
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 ("BCV"). 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 wife pegmterfexon-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 disclosure features compounds of Formulae I, IA, IB and Ic, 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. 
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In a first aspect, there is provided a compound of Formula I, or a phaimaceutically acceptable salt thereof, 

D 

L3 

.A—L-X—L2—B. 
Y Z 

I 

wherein: 
A afld B are each independently C3-Ciocarbocycle or 3- to 10-membered heterocycle. and are each 

independently optionally substituted with one or more RA; 

D is C3-Ci0carbocycle or 3- to 10-membered heterocycle, and is optionally substituted with one or 

more RA; or D is RD; 

X is N; 
Li and L2 are each independently selected from a bond; or C]-C6alkylene, C2-C6alkenylene, or C2-

C6aTkynylene, each of -which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, R?, —0-Rs, -S-Rs, —N(RsRs'), -0C(0)Rs, -

C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; 

L3 is bond; 
Y is selected from -T'-C(R1R2)N(R5)-T-RD, -T'-C(R3R4)C(R6R7)-T-RD, -LK-T-RD, or ~LK~E; 

Ri and R2 are each independently Rc, and R5 is RB; or Rj is Rc, and R2 and R5, 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; 

R3; R4, R6, and R7 are each independently Rc; or R3 and R^ are each independently Rc, and R* and 
R7, 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; 

Z is selected from —T'—C(RgR9)N(Ri2)—T—R^, —T"'—C(R]QR;Q)C(RJ3R}4)—T—RD, —LK—T—RJ^ or — 
LK-E; 

la 
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Re and R9 are each independently Rc, and Rn is RB; or Rg is Rc, and R9 and Rn, 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; 

Rio, Rn, R13, and Ri4 are each independently Rc; or Ri0 and RI3 are each independently Rc, 

5 and Rn and R)4, taken together with the atoms to which they are attached, form a 3- to 8-

membered carbocyclic or heterocyclic ring which is optionally substituted wife one or 

more RA; 

LK is independently selected at each occurrence from a bond; -N(RB)C(0}-LS~; -

C(0)N(RB)-Ls-; or Cj-Cealkylene, Ca-C6alkenylene, C2-C6alkynylene, C3-Ciocarbocycle 

10 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 ~0-RS, -S-

RS, -N(RSRSV), -0C(0)RS, -C(0)0RS, nitro, oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano; 

E is independently selected at each, occurrence from Ci-Ciocarbocycle or 3- to 10-membered 

15 heterocycle, and is independently optionally substituted at each occurrence with one or 

more RA; 

T and T' are each independently selected at each occurrence from a bond, -Ls~, -Ls~-M—Ls'—, 

-Ls-M-Ls'-M'-Ls"-, wherein M and M' are each independently selected at each 

occurrence from a bond, -0-, -S-, -N(RB'K -C(0}~, -SfO'h-, -S(O)-, --QS(O)-, -

20 • OSf,0}2~, -S(0)30-, -S(0}0- -C(0)0-, -OC(O)-, -0C(0)0- -CfO)NfRBK -

N(RB)C(0>-, -N(RB)C(0)0- -0C(0)N(RR)--, -N(RB)S(0)- -N(RB)S(0}2~, -

S(0)H(RBK ~S(0)2N(RE)~, -C(0)N(RB)C(0)-, -N<RB)C(0)N(RB'K 

N(RB)S02N(RB*)-, ™N (R^) o (G) N (R B , CrCiocarbocycle, or 3- to 10-membered 

heterocycle, and wherein said Cj-Cjocarbocycle and 3- to 10-membered heterocycle are 

25 each independently optionally substituted at each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, -LA, or -L<r-R& 

wherein two adjacent RA, taken together with the atoms to which they are attached and 

any atoms between the atoms to which they are attached, optionally form a C3-

30 Ciocarbocycle or 3- to 10-membered heterocycle; 

RB and Rg' are each independently selected at each occurrence from hydrogen or RF; 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or R?; 

RD is each independently selected at each occurrence from RA; 

lb 
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RE is independently selected at each occurrence from -0-Rs, -S-Rs, -C(0)Rs, -0C(0)Rs, -

C(0)0Rs, -N(RsRs')-, -S(0)Rs, ~S02RS, ~C(0)N(RsRs')5 ~N(Rs)C,(0)Rs\ -

N(Rs)C(0)N(Rs'Rs"), »N(Rs)S02Rs\ ~S02N(RSRS'}, -N(RS)S02N(RS'RS"), -

N(R s)S(0)N(Rs'Rs"), -0S(0)-Rs, -OS(0)2-RS, -S(0)20RS, -S(0)0RS, -0C(0)0RS, -

5 N(Rs)C(0)GRs\ -OC(G)N(RsRs'), -N(RS)S(0)-RS\ -S(0)N(RSRS'), -C(0)N(Rs)C(0}-

Rs', Cs-Ciocarbocyciyl, or 3- to 10-membered heterocyclyl, wherein said C3-

Ciocarbocyciyl and 3- to 10-membered heterocyclyl are each independently optionally 

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

0-Rs, -S—RB, ~N(RBRB'X -OC(0)RB, —C(0)C)RB, nitro, phosphonoxy, phosphono, oxo, 

10 thioxo, formyl or cyano; 

RF is independently selected at each occurrence from Ci-C6alkyl, C2-C6alkenyL C2-C6alkynyl, 

Q-CgcarbocyclyL C3-C6carboc.yd.ylC i-C^alky!, 3- to 6-membered heterocyclyl or (3- or 

6-membered heterocyclyl)Ci-C6aIkyl, each of which is independently optionally 

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

15 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl 

or cyano; 

LA is independently selected at each occurrence from Ci-Cgalkyl, C2-C6alkenyl, or C2-

Cgalkynyl, each of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -

20 0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; 

Ls, Ls! and Ls" are each independently selected at each occurrence from a bond; or Cr 

C6alkylene, C2-C6alkenylene, or C2-C6alkynylene, each of which is independently 

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

halogen, RT, -O-Rs, -S-Rs, ~-N(RsRs')> -0C(0)Rs. -C(0)0Rs, nitro, phosphonoxy, 

25 phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from Ci-C^aHcyl, CrCsalkenyl, C2-C6alkynyl, 

Cj-Cficarbocyclyl, CrC6carbocyclylC, -C6alkyl, 3- to 6-membered heterocyclyl, or (3- or 

6-membered heterocyclyl)Ci-C6alkyl, each of which is independently optionally 

30 substituted at each occurrence with one or more substituents selected from halogen, RF, -

O-RB, -S-RB, -N(RBRB'), -OC(0)RB, -C(0)ORB! nitro, oxo, phosphonoxy. phosphono, 

thioxo, formyl or cyano. 

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

lc 
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Y 

D 

L3 

/A—L-X—L2-

I 

wherein: 

A and B are each independently phenyl, and are each independently optionally substituted 

5 with one or more RA; 

D is C3-C10carhocycle or 3- to 10-membered heterocycle, and is optionally substituted with 

one or more RA; or D is selected from Ci-Cgalkyl, CrC6alkeny! or C^-CealkynyL and is 

optionally substituted with one or more substituents selected from halogen, Rx, -O-Rs, -

S-Rs, -N(RsRs')> -0C(0)Rs, -C(0)ORS, nitro, phosphonoxy, phosphono, oxo, thioxo, 

10 formyl or cyano; 

X is N; 

Li and L2 are -(CBi)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -0--Rs. -S-Rs, -N(RSRS"), -0C(0)Rs, -

C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; 

15 L3 is bond; 

Y is selected from -N(RB)C(0)C(RIR2)N(R5}~T-RD or -N(RB)C(0)C(R3R4)C(RfiR7>-T-RD; 

Ri is Rc, and R2 and R5, 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; 

R3 and R6 are each independently Rc, and R4 and R7, taken together with the atoms to which 

20 they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which is 

optionally substituted with one or more RA; 

Z is sclcctcd from ~N(RB)C(0)C(R8R9)N(R:2)-T~RD or -N(RB)C(O)C(R10RII)C(RI3RW)-T-

R-Di 

Rs is Rc, and R9 and Rn, taken together with the atoms to which they are attached, form a 3-

25 to 8-membered heterocyclic ring which is optionally substituted with one or more RA; 

Rio and R13 are each independently Rc, and Ru and Rw, 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, -Ls-, -Ls-M-Ls'-, -Ls-

30 M-Ls'-M'-Ls"- wherein M and M' are each independently selected at each occurrence 

from a bond, -O- -S~, -N(RB)-, -CfO)~, -S(0)2~, -S(OK -0S{0)-, -0S(0)2-, -

S(0)20-, -S(0)0-, -C(0)0-, -OC(O)-, -0C(0)0-, -C(0)N(RBK -N(RB)C(0)-, -

Id 
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N(RB)C(0)0-, -0C(0)N(RBK -N(RE)S(OK -N(RB)S(0)2-, -S(0)N(RB}- -

S(0)2N(RB)-, -C(0)N(RB)C(0)-, -N(RE)C(0)N(RB')- -N(RB)S02N(RB'K -

N(RB)S(0)N(RB'}-, C-3-Ciocarbocycle, or 3- to 10-membered heterocycle, and wherein 

said C3-Ciocarbocycle and 3- to 10-membered heterocycle are each independently 

optionally substituted at each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy. nitro, oxo, phosphonoxy, phosphono, thioxo, formyl cyano. -LA, or -LS-RE; 

