, J=8.2, 4.7 Hz, 3
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H), 4.59 (s, 5 1), 6.57 (s, 1 H), 6.66 (d, J=8.1 Hz, 2 H), 7.07 (t, J=7.9 Hz, 3 H), 7.17 (d, J=8.5 Hz, 5
H), 7.34 (d, J=8.1 Hz, 2 H), 7.50 (d, J=8.5 Hz, 5 1), 9.96 (s, 2 H); MS (EST) m/z 840.5 (M+H)".

o}

-

5 Example 46

/vrv?\” @E%@ 1 Oﬁ\(if\

dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-1-
oxopentane-1,2-diyl] } Jbiscarbamate
The product of Example 1D (35 mg, 0.070 mmol) was subjected to the procedure described in
Example 24E, substituting  (S)-2-(methoxycarbonylamino)pentanoic  acid  for  (S)-2-
10  (methoxycarbonylamino)-3-methylbutanoic acid to give the title compound as a TFA salt (29 mg). 'H
NMR (500 MHz, DMSO-D6) 6 ppm 0.83 - 0.90 (m, 9 H), 1.22 - 1.30 (m, 3 H), 1.30 - 1.40 (m, 4 H),
1.43-1.52 (m, 3 H), 1.53-1.62 (m, 2 H), 1.83 - 1.93 (m, 4 H), 1.95 - 2.04 (m, 2 H), 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 (ESI) m/z 812.4 (M+H)".

Ak @ P
0 /I\ o
Example 47
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylimino[(2S)-1-oxopropane-1,2-
20 diyl](methylimino)[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } |biscarbamate

XOETLOWH@END ﬁaniok

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 using the method described in Example 41. The crude residue was purified
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by silica gel chromatography (40% ethyl acetate-hexane) to provide the title compound. MS (ESI;
M+H) m/z = 674.

oot

5 Example 47B
(25,2'S)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-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 TFA (5.00 mL) and stirring continued overnight. The reaction was concentrated and
10 the residue partitioned between saturated NaHCO; and 25% IPA-CHCL;. The organic phase was
dried (Na,SO,) and concentrated to provide 210 mg (64%) of the title compound. MS (ESI; M+H)
m/z = 474.

Example 47C
15 dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylimino[(2S)-1-oxopropane-1,2-
diyl](methylimino)[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } |biscarbamate
The product from Example 47B 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 (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 (brs, 4 H) 3.58 (br s, 2 H) 4.45 (m, 2 H) 4.59 (m, 4 H) 5.03 (m, 2 H) 6.56 (¢,
J=7.25 Hz, 1 H) 6.65 (d, J=8.70 Hz, 2 H) 7.04 - 7.10 (m, 3 H) 7.15 - 7.21 (m, 4 H) 7.47 - 7.52 (m, 4
H) 7.62 (d, J=8.39 Hz, 1 H) 9.79 (s, 2 H).

HO OH
H e
N N
Z]/NE/&O O N o N\g
25 ™
Example 48

dimethyl [(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,3'R,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 processed 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

Example 48B
(25,2'S,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 (DCIL; M+H) m/z = 530.

Example 48C
dimethyl [(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 48B 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)
2.04 -2.12 (m, 2 H) 3.54 (s, 6 H) 3.62 - 3.71 (m, 4 H) 4.20 (d, J=9.31 Hz, 2 H) 4.36 (br s, 2 H) 4.49 (t,
J=8.09 Hz, 2 H) 4.58 (s, 4 H) 5.18 (d, J=3.36 Hz, 2 H) 6.56 (t, 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{ methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-diyl[(25,3S)-
3-hydroxy-1-oxobutane-1,2-diyl] } Jbiscarbamate

Example 49A
(25,35)-3-hydroxy-2-(methoxycarbonylamino)butanoic acid
(28,38)-2-amino-3-hydroxybutanoic acid (0.54 g, 4.53 mmol) was processed as in Example
25A to give 0.139 g (17%) of the title compound as a waxy solid.

Example 49B
dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S,35)-
3-hydroxy-1-oxobutane-1,2-diyl] } Jbiscarbamate

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) 6 ppm 1.16 (d, J=6.10 Hz, 6 H) 1.82 - 1.89
(m, 2 H)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 (t, 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, J=4.58 Hz, 2 H) 6.55
(t, J=7.17 Hz, 1 H) 6.63 (d, J=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)
742 (d, J=8.24 Hz, 2 H) 7.47 (d, J=8.54 Hz, 4 H) 9.49 (s, 2 H); MS ESI+ m/z 8§16 (M+H)+; m/z 833
(M+NH4)+.

Example 50
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dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(28)pyrrolidine-2,1-diyl[(2S,3R)-

3-methyl-1-oxopentane-1,2-diyl] } |biscarbamate

Example S0A

5 (25,3R)-2-(methoxycarbonylamino)-3-methylpentanoic acid
(25,3R)-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 title compound as a waxy solid.

Example 50B
10 dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S,3R)-
3-methyl-1-oxopentane-1,2-diyl] } |biscarbamate

The product from Example 1D (0.05 g, 0.10 mmol) and the product from Example 5S0A
(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 (t, J=7.32
15 Hz,6 H)1.06-115(m,2H)1.42-150(m,2H)1.73-1.79 (m,2H) 1.81 - 1.92 (m, 4 H) 1.95 -
203 (m,2H)2.10-2.16 (m, 2 H) 3.23 - 3.30 (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) 4.41 (dd, J=8.01, 5.26 Hz, 2 H) 4.57 (s, 4 H) 6.55 (t, J=7.25 Hz, 1 H)
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, J=8.54 Hz, 4 H)

9.95 (s, 2 H); MS ESI- m/z 838 (M-H)-.
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Example 51
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S,3R)-
3-methoxy-1-oxobutane-1,2-diyl] } |biscarbamate
25
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Example 5S1A
(25,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid
(25,3R)-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(28)pyrrolidine-2,1-diyl[(2S,3R)-
3-methoxy-1-oxobutane-1,2-diyl] } |biscarbamate

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) 6 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 (s, 6 H) 3.42 - 3.48 (m, 2 H) 3.52 (s, 6 H) 3.62
-3.70 (m, 2 H) 3.79 - 3.86 (m, 2 H) 4.25 (t, J=7.78 Hz, 2 H) 4.40 (dd, J=8.24, 5.04 Hz, 2 H) 4.57 (s, 4
H) 6.55 (t, J=7.25 Hz, 1 H) 6.64 (d, J=8.09 Hz, 2 H) 7.05 (dd, J=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 8§42 (M-H)-.

/OZfH_s G\( @EP ﬁ b )1 \‘go\
)2

{
Example 52
dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-3-
20 methoxy-3-methyl-1-oxobutane-1,2-diyl] } Jbiscarbamate
H OH
/O\H/N\E/&O
O 1~
O\
Example 52A

(S)-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(2S)pyrrolidine-2,1-
diyl[(25)-3-methoxy-3-methyl-1-oxobutane-1,2-diyl] } Jbiscarbamate

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) & 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)
3.63-3.81 (m, 4 H)4.33 -4.43 (m, 2 H) 4.50 (dd, J=13.12, 8.85 Hz, 2 H) 4.57 (s, 4 H) 6.55 (t, J=7.25
Hz, 1 H) 6.64 (d, J=8.39 Hz, 2 H) 7.05 (t, J=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 (d, J=7.02 Hz, 2 H); MS ESI- m/z 870.5 (M-H)-.

H

o i, GY@E? gohl % <

Example 53
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{[{4-[(1-{(25)-2-[ (methoxycarbonyl)amino]-2-[(3R)-
tetrahydrofuran-3-yl]acetyl } -L-prolyl)amino]benzyl } (phenyl)amino | methyl } phenyl)-L-prolinamide

The product of Example 10A (0.035 g, 0.052 mmol) and (S)-2-(methoxycarbonylamino)-2-
((R)-tetrahydrofuran-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=20.03,7.21,7.10 Hz, 1 H) 1.77 - 1.88 (m, 6 H) 1.90 - 1.99 (m, 2 H) 2.06 - 2.14 (m, 2 H) 3.48 (s, 6
H) 3.54 - 365 (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, J=8.09 Hz, 2 H) 6.99 - 7.06 (m, 3
H) 7.12 (d, J=7.48 Hz, 4 H) 7.45 (d, J=7.93 Hz, 4 H) 7.55 (d, J=7.93 Hz, 1 H) 9.93 (d, J=6.26 Hz, 2
H); MS ESI- mv/z 852.5 (M-H)-.

> @m@@ﬁ@f«
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Example 54

(28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(2R)-2-
(diethylamino)-2-phenylacetyl]pyrrolidine-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, 0.24 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 8§95 (M+H)+.

Example 55
(28,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl)[bis{ 1 -[(2R)-2-phenyl-2-pyrrolidin-1-
ylacetyl]pyrrolidine-2-carboxamide }

Example 55A
(R)-2-phenyl-2-(pyrrolidin-1-yl)acetic 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 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 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 (ESI)
m/z 206 (M+H)".

Example 55B
(28.,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 Example 43 to afford 34 mg (65%) of the
title compound. 'H NMR (500 MHz, DMSO-D6) 6 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, 1H), 5.50 (m,
2H), 4.57 (s, 4H), 4.38 (m, 2H), 3.84 (m, 2H), 3.50 (m, 2H), 3.10 (m, 6H), 3.86 (m, 2H), 3.75 (m,
2H),2.02 (m, 4H), 1.90 (m, 8H), 1.76 (s, 4H).
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Example 56
N-(methoxycarbonyl)-3-methyl-1.-valyl-N-[4-({phenyl[4-({ 1-[(2R)-2-phenyl-2-pyrrolidin-1-ylacetyl]-
L-prolyl } amino)benzyl]amino }methyl)phenyl]-L-prolinamide

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, J=8.2 Hz, 2H), 6.52 (t, 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
(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
(28,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl) [bis{ 1-[(2R)-2-morpholin-4-yl-2-
phenylacetyl]pyrrolidine-2-carboxamide }

Example 57A
(R)-2-morpholino-2-phenylacetic acid

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 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 (EST) m/z 222 (M+H)".
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Example 57B
(28,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl) [bis{ 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) 6 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, §H), 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).

g

Q
\

Example 58
N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({ [4-({ 1-[(2R)-2-morpholin-4-yl-2-phenylacetyl]-L-
15 prolyl }amino)benzyl] (phenyl)amino }methyl)phenyl]-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 to afford 35 mg (67%) of
the title compound. '"H NMR (500 MHz, DMSO-D6) 6 ppm 9.80 (s, 1H), 9.78 (s, 1H), 7.35 (m, 3H),
7.28 (m, 2H), 7.14 (m, 3H), 6.97 (m, 4H), 6.88 (m, 3H), 6.46 (d, J=8.1 Hz, 2H), 6.37 (t, /=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(2S)pyrrolidine-2,1-diyl[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } ]biscarbamate
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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-dimethylbutanoate hydrochloride (0.05 g, 0.223
mmol), (S)-2,5-dioxopyrrolidin-1-yl tetrahydrofuran-3-yl carbonate (0.056 g, 0.246 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

eluting with 0-15% ethyl acetate in dichloromethane to give the title compound (0.037 g, 55% yield).

O 0
O\O)J\’\ji(OH
H 0o

Example 59B
(8)-3,3-dimethyl-2-(((S)-tetrahydrofuran-3-yloxy)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

purification.

Example 59C
methyl (35)-tetrahydrofuran-3-yl [(phenylimino)bis{ methanediylbenzene-4,1-
diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } ]biscarbamate

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 mmol) 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 MHz, DMSO-
ds) & 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, 2 H) 7.02 - 7.14 (m, 3 H) 7.17
(d, J=8.55 Hz, 4 H) 7.48 - 7.56 (m, 4 H) 9.99 (s, 2 H). MS (ESI) m/z 896.5 (M+H)".
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5 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%
10 yield). 'HNMR (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 (ESI; M+H) m/z = 839.

15
Example 61

dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-1-
oxo-3-phenylpropane-1,2-diyl] } Jbiscarbamate

The product from Example 1D (0.030 g, 0.060 mmol) was subjected to the procedure

20 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, J=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 (t, J=6.9 Hz, 1 H), 6.67 (d, J=8.1 Hz, 2 H), 7.07 (t, J=79 Hz, 2

25 H),7.17-7.22 (m, 6 H), 7.26 (t, J=7.4 Hz, 4 H), 7.30 - 7.33 (m, 4 H), 7.48 - 7.55 (m, 6 H), 9.95 (s, 2

H); MS m/z 908.9 (M+H)".
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Example 62
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{[{4-[(1-{(25)-2-[ (methoxycarbonyl)amino]butanoyl } -
5 L-prolyl)amino]benzyl} (phenyl)amino]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 (S)-2-(methoxycarbonylamino)butanoic acid for (R)-2-
(dimethylamino)-2-phenylacetic acid, and the product purified using the HPLC conditions of Example
1E to give the title compound as a TFA salt (6.4 mg). 'H NMR (500 MHz, DMSO-D6) & ppm 0.88 -
10 092 (m, 3 H), 0.96 (s, 9 H), 1.52 (dd, J=14.5, 6.9 Hz, 1 H), 1.65 (dd, J=14.0,6.7 Hz, 1 H), 1.81 - 2.04
(m, 8§ H), 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 H),
4.59 (s, 4 H), 6.57 (t, J=7.1 Hz, 1 H), 6.66 (d, /=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.17 (d, J=8.5 Hz,

4 H),7.50 (d, 4 H), 9.95 (s, 1 H),9.99 (s, 1 H); MS m/z 812.1 (M+H)".

15 O O
Example 63
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl[(3S,6R,9aS)-5-oxooctahydro-1H-
pyrrolo[1,2-a]azepine-3,6-diyl] } Jbiscarbamate

Sas
. "y

Example 63A

Zin

(35,6R,9a8)-tert-butyl 6-(tert-butoxycarbonylamino)-5-oxooctahydro-1H-pyrrolo[1,2-a]azepine-3-
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

(38,6R,9a8)-6- (methoxycarbonylamino)-5-oxooctahydro-1H-pyrrolo[1,2-a]azepine-3-carboxylic acid
5 To a solution of the product from Example 63A (45 mg, 0.122 mmol) 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 rt
overnight and then concentrated 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 0 °C while a solution of methyl
chloroformate (0.012 ml., 0.156 mmol) in Et,O (0.100 ml) was added dropwise. The resulting
10 mixture was stirred at rt for 3 h and then partitioned between 0.2 N aq. HC1 and CH,Cl,. The organic

layer was dried over Na,SQ,, filtered and concentrated in vacuo to give the title compound as a solid

(33 mg, quantitative).

Example 63C
15  dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl[(3S,6R,9aS)-5-oxooctahydro-1H-
pyrrolo[1,2-alazepine-3,6-diyl] } Jbiscarbamate

The product from ExamplelB (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) for N-(tert-
butoxycarbonyl)-L-proline, to give the title compound as a TFA salt (10 mg). "H NMR (500 MHz,
20 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, J/=7.93 Hz, 2 H), 7.07 (t, 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)".

o i o
25 o
Example 64
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl[(25,5R)-5-prop-2-en-1-
ylpyrrolidine-2,1-diyl][(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate
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Example 64A
(2S,5R)-1-tert-butyl 2-ethyl 5-allylpyrrolidine-1,2-dicarboxylate
The title compound was prepared following the described procedures (Zhang et al. Org. Lett.
2002, 4, 4029-4032).

Example 64B
(25,5R)-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 1N 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,SQ,, filtered and

concentrated in vacuo to give the title compound.

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
(25,2'S,5R,5'R)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-phenylene))bis(5-allylpyrrolidine-
2-carboxamide)

The product from Example 64C (0.24 g, 0.31 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-4,1-diylcarbamoyl[(25,5R)-5-prop-2-en-1-
ylpyrrolidine-2,1-diyl][(2S5)-3,3-dimethyl-1-oxobutane-1,2-diyl] } Jbiscarbamate
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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, /=9.46 Hz, 2 H), 4.26 - 4.45 (m, 3 H),
4.54 - 465 (m, 4 H), 495 - 521 (m, 4 H), 5.71 - 5.93 (m, 2 H), 6.57 (t, 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 (d,
J=9.46 Hz, 1 H), 7.47 - 7.56 (m, 4 H), 9.98 (s, 2 H); MS (EST) m/z 920.5 (M+H)".

~ Q_<\N©\/N\/©i:}>_\,\lj(
~~N o OJ\:/N\/
Example 65

N,N-bis[(2-{(25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrolidin-2-y1}-1H-benzimidazol-5-
yl)methyl]aniline

The product from Example 7E (18 mg, 0.037 mmol) was subjected to the procedure described
in Example 24E, substituting (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 - 3.40 (m, 10 H), 4.10 - 4.18 (m, 2 H), 4.79 - 4.95 (m, 4 H), 5.22 (dd, J=8.32, 2.37 Hz, 2 H),
5.45(s,2H),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)".

ag A
O

Example 66
N,N-bis[(2-{(25)-1-[(2R)-2-phenyl-2-pyrrolidin-1-ylacetyl]pyrrolidin-2-y1} -1 H-benzimidazol-5-
yl)methyl]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-yl)acetic =~ acid  for  (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (14 mg). 'H
NMR (500 MHz, DMSO-D6) & 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),2.18-228 (m, 3 H), 2.95 - 3.04 (m, 5 H), 4.03 (d, /=8.7 Hz, 5 H), 4.92 (s, 4 H), 5.49
(s, 3 H), 6.75 (d, J/=8.1 Hz, 3 H), 7.08 - 7.17 (m, 3 H), 7.39 (d, J=8.4 Hz, 3 H), 7.57 (dd, J=6.9, 2.7

Hz, 8 H), 7.61 - 7.67 (m, 5 H), 7.70 (d, J=8.4 Hz, 3 H); MS (ESI) m/z 866.3 (M+H)".