RB and RB' are each independently selected at each occurrence from hydrogen or R?; 

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

amino, carboxy, nitro. oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or RF; 

RD is each independently selected at each occurrence from RA; 

RE is independently selected at each occurrence from -O-Rs, -S-Rs, -0(0)RS, -0C(0)Rs, -

C(0)ORS> -N(RsRs'), -S(0)Rs, -S02RSJ -C(0)N(RsRs>), -N(Rs)C(0)Rs\ -

N(Rs)C(0)N(Rs'Rs"), -N(Rs)S02Rs\ -S02NCRSRE'), -N(RS)S02N(RS'RS"), -

N(Rs)S(0)HfR,'Rs"); -OS(0)~Rs, -0S(0)r-Rs, -S(0)a0Rs, -S(.0)0Rs, -0C(0)QRa, -

N(Rs)C(t))ORs\ ~0C(0)N(RsR/), -N(Rs)S(0}—Rs\ -~S(0)N(RSRS'), -CfO)N(Rs)C(Oh 

Rs\ C3-Ciocarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C3-

Ciocarbocyclyl and 3- to 10-mcmbcred hetcrocyclyl are cach independently optionally 

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

O-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano; 

RF is independently selected at each occurrence from Ci-Cealkyl, C2-C6alkenyi, C—Csallcynyl, 

Cs-Cecarbocyclyl, C3-C6carbocyclylC]-Cealkyl, 3- to 6-membered heterocyclyl or (3- or 

6-membered heterocyclyl)C;-C6alkyl, 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; 

LA is independently selected at each occurrence from CrC6alkyl, CrC6alkenyl, or C2-

C^aJkynvl, each of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-RS, -S-RS, -N(RSRS')-. -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; 

Ls, Ls' and Ls" are each independently selected at each occurrence from a bond; or Cj-

C6alkvlene, CrCsalkenylene, or C^-Cgalkynylene, each of which is independently 

optionally substituted at each occurrence with one or more substituents selected from 
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halogen, RT, -0-Rs, -S-Rs, -N(RSRS,); -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from Q-Cgalkyl, C2~C&alkeriyL C2-C6alkynyl, 

Cs-CecarbocyclyL Cs-CgcarbocyclylCrCealkyl, 3- to 6-membered heterocyclyl, or (3- or 

6-membered helerocycly^Cs-Cealkyl, each of which is independently optionally 

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

O-RB, -S-RB, -N(RBRB'), -OC(0)RB, —C(0)0RB, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano. 

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

D 

L3 

.A—L-f-X—U 

I 

L-T A 1_2 

wherein: 

A 

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

CH2, ZJ is independently selected at each occurrence from N or CH, wherein A and B are 

each independently optionally substituted with one or more RA; 

D is CrC-iocarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with 

one or more RA; or D is selected from C]-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, and is 

optionally substituted with one or more substituents selected from halogen, RT, -0-Rs, -

S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)ORS, nitro, phosphonoxy, phosphono, oxo, thioxo, 

formyl or cyano; 

X is N; 

L; and L2 are -(CH2}-.. and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -C)-Rs, -S-Rs, -N(RSRS'), -OC(C))Rs, -

C(0)C)Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; 

L3 is bond; 

Y is selected from -C(RiR2)N(R5}-T-RD or ~C(R3R4)C(R6R7)--T-RD, 

Ri is Rc, and R2 and R5, taken together with the atoms to which they are attached, form a 3- to 

8-niembered heterocyclic ring which is optionally substituted with one or more RA; 

If 
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R, and R6 are each independently Rc, and and R7, 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; 

Zis selected from-C(RgRy)N(Ri2)™T~RD or ~C(R j 0R n )C(RR14)-T-RD; 

R8 is Rc, and Ry and taken together with the atoms to which ihey are attached, form a 3-

to S-membered heterocyclic ring which is optionally substituted with one or more RA; 

Rio and R13 are each independently Rc, and Ru and R)4. 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, ~LS-, -Ls-M-Lc'-, —L?-

M-Ls'-M'-Ls"~, wherein M and M' are each independently selected at each occurrence 

from a bond, -O- -S-, -N(RBH -OfOK -S(0>2- -S(0)-, -OSfO}-, -0S(0)2- -

S(0)20- -S(0)0~, -0(0)0-, ~OC(OK -OC(0)0~, -C(0)N(RBK -N(RB)C(0)-, -

N(R.B)C(0)0-, -0C(0}N(RB)-, -N(RB)S(OK -N(RE)S(0)2-, -S(0)N(RBK -

S(0)2N(RB}- -C(0)N(RB)C(0}-, -N(RB)C(0)N(RB'K -N(RB)S02N(RB'K -

H(RB)S(0)N(RB,)-! C2-Ciocarbocyck. or 3- to 10-membered heterocycle, arid wherein 

said C-3-Ciocarbocycle and 3- to 10-membered heterocycle are each independently 

optionally substituted at each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl cyano, -LA, or -LS-RE; 

RB and RB' are each independently selected at each occurrence from, hydrogen or R?; 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or RF; 

RD is each independently selected at each occurrence from RA; 
RE is independently selected at each occurrence from -0-Rs, -S-Rs, ~C(0')Rs, -OCfO)Rs, -

C(0)0Rs, -NCRsRA -S(0)Rs, -S02Rs, -C(0)N(RsRs'), -N<Rs)C(0)Rs\ -

N{Rs)C(0)N(Rs'Rs"), ~N(Rs)S02R.,\ -S02N(RSRS'), -N(RS)S02N(R,'RS"), -

N(Rs)S(0)N(Rs'Rs"), -0S(0)~Rs, -0S(0)2-Rs, -S(0)20RS, -S(0)0Rs, -OC(OK>Rs, -

N(Rs)C(0)0Rs\ -OCfO)NfRsRs')> -N(Rs)S(0)~Rs\ -S(0)N(RsRs')t -CfO)N(Rs)CfO}-

Rs\ C2'Ciocarbocyclyl, or 3- 10 10-membered heterocyclyl, wherein said Q-

Ciocarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally 

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

0-RB, -S-RB, -N(RBRB'); -0C(0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono. oxo, 

thioxo, formyl or cyano; 



WO 2010/120935 PCT/US2010/031102 

RF is independently selected at each occurrence from CrC6alkyl, C2-C6alkenyl, C2-C6alkynyl, 

Cs-Cgcarbocyclyl. C3-C6carbocyclylCs-C6alkyL 3- to 6-membered heterocyclyl or (3- or 

6-membered heterocyclyl)C ] -C6alkyl, each of which is independently optionally 

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

hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy] 

or cyano; 

LA is independently selected at each occurrence from C;-C6alkyl, C2-C6aikenyl, or C2-

Csalkynyl, each of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-RS, -S-RS, -N(RSRS'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cvatio; 

Ls, Ls' and Ls" are each independently selected at each occurrence from a bond; or Cr 

C6alkylene, (VCgalkenylene, or (VC6alkynylene, each of which is independently 

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

halogen, RT, -O-Rs, -S~Rs, -N(RSRS'), ~0C(O)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from C;-C.6alkyi, CrCgalkenyl, C2-C6alkynyl, 

CrC6carbocyclyl, C3-C6carbocyclylC'-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or 

6-membered heteTocyclyl)C>-C6alkyl, each of which is independently optionally 

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

0-RB, -S-RB, -N(RBRB'), ~00(0)RB, -C(0)0RB; nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano. 

In a fourth aspect, there is provided a compound of Formula I, or a pharmaceuticaily acceptable salt thereof, 

D 

L3 

.A—L-X—L2— 

I 

Y' 

wherein: 

A is 

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

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

D is C3-Ciocarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with 

one or more RA; or D is selected from Ci-C6alkyl, C—Cealkenyl or C2-C6&Iicynyi, and is 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -
lh 
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S-Rs, -NCRSRS'), -0C(0)Rs, -C(0)ORS> nitro, phosphonoxy, phosphono, oxo, thioxo, 

formyl or cyano; 

X is N; 

Lj and U are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -

C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; 

L3 is bond; 

Y is selected from -C(R:R2)N(R5)-T-RD or -C^R^CfRgRij-T-Ri), 

Rj is ?vC; and R2 and R5, 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; 

R2 and R6 are each independently RC) and and R7, 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; 

Z is selected from -N(RB)C(0)C(R8R9)N(R12)-T-RD or -NrRB)C(O)C(R!0Ri])C(RI3R14>-T-

RD; 
RE is Rc, and Re and RI2, 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; 

Rio and R12 are each independently Rc, and Ru and R)4, 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, ~LS~, -Ls-M-Ls'-, -Ls-

M-Ls'-M'-Ls"-, wherein M and Ivf are each independently selected at each occurrence 

from a bond, -0-, -S-, -N(RBK -C(0)~, -S(0}2- -S(QK -OSfOK -0S(0)2- -
S(0)20-, -S(0)0-, ~C(0)0~, -OC(O)- ~0C(0)0-, -C(0)N(RBK -N(RB)C(0)- -
N(RB)C(0)0- -0C(0)N(RB)~ -NfRsJSfO)-, -N(RB)SfO)2-, -S(0)N(RBK -
S(0)2NfRBK -C(0)N(RB)Cf0)-, ~N(RB)C(0)N(RB'K -NffrOSOaNOfcB'K -
N(RB)S(P)N(RB')-, CrCiocarbocycle, or 3- to 10-membered heterocycle, and wherein 

said CrCjocarbocycie and 3- to 10-membered heterocycle are each independently 

optionally substituted at each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, -LA, or -Ls-RE; 