10 Example 67
N,N-bis[(2-{(25)-1-[(2R)-2-morpholin-4-yl-2-phenylacetyl|pyrrolidin-2-yl } - 1 H-benzimidazol-5-
yl)methyl]aniline
The product of Example 7E (20 mg, 0.041 mmol) was subjected to the procedure described in
Example 24E, substituting (R)-2-morpholino-2-phenylacetic acid for (S)-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 (d, /=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=7.2 Hz, 6 H), 4.90 (s, 7 H), 5.30 (dd, J=8.4, 2.0 Hz, 3 H), 5.49 (s, 3 H), 6.61 (s, 2 H), 6.74 (d, J=8.2
Hz, 4 H), 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, J=8.4 Hz, 3 H); MS (ESI) m/z 898.6 (M+H)".

20
H H D
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Example 68
dimethyl [(acetylimino)bis{methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-3-
methyl-1-oxobutane-1,2-diyl] } Jbiscarbamate
25
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Example 68 A
N,N-bis(4-nitrobenzyl)acetamide

To a solution of bis(4-nitrobenzyl)amine (500 mg, 1.741 mmol) in pyridine (9 ml.)) was
slowly added acetic anhydride (0.18 mlL., 1.92 mmol) via syringe. The resulting mixture was stirred at
5 rt for 2 hours, and the reaction was concentrated in vacuo. The residue was dissolved in toluene and
evaporated to dryness in vacuo. The residue was dissolved in 19:1 EtOAc:methanol, washed with
water and brine, dried (Na,SQ,), filtered and concentrated to afford the title compound (551 mg,

96%). MS (APCI) m/z 330.2 (M+H)".

10 N

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 (1mlL.)
15  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 vacuo. The residue was partitioned between
EtOAc and H,0O, and the organic layer was dried (Na,SO,), filtered and concentrated in vacuo to

afford the title compound (226 mg, 90 %). MS (ESI) m/z 269.9 (M+H)"

Yoot x

Example 68C
(25,2'S)-tert-butyl 2,2'-(4,4'-(acetylazanediyl)bis(methylene)bis(4,1-

20

phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidine-1-carboxylate
The product from Example 68B (264.4 mg, 0.982 mmol) was subjected to the procedure
25  described in Example 24C to afford the title compound (684 mg, quant). MS (ESI) m/z 664.4 (M+H)".

RACUSCR N

Example 68D
(S)-N-(4-((N-(4-((S)-pyrrolidine-2-carboxamido)benzyl)acetamido)methyl)phenyl)pyrrolidine-2-

30 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-diyl[(2S5)-3-
methyl-1-oxobutane-1,2-diyl] } |biscarbamate

The product from Example 68D (35 mg, 0.076 mmol) was subjected to the procedure
described in Example 2, substituting (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid for (R)-2-
(dimethylamino)-2-phenylacetic acid, to afford the title compound (22mg, 37%). '"H NMR (500 MHz,
DMSO-D6) & ppm 0.88 (d, /=6.7 Hz, 6 H), 0.94 (d, /=6.9 Hz, 6 H), 1.85 - 1.94 (m, 6 H), 1.96 - 2.04
(m, 2 H), 2.10 (s, 3 H), 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 (t, 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)".

Example 69
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{ [ {4-[(1-{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl }-L-prolyl)amino]benzyl } (phenyl)amino]methyl }phenyl)-L-prolinamide

5

O

H H
N N
Nalove
o)\/
Example 69A

Methyl R-2-0x0-1-phenyl-2-((S)-2-(4-((phenyl(4-((S)-pyrrolidine-2-
carboxamido)benzyl)amino)methyl)phenylcarbamoyl)pyrrolidin-1-yl)ethylcarbamate
To a solution of product from Example 1D (1.198 g, 2.408 mmol) in DMSO (24 mL) was

added R-2-(methoxycarbonylamino)-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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filtered, and concentrated in vacuo. The crude product was purified by column chromatography on
silica gel using a solvent gradient of 0-8% MeOH in CH,Cl, to give the title compound (0.387 g,
24%).

Example 69B
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{ [ {4-[(1-{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl }-L-prolyl)amino]benzyl } (phenyl)amino]methyl }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) & ppm 0.96 (s, 9 H), 1.80 — 2.05 (m, 8 H), 2.10 — 2.18 (m, 2 H), 3.53 (s, 3 H), 3.54
(s,3H),3.60-3.68 (m, 1 H), 3.74 —3.85 (m, 2 H), 4.21 (d, /=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 (t, J=7.2 Hz, 1 H), 6.66 (d, J/=8.1 Hz, 2 H), 7.04
=711 (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, /=7.8 Hz, 1
H), 9.83 (s, 1 H), 9.99 (s, 1 H); MS m/z 860.8 (M+H)".

N @ @]
Example 70

N-(methoxycarbonyl)-L-valyl-N-(4-{[{4-[(1-{(2R)-2-[(methoxycarbonyl)amino]-2-phenylacetyl } -]
prolyl)amino]benzyl } (phenyl)amino]methyl }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, J/=6.7 Hz, 3 H), 1.80 — 2.05 (m, § H),
2.09 -2.20 (m, 2 H), 3.52 (s, 3 H), 3.53 (s, 3 H), 3.57 - 3.67 (m, 2 H), 3.76 — 3.86 (m, 2 H), 4.02 (t,
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 (t,
J=7.2 Hz, 1 H), 6.66 (d, /=8.1 Hz, 2 H), 7.04 — 7.10 (m, 2 H), 7.15 - 7.21 (m, 4 H), 7.29 — 7.42 (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
methyl {(1R)-2-[(25)-2-{[4-({ [4-({[(25)-1-{(25)-2-[(methoxycarbonyl)amino]butanoyl }pyrrolidin-2-
yl]carbonyl }amino)benzyl](phenyl)amino }methyl)phenyl]carbamoyl }pyrrolidin-1-yl]-2-oxo-1-
phenylethyl } carbamate

The product from Example 69A (0.031 g, 0.045 mmol) was subjected to the procedure
described in Example 10B, substituting (S)-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) 6 ppm 0.90 (t, J/=7.4 Hz, 3 H), 1.46 — 1.58 (m, 1 H), 1.61 — 1.71 (m, 1 H), 1.73 —
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), 3.77 - 3.84 (m, 1 H), 4.14 — 4.21 (m, 1 H), 4.37 (dd, J=8.2, 3.4 Hz, 1 H), 4.43 (dd, J=8.1, 4.6
Hz, 1 H), 4.59 (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), 7.18
(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, J=7.8 Hz, 1 H), 9.83 (s, 1
H), 9.95 (s, 1 H); MS m/z 832.2 (M+H)*.

Example 72
methyl {(15)-2-[(25)-2-{[4-({[4-({[(25)-1-{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-
yl]carbonyl }amino)benzyl](phenyl)amino }methyl)phenyl]carbamoyl }pyrrolidin- 1-y1]-2-oxo0-1-[(3R)-
tetrahydrofuran-3-yl]ethyl } carbamate
The product from Example 69A (0.031 g, 0.045 mmol) was subjected to the procedure
described in Example 10B, substituting (S)-2-(methoxycarbonylamino)-2-((R)-tetrahydrofuran-3-
yDacetic acid for (R)-2-(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0219 g,
55%). '"H NMR (500 MHz, DMSO-D6) & ppm 1.21 — 1.29 (m, 4 H), 1.69 — 1.80 (m, 2 H), 1.81 —2.05
(m, 8 H), 2.11 —2.20 (m, 2 H), 3.53 (s, 3 H), 3.53 (s, 3 H), 3.58 = 3.71 (m, 2 H), 3.71 — 3.89 (m, 2 H),
4.23 (t, /=89 Hz, 1 H), 4.37 (dd, J=8.1, 3.2 Hz, 1 H), 4.44 (dd, J=8.2,4.7 Hz, 1 H), 4.60 (s, 4 H), 6.57
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(t, J=7.2 Hz, 1 0), 6.66 (d, J=8.1 Hz, 2 H), 7.04 — 7.11 (m, 2 H), 7.18 (dd, J=8.6, 3.4 Hz, 3 1), 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)*.

F
F
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Example 73
dimethyl [(phenylimino)bis{methanediylbenzene-4,1-diylcarbamoyl[(25)-4,4-difluoropyrrolidine-2,1-
diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } |biscarbamate
F " ] F
: 5
>L N \©\/ \/©/N\”\ N )<
oA, © N 0 o
10 © O

Example 73A
(55,5'S)-tert-butyl 5,5'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(3,3-difluoropyrrolidine- 1-carboxylate)
The product from Example 1B and N-BOC-4,4-difluoro-L-proline (Aldrich) were processed
15  using the method described in Example 41 to provide 457 mg (87%) of the title compound. MS (ESL
M-+H) m/z = 770.

F " F F
hwn S cS
N \[\“' N
H |
O \©\/N\/©/ O "
Example 73B
20 (25,2'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 using the method described in Example 47B
to provide 236 mg (70%) of the title compound. MS (DCI; 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) 6 0.97 (s, 18 H) 2.37 - 2.50 (m, 2 H) 2.78 - 2.85
(m, 2 H) 3.54 (s, 6 H) 4.00 - 4.20 (m, 4 H) 4.28 - 4.39 (m, 2 H) 4.59 (br s, 4 H) 4.64 (t, J=8.02 Hz, 2
H) 6.57 (t,J=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 H)
7.29 (d, J=8.13 Hz, 2 H) 7.50 (d, J=8.57 Hz, 4 H) 10.13 (s, 2 H).

PP oY ey
" S
Example 74

N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{[ {4-[(1-{(2R)-2-[(tert-butoxycarbonyl)amino]-2-

phenylacetyl }-L-prolyl)amino]benzyl } (phenyl)amino]methyl }phenyl)-L-prolinamide

The product of Example 10A (150 mg, 0.224 mmol) was subjected to the procedure described
in Example 10B, substituting (R)-2-(tert-butoxycarbonylamino)-2-phenylacetic acid (62.0 mg, 0.247
mmol) 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 -1.91 (m, 3 H), 1.93 - 2.02 (m, 3 H), 2.11 - 2.20 (m, 1 H), 2.69 (s, 4 H), 3.17 (d, J=5.2 Hz, 2
H), 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, /=9.0Hz, 1 H), 4.37 (dd, J/=7.9, 3.1 Hz, 1 H), 4.44 (dd, J=8.1, 5.3 Hz, 1 H), 4.59 (s, 4 H), 6.57 (¢,
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), 7.34 -
7.40 (m, 4 H), 7.52 (dd, J=9.9, 8.7 Hz, 4 H), 10.00 (s, 1 H); MS (EST) 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)amino]methyl } phenyl)carbamoyl]pyrrolidin-1-yl}-2-ox0-1-
phenylethyl]carbamate
The product from Example 69A (0.033 g, 0.048 mmol) was subjected to the procedure
described in Example 10B, substituting (R)-2-(diethylamino)-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, 3 H), 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 -
4.44 (m, 2 H), 4.61 (s, 4 H), 5.43 — 552 (m, 2 H), 6.58 (t, /=7.2 Hz, 1 H), 6.67 (d, J=8.1 Hz, 2 H),
7.05-"7.11 (m, 2 H), 7.20 (t, J=8.3 Hz, 4 H), 7.33 — 7.42 (m, 6 H), 7.49 — 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+H)".

Example 76
methyl {(1R)-2-0x0-1-phenyl-2-[(25)-2-({4-[(phenyl{4-[({(25)-1-[(25)-tetrahydrofuran-2-
ylcarbonyl]pyrrolidin-2-yl}carbonyl)amino]benzyl }amino)methyl]phenyl }carbamoyl)pyrrolidin-1-
yl]ethyl }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-
(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0244 g, 66%). 'H NMR (400
MHz, DMSO-D6) 6 ppm 1.72 — 2.16 (m, 12 H), 3.53 (s, 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 (m, 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)*.

B O

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 mmol) in CH,Cl, (0.2 ml.)
was added trifluoroacetic acid (0.20 mL). The mixture was stirred at rt and concentrated in vacuo.
The crude product was partitioned between CH,Cl, and saturated aqueous NaHCQ;, and the organic
layer was dried (Na,SQO,), 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, 3 H), 1.99 (s, 2 H), 2.15 (s, 1 H), 2.69 (s, 2 H), 2.84 (s, 1 H), 3.54 (s, 3 H), 3.63 (s, 1 H), 3.79 (s, 2
H),4.21 (d, /=89 Hz, 1 H), 441 - 4.47 (m, 2 H), 4.60 (s, 4 H), 5.29 (s, 1 H), 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, /=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
o N
/\\<H H
(o]
O

Example 78
dimethyl {(phenylimino)bis[methanediyl-1H-benzimidazole-5,2-diyl(28)pyrrolidine-2,1-diyl{(15)-2-
0x0-1-[(3R)-tetrahydrofuran-3-yl]ethane-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-yl)acetic 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, 2 H), 1.73 (d, /=129 Hz, 2 H), 1.96 (s, 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), 3.61 (t, J=7.9 Hz, 2 H), 3.70 (d, J/=8.0 Hz, 2 H), 3.81 (s, 3 H), 4.29 (s, 2 H), 4.75 (d,
J=10.1 Hz, 3 H), 5.12 (s, 2 H), 6.54 (s, 1 H), 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, /=8.2 Hz, 1 H), 7.57 (s, 1 H), 12.00 (s, 2 H); MS (ES]) m/z 862.4
(M+H)".

X
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Example 79
(25,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl)]bis{ 1-[(25)-2-(acetylamino)-3,3-
dimethylbutanoyl]pyrrolidine-2-carboxamide }

i © oy
kOYN\/& 0 \©v v©/ ! ))\\K(OK
o) :
Example 79A

tert-butyl (25,2'S)-1,1'-((25,2'S)-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

The product of Example 1D (1.0 g, 2.01 mmol) and (S)-2-(tert-butoxycarbonylamino)-3,3-

dimethylbutanoic acid (1.02 g, 4.42 mmol) were processed as in Example 25B to give 1.46 g (76%) of

the title compound as an off-white solid.

HoN @ \”“Q NH
LN OLOSy

Example 79B
(8,28,2'S)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-phenylene))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
was concentrated, taken up into 25% isopropanol in chloroform and washed with 10% sodium
bicarbonate solution. The organic was dried over sodium sulfate, filtered, and concentrated to dryness

to give the title compound as a white solid.

Example 79C
(25,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl)]bis { 1-[(25)-2-(acetylamino)-3,3-
dimethylbutanoyl]pyrrolidine-2-carboxamide }

The product from Example 79B (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

anhydride (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 to give 0.025 g
(75%) of the title compound as a white solid. '"H NMR (500 MHz, DMSO-D6) 6 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 H) 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, J=7.25 Hz, 1 H) 6.64
(d, J=8.09 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.

/’YV(E\” \QE;v@ ) )jﬁ jg‘N\
AN

Example 80
(28.,2'S)-N.N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl) | bis(1-{ (25)-2-
[(dimethylcarbamoyl)amino]-3,3-dimethylbutanoyl }pyrrolidine-2-carboxamide)

The product from Example 79B (0.045 g, (0.062 mmol) was dissolved in dichloromethane (2
ml) at ambient temperature and treated with diisopropylamine (0.065 mL, 0.37 mmol), followed by
dimethylcarbamoyl chloride (0.013 ml., 0.14 mmol) and stirred for 3 days. The solution was
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
(s, 12 H) 3.55 - 3.66 (m, 2 H) 3.77 - 3.86 (m, 2 H) 4.35 (d, J=9.11 Hz, 2 H) 4.40 (dd, J=8.08, 5.69 Hz,
2 H) 4.57 (s, 4 H) 5.36 (d, J=9.11 Hz, 2 H) 6.55 (t, J=7.26 Hz, 1 H) 6.64 (d, J=8.35 Hz, 2 H) 7.05 (t,
J=7.92 Hz, 2 H) 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.

L =zT

e POt L
y 3

Example 81
methyl {(15)-2-{(29)-2-[(4-{[{4-[({(25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]benzyl } (4-fluorophenyl)amino]methyl } phenyl)carbamoyl]pyrrolidin-1-yl }-2-oxo-
1-[(3R)-tetrahydrofuran-3-yl]ethyl } carbamate
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Example §1A

(8)-1-((R)-2-(diethylamino)-2-phenylacetyl)-N-(4-(((4-fluorophenyl) (4-((S)-pyrrolidine-2-
carboxamido)benzyl)amino)methyl)phenyl)pyrrolidine-2-carboxamide

The product from Example 13D (0428 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 diisopropylethylamine (0.26 mL, 1.49 mmol), followed by HATU (0.252
g, 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
(27%) of the title compound as a white solid.

Example §1B
methyl {(15)-2-{(29)-2-[(4-{[{4-[({(25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]benzyl } (4-fluorophenyl)amino]methyl }phenyl)carbamoyl]pyrrolidin-1-yl }-2-oxo-
1-[(3R)-tetrahydrofuran-3-yl]ethyl } carbamate
The product from Example 81A (0.042 g, 0.060 mmol) and (S)-2-(methoxycarbonylamino)-2-
((R)-tetrahydrofuran-3-yl)acetic acid (0.013 g, 0.066 mmol) were processed as in Example §1A to
give 0.033 g (62%) of the title compound as an off-white solid. MS (AA, ELSD+) m/z 890 (M+H)+.