RB and RB' are each independently selected at each occurrence from hydrogen or Rp; 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or Rp; 

RD is each independently selected at each occurrence from RAI 

li 
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RE is independently selected at each occurrence from -O-Rs, ~S-Rs> -C(0)Rs, -0C(0)Rs, -

C(0)0Rs, -NfRsRs'), -S(0)Rs, -S02Rs, ~C(0)N(RsRs'), ~N(Rs)C(0)Rs\ -

N(Rs)C(0)N(Rs'Rs"), -N(RS)S02RS\ -S02N(RSRS'), -NCRSJSOJIWRS"), -

N(Rs)S(0)N(Rs'Rs"), -0S(0)-Rs, -OS(0)2-RS, -S(0)20RS, -S(0)0RS, -0C(0)GRS, -

N(Rs)C(0)0Rs\ -OC(0)N(RSRS'), -N(Rs)S(0)-Rs\ -S(0)N(RsRs'), ~C(0)N(Rs)C(0)-

Rs\ Cs-Ciocarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said Cr 

Ciocarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally 

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

O-RB, -S-RB, -N(RBRB')-, -OC(0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano; 

RF is independently selected at each occurrence from Cr-Cealkyl C2-C6alkenyl, Co-C^alkynyl, 

C2-C6carbocyclyl, 03-C6carbocyclylC1-06alkyL 3- to 6-membered heterocyclyl or (3- or 

6-membered heterocyclytyCi-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; 

LA is independently selected at each occurrence from Ci-C^aUcyl, (VCealkenyl, or C2-

Csalkynyl, each of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-RS, -S-RS, -N(RSRS'), -

0C(0)Rs, -C(0)0RS, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl OT cyano; 

Ls, Ls' and Ls" are each independently selected at each occurrence from a bond; or Cr 

Cealkylene, Ci-Cgalkenylene, or C2-C6alkynylene, each of which is independently 

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

halogen, RT, -O-RS, -S-RS, -N(RSRS'), ~0C(0)Rs, -CfO)ORs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from Cj-Cgalkyi, C2-C&alkenyl, C2-C6alkynyl, 

Cs-Qcarbocyclyl, C?-CfiCarbocyciylCi-Chalky!, 3- to 6-membered heterocyclyl, or (3- or 

6-membered heterocyclyOCj-Cgalkyl, each of which is independently optionally 

substituted at each occurrence with one or more substituents selected from halogen, R?, -

0-RB, -S-RB, -N(RBRB')) -OC(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano. 



The present disclosure also features compositions comprising the compounds or salts of the present 

disclosure. The compositions can also include other therapeutic agents, such as HCV helicase 
inhibitors, HCV polymerase inhibitors, HCV protease inhibitors, HCV NS5A inhibitors, CD81 
inhibitors, cyclophilin inhibitors, or internal ribosome entry site (IRES) inhibitors. 

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

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

Ik 



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

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

disclosure, or compositions comprising the same, to treat HCV infection. The methods comprise administering a 

compound or salt of the present disclosure, or a pharmaceutical composition 

comprising the same, to a patient in need thereof, thereby reducing the blood or tissue level of HCV 

virus in the patient. 

The present disclosure also features use of the compounds or salts of the present disclosure for the 

manufacture of medicaments for the treatment of HCV infection. 

Furthermore, the present disclosure features processes of making the compounds or salts of the 

disclosure. 

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

coupling a compound of Formula II 

D-
•I 
La 
.1 
«H2 

to a compound of Formula III 

a—L-A^Y 

di 
5 

wherein Q is halo, and A, D, L1? L3, and Y are as defined above. 

2 



Other features, objects, and advantages of the present disclosure are apparent in the detailed description 

that follows. It should be understood, however, that the detailed description, while indicating preferred 

embodiments of the disclosure, are given by way of illustration only, not 
limitation. Various changes and 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 pharmaceuticaily acceptable 

salts thereof, 

D 

L3 

^ A L-j X' l_2 

I 
wherein: 

A and B are each independently Cj-Ciocarbocycle or 3- to 10-membered heterocycle, and are 

each independently optionally substituted with one or more RA; 

D is Cs-Ciocarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with 

one or more RA; or D is Rj>; 

X is C(Rc) or N; 

Lj and are each independently selected from a bond; or Cj-C6alkylene; CrC6alkenylene, or 

C2-C6alkynylene, each of which is independently optionally substituted at each 

occurrence with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

2a 
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N(RsRs')r -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano; 

L3 is bond or ~Ls-K-Ls'-, wherein K is selected from a bond, -O-, -S-, -N(RR)-, -C(O)-, -

S(0)r-, -S(OK -OS(O)- -0S(0)2- ~S(0)20-: -S(0)0- -C(0)Q-, -OC(O)-, -

5 0C(0)0-, -C(0)N(RB)-, -N(RB)C(0)-, -N(RB)C(0)0~ -0C(0)N(RB)-, -N(RH)S(OK 

-N(RB)S(0)r, -S(0)N(RB)-, -S(0)2N(RBK -C(0)N(RB)C(0)-, -N(RB)C(0)N(RB'K -

N(RB)S02N(RB')- or -N(RB)S(0)N(RB>; 

Y is selected from -T'-C(RiR2)N(R5)-T-RD, -T'-C(R3R4)C(RCR7>-T-RD, -LK-T-RD, or -

LK-E: 

10 Ri and R2 are each independently Rc, and R5 is RB; or R3 is Rc, and R2 and R5, 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; 

R3, R4, Rg, and R7 are each independently Rc; or R3 and R6 are each independently Rc, and R4 

and R7, taken together with the atoms to which they are attached, form a 3- to 8-

15 membered carbocyclic or heterocyclic ring which is optionally substituted with one or 

more RA; 

7 is selected from -T'-C(R8R9)N<RI2)-T-RD9 -T,-€(R10Rn)C(RBRi4)-T-RD, -LK-T-RD, or 

-LK-E; 

Rg and R9 are each independently Rc, and R12 is RB; or Rs is Rc, and R9 and R12, talcen 

20 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; 

Rio, Rn, Ris, and Rw are each independently Rc; or R10 and RB are each independently Rc, 

and Ru and Ri4, 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 

25 more RA; 

LK is independently selected at each occurrence from a bond; -N(RB)C(0)-Ls-; -

C(0)N(RB)-LS-; or Ci-Cealkylene, C2-C6alkenylene, C2-C6alkynyletie, C:,-Ciocarbocycle 

or 3- to 10-membered heterocycle, each of which is independently optionally substituted 

at each occurrence with one or more substituents selected from halogen, RT. -0-RS, -S-

30 Rs, -N(RsRs'X -0C(0)Rs, -C(0)0Rs, nilro, oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano; 

E is independently selected at each occurrence from CVCiocarbocycle or 3- to 10-membered 

heterocycle, and is independently optionally substituted at each occurrence with one or 

more RA; 

3 
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T and T' are each independently selected at each occurrence from a bond, -Ls- -LS-~M-LS 

-Ls-M-Ls'-M'-Ls"-, wherein M and M' are each independently selected at each 

occurrence from a bond, -0-, -S- -N(RBK -C(O)-, -S(0)2-, -S(O)-, -0S(0)-; -

OS(0)2- -S(0)20- -S(0)0-, -C(0)0~, -OC(OK -t)C(0)0- -C(0)N(RBK ™ 

5 N(RB)C(OK -N(RB)C(0)0- -0C(0)N(RB)~ -N(RB)S(0)-, -N(RB)S(0)2- -

S(0)N(RBK -S(0)2N(RB)-, -C(0)N(RB)C(0K -N(RB)C(0)N(RB'K -

N(RB)S02N(RB')-, -N(RB)S(0)N(RB')~ C.rCiocarbocycle, or 3- to 10-membered 

heterocycle, and wherein said (VCjocarbocycle and 3- to 10-membered heterocycle are 

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

10 RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, -LA, or -LS-RE, 

wherein two adjacent RA, taken together with the atoms to which they are attached and 

any atoms between the atoms to which they are attached, optionally form a Cr 

Ciocarbocycle or 3- to 10-membered heterocycle; 

15 RB and RB' are each independently selected at each occurrence from hydrogen or Rp; 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or RF: 

RD is each independently selected at each occurrence from hydrogen or RA; 

RE is independently selected at each occurrence from -0-Rs, -S-Rs, -C(0)Rs, -0C(0)Rs, -

20 C(0)0Rs, -N(RSRS'), -S(0)Rs, -S02Rs, -C(0)N(RsR/), -N(Rs)C(0)Rs', -

N(Rs)C(0)N(Rs'Rs"), -N(Rs)S02Rs\ -S02N(RSRS'), -N(RS)S02N(RS'RS"), -

N(Rs)S(0)N(Rs:Rs"), -0S(0)-Rs, -C>S(0)r~Rs, -S(0)20Rs, -S(0)0Rs, -0C(0)0Rs, -

N(Rs)C(0)0Rs\ -0C(0)N(RsRs'), -N(Rs)S(0)-Rs\ -S(0)N(RsRs!), -C(0)N(Rs)C(0)-

Rs', Cs-Cjocarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C3-

25 Ciocarbocj'clyl and 3- to 10-membered heterocyclyl are each independently optionally 

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

0-RB, -S~RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano; 

RF is independently selected at each occurrence from Ci-Cf,alkyl, Cr-Csalkenyl, CrCsalkynyl, 

30 C3-CfiCarbocyclyl, C.3-CccarbocyclylC]-Chalky 1, 3- to 6-membered heterocyclyl or (3- or 

6-membered helerocycly 1 )C;-Cr,alky 1, 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; 

4 
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LA is independently selected at each occurrence from Ci-Qalkyl, C2-C6alkenyl, or C2-

C6alkynyl, each of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-RS, -S-RS, ~N(RSRS'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; 

Ls, Ls' and Ls" are each independently selected at each occurrence from, a bond; or Cr 

C6alkylene, C2-C6alkenylene, or C2-Ccalkynylene, each of which is independently 

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

halogen, RT, -0-Rs, -S-RS; -N(RSRS'), -0C(O)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from CrC6alkyL C2-C6alkenyl, C2-C6alkynyl, 

Cs-Cecarbocyclyl, C3-C6carbocyclylCrC6alkyl, 3- to 6-membered heterocyclyl, or (3- or 

6-membered heterocyciyljC, -Cftalkyi, each of which is independently optionally 

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

O—Rg, -S-RB, -N(RBRB'), -0C(0)RB; -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano. 

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

Wo ^ Wo 

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

w* .w. 

w; % 

// 
4* w* 

or 4 W6 _ where Zi is independently selected at each 

occurrence from O, S, NTI or CH2, Z2 is independently selected at each occurrence from N or CH, Z3 

is independently selected at each occurrence from N or CII, Z4 is independently selected at each 

occurrence from O, S, NH or CII2, and WJ? W2, W3, W4, W5 and W6 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 C5-C6carbocycle, 5- to 6-membered hcterocycle, 
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w, 
w. 

2. C 

we 4 , and is optionally substituted with one or more RA, where Z;, Z2, Z3, Z4, W,, W2, 

W3, W4, W5, W6 are as defined above. Preferably, Z3 is N and Z4 is NH. For instance, A can be 

) or H (e.g., 

optionally substituted with one or more RA. 

D preferably is selected from C.vCecarbocycle, 5- to 6-membered heterocycle, or 8- to 10-

membered bicycles, and is optionally substituted with one or more RA. I) can also be preferably 

selected from Ci-C6alkyl, (VCfialkenyl or Co-C^alkynyl, and is optionally substituted with one or 

more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is C5-C&carhocycie, 5- to 

6-mernbered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more RM, 

where RM is halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or -LS-RE- Also 

preferably, D is phenyl, and is optionally substituted with one or more RA. More preferably, D is 

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

is or , wherein RM is as defined above, and each RN is independently selected 

from RD and preferably is hydrogen. 

Preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano; or Ci-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, 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 C3-C6carbocycle or 3- to 6-membered heterocycle, each of which is independently 

optionally substituted at each occurrence with one or more substituents selected from halogen, 
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hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

Ctalkyl, Ci-Cftalkenyl, Ci-Cealkyayl, CrCshaloalkyl, Ci-C&haloalkeiiyl or CVCohaloalkynyL More 

preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or Ci-Cf,alkyl, C2-Cfialkenyl or C2-

Csalkynyl, each of which is independendy optionally substituted at each occurrence with one or more 

5 substituents selected from halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, RM is 

Cj-Qalkyl which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy. 

X is preferably N. 

Li and L2 are preferably independently CpCgalkylene, and L3 is preferably selected from a 

10 bond, Ci-C6alkylene, or -C(O)-. Lb L,, and L3 are each independently optionally substituted with one 

or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -C(0)0Rs, 

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, Li and L2 are -

(CII2)-, and are each independently optionally substituted with one or more substituents selected from 

halogen, RT, -O-RS, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo. phosphonoxy, phosphono, 

15 thioxo, formyl or cyano; and L3 is a bond or -C(O)-. 

Y is preferably selected from -LS-C(R1R2)N(R5>-T-RDI -LS-C(R3R4)C(R6R7)-T-RD, -G-

C(RIR2)N(RS)-T-RD> -G-C(R3R4)CfR6R7)-T-RD, -N(RE)C(0)C(RIR2)N(R5)-T-RD| 

N(RB)C(0)C(R3R4)C(R6R7)-T-RD, "C(0)N(RE)C(R1R2)N(R5VT™RDI -C(0)N(RB)C(R3R4)C(R6R7)-

T-RD, -N(RB)C(0)-LS-E, or -C(0)N(RB)-LS-E. G is C5-C6carbocycle or 5- to 6-membered 
RD RD 
I 1 

K^ 
/—N N—\ 

20 heterocycle, such as RD or RD , where RD is as defined above. E preferably is an 8- to 

A yo 
12-membered bicycle (e.g., an 8- to 10-membered bicycle such as ^cf-IJ , wherein U is 

independently selected at each occurrence from -(CH2)- or -(NH)-; wherein V and Z20 are each 

independently selected from Q-Cjalkylene, C2-C4alkenylene or C2-C4alkynylene, in which at least 

one carbon atom is independently optionally replaced with O, S or N), and is optionally substituted 

25 with one or more RA. More preferably, Rj is Rc, and R2 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 

'N 
or or a 6- to 8-memberd bicycle; preferably /wv' or 

7 
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JWW< • QJ U 5 t. ^ C~ } ()£ 4- ^ 

which is optionally subslituled with one or more RA (such as, but not limited to hydroxy, halo (e.g., 

fluoro), Ci-C6alkyl (e.g.. methyl), or C2-Cf)alkenyl (e.g., allyl)); and R3 and R6 arc each independently 

Rc, and R4 and R7, taken together with the atoms to which they are attached, form a 5- to 6-membered 

5 carbocyclic or heterocyclic ring or 6- to 10-membered bicycle (e.g., ^ or ^ or a 6-

to 8-memberd bicycle) which is optionally substituted with one or more RA (such as, but not limited to 

hydroxy, halo (e.g., fluoro), Cj-C6alkyl (e.g., methyl), or CVQalkenvl (e.g., allyl)). Non-limiting 

•N-

HO 

..A~\ | HiW | 
Rn-T V Rn^T ' R-T 

.0 

HN—\ | HN^ I HN^ 

examples of preferred Y include n° nQ , 

HQ, PH ^ 

.O I \ ,0 \ & 1 ,.0 . X) 
N \ N \ N A N \ N 
I HN -J I HN-^i | HN—I I HNO I HNO 

RD-T ' RD^T f RO^T ' RO^T 1 RD^T * 

Ftv W W dy O ?• 0 
*N 

HN-—# I HN-^i | HN-.# 1 HN-.# I HN-./ 
p .—-t * R --T # R * R • * R ^-T * 

1Q "D , D D D D 

D 

I HN-.# I HN-.# 1 HN--.# 
D * R * R * D , D , and D wherein T and RD are as defined 

hereinabove and hereinbelow. 

Y can also be selected from -M-C(R,R2)N(R5)-C(0)-Ly'-M'-RD, -M-C(RiR2)N(R5)-LY'-

M'-RD, -LS-C(RIR2)N(R5)-C(0)-LY,-M'-RI>, -Ls-CCRjRiJNCRsJ-Ly-M'-Ro, -M-

15 C(R3R4)C(R6R7)-C(0)-LY'"M'-RD,-M-C(R3R4)C(R<5R7)-LY'-M'-RD, -LS-€(R3R4)C(R6R-;)-C(0V 

LY'-M'-RD, or ~LS-C(R3R4)C(R6R7)-LY,-M'-RD, wherein M preferably is bond, --C(0)N(RB)- or -

N(RB)C(0)-, M' preferably is bond, -C(0)N(RB)~, -N(RB)C(0)-, -N(RB)C(0)0-, 
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N(RBX^(0)N(RB')- —N(RB)S(0)— or -N(RB)S(0)2- and LY' is Ls, and preferably LY' is Cr 

Cf.alkylene which is optionally substituted with one or more substituents selected from halogen, RT, -

O-Rs, -S-R.s, -NfRsR.s"'), -0C(0)Rs, -€(0)0RS, nitro, phosphonoxy, phosphono, oxo, thioxo, 

formyl or cyano. More preferably, Ra is Rc, and R2 and R5, taken together with the atoms to which 

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

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

or more RA; and R3 and R6 are each independently Rc, and R4 and R7, taken together with the atoms to 

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

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

10 substituted with one or more RA. 