Example 82
N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({[4-({ 1-[(2R)-2-(diethylamino)-2-phenylacetyl]-L-
prolyl }amino)benzyl](4-fluorophenyl)amino }methyl)phenyl]-L-prolinamide

The product from Example 81A (0.042 g, 0.060 mmol) and (S)-2-(methoxycarbonylamino)-
3,3-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 (t,
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J=7.10 Hz, 6 1) 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, 427 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, ]=8.85 Hz, 2 H) 7.07 (d, J=8.85 Hz,

5 1H)7.17 (dd, J=8.47, 3.89 Hz, 4 H) 7.26 (t, J=7.17 Hz, 1 H) 7.32 (t, J=7.40 Hz, 2 H) 7.39 (d, J=7.17
Hz, 2 H) 7.50 (dd, J=8.39, 6.10 Hz, 4 H) 9.95 (s, 1 H) 9.99 (s, 1 H); MS ESI+ m/z 876.5.

Example §3
10 (28)-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]benzyl }amino]methyl } phenyl)pyrrolidine-2-
carboxamide
The product from Example §81A (0.032 g, 0.045 mmol) and (R)-2-phenyl-2-(pyrrolidin-1-
yDacetic acid (0.010 g, 0.05 mmol) were processed as in Example 81A to give 0.015 g (37%) of the
15 title compound as an off-white solid. '"H NMR (500 MHz, DMSO-D6) 6 ppm 0.89 (t, J=7.10 Hz, 6 H)
1.56-1.66 (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, J=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,
20  J=6.87 Hz, 2 H) 7.53 (d, J=8.24 Hz, 4 H) 9.96 (d, J=5.34 Hz, 2 H); MS ESI- m/z 890.5.

Example 84
N-(methoxycarbonyl)-O-methyl-L-threonyl-N-[4-({ [4-({ 1-[(2R)-2-(diethylamino)-2-phenylacetyl]-L-
25 prolyl }amino)benzyl](4-fluorophenyl)amino }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, J=7.10 Hz, 3 H) 1.07 (t, J=7.17 Hz, 2 H) 1.13 (d, J=6.26 Hz, 3 H) 1.28 (t, J=7.25 Hz, 1
H)1.76 -1.92 (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 H)3.43-3.50 (m, 1 H)3.53 (s,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, J=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 (t, J=7.17 Hz, 1 H) 7.33
(t, J=740Hz,2 H) 7.40 (d, J=7.17 Hz, 1 H) 7.49 - 7.57 (m, 4 H) 7.66 - 7.70 (m, 1 H) 9.96 (d, J=7.02
Hz, 2 H); MS ESI- m/z 876.5.

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) 6 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 H) 6.65 (dd, J=9.31, 4.43 Hz, 2 H) 6.92 (t, J=8.85
Hz, 2 H) 7.19 (d, J=8.54 Hz, 4 H) 7.26 - 7.37 (m, 6 H) 7.46 (d, J=7.02 Hz, 4 H) 7.52 (d, J=8.54 Hz, 4
H) 9.96 (s, 2 H); MS ESI- m/z 888.6 (M-H)-.

O

Example 86
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dimethyl {[(4-fluorophenyl)imino]bis[methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl{ (15)-2-0x0-1-[(3R)-tetrahydrofuran-3-yl]ethane-2,1-diyl } ] } biscarbamate
The product from Example 13D (0.03 g, 0.058 mmol) and (S)-2-(methoxycarbonylamino)-2-
((R)-tetrahydrofuran-3-yl)acetic 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)
2.37-2.45 (m, 2 H) 3.41 - 347 (m, 2 H) 3.53 (s, 6 H) 3.58 - 3.70 (m, 6 H) 3.71 - 3.79 (m, 2 H) 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 (s, 4 H)
6.63 (dd, J=9.31,4.43 Hz, 2 H) 6.91 (t, J=8.93 Hz, 2 H) 7.17 (d, J=8.70 Hz, 4 H) 7.51 (d, J=8.54 Hz, 4
10  H)7.61(d,J=7.93 Hz, 2 H) 9.98 (s, 2 H); MS ESI- m/z 884 (M-H)-.

n Q
Example §7

N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({ phenyl[4-({ 1-[(2R)-2-phenyl-2-{ [(25)-
15 tetrahydrofuran-2-ylcarbonyl]amino }acetyl]-L-prolyl }amino)benzyl]amino } methyl)phenyl]-1.-
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) 6 ppm 0.96 (s, 8 H), 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 H), 3.54 (s, 3 H), 3.71 - 3.80 (m, 2 H), 3.82 - 3.89 (m, 2 H),
4.19 - 425 (m, 2 H), 4.38 (dd, J=8.5, 3.1 Hz, 1 H), 4.44 (dd, J=8.0, 5.3 Hz, 1 H), 4.60 (s, 4 H), 5.65
(d, J=7.2 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, J=5.7, 3.0 Hz, 1 H), 7.37 - 7.41 (m, 3 H), 7.49 - 7.56 (m, 4 H), 8.08 (d,
25  J=1.3Hz, 1 H), 8.31 (s, 1 H), 9.88 (s, 1 H), 10.00 (s, 1 H); MS (EST) m/z 900.4 (M+H)".

. G\r@@ﬁm """" Lo ;D
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Example §8
N-(methoxycarbonyl)-3-methyl-L-valyl-N-[4-({phenyl[4-({ 1-[(2R)-2-phenyl-2-{[(2R)-
tetrahydrofuran-2-ylcarbonyl]amino }acetyl]-L-prolyl }amino)benzyl]amino } methyl)phenyl]-1.-

prolinamide
5 The product from Example 77 (20 mg, 0.025 mmol) was subjected to 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) & ppm 0.96 (s, 9 H), 1.24 (s, 4 H), 1.66 (s, 2 H), 1.74 (s, 1 H), 1.78 (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 3.79 (m, 2 H), 3.82 (d, /=7.9 Hz, 2 H), 4.21 (d, /=9.0 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 H), 5.64 (d, J=7.0 Hz, 1 H), 6.57 (s, 1 H), 6.66 (d, /=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 (ESI) m/z 900.5 (M+H)".
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Example 89
(28,2'S)-N,N'-{[(3,4-difluorophenyl)imino]bis(methanediylbenzene-4, 1 -diyl) } bis{ 1-[(2R)-2-
(diethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide }
F
o
S -0
) <’l‘)‘o
N
20 Example 89A

3.4-difluoro-N,N-bis(4-nitrobenzyl)aniline
3.4-Difluoroaniline and 4-nitrobenzyl bromide were processed using the method described in

Example 32A to afford the title compound. LC/MS Rt 2.15 m/z 400 (M+H)".
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Example §9B
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.

F
F

Yooty

5 e X
Example 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) &
0.89 - 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 =
9.6,89,64,3H),4.17 (dd, /= 8.0, 4.4, 1H), 4.24 (dd, J = 8.1, 2.6, 1H), 4.60 (s, 4H), 6.41 (d, J =94,
1H), 6.68 - 6.55 (m, 1H), 7.11 (dd, J=19.7,9.7, 1H), 7.18 (d, J = 8.0, 4H), 7.54 (d, J = 8.5, 4H), 9.94

(s, 2H). MS (ESD m/z 734 (M+H)*, 732 (M-H)*.

iy Kﬁjﬁ Ne

Example 89D
(28,2'S)-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 (ESI) m/z 534 (M+H*, 60%), 532 (M-H)*.

Example §9E
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(28,2'S)-N.N'-{[(3.4-difluorophenyl)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
5  MHz, DMSO) & 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(t,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+H1, 40%) 457 (0.5M+H™, 100%), 910 (M-H)™.
10

Example 90
dimethyl ([(3,4-difluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
15 The product from Example 89D was processed using the method described in Example 6
replacing DMSO with dichloromethane and purified using 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),4.44 (dd, J =7.9, 5.3, 2H), 4.58 (s, 4H), 6.40
20 (d,J=09.1,1H), 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)™*.
/O\H/N\:/& © \O\/N\/@ © N\‘(O\
o < ° © o}

Example 91
25 dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-1-
oxo-4-phenylbutane-1,2-diyl] } Jbiscarbamate
155
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Example 91A
(S)-2-(methoxycarbonylamino)-4-phenylbutanoic acid
5 (S)-2-amino-4-phenylbutanoic acid (0.50 g, 2.8 mmol) was suspended in 1M Na,CO; (8.4
ml., 8.4 mmol) and then a solution of methyl chloroformate (0.32 ml., 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 concentrated under reduced pressure and the residue was dissolved in water and made acidic with
0.1N HCIL. The mixture was extracted with ethyl acetate, dried over Na,SQy,, filtered and concentrated

10 under reduced pressure to provide the title compound (0.64g, 97% yield).

Example 91B
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-diyl[(2S5)-1-
oxo-4-phenylbutane-1,2-diyl] } Jbiscarbamate
15 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,
4H),7.23 (d, J=7.0,4H), 7.18 (t, J=7.3, 2H), 7.15 (d, J = 8.6, 4H), 7.05 (dd, J = 7.3, 8.7, 2H), 6.64
(d, J=28.1,2H), 6.56 (t, J = 7.2, 1H), 4.58 (s, 4H), 4.42 (dd, J = 4.5, 8.3, 2H), 4.22 (dd, J = 8.1, 13.5,
20  2H),3.61 -3.54 (m, 2H), 3.54 (s, 6H), 3.45 — 3.37 (m, 2H), 2.73 — 2.57 (m, 4H), 2.18 — 2.06 (m, 2H),
1.99 — 1.74 (m, 10H). MS (ESL; M+H) m/z = 937.

s
Example 92

25 (28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(2R)-2-phenyl-2-
piperidin-1-ylacetyl]pyrrolidine-2-carboxamide }
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Example 92A
(R)-tert-butyl 2-phenyl-2-(piperidin-1-yl)acetate

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 mlL) at rt was added glutaraldehyde (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 NaHCOs;, dried

(Na,SO,4) and concentrated to give the title compound. MS (DCI; M+H) m/z = 276.

G i
N
OH

10

Example 92B
(R)-2-phenyl-2-(piperidin-1-yl)acetic acid
The product from Example 92A was treated with TFA (1.5 mL) at rt 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 (DCI; M+H) m/z = 220.

ON @E? ﬁ 7‘“ @
Example 92C ©

20 (28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(2R)-2-phenyl-2-
piperidin-1-ylacetyl]pyrrolidine-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-D4) 6 1.40 - 1.45 (m, 4 H) 1.50 - 1.58 (m, 8 H) 1.79 - 1.88 (m, 2 H) 1.92 - 2.02 (m, 2 H)
205-2.14 (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 H) 7.30 - 7.38 (m, 8 H) 7.46 - 7.53 (m, 8§ H).

S \l/s
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Example 93
methyl [(15)-1-{[(4R)-4-{[4-({[4-({ [(4R)-3-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }-5,5-dimethyl-1,3-thiazolidin-4-
10 yl]carbonyl}amino)benzyl](phenyl)amino }methyl)phenyl]carbamoyl}-5,5-dimethyl-1,3-thiazolidin-3-
yl]carbonyl}-2,2-dimethylpropyl]carbamate

TraRod
O/&o o) N o) o)\o
< A

Example 93A
15 (4R 4'R)-tert-butyl 4,4'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-
phenylene)bis(azanediyl))bis(oxomethylene)bis(5,5-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

<Sj;‘/H @ H \LS>
2asbdsas
Example 93B

(4R, 4'R)-N,N'-(4.4'-(phenylazanediyl)bis(methylene)bis(4, 1 -phenylene))bis(5,5-dimethylthiazolidine-

4-carboxamide)
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The title compound was prepared using the methods from Example 1D substituting 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 [(15)-1-{[(4R)-4-{[4-({[4-({ [(4R)-3-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }-5,5-dimethyl-1,3-thiazolidin-4-
yl]carbonyl }amino)benzyl](phenyl)amino }methyl)phenyl]carbamoyl}-5,5-dimethyl-1,3-thiazolidin-3-
yl]carbonyl}-2,2-dimethylpropyl]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) 6 10.02 (s, 2H), 7.51 (d, J = 8.6, 4H), 7.28 (d, J/ = 8.1, 2H), 7.19 (d, J = 8.6,
4H),7.08 (dd, J =7.3, 8.7, 2H), 6.66 (d, J = 8.1, 2H), 6.57 (t, /= 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),

15 097 (s, 18H). MS (ESL; M+H) m/z = 933.

qijw S deas TN

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

F F
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Example 94A

(35,3'S,5S.,5'S)-tert-butyl 5,5'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-
25 phenylene)bis(azanediyl))bis(oxomethylene)bis(3-fluoropyrrolidine-1-carboxylate)
The title compound was prepared using the methods from Example 1C substituting (25,45)-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'S,45.,4'S)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-phenylene))bis(4-
fluoropyrrolidine-2-carboxamide)

The title 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% yield).

Example 94C
dimethyl [(phenylimino)bis{ methanediylbenzene-4,1-diylcarbamoyl[(25,4.5)-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 (t, J = 7.2, 1H), 5.36 (d, J = 53.5, 2H), 4.65 (dd,
J=2.1,10.0, 2H), 4.59 (s, 4H), 4.16 (d, J = 8.7, 2H), 4.12 - 4.04 (m, 1H), 4.04 — 3.86 (m, 3H), 3.54
(s, 6H),2.29 — 2.19 (m, 2H), 0.98 (s, 18H). MS (ESI; M+H) m/z = 877.
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Example 95

N,N-bis[(2-{(25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrolidin-2-y1}-1H-benzimidazol-5-
yl)methyl]-4-fluoroaniline
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Example 95A
(S)-tert-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 MnQO, (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 (ESI) m/z 316 (M+H)".

Example 95B
(S)-tert-butyl 2-(5-((4-fluorophenylamino)methyl)- 1 H-benzo[d]imidazol-2-yl)pyrrolidine-1-
10 carboxylate
To a mixture of the product from Example 95A (1.0 g, 3.17 mmol), 4-fluoroaniline (304 ulL,
3.17 mmol) and AcOH (150 pulL.) in MeOH (30 ml) was added sodium cyanoborohydride (199 mg,
3.17 mmol). The mixture was stirred at rt overnight, and was then quenched with aqueous 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. NaHCQO;, H,O, and brine. The organic layer was
dried (MgSQO,), filtered and concentrated to afford the title compound (1.3 g, 100%). MS (ESD m/z
411 (M+H)".

AL P LR

20 Example 95C
(25,2'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,CO; (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)-1H-benzo[d]imidazol-5-yl)methyl)aniline
The product of Example 95C (1.3 g, 1.83 mmol) was processed using the method described in
5  Example 7E to afford the title compound (0.46 g, 50%). MS (ESI) m/z 510 (M+H)".

Example 95E
N,N-bis[(2-{(25)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]pyrrolidin-2-y1}-1H-benzimidazol-5-
yl)methyl]-4-fluoroaniline

10 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),
0.99 (t, I=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),

15 217-225(m,3 H),3.05-3.15(m, 10 H), 4.11 - 4.18 (m, 2 H), 4.83 (s, 3 H), 5.21 (dd, J=8.5, 2.7 Hz,
2H),5.45 (5,2 H), 6.68 - 6.77 (m, 2 H), 6.93 (t, 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 H), 7.63 - 7.70 (m, 4 H); MS (EST) m/z 888.6 (M+H)".
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20 Example 96

methyl [(15)-1-{[(25)-2-(5-{[(4-fluoropheny)({ 2-[(25)-1-{(25)-2-[ (methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1H-benzimidazol-5-yl }methyl)amino]methyl } -1 H-benzimidazol-2-
yl)pyrrolidin-1-yl]carbonyl}-2-methylpropyl]carbamate
The product from Example 95D (20 mg, 0.039 mmol) was subjected to the procedure
25  described in Example 7F, substituting (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (17.2
mg, 0.098 mmol) for (S)-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, /=13.8, 6.8 Hz, 3 ), 2.05 - 2.14 (m, 4 H), 2.18 (dd, J=11.9, 6.4 Hz, 2 T),
3.54 (s, 14 ), 3.81 - 3.90 (m, 4 H), 4.12 (t, J=7.9 Hz, 2 1), 4.87 (s, 3 H), 5.20 (dd, J=7.9, 5.5 Hz, 2
H), 6.69 - 6.75 (m, 2 H), 6.94 (t, J=8.9 Hz, 2 H), 7.33 (d, J=8.4 Hz, 2 H), 7.41 (d, J=8.4 Hz, 2 H), 7.55
(s, 2 ), 7.71 (d, J=8.4 Hz, 2 H); MS (ESD) m/z 824.4 (M+H)*.

o)
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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 ml) 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 MgSQOy,, filtered and evaporated.
15  The product was purified by chromatography on silica gel to give the title compound. "H NMR (400
MHz, DMSO-dg) & ppm 1.14 (d, /=6.40 Hz, 6 H) 1.80 - 2.03 (m, 8§ H) 2.10 - 2.22 (m, 2 H) 3.33 - 3.44
(m,3H)3.47-3.53 (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 (t, J=7.37 Hz, 2 H) 4.43 (dd, J=8.29, 4.72 Hz, 2 H) 4.81 (d, J/=5.64 Hz, 2 H) 7.09 (d, J=7.48
Hz, 2 H) 7.24 (d, J=8.46 Hz, 4 H) 7.52 (d, J=8.46 Hz, 4 H) 9.83 (s, 2 H). MS (ESD nv/z 8104
20 (M+H)".

A

F
SR tebdengdrs
N N
. O N O
T T(
HO OH
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 to 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 - 4.51 (m, 2 H) 4.56 (s, 4 H) 5.00 (s,
2 H) 6.63 (dd, J=9.22,4.45 Hz, 2 H) 6.91 (t, J=8.89 Hz, 2 H) 7.11 - 7.21 (m, 6 H) 7.52 (d, J=8.46 Hz,
4 H) 9.66 (s, 2 H); MS ESI+ m/z 862 (M+H)+; m/z 879 (M+NH4)+.