Also preferably, Y is selected from-N(RB)C0-C(RiR2)N(R5)-C(0)-LY'-N(RB)C(0)0-RD. -

N(RB)C0-C(R1R2)N(R3)-C(0)-LY'-N(RB)C(0)-RD, -N(RB)C0-C(R;R2)N(R5)-C(0)-LY'-

N(RB)S(0)2-RD, -N(RB)CO-C(R]R2)N(R5)-C(0)-LY,-N(RBRB')~RD5 -N(RB)CO-C(R1R2)N(R5)-

C(0)-LY'-0-RD, -N(RB)CO-C(R1R2)N(R5KXO)-LY-RD, -N(RB)CO-C(RiR2)N(R5)-RD! -Ls-

15 C(RiR2)N(R5)-G(0)-Ly,-N(RB)C(0)0-RI>, -Ls-C(RiR2)N(R5)-C(0)-LY'-N(RB)C(0)-RD, -Ls-

C(R1R2)N(R5)-C(0)-LY-N(RB)S(0)2-RD: -Ls-C(R]R2)N(R5)-C(0)~LY!-N(RBRB!)-RD., -Ls-

C(R]R2)N(R5>~C(0)-LY'-0-RD; -Ls-C(R]R2)N(R5mO)-LY~RD, -LS-C(R1R2)N(R5)-RD, -

N(RBX^O-0(R3R4)C(R6R7)-C(0)-Ly'-N(RB)C(0)0-RD, -N(RB)CO-C(R3R4)C(R6R7>-C(OhLY5-

N(RB)C(0)-RD, -N(R8)C0-C(R3R4)C(R6R7)-C(0)-LY^N(RB)S(0)2-RD, -N(RB)CO-

20 C(R3R4)C(R6R7)-C(0)-LY>-N(RBRB>)-RD, -N(RB)C0-C(R3R4)C(R6R7)-C(0)-LY'-0-RD, 

N(RB)C0-C(R3R4)C(R6R7)-C(0)-LY'-RD! ~N(RB)C(M:(R3R4)C(R6R7)^RD; -LS~C(R3R4)C(R6R7)-

C(0)-LY'-N(RB)C(0)0-RD, -TJS-C(R3R4)C(R6R7)-C(0H.Y'-N(RB)C(0)-RD, -Ls-

C(R3R4)C(R6R7>'C(0)~Ly'-N(RB)S(0)2-RD, -LS-CXR3R4)C(R&R7)-C(0)~LY-N(R3RB')-RD, -LS-

C(R3R4)C(R6R7>-C(0VLY'-0-RD, -LS-€(R3R4)C(R6R7)-C(0)-LY,-RD, or -LS-C(R3R4)C(R&R7)-

25 RD, wherein Ly' is Ls\ and preferably LY' is Cj-Cealkylene which is optionally substituted with one 

or more substituents selected from halogen, RT, -0-RS, -S-RS, -N(RSRS'), ~0C(0)RS! -C(0)0RS, 

nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. R3 may be Rc, and R2 and R5, taken 

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

9 
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-N-

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

optionally substituted with one or more RA; and R3 and R6 may be each independently Rc, and R4 and 

R7, taken together with the atoms to which they are attached, may form a 5- to 6-membered 

V carbocycle/heterocycle or 6- to 10-membered bicycle (e.g., ^ or or a 6- to 8-

5 memberd bicycle) which is optionally substituted with one or more RA. 

Highly preferably, Y is selected from -N(RB")C0-C(R1R2)N(R5)--C(0)-L^-N(RB")C(0}~ 

LS--RE or —C(RiR2)N(Rs)~-C(0)~Ly—N(RR")C(0)—LS~RE, wherein LY is CpC6alkylene optionally 

substituted with one or more substituents selecied from halogen, Rx, -0-Rs, -S-Rs, -N(RSRS'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; and wherein 

10 RB" is each independently RB. RB" and Rj are each preferably hydrogen or Cj-Csalkyl, and R2 and 

R5, taken together with the atoms to which they are attached, preferably form a 5- to 6-membered 

V heterocycle or 6- to 10-membered bicycle (e.g., or ^ or a 6- to 8-memberd 

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

C6alkyl (e.g., methyl), or C2-C6alkenyl (e.g., allyl)). Preferably, LY is Ci-C6alkylcne substituted with 

15 one or more RT such as a C3-C6carbocycie 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, Ci-C6alkyl, Co-CgalkenyL C2-C6alkynyl, 

Ci-Cfihaloalkyl, C2-C6haloalkenyl or CrCehaloalkynyl. 

Z is preferably selected from -Ls-CfRsR^^R^-T-RD, -L^-QRIQRU^RISRI^-T-RD, -

20 G-C(R*R9)N(R12)~T-Rp, -G-C(RioRii)C(Ri3Rj4)-T-RD, -N(RB)C(0)C(RsR9)N(R12)-T-RD, -

N(RB)C(0)C(RIORII)C(RI3RW)-T-RD, -C(0)N(RB)C(R8R9)N(R12)-T-RD.. 

C(0)N(RB)C(RioRn)C(R,3Ri4)-T-RD, -N(RB)C(0)-Ls-E, or -C(0)N(RB)-Ls-E. G is C5-
RD RD 

Hp 
C6carbocycle or 5- to 6-membered heterocycle, such as RD or RD , where RD is as 

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

10 
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Vv 
such as z2o""-U , wherein U is independently selected at each occurrence from -(CH2)- or -(NH)-; 

wherein V and Z20 are each independently selected from CpCdalkylene, C2-C4alkenylene or C2-

C4alkynylene, in which at least one carbon atom is independently optionally replaced with O, S or N), 

and is optionally substituted with one or more RA. More preferably, R8 is Rc, and R9 and R12, taken 

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

membered bicycle (e.g., or a 6- to 8-memberd bicycle; preferably 

.,•0 
H'.A.^H 

V0<V* V" -N-
1 i V 

•/WW .AAA/ * Of <- V f V , or 

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

halo (e.g., fluoro), Cj-C6alkyl (e.g., methyl), or C2-C6alkenyl (e.g., allyl)); and R10 and R!3 are each 

10 independently Rc, and R.j and Ri4, 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., ^ or 

or a 6- to 8-memberd bicycle) which is optionally substituted with one or more RA (such 

as, but not limited to hydroxy, halo (e.g., fluoro), Ci-C6alkyl (e.g., methyl), or C2-C6alkenyl (e.g., 

CX. 

allyl)). Non-limiting examples of preferred Z include 

0"" * NH | 
< T- •RD 

-N 
y-NH 1 

T-

11 
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/>H PH HO 

°YQ VO VO 
V-NH i V-NH ! V-NH | V-NH I \~*m I 
1 T-R * T-^p * T-p 1 I- D * T-HD HD HD^ HD^ 

y-^X. vt 
y-NH I y-NH i y-NH I yNH y-NH 

T^RD T-RD T^RQ 

0 
H*./WH 

V< ̂  V<^> VO / N 7 N T N 
V-NH ! V-NH I V-NH | 
* T-R * T--.R * T—R - ,-.R D, D, D , and KD , wherein T and RD are 

as defined hereinabove and hereinbelow. 

5 Z can also be selected from "-M-C(R8Rg)N(R!2)-C(0)-LY'-M'-RD, -M-C(R8R9)N(R12}-LY'-

M'-RD, -LS-C(RSR9)N(R;2)-C(0)-LY'-M'-RD, -Ls-C(R8Rg)N(R]2)-LY-M!-RD! -M-

C(R]0Rn)C(RBRu)-C(O)-LY'-M'-RD, -M-C(R]ORII)C(RBR!4)"LY-M'-RD! -LS-

C(R10R,I)C(R,3RU)-C(0)-LY'-M'-RD, or -Ls-C(R10Rn)C(R13R14)-LY'-M!-RD, wherein M 

preferably is bond, -C(0)N(RB>- or -N(RB)C(0)- M' preferably is bond, -C(0)N(RH)- -

10 N(RB)C(0)-, -N(RB)C(0)0- N(RB)C(0)N(RB')-, -N(RB)S(0)- or -N(RB)S(0)2-, and Ly' is Ls\ 

and preferably LY' is Ci-C^alkylene which is optionally substituted with one or more substituents 

selected from halogen, RT, -0~RS, -S-RS, -N(RSRS'), ~0C(0)RS, ~C(0)0RS, nitro, phosphonoxy, 

phosphono, oxo, thioxo. formyl or cyano. More preferably, Rs is Rc, and R9 and R12, taken together 

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

-N-

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

substituted with one or more RA; and RJ0 and R13 are each independently Rc, and Ru and R]4, taken 

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

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

is optionally substituted with one or more RA. 

20 Also preferably, Z is selected from -N(RB)C0-C:CR8R9)N(R12)-C(0>~LY,--N(RB)C(0)0-RD, 

-N(RB)C0-C(R8R9)N(RI2)-C(0)-LY'-N(RB)C(0)-RD, -N(RB)CO-C(R8R9)N(RI2KXO)-LY'-
12 
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N(RB)S(0)2~RD, -N(RB)C0-C(RSR9)N(R12)-C(0)~LY'-N(RBRB')-RD, -N(RB)CO-C(R8R9)N(R12)-

C(0)-LY-0-RD, -N(RB)C0-C(RSR9)N(RI2)~C(0)-LY'-RD: -N(RB)CO-C(RSR9)N(R12)-RD, -LS-

C.XR8R5)N(R32K](0)-LY^N(RB)C(0)0-RD, -LS-€CR8R9)N(R:2)-C(0)~LY'--N(RB)C(0)-RDJ -LS-

C(R8R9)N(R12)-C(0)-LY-N(RB)S(0)2-RD, -Ls-C(R8Rq)N(R12)-C(0)-LY'~N(RBRB')-RD, -U-

5 C(R8R9)N(Rn)-C(0)-LY'-0-RD, -LS-C(R8R9)N(R,2KXO)-LY'-RD, -LS-C(RBR9)N(R12)-RD, -

N(RB)CO-C(R]ORIJ)C(RBRI4)-C(0)-LY'-N(RB)C(0)0-RD, -N(RB)CO-C(R10Ru)C(R!3Ri4)~CfO)-

LY'-N(RB)C(0)-RD, -N(RB)CO-C(R10Rii)C(R13R14)-C(O)-LY^NfRB)S(O)2-RD! -N(RB)CO-

C(R10RII)C(R13RW)--C(O)-LY'-N(RBRB')-RD, -N(RB)CO-C(R10RH)C(R13RI4)-CXO)-LY!-O-RD, -

N(RB)CO-C(Ri0RI3.)C(RBR14HXO)-LY'~RD! -N(RB)CCMXRioRii)C(R13Ru)-RD, -U-

10 CCRioRn^CRuRwH^COHLY'-NfRsJCCOO-RD, -Ls-CCRioRnJCCRtsRuH^CO-Ly'-NatB^O)-

RD! -Ls-C(Ri0Rii)C(RI3R14)-€(O)-LY'-N(RB)S(O)2-RD, -Ls-CfR^iOCCRaRwy-CCOV-Ly'-

N(RBRB>RD, -LS-C(R]0Ris)C(R!3RJ4)~C(0)-LY:-0-RD, -Ls-CtRjoRnJCfR^RwWOJ-Lv'-RD, or 

-Ls-C(R]oRn)C(Rj3R]4)-RD, wherein Ly' is Ls', and preferably Ly' is Q-Cealkylene which is 

optionally substituted with one or more substituents selected from halogen, RT, -O-RS, -S-Rs, -

15 N(RSRS;), -0C(0)Rs, -C(0)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. R8 

may be Rc, and R9 and Ri2, taken together with the atoms to which they are attached, may form a 5- to 

-N» 

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

8-memberd bicycle) which is optionally substituted with one or more RA; and R10 and R13 may be 

each independently Rc, and Rn and RJ4, taken together with the atoms to which they are attached, 

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

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

Highly preferably, Z is selected from -N(RB")C0-C(R8R9)N(R12)-C(0)-LY-N(RB")C(0)-

LS-RE or -C(R8R9)N(R12>-C(0>-LY-N(RB")C(0)-LS-RE, wherein LY is CrC6alkylene optionally 

25 substituted with one or more substituents selected from halogen, RT, -0-RS, -S-RS, -N(RSRS' ), -

0C(0)Rs, -C(0)0RS, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; and wherein 

RB" is each independently RB. RB" and Rs are each preferably hydrogen or Ci-Cgalkyl, and R9 and 

RJ2, taken together with the atoms to which they are attached, preferably form a 5- to 6-membered 

13 



WO 2010/120935 PCT/US2010/031102 

heterocycle or 6- to 10-membered bicycle (e.g., or or a 6- to 8-memberd 

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

(e.g., fluoro), Ci-Csalkyl (e.g., methyl), or C2-C6alkenyj (e.g., allyl)). Preferably, Ly is CrQjalkylene 

substituted with one or more RT such as a Cj-Cgcarbocycle or 3- to 6-membered heterocycle which is 

5 optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto. 

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cgalkyl, C2-

Cgalkenyl, CVCfialkyny], Ci-Cghaloalkyl, Ci-Cghaloalkenyl or C2-C6haloalkynyl. 

T can be, without limitation, independently selected at each occurrence from -C(0)-Ls'-» -

C(0)0-IV- -C(0)-Ls'-N(RB)C(0)-Ls"-, -C(0)-Ls'-N(RB)C(0)0-Ls'y -N(RB)C.(0)-Ls'-

10 N(RB)C(0>-LS'H -N(RB)C(0)-LS!— N(RB)C(0)0-LS"-, or -N(RB)C(0)-Ls'~- N(RBHV 

Preferably, T is independently selected al each occurrence from -C(0)-Ls'-M'~Ls"- or -

N(RB)C(0)-LS'-M'~LS"-. More preferably, T is independently selected at each occurrence from -

C(0)-LS'~N(RB)C(0)-LS"-or-C(0)-LS!"N(RB)C(0)0-LS' 

T can also be, for example, -Ls-M-Ls'-M'-Ls"- where Ls is a bond; M is C(0); Ls' is Ci-

X X. 
15 Cealkylene (e.g., ), where Ls' is optionally substituted with RT; the optional RT is a 

substituent such as, but not limited to, -CrC6alkyl, -C2-C6alkenyl, -Ci-Cealkyl-OH, -Ci-Cealkyl-O-

Cj-Cgalkyl, 3- to 6-membered heterocycle (e.g., tetrahydrofuranyJ), or CrCfiCarboeydyl (e.g., phenyl, 

cyclohexyl); M' is -NHC(O)-, ~N(Et)C(0)- or -N(Me)C(0)-; and Ls" is a bond. RD preferably is 

hydrogen, -Ci-Csalkyl (e.g., methyl), -O-Cj-Cealkyl (e.g., metlioxy, tert-butoxy), inethoxymethyl, or 

20 -N(CrC6alkyl)2 (e.g., -NMe2). 
«A/*UV 

H T 

Y j 0 
T-RD can be, without limitation, ^ 

«A/w */vyv 
H H 

14 
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-0Yyy^o 
0 AH 

H -°YN 

o 
o 

%cr 0 A>-
o 

O , or , wherein the stereochemistry at a carbon within the group T-

RD can be either (R) or (S). 

T can also be, without limitation, -Ls-M-Ls'- where Ls is a bond; M is C(O); Ls" is Cr 

X 
5 Cgalkylene (e.g., ) where Ls' is optionally substituted with RT; the optional RT is a 

substituent such as, but not limited to, -Ci-Cealkyl, -0* -C6aIkyl-OH, -Ci-Cealkyl-O-Ci-Cgalkyl, or a 

Cs-Cecarbocyclyl (e.g., phenyl, cyclohexyl). RD, for example is -OH; -0C(0)Me; -NHfCVCgalkyl) 

(e.g., -NHMe, -NHEt); ~N(Ci-C6alkyl)2 (e-g-: -NMe2: -NEt2); a 3- to 10-membered heterocyclyl 

(e.g., pyrrolidinyl, imidazolidinyl, hexahydropyrimidinyl, morpholinyl, piperidinyl) optionally 

10 substituted with one or more halogen, oxo; C3-C10carbocycle (e.g., cyclopentyl) optionally substituted 

with -OH; -CrC6ajlcyI (e.g., isopropyl, 3-pentyl) optionally substituted with -OH; or NHRT where RT 

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

15 

15 
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, or 

'O 

, wherein the 

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

For Formula 1 as well as Formulae IA, 1B and Ic described below, including each and every 

embodiment described thereunder, RA preferably is halogen, hydroxy, mercapto, amino, carboxy, 

5 nitro, oxo, phosphonoxy. phosphono, thioxo, cyano; or Ci-Cgalkyl, C2-Cc,alkenyl or C2-C6alkynyl, 

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 CrC6carbocycle or 3- to 6-membered heterocycle, each of 

which is independently optionally substituted at each occurrence with one or more substituents 

10 selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl, cyano, CrC^alkyl, Ci-QalkenyL C2-C(,alkynyl, Ci-Cghaloalkyl, C2-C6haloalkenyl or 

C2-Cishaioalkyny 1; or -LA»0-Rs, -LA-S-Rs, -LA-C(0)Rs, -LA-0C(0)Rs, -LA-C(0)0Rs, —LA— 

N(RSRS'), -LA~S(0)Rs, -LA-SOJRS, -LA-C(0)N(RSRS'), -LA-N(RS)C(0)RS\ -LA-

N(RS)C(0)N(RS'RS"), -LA-N(Rs)S02Rs\ -LA-S02N(RSRS!), -LA-N(RS)S02N(RS'RS"), -LA-

15 N(Rs)S(0)N(Rs'Rs"), -LA-0S(0)-Rs, -LA-0S(0)2-Rs, -LA-S(0)20Rs, -LA-S(0)0Rs, -LA-

(XXO)ORs, ~LA-~N(Rs)C(0)0Rs', -LA-0C(0)N(RsRs'), -LA-N(RS)S(0)-RS\ -LA-S(0)N(RSRS') or 

-LA-C(0)N(RS)C(0)-RS', wherein LA is bond, Ci-Ccalkylene, C2-C6alkenylene or CVCcalkynylene. 

More preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, cyano: or Q-Cealkyl, Ci-Cgalkenyl or C2-C6alkynyl, each of which 

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

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano; or Cs-Cscarbocycle or 3- to 6-membered heterocycle, each of which is independently 

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

hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cj-

25 Csalkyl. C2-C6alkenyl, CVCcalkynyl, CrC6haloaIkyl, C2-C6haloalkenyl or CrQhaloalkynyl. 

Highly preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, cyano; or CrC6alkyl, C2-C6alkenyl or C2-C6alkynyL 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 

Ls, Ls' and Ls" preferably are each independently selected at each occurrence from bond; or 

Ci-Cfialkylene, C2-C;>alkenylene or C2-C6alkynylene. 

30 cyano. 

16 
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A and B can be the same or different Likewise, Li and L2. or Y and Z, or Y-A- and Z-B-, 

or -A-L|- and -B-L2-, can be the same or different. In some instances, Y-A-Li- is identical to Z-

B-L2-. In some other instances, Y-A-Ls- is different from Z-B-I^-. 

For each compound of Formula I, LK can also be independently selected at each occurrence 

5 from a bond; -Ls'-N(RB)C(0)-Ls~; -Ls'-C(0)N(RB)-Ls-; or Ci-C6alkyiene, C2-C(>a]kenylene, C2-

C6alkynylene, Cs-Ciocarbocycle or 3- to 10-membered heterocycle, each of which is independently 

optionally substituted at each occurrence with one or more substituents selected from halogen, RT, -

O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(O)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano, wherein Ls and Ls' are as defined above. 