5
F
H
0 — (j
N\/& © @VNVE:[N/> N
o i ©
N o §
OH o)
)
Ho ~ ©
Example 99
3-hydroxy-N-(methoxycarbonyl)-L-valyl-N-[4-({ (4-fluorophenyD)[(2-{ (2S5)-1-[3-hydroxy-N-
(methoxycarbonyl)-L-valyl]pyrrolidin-2-yl }-1 H-benzimidazol-5-yl)methyl]amino }methyl)phenyl]-L-
10 prolinamide
H
—~
Ox N
)
By
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 mL),
15  heated to 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

ZT

at
o=,

O

A

Example 99B

ZN
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(S)-tert-butyl 2-(5-((4-fluorophenylamino)methyl)- 1 H-benzo[d]imidazol-2-yl)pyrrolidine-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 ambient temperature in methanol (15 ml.)
5  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 sodium sulfate, filtered, and

concentrated to give 0.65 g (100%) of the title compound.

Z T

10 Example 99C

(S)-tert-butyl 2-(5-(((4-fluorophenyl)(4-nitrobenzyl)amino)methyl)-1H-benzo[d]imidazol-2-
yl)pyrrolidine-1-carboxylate
The product from Example 99B (0.65 g, 1.58 mmol), 1-(bromomethyl)-4-nitrobenzene (0.479
g, 2.22 mmol), and potassium carbonate (0.547 g, 3.96 mmol) were combined in dimethyl formamide
15 (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.

Z T

oo

20 Example 99D

(S)-tert-butyl 2-(5-(((4-aminobenzyl)(4-fluorophenyl)amino)methyl)-1H-benzo[d]imidazol-2-
yl)pyrrolidine-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
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which was added sodium borohydride (0.743 g, 19.7 mmol) portionwise causing a black precipitate to
form. This mixture was stirred at ambient temperature for 20 minutes, then re-cooled and quenched
with methanol (2 ml), stirring for 10 min before filtering through celite. The filtrated was

concentrated to give the title compound.

ZT

(DR
® AL @EE@NHQ
. o’(o

) A

Example 99E
(R)-(9H-fluoren-9-yl)methyl 2-(4-((((2-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl)-1H-
benzo[d]imidazol-5-yl)methyl)(4-fluorophenyl)amino)methyl)phenylcarbamoyl)pyrrolidine-1-
10 carboxylate

The product from Example 99D (0.251 g, 0.75 mmol), FMOC-PRO-OH (0.32 g, 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. O/&O g/ \©\/N\/®[N/>4Hj

Example 99F

(R)-(9H-fluoren-9-yl)methyl 2-(4-(((4-fluorophenyl)((2-((S)-pyrrolidin-2-yl)-1H-benzo[d]imidazol-5-
20 yl)methyl)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 trifluoroacetic 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 sodium bicarbonate solution. The organic was

dried over sodium sulfate, filtered, and concentrated to give 0.092g (28%) of the title compound.

O. O/&O g/ @\/NMCENH\D y
O HO (Z//O\

5 Example 99G
(R)-(9H-fluoren-9-yl)methyl 2-(4-(((4-fluorophenyl)((2-((S)-1-((S)-3-hydroxy-2-
(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidin-2-yl)-1H-benzo[d]imidazol-5-
yl)methyl)amino)methyl)phenylcarbamoyl)pyrrolidine-1-carboxylate
The product from Example 99F (0.092 g, 0.125 mmol), (S)-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.

ZT

.
i (n)/\©\/N\/©[N/>—(Nj
0)

H
N o)
X
HO  ©
Example 99H
15 methyl (S)-1-((S)-2-(5-(((4-fluorophenyl)(4-((R)-pyrrolidine-2-carboxamido)benzyl)amino)methyl)-
1H-benzo[d]imidazol-2-yl)pyrrolidin-1-yl)-3-hydroxy-3-methyl-1-oxobutan-2-ylcarbamate
The product from Example 99G (0.115 g, 0.127 mmol) was dissolved in 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-{ (2S5)-1-[3-hydroxy-N-
(methoxycarbonyl)-L-valyl]pyrrolidin-2-yl }-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,3H) 1.17(s,3H) 1.23 (s,3H) 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, 1 H) 4.40

(dd, J=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) 5.00 (d, J=2.49 Hz, 1 H) 5.22 - 5.28 (m, 1 H) 5.84 (d, J=5.64 Hz, 1 H) 6.64 - 6.70 (m, 2 H)

10 6.90(td, 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)+.

P Y. e
6 T K

15 Example 100
methyl [(15)-1-{[(25)-2-{ [4-({ (4-fluoropheny])[4-({ [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }azetidin-2-yl]carbonyl }amino)benzyl]Jamino }methyl)phenyl]carbamoyl } azetidin-1-
yl]carbonyl}-2,2-dimethylpropyl]carbamate

PraLotdr

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 Example 13B 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 (EST) m/z 488 (M+H)*, 486 (M-H)™.

Example 100C
methyl [(15)-1-{[(25)-2-{ [4-({(4-fluoropheny])[4-({ [(25)-1-{(2S5)-2-[(methoxycarbonyl)amino]-3,3-
10  dimethylbutanoyl }azetidin-2-yl]carbonyl } amino)benzyl]lamino } methyl)phenyl]carbamoyl }azetidin-1-
yl]carbonyl}-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) 8 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 4.79(dd,J=89,5.7,2H),6.64 (dd, J=9.2,4.4,2H), 691 (t, J =89, 2H), 7.20 (t, J = 7.9, 6H), 7.53

(d, J = 8.4, 4H), 10.05 (s, 2H). MS (ESI) m/z 830 (M+H)™, 828 (M-H)™.

yo N mN

Example 101
20 methyl [(15)-1-{[(25)-2-{ [4-({(4-fluorophenyD)[4-({ [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl } piperidin-2-yl]carbonyl }amino)benzyl]amino }methyl)phenyl]carbamoyl } piperidin-
1-yl]carbonyl}-2,2-dimethylpropyl]carbamate
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£ b3

Example 101A
(25,2'S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(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
HaLoh©

Example 101B
(25,2'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-phenylene))dipiperidine-2-
carboxamide

The product from Example 101A was processed using the method described in Example 1D
to afford the title compound. MS (DCI) m/z 544 (M+H)*.

Example 101C
methyl [(15)-1-{[(25)-2-{ [4-({ (4-fluoropheny])[4-({ [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl } piperidin-2-yl]carbonyl }amino)benzyl]amino }methyl)phenyl]carbamoyl } piperidin-
1-yl]carbonyl}-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) 6 0.95 (s, 13H), 0.97 (d, 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), 4.44 (dd, J = 12.9, 6.5, 1H), 4.56 (d, J =
5.9, 6H), 5.10 (s, 0.5H), 5.20 (s, 1.5H), 6.64 (dd, J =9.1, 4.4, 2H), 6.91 (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, 1.5H). MS (ESD) m/z 886 (M+H¥, 20%) 944 (M+CH;CN+NH, 100%), 884 (M-H)*.
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Example 102

(25,4R.2'S 4'R)-N,N'-{[(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis { 4-fluoro-1-
5 [(2R)-2-phenyl-2-piperidin-1-ylacetyl]pyrrolidine-2-carboxamide }

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 (2S,4R)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-
carboxylic acid (Aldrich) were processed using the method described in Example 41 to provide 1.05 g
(90%) of the title compound. MS (DCI; M+H) m/z = 752.

F

£ F
(A @ O
N \[\ N
H |
O \©\/ N \/O/ © "
Example 102B
(25,2'S,4R 4'R)-N,N'-(4.,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1 -phenylene))bis(4-

15

fluoropyrrolidine-2-carboxamide)
The product from Example 102A was processed using the method described in Example 47B
20 to provide 540 mg (70%) of the title compound. MS (ESL; M+H) m/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]pyrrolidine-2-carboxamide }

The product from Example 102B 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 H) 2.39 — 2.90 (m, 10 H)
3.75-4.04 (m,4 H)4.22 - 470 (m, 4 H)4.55 (s,4 H) 5.22 (s, 1 H) 5.35 (s, 1 H) 6.69 - 6.76 (m, 2 H)
6.81 - 6.89 (m, 2 H) 7.22 (d, J=8.46 Hz, 4 H) 7.42 (s, 6 H) 7.50 (d, J=8.46 Hz, 4 H) 7.54 (d, J=4.23
Hz, 4 H).

A

Example 103
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl[(2S,4R)-4-
fluoropyrrolidine-2,1-diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

F

Ot ot O
LT O oy
£ AT

Example 103A
(35,3'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 (2S,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

F', F

o\ @ O
N 3N
H |

Example 103B
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(25,2'S,45,4'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[ (25,4 R)-4-
fluoropyrrolidine-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
10 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), 6.91 (t, J = 8.9, 2H), 6.64 (dd, J = 4.4, 9.1, 2H), 5.46 (bs, 1H), 5.32 (bs, 1H), 4.57 — 4.48 (m,
6H), 4.20 — 4.06 (m, 4H), 3.88 —3.71 (m, 2H), 3.54 (s, 6H), 3.17 (d, J = 5.2, 2H), 2.21 — 1.97 (m, 2H),
0.96 (s, 18H). MS (ESL; M+H) m/z = §95.
15

F
A a0
o H N 3N H
7]/ >/\k o] N o] .
oH:E O Oy

O

dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-

O~

Example 104

diyl[(1S)-1-cyclohexyl-2-oxoethane-2,1-diyl] } )biscarbamate
20 The product from Example 13D and (S)-2-cyclohexyl-2-(methoxycarbonylamino)acetic acid

were processed using the method described in Example 13E replacing DMF with dichloromethane to

afford the title compound (74.4 mg, 16%). 11 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),
25 6.69 - 6.56 (m, 2H), 6.97 - 6.83 (m, 2H), 7.17 (d, J = 8.5, 4H), 7.30 (d, ] = 8.4, 2H), 7.50 (d, ] = 8.5,

4H), 9.96 (s, 2H). MS (ESD) m/z 910 (M+H)*, 908 (M-H)*.
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Example 105
(28,2'S)-N.N'-{[(4-fluorophenyl)imino]bis(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-phenylpentanoic acid (27 mg, 0.122
mmol) for (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid to afford the title compound as a
TFA 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, J=7.3 Hz, 4 H), 2.05 (d, J/=16.6 Hz, 2 H),
330 (s,2 H),3.34 -3.42 (m, 2 H), 3.83 (d, /=13.3 Hz, 3 H), 4.32 - 4.39 (m, 1 H), 450 (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 (ESD) m/z 924.5 (M+H)".

F
H H
HO o © \©va©/ \([Dl o OH

Example 106
(25,2'S)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(1-
hydroxycyclopentyl)(phenyl)acetyl]pyrrolidine-2-carboxamide }

The product from Example 13D (30 mg, 0.058 mmol) was subjected to the procedure
described in Example 24E, substituting 2-(1-hydroxycyclopentyl)-2-phenylacetic acid (27 mg, 0.122
mmol) for (S)-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 H), 1.91 (s, 1 H), 2.02 (s, 1 H),
2.07 (s, 1 H), 3.14 (s, 1 H), 3.22 (d, /=10.0 Hz, 1 H), 3.71 (d, J=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, 1 H), 4.57 (d, J=2.9 Hz, 4 H), 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 1), 7.34 -
174
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7.37 (m, 2 H), 747 (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 m/z 920.2 (M+H)".
F
H H D
O N O
O O
5 Example 107

(25,2'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 Example 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, /=3.3 Hz, 3 H), 1.48 - 1.60 (m, 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, J=9.7 Hz, 2 H), 3.42 (s, 1 H), 3.70 (s, 2 H), 3.81 (s, 1 H), 4.29
-4.35 (m, 1 H), 4.45 (dd, J=8.2, 3.6 Hz, 1 H), 4.52 - 4.62 (m, 4 H), 6.60 - 6.70 (m, 2 H), 6.88 - 6.98
15 (m,2 H),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 (EST) m/z 888.3 (M+H)".

Example 108
20 (28,2'S)-N,N'-{[(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis[1-(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 24E, 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) & 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 - 2.24 (m, 4 H), 3.37 (d, J=10.2 Hz, 2 1), 4.27 (d, J=7.7 Hz, 1 1), 4.43 (dd, J=8.3, 3.4 Hz, 2 ),
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 H), 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)".

Example 109
methyl [(15)-1-{[(15,2S,5R)-2-{[4-({(4-fluoropheny)[4-({ [(15,25,5R)-3-{(25)-2-
[(methoxycarbonyl)amino]-3,3-dimethylbutanoyl }-3-azabicyclo[3.1.0]hex-2-
10 ylJcarbonyl}amino)benzyl]amino } methyl)phenyl]carbamoyl}-3-azabicyclo[3.1.0]hex-3-yl]carbonyl } -
2,2-dimethylpropyl]carbamate
F
3 \h oH
S HI:. .
H H
N o

Example 109A
(15,1'S,25,2'S,5R,5'R)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(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,25,5R)-3-(tert-butoxycarbonyl)-3-
azabicyclo[3.1.0]hexane-2-carboxylic acid (Tensiid) were processed using the method described in

Example 41 to provide 685 mg (96%) of the title compound. MS (ESL; M+H) m/z = 740.

F
\A H
HI:. 5
H H
NN
N O

Example 109B

20
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(15,1'S,25,2'S,5R,5'R)-N,N'-(4,4"-(4-fluorophenylazanediyl)bis(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
to provide 458 mg (92%) of the title compound. MS (ESL; M+H) m/z = 540.

5
Example 109C
methyl [(15)-1-{[(15,25,5R)-2-{[4-({(4-fluorophenyD)[4-({ [(1S5,25,5R)-3-{(25)-2-
[(methoxycarbonyl)amino]-3,3-dimethylbutanoyl }-3-azabicyclo[3.1.0]hex-2-
yl]carbonyl }amino)benzyl]amino } methyl)phenyl]carbamoyl }-3-azabicyclo[3.1.0]hex-3-yl]carbonyl } -
10 2,2-dimethylpropyl]carbamate

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 H) 0.81 - 0.91 (m, 2 H) 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(s,2H)453(s,4H)4.72 (5,2 H) 6.67 - 6.73 (m, 2 H) 6.79 - 6.86 (m, 2 H) 7.20 (d,
J=8.46 Hz, 4 H) 7.48 (d, J=8.46 Hz, 4 H).

F
H H D
A O g
e © \©va©/ o "
o} o
Example 110

(28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(2R)-2-hydroxy-2-
20 phenylacetyl]pyrrolidine-2-carboxamide }

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 25B 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, ]=9.27, 4.39 Hz, 2 H) 6.92 (t, J=8.89 Hz, 2 H) 7.13 - 7.23 (m, 6
H)7.27-7.33 (m, 2 H) 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)-.

177



10

15

20

25

WO 2010/120935 PCT/US2010/031102

Example 111
(25,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl)|bis{ 1-[(25)-3,3-dimethyl-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 ml.,
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
-2.07 (m, 2 H) 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=9.00 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 (d, 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- m/z 878.6 (M-H)-.

NS eacbdongurs
:\ O

Example 112
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S)-1-oxobutane-1,2-diyl] } )biscarbamate

The product from Example 13D (0.030 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 (td, J=13.61, 6.61 Hz, 2 H) 1.81 - 1.93 (m, 4 H) 1.95 -
2.05 (m, 2 H) 2.08 - 2.20 (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 (s, 4 H) 6.63 (dd, J=9.22, 4.45 Hz, 2 H) 6.91 (t, J=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- m/z 800 (M-H)-.
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[(4-fluorophenyl)imino]bis[methanediylbenzene-4,1-diylcarbamoyl(2.5)pyrrolidine-2,1-diyl(1R)-2-

Example 113

5 oxo-1-phenylethane-2,1-diyl] diacetate
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 H) 4.57 (s, 4 H) 5.98 - 6.23 (m, 2 H) 6.65
10 (ddd, J=9.30, 4.36, 2.49 Hz, 2 H) 6.92 (td, J=8.95, 3.04 Hz, 2 H) 7.11 - 7.23 (m, 6 H) 7.28 - 7.36 (m, 2
H) 7.40 - 7.47 (m, 6 H) 7.48 - 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 \.HO

15 Example 114
methyl {(15)-2-{(25)-2-[(4-{[(4-fluorophenyl){4-[({(25)-1-[(2R)-2-phenyl-2-piperidin-1-
ylacetyl]pyrrolidin-2-yl }carbonyl)amino]benzyl} amino]methyl }phenyl)carbamoyl]pyrrolidin-1-y1 }-2-
0x0-1-[(3R)-tetrahydrofuran-3-yl]ethyl } carbamate

Mo Lot x

Example 114A

20
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(S)-tert-butyl 2-(4-(((4-fluorophenyl)(4-((S)-pyrrolidine-2-
carboxamido)benzyl)amino)methyl)phenylcarbamoyl)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 with sodium bicarbonate solution, extracted into
dichloromethane, concentrated, and purified by combi-flash 40g silica column with 0-40% methanol

in dichloromethane to give 0.632 g (33%) of the title compound containing a single Boc group.

o’ ©

Q0L R L

10
Example 114B

(S)-tert-butyl 2-(4-(((4-fluorophenyl)(4-((S)-1-((R)-2-phenyl-2-(piperidin-1-ylacetyl)pyrrolidine-2-
carboxamido)benzyl)amino)methyl)phenylcarbamoyl)pyrrolidine-1-carboxylate
The product from Example 114A (0.26 g, 0.42 mmol) and (R)-2-phenyl-2-(piperidin-1-
15  yDacetic acid (0.12 g, 0.55 mmol) was processed as in Example 81A to give 0.20 g (58%) of the title

compound as a white solid.

QN aLah?

Example 114C
20 (S)-N-(4-(((4-fluorophenyl)(4-((S)-pyrrolidine-2-carboxamido)benzyl)amino)methyl)phenyl)-1-((R)-
2-phenyl-2-(piperidin-1-yl)acetyl)pyrrolidine-2-carboxamide
The product from Example 114B (0.20 g, 0.24 mmol) was dissolved in dichloromethane (3
ml) and treated with trifluoroacetic acid (2 mL) at ambient temperature for 2 hours. The solution was
concentrated, taken up 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-fluorophenyl){4-[({(25)-1-[(2R)-2-phenyl-2-piperidin-1-
ylacetyl]pyrrolidin-2-yl } carbonyl)amino]benzyl } amino]methyl }phenyl)carbamoyl]pyrrolidin-1-yl }-2-
0x0-1-[(3R)-tetrahydrofuran-3-yl]ethyl } carbamate

The product from Example 114C (0.040 g, 0.056 mmol) and (S)-2-(methoxycarbonylamino)-
2-((R)-tetrahydrofuran-3-yl)acetic acid (0.014 g, 0.067 mmol) were processed as in Example 81A to
give the title compound. "H NMR (400 MHz, DMSO-D6) & ppm 1.29 - 1.38 (m, 2 H) 1.39 - 1.47 (m,
4H)1.68-1.78 (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) 341 -3.50 (m, 4 H) 3.53 (s, 3 H) 3.58 - 3.70 (m, 4 H) 3.71 - 3.79 (m, 2 H) 3.80 - 3.90 (m, 2 H)
4.20 - 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) 691 (t, J=8.95 Hz, 2 H) 7.18 (d, J=8.13 Hz, 4 H) 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- m/z 900.6 (M-H)-.

Example 115
methyl [(15)-1-({(25)-2-[(4-{[(4-fluorophenyl) {4-[({ (25)-1-[(2R)-2-phenyl-2-piperidin-1-
ylacetyl]pyrrolidin-2-yl} carbonyl)amino]benzyl } amino]methyl } phenyl)carbamoyl]pyrrolidin-1-
yl}carbonyl)propyl]carbamate

The product from Example 114C (0.040 g, 0.056 mmol) and (S)-2-
(methoxycarbonylamino)butanoic acid (0.011 g, 0.067 mmol) were processed as in Example 81A to
give the title compound. "H NMR (400 MHz, DMSO-D6) & ppm 0.90 (t, J=7.37 Hz, 3 H) 1.29 - 1.37
(m,2H)1.39-1.47(m,4H)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)3.39-3.50 (m, 1 H)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, 4.34 Hz, 1 H)
4.56 (s, 4 H) 6.64 (dd, J=9.27, 4.39 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-yl)-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. 11 NMR (400 MHz, DMSO) 6 1.90 - 1.68 (m, 6H), 2.15 - 1.90 (m, 6H),
2.45 -2.35 (m, 2H), 2.65 - 2.58 (m, 3H), 2.70 (dd, J =4.1, 10.7, 1H), 2.77 (d,J = 11.2, 1H), 2.84 (d, J
10 =11.4, 1H), 3.45 - 3.34 (m, 2H), 3.90 - 3.76 (m, 2H), 4.36 - 4.29 (m, 2H), 4.38 (s, 2H), 4.57 (s, 4H),
507 (t, =56, 1H), 521 (t, ] = 5.6, 1H), 6.70 - 6.60 (m, 2H), 6.96 - 6.87 (m, 2H), 7.19 (d, ] = 8.5,
4H), 7.38 - 7.27 (m, 6H), 7.46 (d, J = 6.8, 4H), 7.53 (d, J = 8.5, 4H), 9.97 (s, 2H). MS (ESI) m/z 926

M+, 924 M-I

2 2alets

15 H F H
Example 117
(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)
The title compound of Example 117 was isolated from the purification of Example 116 as the
20 second eluting isomer. 1H NMR (400 MHz, DMSO) 6 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, J = 8.4, 17.4, 1H), 3.68 (td, J = 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 =10.2, 3H), 5.07 (t, J = 5.5, 1H), 5.21 (t, ] = 5.3, 1H), 6.65 (dt, ] = 4.4, 9.2, 2H), 6.92

182



WO 2010/120935 PCT/US2010/031102

(td, J = 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 (ESI) m/z 926 M+, 924 M-H)*.

H

5 Example 118
(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)
The title compound of Example 118 was isolated from the purification of Example 116 as the
third eluting isomer. 1H NMR (400 MHz, DMSO) 6 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, ] = 5.5, 1H), 5.21
(t, J=5.3, 1H), 6.64 (dt, J = 4.4, 8.9, 2H), 6.91 (td, J = 2.9, 8.9, 2H), 7.60 - 7.12 (m, 19H), 10.31 -

9.90 (m, 2H). MS (ESI) m/z 926 M+I)*, 924 (M-H)*.

ooty
3 =

H O HF
15 Example 119
(28.,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis(1-{ [(35)-3-
fluoropyrrolidin-1-yl](phenyl)acetyl } pyrrolidine-2-carboxamide)
The product from Example 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 stereoisomers. The title compound of Example 119 was the first isomer to elute from the

chromatography. IH NMR (400 MHz, DMSO) 6 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), 4.32 (dd, ] = 4.2, 7.9, 2H), 4.36 (s, 2H), 4.57
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(s, 410), 5.06 (s, 1H), 5.20 (s, 1H), 6.70 - 6.60 (m, 2H), 6.97 - 6.86 (m, 210, 7.19 (d, J = 8.5, 5H), 7.39
-7.24 (m, TH), 7.46 (d, T = 6.9, 4H), 7.53 (d, J = 8.5, 4H), 9.96 (s, 2H). MS (EST) m/z 925 (M+I)*.

SVORSVIy
3 =

H O HF
5 Example 120
(28.,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis(1-{ [(35)-3-
fluoropyrrolidin-1-yl](phenyl)acetyl } pyrrolidine-2-carboxamide)

The title compound of Example 120 was isolated from the purification of Example 119 as the
second eluting isomer. 1H NMR (400 MHz, DMSO) 6 2.16 - 1.67 (m, 12H), 2.39 (dd, J = 11.8, 19.9,
10 2H), 2.65 - 2.55 (m, 2H), 2.91 - 2.70 (m, 4H), 3.44 - 3.33 (m, 2H), 3.66 (dt, J = 6.1, 14.0, 1H), 3.92 -
3.78 (m, 1H),4.32 (dd, ] =4.2,79, 1H), 4.36 (s, 1H), 4.45 (dd, J = 3.9, 8.2, 1H), 4.49 (s, 1H), 4.57 (d,
J=10.0,4H), 5.06 (dd, J = 3.5, 9.6, 1H), 5.25 - 5.15 (m, 1H), 6.65 (dt, J =4.4,9.2, 2H), 6.92 (td, J =

2.9,9.1,2H), 7.59 - 7.12 (m, 18H), 10.32 - 9.86 (m, 2H). MS (ESI) m/z 926 (M+H)*, 924 (M-H)™.

SR a<bdons Uy
N N
&\7/ \/g o) N o) \(J
s §{ O o S
7N
15
Example 121
(28,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl) bis{ 1-[(25)-3,3-dimethyl-2-(1,3-
thiazol-2-ylamino)butanoyl]pyrrolidine-2-carboxamide }
H H D
H N N N Y N H
HZN?]/N\/& o) \Q\/N\/Q/ \g N\‘(NHQ
s £ © O)j\ S
20 7\

Example 121A
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(8,28,2'S)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1-phenylene))bis(1-((S)-3,3-dimethyl-2-
thioureidobutanoyl)pyrrolidine-2-carboxamide)

The product from Example 79B (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 to dryness to give the title compound.

Example 121B
(25,2'S)-N,N'-[(phenylimino)bis(methanediylbenzene-4,1-diyl) | bis{ 1-[(25)-3,3-dimethyl-2-(1,3-
thiazol-2-ylamino)butanoyl]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 0.04 mL of 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 column, 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)4.43 (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, J=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 (d, J=9.11 Hz, 2 H) 9.99 (s, 2 H); MS ESI- m/z 888.5 (M-H)-.

Example 122
(28.,2'S)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis(1-{ (2R)-2-
[acetyl(ethyl)amino]-2-phenylacetyl } pyrrolidine-2-carboxamide)

»néoy

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)
in MeOH (10.26 mL) was added 10% Pd/C (0.080 g, 1.026 mmol). The resulting mixture was cooled
to 0 °C, and acetaldehyde (0.576 ml., 10.26 mmol) was added. The resulting mixture was stirred at O
°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 in vacuo to give the title compound (0.267 g).

iféok

Example 122B
(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 ml., 11.35 mmol) was stirred at 98 °C for 2 hrs. The mixture
was partitioned between CH,Cl, and 1N HCI solution, and the organic extract was separated, 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 1-35% ethyl acetate in hexane to

give the title compound (0.083 g, 27%).

Oﬁ/o

NN~ oH

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%).
Example 122D

(28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis(1-{ (2R)-2-
[acetyl(ethyl)amino]-2-phenylacetyl } pyrrolidine-2-carboxamide)
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The product from Example 13D (0.024 g, 0.047 mmol) was subjected to the procedure
described in Example 24E, substituting the product from Example 122C for (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (7 mg). '
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),
458 (s, 4 H), 6.63 - 6.68 (m, 2 H), 6.92 (t, J=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)".

Example 123
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-
diylcarbamoyl(2S5,3a8,6a8)hexahydrocyclopenta[b]pyrrole-2,1(2H)-diyl[(2S5)-3,3-dimethyl-1-
oxobutane-1,2-diyl] } )biscarbamate

46

Example 123A
(25,3a85,6aS)-2-benzyl 1-tert-butyl hexahydrocyclopenta[b]pyrrole-1,2(2H)-dicarboxylate

- r%

To a solution of (8,S,S)-2-azabicyclo[3,3,0]-octane-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 mmol) 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 diluted with CH,Cl,, washed with saturated
sodium 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).

H
= H o
:é:N OH
5
o)§O

Example 123B
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(25,3a8,6a8)-1-(tert-butoxycarbonyl)octahydrocyclopenta[b]pyrrole-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 introduced 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).

Example 123C
(25,2'S,3a8,3a'S,6a8,6a'S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-
10 phenylene)bis(azanediyl))bis(oxomethylene)bis(hexahydrocyclopenta[b]pyrrole-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).

15
Example 123D
(25,2'S,3a8,3a'S,6a8,6a'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-
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
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-
diylcarbamoyl(2S5,3a$,6a8)hexahydrocyclopenta[ b]pyrrole-2,1(2H)-diyl[(2S5)-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) § 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, 2H),
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3.65 (s, 6H), 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, 1), 1.03 (s, 18H). MS (ESI; M+H) m/z = 939.

Example 124
(25,3a5,6a8,2'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[b ]pyrrole-2-carboxamide }

To a mixture of the product from Example 123D (0.17 g, 0.29 mmol), (R)-2-phenyl-2-
(piperidin-1-yl)acetic acid - TFA salt (0.21 g, 0.67 mmol), and HATU (0.24 g, 0.64 mmol) in CH,Cl,
(2.9 ml) was added Hunig's base (0.41 ml, 2.3 mmol), and the reaction was stirred at 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) § 7.54 — 7.43 (m, 8H), 7.38 — 7.30 (m,
6H), 7.23 — 7.17 (m, 4H), 6.84 (t, J = 8.6, 2H), 6.72 (dd, J = 4.2, 9.2, 2H), 4.54 (bs, 4H), 4.46 (t, J =
8.3, 2H), 4.31 (dd, J = 8.1, 13.9, 2H), 4.12 (s, 2H), 2.73 — 2.60 (m, 2H), 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 (mm, 7H), 1.55 (s, 10H), 1.43 (s,
4H). MS (ESI; M+H) m/z = 999.

F
z/ \/&O 0] N 0] o \\g
Example 125
methyl [(15)-1-{[(25)-2-{ [4-({ (4-fluoropheny])[4-({ [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }-2,5-dihydro-1H-pyrrol-2-
yl]carbonyl }amino)benzyl]amino } methyl)phenyl]carbamoyl }-2,5-dihydro-1 H-pyrrol-1-yl]carbonyl } -
2,2-dimethylpropyl]carbamate
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F
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O/Q © \O\/N\/@ © )\o
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Example 125A
(25,2'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-dihydro-1H-pyrrole-2-carboxylic acid for N-(tert-butoxycarbonyl)-L-
proline to provide the title compound (0.64 g, 96% yield).

F
1 ¢ H 4>
N N A
O N O
Example 125B
(25,2'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-phenylene))bis(2,5-dihydro-1H-
pyrrole-2-carboxamide)
The title 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 [(15)-1-{[(25)-2-{[4-({(4-fluoropheny])[4-({[(25)-1-{(2S5)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }-2,5-dihydro-1H-pyrrol-2-
yl]carbonyl }amino)benzyl]amino }methyl)phenyl]carbamoyl }-2,5-dihydro-1 H-pyrrol-1-yl]carbonyl } -
2,2-dimethylpropyl]carbamate

The title compound was prepared using the methods from Example 13E substituting the
product from Example 125B for the product from Example 13D to provide the title compound (0.15
g, 45% yield). '"H NMR (400 MHz, DMSO) & 10.13 (s, 2H), 7.51 (d, J = 8.5, 4H), 7.23 (d, J = 8.7,
2H),7.18 (d, /= 8.5, 4H), 691 (t, J= 8.9, 2H), 6.63 (dd, / =9.2, 4.4, 2H), 6.06 (dd, J = 6.3, 1.8, 2H),
5.88(dd, J=62,2.1,2H), 5.20-5.13 (m, 2H), 4.61 — 4.51 (m, 6H), 4.49 — 4.39 (m, 2H),4.15d, J =
8.7,2H), 3.54 (s, 6H), 0.99 (s, 18H). MS (ESI; M+H) m/z = 855.
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Example 126
dibenzyl (45,4'S)-4.,4'-{[(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diylcarbamoyl) } bis(1,3-
oxazolidine-3-carboxylate)

5 The product from Example 13B (100 mg, 0.311 mmol) and (§5)-3-
(benzyloxycarbonyl)oxazolidine-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) 6 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), 4.58 (bs, 4H), 4.48 (m, 2H), 4.28

10 (m, 2H), 4.01 (m, 2H).

Example 127
(25,48,2'S 4'S)-N . N'-{ [(4-fluorophenyl)imino | bis(methanediylbenzene-4,1-diyl) } bis{4-hydroxy-1-
15 [(2R)-2-phenyl-2-piperidin-1-ylacetyl]pyrrolidine-2-carboxamide }

Example 127A
(25,45)-1-(tert-butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid
To a solution of (2S,4S)-4-hydroxypyrrolidine-2-carboxylic acid (3.9 g, 29.7 mmol) 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 FtOAc 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 (ESI) m/z 232 (M+H)+.
25
Example 127B
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(25.,45)-1-(tert-butoxycarbonyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-2-carboxylic acid
To a solution of Example 127A (5.31 g, 22.96 mmol) and imidazole (7.82 g, 115 mmol) in
dichloromethane (106 ml.) and DMF (21.3 ml.) was added tert-butyldimethylsilyl chloride (7.61 g,
50.5 mmol) and the mixture stirred at room temperature overnight. The mixture then had water (425
5 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 a solid. The resultant solid was dissolved in methanol (65 mL.) and water (85
ml.) then lithivm 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 1N aqueous 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 to give the title compound as a

colorless solid. MS (ESI) m/z 346 (M+H)+.

WK AE

Si F Si
o

0

oo
/i\

AN

15 Example 127C

(35,3'S,58,5'S)-tert-butyl 5,5'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-

phenylene)bis(azanediyl))bis(oxomethylene)bis(3-(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)+.

F
HQ OH
N @ e
O
o} N o}
Example 127D
25 (25,2'S,45,4'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)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
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hours. Afterwards the mixture was concentrated to an oil which was dissolved in 75% CHCIl; and
25% isopropyl 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 (EST) m/z 548 (M+H)-+.

Example 127E
(25.,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 Example 127D (30 mg, 0.055 mmol) and (R)-2-phenyl-2-(piperidin-1-
yDacetic acid (36 mg, 0.164 mmol) were processed using the method described in Example 43 to
afford 8 mg (15%) of the title 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, 6H), 7.19 (d, J/=8.6 Hz, 4H), 6.91 (d, /=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).

SUeaeVdsarde
Oﬁ/\hj) <Njo
Example 128

(28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis { 1-[(2-oxopyrrolidin-1-
yD(phenylacetyl]pyrrolidine-2-carboxamide }

Example 128A
(R)-ethyl 4-(2-tert-butoxy-2-oxo-1-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 EtOAc and then washed with H,O and
brine. The organic was then dried (MgSQO,), filtered and concentrated.  Purification by
chromatography (silica gel, 40% EtOAc in Hexanes) afforded 486 mg (74%) of the title 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
5 The product of example 128A (480 mg, 1.49 mmol) and NaOH (299 mg, 7.47 mmol) in
MeOH (10 ml.) was stirred at ambient temperature for 1 hour. The mixture had HCI (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 (ESI) m/z 294 (M+H)".

X s

ot

Example 128C

10

(R)-tert-butyl 2-(2-oxopyrrolidin-1-yl)-2-phenylacetate
The product of example 128B (307 mg, 1.05 mmol) and N1-((ethylimino)methylene)-N3,N3-
dimethylpropane-1,3-diamine hydrochloride (602 mg, 3.14 mmol) in pyridine (5 ml) and
15  dimethylformamide (5 mL) was stitred at ambient temperature for 16 hours. The mixture was diluted
with EtOAc and washed with H,O and brine. The organic was dried (MgSQ,), filtered and
concentrated. Purification by chromatography (silica gel, 60% EtOAc in Hexanes) afforded 249 mg
(86%) of the title compound. MS (EST) m/z 276 (M+H)".

o Q
HO;
-lllNé
20

Example 128D
(R)-2-(2-oxopyrrolidin-1-yl)-2-phenylacetic acid
The product of example 128C (245 mg, 0.89 mmol) in trifluoroacetic acid (5 mL) was stirred
at ambient temperature for 2 hours. The mixture was concentrated to afford 201 mg (100%) of the

25  title compound. MS (ESI) 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-[(25)-2-(2-
oxopyrrolidin-1-yl)-2-phenylacetyl]pyrrolidine-2-carboxamide }

The product of Example 128D (42.5 mg, 0.194 mmol) 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 isomer 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
1.72 - 2.00 (m, 5 H), 2.03 - 2.14 (m, 2 H), 2.27 - 2.34 (m, 6 H), 2.94 (td, J/=8.81, 5.80 Hz, 2 H), 3.16
(s, 6 H), 3.50 - 3.58 (m, 2 H), 3.65 (td, /=8.67, 6.07 Hz, 2 H), 4.08 (s, 2 H), 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, /=8.89 Hz, 2 H), 7.17 (d, J=8.57 Hz, 4 H), 7.23 (d,
J=06.94 Hz, 4 H), 7.30 - 7.41 (m, 6 H), 7.53 (d, /=8.46 Hz, 4 H), 9.94 (s, 2 H). MS (ESI) m/z 919
(M+H)*.