10 In one embodiment, A, B, and D are each independentiy phenyl, and are each independently 

optionally substituted with one or more RA. Li and L2 are each independently Ci-CVjalkylene, L3 is a 

bond, Ci-Cgalkyiene or -C(O)-, and Lj, L2, and L3 are each independently optionally substituted with 

one or more substituents selected from halogen, RT, -0-Rs. -S-Rs, -N(RSRS'), -OC(0)RS. -

C(0)0Rs-, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, Li and 1^ are -

15 (CH2)-, and are each independently optionally substituted with one or more substituents selected from 

halogen, RT, -O-Rs, -S-Rs, -N(RSRS'). ~0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano; and is a bond or -C(O)-. Y is -Ls-C(RiR2)N(R5)-T-RDi -1^-

C(R3R4)C(R6R7H-RD, -N(RB)C(0)C(RIR2)N(R5)-T-RD, or -N(RB)C(0)C(R3R4)C(R6R7)-T-RD, 

and Z is -LS-C(R8R9)N(R12)-T-R0, ~Ls-C(R]0Rn)C(R13R14)-T-RD, -N(RB)C(0)C(RSR9)N(R12)-T-

20 Ru, or ~N(RB)C(0)C(RioRii)C(RBRi4)"T-Rr,. Ri is Rc, and R2 and R5, taken together with the atoms 

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

with one or more RA; R3 and R6 are each independently Rc, and R4 and R7, 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. R8 is Rc, and R9 and Ri2, taken together with the atoms to 

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

with one or more RA; and RI0 and RI3 are each independently Rc, and Ru and R!4, 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{0)-LS'-N(RB)C(0)-LS"- or -C(0)-Ls'-N(RB)C(0)0-Ls"- wherein Ls' 

30 preferably is C|-C6alkylene (e.g., -CH2-) and is optionally substituted with one or more substituents 

selected from halogen, RT, -0-Rs, -S-Rs, ~N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected from -C(O)-

Ls'-Ls"-, -C(0)-Ls'-0~Lss-C(0)-Ls'-N(RB)--Ls'or -C(0)^Ls^N(RB)S(0)^Ls'?-. In some 

17 
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o 

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

RT are as defined above, and non-limiting examples of RD include 5- or 6-membered heterocycles 

(e.g., pyridinyl). and non-limiting examples of RT include Ci-Cealkyl optionally substituted at each 

occurrence with one or more substituents selected from halogen, RF, -O-RB, -S-RB, ~N(RBRBV): -

5 0C(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano. 

substituted with one or more RA; and D is Cs-CVycarbocycle or 5- to 6-membered heterocycle (e.g., 

phenyl), and is optionally substituted with one or more RA. Zs is independently selected at each 

10 occurrence from O, S, Nil or CH2; and Z2 is independently selected at each occurrence from N or CII. 

Li and L2 are each independently Cj-Cgalkylene, L3 is a bond, CrC6alkylene or -C(O)-, and Lx, L2, 

and L3 are each independently optionally substituted with one or more substituents selected from 

halogen, RT, -O-Rg, -S-Rs, -N(RKRS' ), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl, or cyano. Preferably, Li and L2 arc -(CH2)-, and are cach independently optionally 

15 substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -

0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond 

or -C(O)-. Y is -LS-QRMN^KI-RD, -U-C(R3R4)C(R6R7)-T-RD, -N(RB)C(0)C(RiR2)N(R5)-

T-RD, or -N(RB)C(0)C(R3R4)C(R6R7)-T-RD, and Z is -W-C(R8R9)N(R12)-T-RD, ~U~ 

CtRioRiOCtRBRuVT-Ro, -N(RB)C(0)C(R8R9)N(Ri2)-T-RD, or -N(RB)C(O)C(R10Rn)C(RBRi4)-T-

20 RD. Ri is Rc, and R2 and R5, taken together with the atoms to which they are attached, form a 5- to 6-

membered heterocyclic ring which is optionally substituted with one or more RA; R3 and R6 are each 

independentiy Rc, and Rj and R7, taken togetlier 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. 

R8 is Rc, and Rc, and RI2, taken together with the atoms to which they are attached, form a 5- to 6-

25 meinbered heterocyclic ring which is optionally substituted with one or more RA; and Rj0 and R13 are 

each independently Rc, and Rn and Rj4, 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(0)-Ls'-N(RB)C(0)-

Ls"~ or -C(0)-Ls'-N(RB)C(0)0-Ls"-, wherein Ls' preferably is Ci-C6alkylene (e.g., -CH2-) and is 

30 optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S~Rs, -

substituted with one or more RA; B is 

In another embodiment, A j , and is optionally 

, and is optionally 
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N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T 

can also be, without limitation, selected from -C(0)-Ls'-Ls"-, -C(0)-Ls'-0-Ls"-, -C(0)-Ls'-

N(RB)-LS:'-, or-C(0)-Ls'-N(RB)S(0)2-Ls"~. In some cases, at least one of Y and Z is, or Y and Z 

"Vr are independently, • , wherein RD and RT are as defined above, and non-limiting 

5 examples of RD include 5- or 6-membered heterocycles (e.g., pyridinyl), and noil-limiting examples of 

RT include Ci-C6alkyl optionally substituted at each occurrence with one or more substituents selected 

from halogen, RF, -0-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl or cyano. 

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

independently selected at each occurrence from O, S, NH or CH2; and Z2 is independently selected at 

each occurrence from N or CH. Li and 1^ are each independently Ci-C6alkylene, L3 is a bond, Q-

15 C6alkylene or -C(O)-, and Li, Li, and L3 are each independently optionally substituted with one or 

more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, 

oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, Lj and L2 are -(CH2)-. and are 

each independently optionally substituted with one or more substituents selected from halogen, RT, -

O-Rs, -S-Rs, -N(RSRS'), ~0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, 

20 formyl or cyano; and L3 is a bond or -C(O)-. Y is -Ls-C(RiR2)N(R5)-T-RDi-Ls-C(R3R4)C(R6R7)-T-

RD, -N(RB)C(0)C(RiR2)N(R5)-T-RD, or -N(RB)C(0)C(R3R4)C(R6R7>-T-RD, and Z is -Ls-

C(R8R9)N(R12)-T-RD, -LS-C(RIORII)C(R13RI4)-T-RD, -N(RB)C(0)C(RSR9)N(R12)-T-RD, or -

N(RB)C(0)C(RIORU)C(R13RI4)-T~RD. RJ is Rc, and R2 and R5, taken together with tlie atoms to 

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

25 widi one or more RA; R3 and R6 are each independently Rc, and R4 and R7, taken togetlier 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. Rg is Rc, and R9 and RI2, 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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10 

15 

20 

25 

with one or more RA; and R10 and R13 are each independently Rc, and Ru and R]4, 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(0)-LS'-N(RB)C(0)-LS"- or ~C(0)-Ls'-N(RB)C(0)0-U;'-, wherein Ls' 

preferably is Ci-Cealkylene (e.g., -CH2-) and is optionally substituted with one or more substituents 

selected from halogen, RT, -0-Rs, -S-Rs, ~N(RSRS'). -0C(0)Rs, ~C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected from -C(O)-

Ls'-Ls"-, -C(0)~Ls'-0~Ls'^(0)4,s^N(RB)"Lr- or -C(0)-Ls'-N(RB)S(0)2~Ls"--. In some 

cases, at least one of Y and Z is, or Y and Z are independently, , wherein non-

limiting examples of RD include 5- or 6-membered heterocycles (e.g., pyridinyl), and non-limiting 

examples of RT include Ci-Cgalkyl optionally substituted at each occurrence with one or more 

substituents selected from halogen, RF, -0-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB: nitro, 

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

"N f "~N . H . or 

and is optionally substituted with one or more RA; and D is C5-C6carbocycle or 5- to 6-membered 

heterocycle (e.g., phenyl), and is optionally substituted with one or more RA. Li and Lz are each 

independently C]-C6alkylene, L3 is a bond, Ci-C6alkylene or -C(0)-, and Lj, L2, and L3 are each 

independently optionally substituted with one or more substituents selected from halogen, Rr, -O-Rs, 

-S-Rs. -N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or 

cyano. Preferably, Lj and L2 are -(CH2K and are each independently optionally substituted with one 

or more substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, ~C(0)0Rs, 

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond or -C(O)-. Y is -Ls-

C(RiR2)N(R5)-T-RD, -Ls-C(R3R4)C(RfiR7)-T-R!), -N(RB)C(0)C(R,R2)N(R5)-T-RD, or -

N(RB)C(0)C(R3R4)C(R6R7)-T-RD, and Z is -LS-C(RSR9)N(RI2)-T~RD, -Ls-C(Rl0Ru)C(RI3Rt4)-T-

RD, -N(RB)C(0)C(R8R9)N(Ri2)-T-RD, or -N(RB)C(O)C(Ri0R11)C(Rf3R!4)-T-RD. R, is RC; and R2 

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

heterocyclic ring which is optionally substituted with one or more RA; R3 and R6 are each 
20 
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independently Rc, and R4 and R7, taken together with the atoms to which they are attached, form a 5-

to 6-membered carbocyclic or heterocyclic ring which is optionally substituted with one or more RA. 