Example 129
(28,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis { 1-[(2-oxopyrrolidin-1-
yD(phenylacetyl]pyrrolidine-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 title compound. "H NMR (400 MHz, DMSO-ds) & 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 (td, /=8.13, 4.88 Hz,
2 H), 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 (t, /=8.89 Hz, 2
H), 7.18 (dd, J=8.40, 5.15 Hz, 6 H), 7.23 (d, J=6.94 Hz, 1 H), 7.32 - 7.43 (m, 8 H), 7.54 (d, J=8.46
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)imino]bis(methanediylbenzene-4,1-diyl) } bis { 1-[(2-oxopyrrolidin-1-
yD(phenylacetyl]pyrrolidine-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 aqueous 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-ds) & ppm
1.73-1.92 (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 (t, J=8.89
Hz, 2 H), 7.20 (d, J=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)".

J
15 Example 131

(25,2'S)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(2R)-2-
(ethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide }
Y 0]
NN OH

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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O§<O O
NN OH

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 mlL., 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 1N 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%).

J
Example 131C

tert-butyl (1R,1'R)-2,2'-((25,2'S)-2,2'-(4,4'-(4-fluorophenylazanediyl)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'S)-N,N'-{ [(4-fluorophenyl)imino]bis(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-trifluoroacetic 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. NaHCQO;, 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 (q, /=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, J=3.9 Hz, 4 H), 6.61 - 6.69 (m, 2 H), 6.88 - 6.96 (m, 2 H), 7.14 - 7.22 (m, 4 H), 7.24
-7.42 (m, 10 H), 7.46 - 7.58 (m, 4 H), 9.97 (d, J=9.7 Hz, 2 H); MS m/z 838.3 (M+H)".

A ro Lo } 69

Example 132
(28,2'S)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis(1-{ (2R)-2-[ethyl(1-
methylethyl)amino]-2-phenylacetyl }pyrrolidine-2-carboxamide)

Jgk

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 mL, 0.416 mmol), acetic acid (0.024 mL, 0.416 mmol), and sodium
cyanoborohydride (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. NaHCQO;, 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%).

\(o

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 mmol) was subjected to the procedure
described in Example 122C to give the title compound (0.027 g).

Example 132C
(25,2'S)-N.N'-{ [(4-fluorophenyl)imino]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 (S)-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 (d, J/=6.4 Hz, 2 H), 1.21 - 1.35 (m, 12
H), 1.39 (d, /=64 Hz, 4 H), 1.73 - 2.18 (m, § H), 2.74 - 3.21 (m, 6 H), 4.41 (dd, J=8.3, 3.4 Hz, 2 H),
4.59 (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, /=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)".

/OZfH\/?OT g ] “jgo\
O

dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-

Example 133

diyl[(15)-1-cyclopentyl-2-oxoethane-2,1-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 (m, 4 H)
141-150(m,4H)1.51-1.74 (m, 8 H) 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 - 3.89 (m, 2 H) 4.10 (t, J=8.73 Hz, 2 H) 4.42 (dd, J=8.13, 4.77
Hz, 2 H) 4.55 (s, 4 H) 6.64 (dd, J=9.22, 445 Hz, 2 H) 6.91 (t, J=8.84 Hz, 2 H) 7.17 (d, J=8.46 Hz, 4
H)7.41 (d, J=792 Hz, 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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Example 134
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(25)-4-hydroxy-1-oxobutane-1,2-diyl] } )biscarbamate
5 The product from Example 13D (0.035 g, 0.068 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, 2 H) 1.84 - 2.04 (m, 6 H) 2.07 - 2.17 (m, 2 H) 3.42 - 3.50 (i, 4 H) 3.50 - 3.54 (m,
6 H) 3.68 (t, J=6.45 Hz, 4 H) 4.37 - 4.47 (m, 4 H) 4.55 (s, 4 H) 4.61 (t, J=4.93 Hz, 2 H) 6.63 (dd,
10  J=9.22,4.34 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)+.

Example 135
15 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

Example 135A
(S)-3-ethyl-2-(methoxycarbonylamino)pentanoic acid
20 (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-
diyl[(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
5 (0.035 g, 0.171 mmol) were processed as in Example 25B to give the title compound as an oft-white
solid. "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,2H) 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 - 448 (m, 4 H) 4.55 (s, 4 H) 6.63 (dd, J=9.22, 4.34 Hz, 2 H) 6.90
(t,J=8.89 Hz, 2 H) 7.17 (d, J=8.24 Hz, 4 H) 7.20 - 7.38 (m, 2 H) 7.47 - 7.55 (m, 4 H) 9.71 - 10.24 (m,

10 2 H); MS ESI- m/z 884.6 (M-H)-.

XETOLTY S

Example 136
dimethyl ([(4-fluorophenyl)imino]bis { methanediylbenzene-4,1-diylcarbamoyl[(2S5,4.5)-4-
15 hydroxypyrrolidine-2,1-diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
The product from Example 127D (30 mg, 0.057 mmol) and (S)-2-(methoxycarbonylamino)-
3,3-dimethylbutanoic acid (26.8 mg, 0.142 mmol) 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), 7.49 (d, J=7.6 Hz, 4H), 7.17 (d, J=7.6 Hz, 4H), 7.10 (m, 2H), 6.90 (m, 4H), 6.62 (m,
20  2H), 5.29 (d, J=5.5 Hz, 2H), 4.54 (bs, 4H), 4.38 (m, 2H), 4..22 (m, 2H), 4.15 (m, 2H), 3.96 (m, 2H),
3.52 (s, 6H), 2.53 (s, 4H), 2.38 (m, 2H), 1.65 (m, 2H), 0.95 (s, 18H).

&

25 (28,2'S)-N.N'-{[(3.4-difluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis{ 1-[(2R)-2-phenyl-

Example 137

2-piperidin-1-ylacetyl|pyrrolidine-2-carboxamide }
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The product from Example 89D and (R)-2-phenyl-2-(piperidin-1-yl)acetic acid hydrochloride
were processed using the method described in Example 13E replacing DMF with dichloromethane to
afford the title compound (55.5 mg, 25%). '"H 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 (m, 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, 1H), 6.68 - 6.57 (m, 1H), 7.14 - 7.07 (m,
2H), 7.19 (d, J = 8.4, 4H), 7.36 - 7.25 (m, 5H), 7.42 (d, J = 7.2, 4H), 7.53 (d, J = 8.5, 4H), 9.97 (s,
2H). MS (ESD) m/z 936 M+H", 30%) 469 (0.5M+H", 100%).

Example 138
(28.,2'S)-N,N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis{ 1-[(4.4-
difluoropiperidin-1-yl)(phenyl)acetyl]pyrrolidine-2-carboxamide }

Q Br
H
20
Example 138A
(S)-1-phenylethyl 2-bromo-2-phenylacetate

To a mixture of a-bromophenylacetic acid (11.20 g, 52.1 mmol), (S)-(-)-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

(MgSQO,), filtered, and concentrated then purified by column chromatography to provide the title
compound (12.6g, 76% yield).

E

e

Example 138B

E
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(S)-1-phenylethyl 2-(4,4-difluoropiperidin-1-yl)-2-phenylacetate
To a solution of the product from Example 138A (1.00 g, 3.13 mmol) in tetrahydrofuran (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 free base in THF. The mixture was stirred for 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).

F

.
8
Example 138C
2-(4.4-difluoropiperidin-1-yl)-2-phenylacetic acid
To a solution of the product from Example 138B (1.04 g, 2.89 mmol) in CH,Cl, (6 ml.) at
room temperature 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
(25,2'S)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis { 1-[(4,4-
difluoropiperidin-1-yl)(phenyl)acetyl]pyrrolidine-2-carboxamide }

Title compound was prepared using the methods from Example 13E substituting the product
from Example 138C for (S)-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 (t, J = 8.8, 2H), 6.72 (dd, J =9.2, 4.3,
2H), 4.54 (s, 4H), 442 (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
(25,2'S)-N.N'-{ [(4-fluorophenyl)imino]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, 5H), 4.48 (s, 1H), 4.42 (dd, J = 7.4, 4.6, 1H), 4.31 (s, 1H), 3.94 — 3.86 (m, 1H), 3.81 -
3.71 (m, 1H), 3.54 — 3.39 (m, 2H), 2.69 — 2.35 (m, 8H), 2.23 — 1.77 (m, 16H). MS (ESL; M+H) m/z =
10 990.

Example 140
(25,2'S)-N.N'-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) } bis { 1-[(4,4-
15 difluoropiperidin-1-yl)(phenyl)acetyl|pyrrolidine-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 (m, 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 (m, 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.

LOH H | H H(ib
/ngng/?o\g T gon O;ji -
N

Example 141
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dimethyl ([(4-fluorophenyl)imino]bis { methanediyl(6-methoxybenzene-3,1-
diyl)carbamoyl(2S)pyrrolidine-2,1-diyl[(2S)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
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
(25,35)-1-(tert-butoxycarbonyl)-3-hydroxypyrrolidine-2-carboxylic acid
To a solution of (25,35)-3-hydroxypyrrolidine-2-carboxylic acid (0.50 g, 3.8 mmol) in
10 CH,Cl, (19 ml.) at room temperature 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 to prodive the title compound (0.91g,

15 103% yield).

Example 141B
(25,2'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-hydroxypyrrolidine-1-carboxylate)
The title compound was prepared using the methods from Example 13C substituting the

product from Example 141A for N-(tert-butoxycarbonyl)-L-proline to provide the title compound
(0.51 g, 77% yield).

Example 141C

25
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(25,2'S,35,3'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,1-phenylene))bis(3-
hydroxypyrrolidine-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-
diyl)carbamoyl(2S)pyrrolidine-2,1-diyl[(2S)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
10 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
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, /=9.3,2H), 6.89 (t, J = 8.6, 2H), 6.62 (dd, J = 4.4,9.2, 2H), 5.39 (s, 2H), 4.53 (bs, 4H),
4.30-4.16 (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 (ESL; M+H) m/z = 891.

S'aasbdess A
Example 142

20 methyl [(1R)-1-{[(25)-2-{[4-({ (4-fluorophenyD)[4-({ [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl}-5-methylpyrrolidin-2-
yl]carbonyl } amino)benzyl]amino } methyl)phenyl]carbamoyl }-5-methylpyrrolidin-1-yl]carbonyl } -2,2-
dimethylpropyl]carbamate

/Oj(o\/
N
S
o ‘Tf
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.

/[N OH
N
O
G O
Example 142B
(25)-1-(tert-butoxycarbonyl)-5-methylpyrrolidine-2-carboxylic acid

To a solution of product from Example 142A (0.068 g, 0.264 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.1N 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-fluorophenyD)[4-({ [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl}-5-methylpyrrolidin-2-
yl]carbonyl } amino)benzyl]amino } methyl)phenyl]carbamoyl }-5-methylpyrrolidin-1-yl]carbonyl } -2,2-
dimethylpropyl]carbamate

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) 6 ppm 0.96 (s, 18 H), 1.25 (d, J=6.0 Hz, 6 H), 1.61 (dd, J=114, 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, /=94 Hz, 2 H), 4.54 (s, 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 H); 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” i ~ N i “NO

Example 143A

2

4-fluoro-N,N-bis(3-nitrobenzyl)aniline
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, J=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).

H,N” i ~ N : “NH

Example 143B

2

15 N,N-bis(3-aminobenzyl)-4-fluoroaniline
To a slurry of the product from Example 143A (0.450 g, 1.180 mmol) 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
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-CHCls.
20  The organic phase was dried (Na,SO,4) 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
(25,2'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.

|
C;N@?@Nﬁ,.
NH H H HNO

Example 143D
10 (25,2'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 47B
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, 2 H)4.63 (s,4 H) 6.61 (dd, J=9.27, 4.39 Hz, 2 H) 6.89 - 6.97 (m, 4 H) 7.25 (dd, J=7.81 Hz, 2
H) 7.55 (s,4 H) 9.92 (s, 2 H).

Example 143E
dimethyl ([(4-fluorophenyl)imino]bis{ 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) & 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 H) 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 (t, 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).

5 Example 144
dimethyl (35,3'S)-3,3'-{ [(4-fluorophenyl)imino]bis[methanediylbenzene-4,1-
diylcarbamoyl(2S)pyrrolidine-2,1-diylcarbonyl] }dimorpholine-4-carboxylate
The product from Example 13D and (S)-4-(methoxycarbonyl)morpholine-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) 6 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, J =9.2, 4.4, 2H), 6.91 (t, J = 8.9, 2H), 7.17 (d, J = 8.5, 4H), 7.51 (d, J = 8.4,

4H), 9.90 (s, 2H). MS (ESI) m/z 858 (M+H)*.

/YGYQVVGM] Oijif\
N

Example 145

15

dimethyl ([(4-fluorophenyl)imino]bis { methanediylbenzene-4,1-diylcarbamoyl[(25,35)-3-
methylpyrrolidine-2,1-diyl][(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

10 o

Lo
20 Example 145A
(25,35)-1-(tert-butoxycarbonyl)-3-methylpyrrolidine-2-carboxylic acid
The title compound was prepared using the methods from Example 141A substituting the
(25,35)-3-methylpyrrolidine-2-carboxylic acid for (2S,3S)-3-hydroxypyrrolidine-2-carboxylic acid to

provide the title compound (0.31 g, 74% yield).
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Example 145B
(25,2'S,35,3'S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)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).

T @ oty

Example 145C
(25,2'S,35,3'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-fluorophenyl)imino]bis { methanediyl(6-methoxybenzene-3,1-
diyl)carbamoyl(2S)pyrrolidine-2,1-diyl[(2S)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate
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

The title compound was prepared using the methods from Example 13E substituting the
product from Example 145C for the product from Example 13D to 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), 4.55 (bs, 4H), 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, 2H), 1.62 — 1.49 (m, 2H), 1.09 (d, J = 6.7, 6H), 0.95 (s, 18H). MS (ESL[; M+H) m/z =
887.
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Example 146
dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-3,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5)-3-methyl-1-oxobutane-1,2-diyl] } )biscarbamate

OO-Z2®
O-Z2®

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)".

HN” : ~ N : “NH

Example 146B

2

N,N-bis(3-aminobenzyl)-4-fluoroaniline
15 The product from Example 146A (1 g, 2.62 mmol), ammonium chloride (0.4965 g, 9.28
mmol) 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)™.

5 Example 146C
(25,2'S)-tert-butyl 2,2'-(3,3'-(4-fluorophenylazanediyl)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 (ESD) m/z 716

10 M+

F

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)*.

Example 146E
20 dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-3,1-diylcarbamoyl(2S)pyrrolidine-2,1-
diyl[(2S5)-3-methyl-1-oxobutane-1,2-diyl] } )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 title

compound. 11 NMR (400 MHz, DMSO) 6 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, ] = 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 (t, J = 7.9, 2H), 7.31 (d, J = 8.4, 2H), 7.40 (s,

2H), 7.58 (d, T = 8.1, 2H), 10.00 (s, 2H). MS (ESI) m/z 831 (M+H)*, 828 (M-H)*.

HN""™, NH
o’£ /< )\o
[ ° © 1
5 Example 147
dimethyl ([(4-fluorophenyl)imino]bis { methanediyl(6-methoxybenzene-3,1-
diyh)carbamoyl(28)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 to provide 2.33 g (91%) of the title compound. MS (ESI; M+H) m/z = 442.

O
HoN N NH,

15
Example 147B
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 (ESL; M+H) m/z = 382.
20
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Example 147C
(25,2'S)-tert-butyl 2,2'-(5,5'-(4-fluorophenylazanediyl)bis(methylene)bis(2-methoxy-5,1-
phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine- 1-carboxylate
The product from Example 147B and (S)-1-(tert-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 (ESL; M+H) m/z = 776.

F
5 © :
o) o)
O)LNI j\ . /< IN)L,,
NH o H HNO
Example 147D
(25,2'S)-N,N'-(5,5'-(4-fluorophenylazanediyl)bis(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 title compound. LC/MS (M+H) m/z = 576; retention time 1.13

minutes.

Example 147E
dimethyl ([(4-fluorophenyl)imino]bis { methanediyl(6-methoxybenzene-3,1-
diyl)carbamoyl(28)pyrrolidine-2,1-diyl[(25)-3,3-dimethyl-1-oxobutane-1,2-diyl] } )biscarbamate

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) § 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, J=8.78 Hz, 2 H) 4.51 (s, 4 H) 4.67 (dd,
J=6.89,5.15 Hz, 2 H) 6.58 - 6.68 (m, 2 H) 6.86 - 6.96 (m, 6 H) 7.16 (d, J=8.67 Hz, 2 H) 8.05 (br s, 2
H) 9.20 (br s, 2 H).
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Example 148
methyl [(15)-1-{[(25)-2-(5-{[({2-[(25)-1-{(2S)-2-[(methoxycarbonyl)amino]-3-
5 methylbutanoyl}pyrrolidin-2-yl]-1,3-benzoxazol-5-yl} methyl)(phenyl)amino methyl }-1,3-

/O

benzoxazol-2-yl)pyrrolidin-1-yl]carbonyl }-2-methylpropyl]carbamate

Example 148AA
4-(bromomethyl)-1-chloro-2-nitrobenzene
10 To a solution of (4-chloro-3-nitrophenyl)methanol (5.0 g, 26.6 mmol) in toluene (100 ml)
was added phosphorus tribromide (0.879 mL,, 9.32 mmol) 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,SQ,, filtered, and concentrated in vacuo to give the title compound.

HN/\@NOZ
Cl

Example 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 mlL., 128 mmol), followed by the portion-wise

20  addition of sodium cyanoborohydride (4.84 g, 77 mmol). The resulting mixture was stirred at rt for
2.5 hrs and concentrated to vacuo. The residue was partitioned between ethyl acetate and saturated

aq. NaHCQO;, and the organic layer was dried over anhydrous Na,SO,. 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 of 0-1% methanol in dichloromethane to give

25  the title compound (5.7 g, 85%).

OQND/\N/\@NOQ
Cl Cl
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Example 148C
N,N-bis (4-chloro-3-nitrobenzyl)aniline
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 mlL.) was added Hunig’s base (8.0 mlL., 45.7 mmol),
and the resulting mixture was stirred at 90 °C overnight. The mixture was cooled to rt and partitioned
between CH,Cl, and H,0, and the organic layer was dried over anhydrous Na,SO,. 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% methanol in dichloromethane to

give the title compound.
HoN ;©/\N/\©:N Hy
Cl Cl
Example 148D
N,N-bis(3-amino-4-chlorobenzyl)aniline

To a solution of product from Example 148C (0.304 g, 0.703 mmol) in 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,SO,. 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,C], to afford the title compound (0.259 gm, 99%).

Example 148E
(25,2'S)-tert-butyl 2,2'-(5,5'-(phenylazanediyl)bis(methylene)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 (S)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid (0.723 g, 3.36
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mmol) 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 1N
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%).
O

Y N
N N N
Qllll(OD/\i’\j/\Q:O\)m ;)to
A
Example 148F

(25,2'S)-tert-butyl 2,2'-(5,5'-(phenylazanediyl)bis(methylene)bis(benzo[d]oxazole-5,2-
diyl))dipyrrolidine-1-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(D) iodide (0.045 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 H,O, 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%).

@) @ )

Example 148G
N,N-bis((2-((S)-pyrrolidin-2-yl)benzo[d]oxazol-5-yl)methyl)aniline
To a solution of the product from Example 148F (0.150 g, 0.216 mmol) in CH,Cl, (2 ml)
was added 2,2,2-trifluoroacetic acid (1 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.
NaHCOs;, 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 title
compound (44.3 mg, 42%).

Example 148H
methyl [(15)-1-{[(25)-2-(5-{[({2-[(25)-1-{(2S)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1,3-benzoxazol-5-yl }methyl)(phenyl)amino Jmethyl }-1,3-
benzoxazol-2-yl)pyrrolidin-1-yl]carbonyl }-2-methylpropyl]carbamate
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 (s, 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, J=7.7, 3.1 Hz, 1 H), 6.58 (t, J=7.2
Hz, 1 H), 6.71 (d, J=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.28 (d, J=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)".

p N Q
mQQ T Ak
OYN NYO

O o<

Example 149
N-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{ [{4-[(E)-2-{(25)-1-[ N-(methoxycarbonyl)-3-methyl-I .-
valyl]pyrrolidin-2-yl }ethenyl]benzyl } (phenyl)amino] methyl } phenyl)-L-prolinamide

Example 149A
methyl 4-((diethoxyphosphoryl)methyl)benzoate
A solution of methyl 4-(bromomethyl)benzoate (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
vacuum. Purification by chromatography (silica gel, 0-2% methanol in dichloromethane) afforded the

title compound. MS (EST) m/z 287 (M+H)".

Example 149B
(S,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 THF (50
ml) and cooled to -78 °C was added lithium bis(timethylsilyl)amide (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
219



10

15

20

25

30

WO 2010/120935 PCT/US2010/031102

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 EtOAc 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
(S.E)-tert-butyl 2-(4-(hydroxymethyl)styryl)pyrrolidine-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 solution. The
organic extract was then dried, filtered, and concentrated to afford 0.9 g (98%) of the title compound.

MS (ESI) m/z 304 (M+H)".

Example 149D
(S,E)-tert-butyl 2-(4-(bromomethyl)styryl)pyrrolidine-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, filtered, and concentrated to afford the
title compound. m/z 368 (M+H)".

Example 149E
(S,E)-tert-butyl 2-(4-(((4-nitrobenzyl)(phenyl)amino)methyl)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 (EST) m/z 514 (M+H)".

5 Example 149F
(S,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(IIl) chloride (1.47 g, 4.67 mmol) was added
followed by the portionwise addition of sodium borohydride (943 mg, 24.92 mmol) and warming the
10 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 sodium bicarbonate. The organic solution was then dried, filtered, and

concentrated to afford the title compound. m/z 484 (M+H)".

Example 149G
(S)-tert-butyl 2-(4-(((4-((E)-2-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-

15

yDvinyl)benzyl)(phenyl)amino)methyl)phenylcarbamoyl)pyrrolidine-1-carboxylate
The product from Example 149F (700 mg, 1.45 mmol) and (S)-1-(tert-
20  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) 6 ppm 9.92 (s, 1H), 7.52 (d, J=8.4Hz, 2H), 7.34 (d, J=7.9Hz, 2H), 7.18 (m, 4H), 7.07 (m, 2H),
6.64 (d, /=8.1Hz, 2H), 6.55 (t, J=7.7Hz, 1H), 6.31 (d, /=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
25 (s, 9H), 1.30 (s, 9H).

Example 149H

(S)-N-(4-((phenyl(4-((F)-2-((S)-pyrrolidin-2-yl)vinyl)benzyl)amino )methyl)phenyl)pyrrolidine-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 ml.) was added trifluoroacetic acid (2.7 mlL.) 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 to 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-I .-
valyl]pyrrolidin-2-yl }ethenyl]benzyl } (phenyl)amino]methyl } 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. 'H NMR (500 MHz, DMSO-D6) & ppm
9.98 (s, 1H), 7.50 (d, J/=8.4Hz, 2H), 7.28 (d, J=8.3Hz, 2H), 7.17 (m,4H), 7.06 (m, 3H), 6.63 (m, 2H),
6.55 (t, J=7.3Hz, 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).

i O

Example 150
di[(3.5)-tetrahydrofuran-3-yl] (25,2'S)-2,2'-[(phenylimino)bis(methanediylbenzene-4,1-
diylcarbamoyl)]dipyrrolidine-1-carboxylate

The product of Example 1D (25 mg, 0.050 mmol), and (S)-2,5-dioxopytrolidin-1-yl
tetrahydrofuran-3-yl carbonate (25.3 mg, 0.111 mmol) were dissolved in dichloromethane (3 ml.)
then added Hunig’s base (0.026 mL, 0.151 mmol) and stitred the mixture at room temperature for 18
hours. The solution had dichloromethane added to it and the mixture extracted with water. The
organic extract was then dried, filtered, concentrated and purified by chromatography (silica gel, 0-
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 (t, ]=8.0
Hz, 2H), 6.64 (d, J=8.4 Hz, 2H), 6.55 (t, J=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, 4H).
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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, 77,
78, 81, 82, 83, 84, 85, 86, 87, 88, §9, 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 1 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 nM 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 EC50 of from 10 nM to 100 nM in 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 similatly prepared according to the above-described Schemes

and Examples:
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Moreover, the following compounds of Formula I can be similarly prepared according to the

present invention,
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D

Ls

Y/A—L1—X—L2—B\Z
I
wherein A is selected from Table 1a, B is selected from Table 1b, D is selected from Tablet 2, Y and
7 are each independently selected from Table 3, and A, B, and D are each independently optionally
substituted with one or more R4, and wherein X, L, [,, [.; and R, are as described above. Preferably,
Xis N, L; and [, are each independently C,-Csalkylene (e.g., -(CH,)-), and 1.5 is a bond, wherein L,
and L, are each independently optionally substituted with one or more substituents selected from
halogen, Rt, -O-Rg, —S—Rg, —-N(RsRs"), —OC(O)Rg, —C(O)ORg, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or cyano, and Rr, Rg, and Ry’ are as defined above.

248



WO 2010/120935 PCT/US2010/031102

Table 1a. A

O K !%;z A,
- =y H_<N H/i R j}!
| 1? I -y =) f“(\ | 1
0 Q L T

/ HN

N=N

St S B = I (O
<A, L ) A e
L EORQ e K -
A o R o
I~ éj—; o O y ﬁfH \j,&i
B \33** 597 1 Lot o

-, 1A, HO HOA /Lw | N@‘*

\)Lﬁ{,}z N ?IQ’\)L s\i{»—é
SVt ong {}z & -

N
H

249



WO 2010/120935 PCT/US2010/031102

Table 1b. B
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Table 3. Y and Z
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Table 3. Y and Z (continued)
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Table 3. Y and Z (continued)
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The inhibitory activities of the compounds of the present invention can be evaluated using a
variety of assays known in the art. For instance, two stable subgenomic replicon cell lines can be
used for compound characterization in cell culture: one derived from genotype 1a-H77 and the other
derived from genotype 1b-Conl, 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 1a 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 5" UTR, 3’ UTR, and the NS3-NS5B coding region are derived from the 1b-Conl strain, and
the adaptive mutations are K1609E, K1846T 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/ml
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 pl DMEM containing
5% FBS. The following day compounds can be diluted in dimethyl sulfoxide (DMSO) to generate a
200x stock in a series of eight half-log dilutions. The dilution series can then be further diluted
100-fold in the medium containing 5% FBS. Medium with the inhibitor is added to the overnight cell
culture plates already containing 100 pl of DMEM with 5% FBS. In assays measuring inhibitory
activity in the presence of human plasma, the medium from the overnight cell culture plates can be
replaced with DMEM containing 40% human plasma and 5% FBS. The cells can be incubated for
three days in the tissue culture incubators after which time 30 pl 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 pl, Promega) can be added to each well, and luciferase activity can be
measured with a Victor II luminometer (Perkin-Elmer). The percent inhibition of HCV RNA
replication can be caleulated for each compound concentration and the BECs,) value can be calculated
using nonlinear regression curve fiiting o the 4-parameter logistic equation and GraphPad Posm 4
software. Using the above-described assays or similar cell-based replicon assays, representative
compounds of the present mvention showed signticantly 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 I, I or L¢).

In addition, the present invention features pharmaceutical compositions comprising
pharmaceutically acceptable salts, solvates, or prodrugs of the compounds of the invention. 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 mhibitors, HCV
polymerase inhibitors, HCV helicase inhibitors, IRES inhibitors or NS5A inhibitors), anti-bacterial
agents, anti-fungal agents, immunomodulators, anti-cancer or chemotherapeutic 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-a, 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, IDX102, 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-HO05, A-831, A-689, AZD2836, telaprevir,
boceprevir, ITMN-191, BI-201335, VBY-376, VX-500 (Vertex), PHX-B, ACH-1625, IDX136,
IDX316, VX-813 (Vertex), SCH 900518 (Schering-Plough), TMC-435 (Tibotec), TTMN-191
(Intermune, Roche), MK-7009 (Merck), IDX-PI (Novartis), BI-201335 (Boehringer Ingelheim),
R7128 (Roche), PSI-7851 (Pharmasset), MK-3281 (Merck), PF-868554 (Pfizer), IDX-184 (Novartis),
IDX-375 (Pharmasset), BILB-1941 (Boehringer 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 I, I, 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,
CDS81 inhibitors, cyclophilin inhibitors, IRES inhibitors, or NS5A 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, lamivudine, 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, 1.-870812, S-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, isotonic 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 formulated based on their
routes of administration using methods well known in the art. For example, a sterile injectable
preparation can be prepared as a sterile 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
inert diluents commonly used in the art. Liquid dosage forms 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., PHARMACEUTICAL 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, 2c or 3a. In one embodiment, a
compound or compounds of the present invention (or salts, solvates or prodrugs thereof) are used to
inhibit the replication of HCV genotype la. 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 infection. 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 present 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, solvate or prodrug thereof) can be
administered as the sole active pharmaceutical agent, or in combination with another desired drug,
such as other anti-HCV agents, anti-HIV agents, anti-HBV agents, anti-hepatitis A agents, anti-
hepatitis D agents, anti-hepatitis E agents, anti-hepatitis G agents, or other antiviral drugs. Any
compound described herein, or a pharmaceutically acceptable salt thereof, can be employed in the
methods of the present invention.

A compound of the present invention (or a salt, solvent or prodrug thereof) can be
administered to a patient in a single dose or divided doses. A typical daily dosage can range, without
limitation, from 0.1 to 200 mg/kg body weight, such as from 0.25 to 100 mg/kg body weight. Single
dose compositions can contain these amounts or submultiples thereof to make up the daily dose.
Preferably, each dosage contains a sufficient amount of a compound of the present invention that is
effective in reducing the HCV viral load in the blood or liver of the patient. The amount of the active
ingredient, or the active ingredients that are combined, to produce a single dosage form may vary
depending upon the host treated and the particular mode of administration. It will be understood that
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 an 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
invention for the manufacture of medicaments for the treatment of HCV infection. Any compound
described herein, 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,
BC, N 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 deuterium. 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 isotopic 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
invention. 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:

A compound of Formula I, or a pharmaceutically acceptable salt thereof,

D

Ls

7~

A—L—X—L,—B
v 1 2 ~-

I

wherein:

A and B are each independently C;-C qcarbocycle or 3- to 10-membered heterocycle, and are
each independently optionally substituted with one or more Ru;

D is C5-Cigearboceycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more R,; or D is Rp;

Xis C(R¢) or N;

L, and [, are each independently selected from a bond; or C,-Csalkylene, C,-Csalkenylene, or
C,-Csalkynylene, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, R, -O-Rg, -S—Rs, —
N(RsRs), “OC(O)Rg, —C(O)ORyg, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano;

Ls 1s bond or —Ls—K-I.s’—, wherein K is selected from a bond, —-O—, —S—, -N(Rg)—, -C(O)—, —
S(O)—, —-S(0)-, —-0S(0)-, —-0S(0)—, -S(0),0-, -S(O)O-, -C(0)O-, —-0OC(0)-, -
OC(O)0-, -C(ON(Rp)—, -N(Rp)C(O)-, -NRp)C(O)O-, ~OC(O)N(Rp)—, -N(Rp)S(O)-,
—N(Rg)S(0)2—, =S(O)N(Rz)-, =S(O):N(Rp)-, “C(O)N(Rp)C(O)—, -N(Rp)C(ON(Rg")-, -
N(Rg)SONRp")-, or -N(Rp)S(O)N(Rg")—;

Y is selected from —T'—C(R;R)N(R5)-T-Rp, —T"-C(R3R,)C(RcR7)-T-Rp, —[.x-T-Rp, or —
Lx—E;

R, and R; are each independently R, and Rs is Rg; or R, is R, 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;

Ri, R4, Re, and R; are each independently Rc; or R; and Rg are each independently R¢, 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
more Ry;

7. is selected from —T"—C(RgR¢)N(R,)-T-Rp, —T"—C(R0R1;)C(R13R14)-T-Rp, -[.xk-T-Rp, or
—Lx-E;
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Rg and R, are each independently R, and Ry, is Rg; or Rg is R, 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 R4;

Rio, Ri1, Rz, and Ry, are each independently Re; or Ry, and Ry; are each independently R,

Lx

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;

is independently selected at each occurrence from a bond;, —-N(Rp)C(O)-Ls—; -
C(O)N(Rp)-Ls—; or C,-Cgalkylene, C,-Csalkenylene, C,-Csalkynylene, C;-C qocarbocycle
or 3- to 10-membered heterocycle, each of which is independently optionally substituted
at each occurrence with one or more substituents selected from halogen, Rt “O-Rg, —S—
Rs, —-N(RsRy"), —OC(O)Rs, —C(O)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo,

formyl or cyano;

E is independently selected at each occurrence from C;-Cigcarbocycle or 3- to 10-membered

heterocycle, and is independently optionally substituted at each occurrence with one or

more Ry;

T and T’ are each independently selected at each occurrence from a bond, —Lg—, -[.s—M-Lg"—,

—LsM-Lsg-M’-Ls’—, wherein M and M’ are each independently selected at each
occurrence from a bond, -O—-, —-S—, -N(Rp)-, -C(O)—, -S(O),—, —-S(O)—, -OS(O)-,
0S(0)—, -S(0),0-, -S(0)O-, -C(0)O-, -OC(0)-, -0OC(0)O-, —C(O)N(Rz)-,
NRp)C(O)-, -NRp)C(O)O-, -OCONRg)-, -N(Rp)SO)-, -N(Rp)SO)>-,
S(ON(Rg)-,  -S(O)NRp)-,  -C(ONRp)CO)-,  -NRp)CONRp)- -
N(Rg)SO,N(Rp’)—, —N(Rp)S(O)N(Rg’)-, C;-Cjcarbocycle, or 3- to 10-membered

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

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

R4 is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, —LLs, or —-[.s—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-

C,ocarbocycle or 3- to 10-membered heterocycle;

R 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, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from hydrogen or R,
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Rg is independently selected at each occurrence from -O-Rg, —S—Rg, —C(O)Rg, —OC(O)Rg, —
C(O)ORs, —-N(RsRs), -S(O)Rs, —-SO;Rs, —-C(O)NRsRs), —-NRCORs -
NRCON(Rs'Rs™™), -N(RgSORs’,  —SO.N(RsRs), —N(R)SON(Rs’Rg™),
N(R$)S(O)N(Rs’Rs™), “OS(0O)-Rs, “OS(0)2—Rs, —=S(0),0Rs, —=S(O)ORg, -OC(O)ORs, —
N(R5)C(O)ORg’, “OC(O)N(RsRs*), -N(R5)S(O)—Rs’, =S(O)N(RsRs*), “C(O)N(Rs)C(O)-
Ry, Cs-Cigcarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C;-
Cigearbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, R, —
O-Rjp, —-S-Ri, -N(RgRp’), —OC(O)R5, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C,-Cealkyl, C,-Cealkenyl, C,-Csalkynyl,
C;-Cgcarbocyclyl, C3-CgearboceyclylC-Cgalkyl, 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,;-Cealkyl, C,-Csalkenyl, or C,-
Csalkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, -O-Rg, —-S—Rg5, —N(RgRy"), —
OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ls, Ls” and Ls” are each independently selected at each occurrence from a bond; or C,-
Cesalkylene, C,-Csalkenylene, or C,-Csalkynylene, 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)Rs, —C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano;

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

Ry is independently selected at each occurrence from C;-Cealkyl, C,-Cesalkenyl, C,-Csalkynyl,
C;-Cgycarbocycelyl, C;-CgecarbocyclylC-Cgalkyl, 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, Rg, —
O-Rg, —=S-Rp, —-N(RpRy"), —OC(O)Rp, —C(O)OR5, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or cyano.

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 independently optionally substituted
with one or more Ry;

D is C5-Cgearboceycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry; or D is selected from C;-Cgalkyl, C,-Cgalkenyl or C,-Csalkynyl, and is
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,
formyl or cyano;

Xi1sN;

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(RsRys’), -OC(O)Rs, —
C(O)ORgs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano;

L, 1s bond;

Y is selected from —-N(Rp)C(O)C(R;R,)N(Rs)-T-Rp or —-N(Rp)C(O)C(R3R4)C(RsR7)-T-Rp;

R; is R¢, 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 R4;

R; and Rg 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;

7. 1s selected from —N(Rp)C(O)C(RsRg)N(R5)-T-Rp or —-N(Rp)C(O)C(R10R1;1)C(R13R14)-T-
Rp;

Rs is R, 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;

Ryp and R,; are each independently R¢, and R, 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 R,;

T is each independently selected at each occurrence from a bond, —Lg—, —[.s—M-Lg'—, —L¢—
M-Lg'-M’-Ls’—, wherein M and M’ are each independently selected at each occurrence
from a bond, -O-, -S—, -N(Rp)-, -C(0)—, —S(O),—, -S(0)-, —-OS(O)—, -OS(0)—, -
S(0),0-, -S(0)O—-, -C(0)O-, -0C(0)-, “0OC(0)O—-, -C(O)N(Rp)-, -N(Rp)C(O)-, —
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NRp)C(O)O-, -OCONRp)- -NRp)SO)-, -NRp)SO),— -S(ON(Rp)-,

S(O):NRs)-, —CONRz)CO)-, -NRpC(ONRp’)- -NRp)SONRp")-, -
N(Rg)S(O)N(Rg’)—, C3-Cocarbocycle, or 3- to 10-membered heterocycle, and wherein
said C;-Cipcarbocycle and 3- to 10-membered heterocycle are each independently

optionally substituted at each occurrence with one or more Ry;

R4 is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, —L.», or —L.s—Rg;

R 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, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from hydrogen or R,

Ry is independently selected at each occurrence from —O-Rgs, —S—Rg, “C(O)Rs, —OC(O)Rg, —

C(O)ORs, —-N(RsRs), -S(O)Rs, —-SO;Rs, —-C(O)NRsRs), —-NRCORs -
NRgCO)N(Rs'Rs™™), -N(RSORs’,  -SO,N(RsRs), -NRgSONRs'Rs™?), -
N(R$)S(O)N(Rs’Rs™), “OS(0O)-Rs, “OS(0)2—Rs, —=S(0),0Rs, —=S(O)ORg, -OC(O)ORs, —
N(R)C(O)ORg™, “OC(O)N(RcRs"), -N(R$)S(O)-Rs’, —S(O)N(RsRs’), “C(O)N(Rs)C(O)-
Ry, Cs-Cigcarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C;-
Cigearbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, Ry, —
O-Rjp, —-S-Ri, -N(RgRp’), —OC(O)R5, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo,

thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C,-Cealkyl, C,-Cealkenyl, C,-Csalkynyl,

LSa

C;-Cgcarbocyclyl, C3-CgearboceyclylC-Cgalkyl, 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;

is independently selected at each occurrence from C;-Cgalkyl, C,-Cgalkenyl, or C,-
Csalkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, -O-Rs, —-S—Rg, —N(RsRy"), —
OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

[s” and L are each independently selected at each occurrence from a bond; or C;-
Cesalkylene, C,-Csalkenylene, or C,-Csalkynylene, each of which is independently

optionally substituted at each occurrence with one or more substituents selected from
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halogen, Ry, -O-Rg, —-S-Rg, -N(RsRy"), —OC(O)Rg, —C(O)ORg, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano;

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

Ry is independently selected at each occurrence from C;-Cealkyl, C,-Cesalkenyl, C,-Csalkynyl,
C;-Cgcarbocyclyl, Cs-CgecarbocyclylC)-Cgalkyl, 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, Rg, —
O-Rjp, —-S-Rji, -N(RgRp’), —-OC(O)R5, —C(O)ORg, 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)-Ls'—-M’—Lg"— or —N(R)C(O)—
Ly-M’—Lg’—; and
Ls” 1s independently C,-Csalkylene, and is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, R, -O-Rg, -S—Rs, —
N(RsRs"), “OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or

cyano.

4. The compound or salt of claim 2, wherein:
Y is -N(Rp)C(O)YC(R;R2)N(Rs)}-T-Rp;
7.1s -N(Rp)C(O)C(RsR¢)N(R;2)-T-Rp;
T is independently selected at each occurrence from —C(O)-Lg-M’-L¢*’—; 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 —LLs—Rg.

5. The compound or salt of claim 4, wherein T is independently selected at each occurrence

from —C(0)-Lg ~N(Rp)C(0)-Ls"’— or —C(0)-Ls'~N(Rp)C(0)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, 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 C;-Cgcarbocycle or 3- to 6-membered heterocycle, each of

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

7. A compound of Formula I, or a pharmaceutically acceptable salt thereof,
f
Ls
A_L1_X_L2_B
Y~ ~z
I

wherein:

e GG NG T

CH,, 7, is independently selected at each occurrence from N or CH, wherein A and B are

, 7, 1s independently selected at each occurrence from O, S, NH or

each independently optionally substituted with one or more Ru;

D is C5-Cigearboceycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry; or D is selected from C;-Cgalkyl, C,-Cgalkenyl or C,-Csalkynyl, and is
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,
formyl or cyano;

Xi1sN;

L, and L, are -(CH,)-, and are each independently optionally substituted with one or more
substituents selected from halogen, R, —-O-Rg, —S-Rg, -N(RgRyg’), -OC(O)Rg, —
C(O)ORgs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano;

L5 1s bond;

Y is selected from —C(R;R>)N(R5)-T-Rp or —-C(R3:R4)C(RgR7)-T—Rp,

R, is R¢, 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;
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R; and Rg 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 R4;

Z 1s selected from “C(RgRg)N(R ;5)-T-Rp or “C(R0R11)C(R13R 14)-T-Rp;

Rs is R¢, 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;

Ryp and R,; are each independently R¢, and R, 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 Ra;

T is each independently selected at each occurrence from a bond, —Lg—, —[.e—M-L¢'—, —Lg—
M-Lg'—-M’-Ls’—, wherein M and M’ are each independently selected at each occurrence
from a bond, -O-, -S—, -N(Rp)-, -C(0)—, —S(O),—, -S(0)-, —-OS(O)—, -OS(0)—, -
S(0),0-, -S(0)O—-, -C(0)O-, -0C(0)-, “0OC(0)O—-, -C(O)N(Rp)-, -N(Rp)C(O)-, —
NRp)C(O)O-, -OCONRsg)-, -NRp)S(O)-, -NRp)S(O)—, -S(O)N(Rp)-,
S(0)NRg)-, —CONRp)CO)-, -NRpCONNRg)-, -N(Rp)SONRp)-,
N(Rp)S(O)N(Rp’)—, C;-Cocarbocycle, or 3- to 10-membered heterocycle, and wherein

said C;-Cipcarbocycle 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 halogen, hydroxy, mercapto, amino,
carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, —L.», or —L.s—Rg;

R 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, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from hydrogen or R,

Rg is independently selected at each occurrence from -O-Rg, —S—Rg, “C(O)Rs, —OC(O)Rs,
C(O)ORs, —-N(RsRs), -S(O)Rs, -SO;Rs, —-C(O)N(RsRs), -N(Rs)CO)Rs’,
NRgCO)N(Rs'Rs™™), -N(RSORs’,  -SO,N(RsRs), -NRgSONRs'Rs™?), -
N(R$)S(O)N(Rs’Rg), “OS(0O)-Rg, “OS(0),—Rg, —S(0),0R5, —=S(O)ORg, -OC(O)ORg, —
N(R5)C(O)ORg’, “OC(O)N(RsRs*), -N(R5)S(O)—Rs’, =S(O)N(RsRs*), “C(O)N(Rs)C(O)-

Ry, Cs-Cigcarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C;-
Cigearbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, R, —
O-Rjp, —-S-Ri, -N(RgRp’), —OC(O)R5, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo,

thioxo, formyl or cyano;
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Rr is independently selected at each occurrence from C;-Cgalkyl, C,-Cgalkenyl, C,-Cgalkynyl,
C;-Cycarbocyclyl, C3-CgearbocyclylC-Cgalkyl, 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,;-Cealkyl, C,-Csalkenyl, or C,-
Csalkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, -O-Rs, —-S—Rg, —N(RsRy"), —
OC(O)Rg, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ls, Ls” and Ls” are each independently selected at each occurrence from a bond; or C,-
Cesalkylene, C,-Csalkenylene, or C,-Csalkynylene, 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)Rs, —C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano;

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

Ry is independently selected at each occurrence from C;-Cealkyl, C,-Cesalkenyl, C,-Csalkynyl,
C;-Cgcarbocyclyl, Cs-CgecarbocyclylC)-Cgalkyl, 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, Rg, —
O-Rg, —=S-Rp, —-N(RpRy"), —OC(O)Rp, —C(O)OR5, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or cyano.

The compound or salt of claim 7, wherein:

Z,1s NH, and 7, is N;

T is independently selected at each occurrence from —C(O)-Ls'—-M’—Lg”"— or —N(R)C(O)—
Ly-M’—Lg’—; and

Ls" 1s independently C;-Cgalkylene, and is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, R, -O-Rg, -S—Rs, —
N(RsRs), “OC(O)Rs, —C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or

cyano.

The compound or salt of claim 7, wherein:
Z,1s NH, and 7, is N;
Y is —C(R;R»)N(R5)-T—Rp;
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7.1s —C(RgR¢)N(R,)-T-Rp;

T is independently selected at each occurrence from —C(O)-Lg-M’-Ls*’—; 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,

5 phosphono, thioxo, cyano, or —LLs—Rg.

10. The compound or salt of claim 9, wherein T is independently selected at each occurrence

from —C(0)-Lg ~N(R5)C(0)-Ls"’— or —C(0)-Ls’~N(Rp)C(0)O-Lg " —.

10 11. The compound or salt of claim 9, wherein R, is halogen, hydroxy, mercapto, amino, carboxy,
nitro, 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 C;-Cgcarbocycle or 3- to 6-membered heterocycle, each of

15  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,-Csalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl or
C,-Cghaloalkynyl.

20 12 A compound of Formula I, or a pharmaceutically acceptable salt thereof,

T

Ls

A_L1_X_L2_B
Y~ 7
I
wherein:
Z
sgn egl
RR\ RN E |
Ais N or H , 7.1 1s selected from O, S, NH or CH,, Z, is

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

B is phenyl, and is optionally substituted with one or more R 5;
D is C5-Cigearboceycle or 3- to 10-membered heterocycle, and is optionally substituted with
one or more Ry; or D is selected from C;-Cgalkyl, C,-Cgalkenyl or C,-Csalkynyl, and is

optionally substituted with one or more substituents selected from halogen, Ry, -O-Rg, —
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S—Rg, —=N(R3Rg"), “OC(O)Rg, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo,
formyl or cyano;

Xi1sN;

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(RsRys’), -OC(O)Rs, —
C(O)ORgs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano;

L5 1s bond;

Y is selected from —C(R;R>)N(R5)-T-Rp or —-C(R3:R4)C(RgR7)-T—Rp,

R; is R¢, 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 5;

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 R4;

7. 1s selected from —N(Rp)C(O)C(RsRg)N(R5)-T-Rp or —-N(Rp)C(O)C(R10R1;1)C(R13R14)-T-
Rp;

Rs is R¢, 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;

Ryp and R,; are each independently R¢, and R, 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 Ra;

T is each independently selected at each occurrence from a bond, —Lg—, —[.s—M-Lg'—, —L¢—
M-Lg'-M’-Ls’—, wherein M and M’ are each independently selected at each occurrence
from a bond, -O-, -S—, -N(Rp)-, -C(0)—, —S(O),—, -S(0)-, —-OS(O)—, -OS(0)—, -
S(0),0-, -S(0)O—-, -C(0)O-, -0C(0)-, “0OC(0)O—-, -C(O)N(Rp)-, -N(Rp)C(O)-, —
NRp)C(O)O-, -OCONRsg)-, -NRp)S(O)-, -NRp)S(O)—, -S(O)N(Rp)-,
S(0)NRp)-, -C(ONRp)C(O)-, -NRpCONRp)-, -NRp)SONRp)-, -
N(Rp)S(O)N(Rp’)—, Cs-Cigearbocycle, or 3- to 10-membered heterocycle, and wherein

said C;-Cipcarbocycle and 3- to 10-membered heterocycle are each independently
optionally substituted at each occurrence with one or more Ry;

R4 is independently selected at each occurrence from halogen, hydroxy, mercapto, amino,
carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, —4, or —.s—Rg;

R 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, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rg;

Rp is each independently selected at each occurrence from hydrogen or R,
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13.

Rg is independently selected at each occurrence from -O-Rg, —S—Rg, —C(O)Rg, —OC(O)Rg, —
C(O)ORs, —-N(RsRs), -S(O)Rs, —-SO;Rs, —-C(O)NRsRs), —-NRCORs -
NRgCON(Rs'Rs™™), -N(RSO:Rs’,  —SO:N(RsRs), —-N(RgSON(Rs'Rs™),
N(R$)S(O)N(Rs’Rs™), “OS(0O)-Rs, “OS(0)2—Rs, —=S(0),0Rs, —=S(O)ORg, -OC(O)ORs, —
N(R5)C(O)ORg’, “OC(O)N(RsRs*), -N(R5)S(O)—Rs’, =S(O)N(RsRs*), “C(O)N(Rs)C(O)-
Ry, Cs-Cigcarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C;-
Cigearbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally
substituted at each occurrence with one or more substituents selected from halogen, R, —
O-Rjp, —-S-Ri, -N(RgRp’), —OC(O)R5, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo,
thioxo, formyl or cyano;

Ry is independently selected at each occurrence from C,-Cealkyl, C,-Cealkenyl, C,-Csalkynyl,
C;-Cgcarbocyclyl, C3-CgearboceyclylC-Cgalkyl, 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,;-Cealkyl, C,-Csalkenyl, or C,-
Csalkynyl, each of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, Ry, -O-Rg, —-S—Rg5, —N(RgRy"), —
OC(O)Rs, —C(O)ORg, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano;

Ls, Ls” and Ls” are each independently selected at each occurrence from a bond; or C,-
Cesalkylene, C,-Csalkenylene, or C,-Csalkynylene, 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)Rs, —C(O)ORs, nitro, phosphonoxy,
phosphono, oxo, thioxo, formyl or cyano;

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

Ry is independently selected at each occurrence from C;-Cealkyl, C,-Cesalkenyl, C,-Csalkynyl,
C;-Cgycarbocycelyl, C;-CgecarbocyclylC-Cgalkyl, 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, —=S-Rp, —-N(RpRy"), —OC(O)Rp, —C(O)OR5, nitro, oxo, phosphonoxy, phosphono,

thioxo, formyl or cyano.

The compound or salt of claim 12, wherein:

Z,1s NH, and 7, is N;
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14.

15.

T is independently selected at each occurrence from —C(O)-Lg'—-M’-Lg""— or —N(R)C(O)—
Ly-M’—Lg’—; and

Ls” 1s independently C,-Csalkylene, and is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, R, -O-Rg, -S—Rs, —
N(RsRs), “OC(O)Rs, —C(O)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or

cyano.

The compound or salt of claim12, wherein:

Z,1s NH, and 7, is N;

Y is “C(R;R,)N(Rs)-T—Rp;

7.1s -N(Rp)C(O)C(RsR¢)N(R;2)-T-Rp;

T is independently selected at each occurrence from —C(O)-Lg-M’-L¢*’—; 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 —LLs—Rg.

The compound or salt of claim 14, wherein T is independently selected at each occurrence

from —C(0)-Lg ~N(R5)C(0)-Ls"’— or —C(0)-Ls’~N(Rp)C(0)O-Lg " —.

16.

The compound or salt of claim 14, wherein R, is halogen, hydroxy, mercapto, amino,

carboxy, nitro, 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 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, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C,-Cgalkyl, C,-Csalkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C,-Cshaloalkenyl 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

HCYV plolymerase inhibitor, or another anti-HCV agent.
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19. A method of treating HCV infection, comprising administering to an HCV patient a

compound or salt of claim 1.

20. A process of making a compound of claim 1, comprising a step described in one of the

schemes described hereinabove.
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