Rs is Rc, and Rq and RI2, taken togetlier with the atoms to which they are attached, form a 5- to 6-

membered heterocyclic ring which is optionally substituted with one or more RA; and RU) and Rl3 are 

5 each independently Rc, and Rn and R14, taken togetlier with the atoms to which they are attached, 

form a 5- to 6-membered carbocyclic or heterocyclic ring which is optionally subslituled with one or 

more RA. T is preferably independently selected at each occurrence from -C(0)-Ls'-N(RB)C(0)-

Ls"- or -C(0)-LS'-N(RB)C(0)0-LS"~, wherein Ls' preferably is Ci-Cealkylene (e.g., -CH2-) and is 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

10 N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro. phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T 

can also be, without limitation, selected from ~C(0)-Ls'-Ls"-, -C(0)-Ls'-0~Ls"-, -C(0)-Ls'-

N(RB>-W- or-C(0)-I.Js'-N(RB)S(0)2-Ls"-. In some cases, at least one of Y and Z is, or Y and Z 

? R 

are independently, V— T , wherein non-limiting examples of Rr) include 5- or 6-

membered heterocycles (e.g., pyridinyl), and non-limiting examples of RT include Ci-Cgalkyl 

15 optionally substituted at each occurrence with one or more substituents selected from halogen, Rp, -

O-RB, -S-RB, -N(RBRB'X -OC(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano. 

In one embodiment, A, B, and D are each independent!}' phenyl, and are each independently 

optionally substituted with one or more RA. Lj and L2 are each independently CrC6alkylene, L3 is a 

20 bond, Q-Qalkylene or -C(O)-, and Lj, L2, and L3 are each independently optionally substituted with 

one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -

C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, L: and L2 are -

(CH2)-, and are each independently optionally substituted with one or more substituents selected from 

halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)ORs, nitro, oxo, phosphonoxy, phosphono, 

25 thioxo, formyl or cyano; and L3 is a bond or -C(0)~. Y is -G-C(RiR2)N(R5>-T-RD or -G-

C(R3R4)C(RfiR7)-T-RD, and Z is -G-C(RBR9)N(Ri2)-T-RD or -G-C(R10Rii)C(R]3Ri4)-T-RD. G is 
RD 

K-S 
Cs-Cscarbocycle or 5- to 6-membered heterocycle, such as Ro , RD . RD RD or 

RD . R, is Rc, and R2 and R5, taken togetlier with tlie atoms to which they are attached, form a 

5- to 6-membered heterocyclic ring which is optionally substituted with one or more RA; R3 and Re 

21 
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are each independently Rc, and R4 and R7, taken together with die 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. R8 is Rc, and R9 and R]2, taken together with the atoms to which they are attached, form a 

5- to 6-membered heterocyclic ring which is optionally substituted with one or more RA; and R]0 and 

5 Ri3 are each independently Rc, and Ru and Rw, 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. RD is as defined above. T is preferably independently selected at each 

occurrence from ~C(0)-Ls'-N(RB)C(0)-Ls"- or -C(0)-Ls-N(RB)C(0)0-Ls"-, wherein Ls' 

preferably is Cj-Cgalkylene (e.g., -CH2-) and is optionally substituted with one or more substituents 

10 selected from halogen, Rx> -0-Rs, -S-Rs, -N(RSRS'), -0C(O)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected from -C(O)-

Lg —Lg —, —1C(0)~Lg'—O—Ls"—, -0(0)-LS'-N(RB)~LS'or —C(O)—Ls'—N(Rg)S(0)2-Ls"--. In some 

°rK J RT 

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

R° RD , wherein RD is as defined above and preferably is hydrogen, RD' is RD and non-

15 limiting examples of RD' include 5- or 6-membered heterocycles (e.g., pyridinyl), and non-limiting 

examples of RT include Ci-C6aikyl optionally substituted at each occurrence with one or more 

substituents selected from halogen, RF, -0-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, 

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

substituted with one or more RA; and D is CVQcarbocycle or 5- to 6-membered heterocycle (e.g., 

phenyl), and is optionally substituted with one or more RA. Zx is independently selected at each 

occurrence from O, S, NH or CIi2; and Z2 is independently selected at each occurrence from N or CH. 

Li and are each independently Ci-C6alkylene, L3 is a bond, CrC6alkylene or -C(O)-, and Lx, 1^, 

25 and L3 are each independently optionally substituted with one or more substituents selected from 

halogen, RT, -O-RS, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl, or cyano. Preferably, Lj and L2 are -(CH2)-, and are each independently optionally 
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substituted with one or more substituents selected from halogen, Rx, -O-Rs, -S-Rs, -N(RSRS'), -

0C(0)Rs, --C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond 

or -C(0)- Y is -G-C(R1R2)N(R5)-T-RD or -G-C(R3R4)C(R6R7>-T-RD, and Z is -G-

C(R8R9)N(Ri2)-T-RD or -G-€(RioR]])C(R]^Ri4)-T-RD. G is Cs-Q-carbocycle or 5- to 6-membered 

*&>&!£! HA1 
5 heterocycle, such as RD , RD , ™D RD or D "D. Rj is Rc, and R2 and R5, taken 

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

is optionally substituted with one or more RA; R3 and R6 are each independently Rc, and R4 and R7, 

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. R8 is Rc, and R9 and RI2, taken 

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

is optionally substituted with one or more RA; and RI0 and R13 are each independently Rc, and Rn and 

R14, 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. RD is as defined above. T is 

preferably independently selected at each occurrence from -C(0)-LS,-N(RB)C(0)-LS"- or -C(O)-

15 LS'-N(RB)C(0)0-LS"- wherein Ls' preferably is CrC6alkylene (e.g., -CH2-) and is optionally 

substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, ~N(RsRs'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, 

without limitation, selected from -C(0)-Ls'-Ls"-, -C(0)-Ls'-0-Ls"-, -C(0)-Ls'-N(RB)-LS''-, or 

-C(0)-Ls' -N(RB)S(0)2-Ls"-. In some cases, at least one of Y and Z is, or Y and Z are 

s^A u\Jk RT 
'jLTO wu 

20 independently, RD or D RD , wherein RD is as defined above and 

preferably is hydrogen, RD' is RD and non-limiting examples of RD' include 5- or 6-membered 

heterocycles (e.g., pyridinyl), and non-limiting examples of R? include C)-C6a1kyl optionally 

substituted at each occurrence with one or more substituents selected from halogen, Rt, -0-RB, -S-

RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

25 cyano. 

K'T^JL. In yet another embodiment, A is phenyl, or 

optionally substituted with one or more RA; B is phenyl, 

optionally substituted with one or more RA; and D is Cs-Cecarbocycle or 5- to 6-membered 
23 



WO 2010/120935 PCT/US2010/031102 

heterocycle (e.g., phenyl), and is optionally substituted with one or more RA. Zx is independently 

selected at each occurrence from O, S, NH or C.H2; and Z2 is independently selected at. each 

occurrence from N or CH. Li and are each independently C-Chalkyletie, L3 is a bond, Cp 

C6alkylene or -C(O)-, and Li, L2, and L3 are each independently optionally substituted with one or 

5 more substituents selected from halogen, RT, -O-Rs, -S-Rs, —NfRsRs'), --0C(0)Rs, -C(0)0Rs, nilro, 

oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, Lj and L2 are -(Cl-I2)-, and are 

each independently optionally substituted with one or more substituents selected from halogen, RT, -

O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano; and L3 is a bond or -C(0)-. Y is -Ci-C(R1R2)N(R^)-T-RD or -G-CXRsR^CfReR?)-

10 T-RD, and Z is -G-C(R8R9)N(RL2>-T~RD or -G-C(Ri0R].i)C(Ri3R]4)-T-RI). G is C5-C&carbocycle or 

R2 and R5. taken together with the atoms to which they are attached, form a 5- to 6-membered 

heterocyclic ring which is optionally substituted with one or more RA; R3 and R6 arc each 

independently Rc, and R4 and R7, taken together with the atoms to which they are attached, form a 5-

15 to 6-membcred carbocyclic or heterocyclic ring which is optionally substituted with one or more RA. 

Rg is Rc, and R9 and R!2, taken togetlier with the atoms to which they arc attached, form a 5- to 6-

membered heterocyclic ring which is optionally substituted with one or more RA; and R!0 and RI3 are 

each independently Rc, and Ru and R14, taken togetlier 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 

20 more RA. RD is as defined above. T is preferably independently selected at each occurrence from -

CX0)-Ls'-N(RB)C(0)-Ls"- or -C(0)-LS'-N(RB)C(0)0-LS"-, wherein Ls' preferably is Cr 

Cftalkylene (e.g., -CH2-) and is optionally substituted with one or more substituents selected from 

halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -OC(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano. T can also be, without limitation, selected from -C(0)-Ls'-Ls"- -C(O)-

25 Ls'-O-Ls"-, -C(0)-LS"'~N(RB)-LS"- or -C (0)-Ls' --N (RB) S (O) 2-Ls" - - In some cases, at least one 

as defined above and preferably is hydrogen, RD' is RD and non-limiting examples of RD' include 5-

or 6-membered heterocycles (e.g., pyridinyl), and non-limiting examples of RT include CrCgalkyl 

optionally substituted at each occurrence with one or more substituents selected from halogen, RF, -

5- to 6-membered heterocycle, such as . Rj is Rc, and 

of Y and Z is, or Y and Z are independently, , wherein RD is 
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O-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano. 

or 

and is optionally substituted with one or more RA; and D is C5-Cccarbocycle or 5- to 6-membered 

heterocycle (e.g., phenyl), and is optionally substituted with one or more RA. and L2 are each 

independently Cj-Cgalkylene, L3 is a bond, Cj-C6alkylene or -C(O)-, and Li, L2, and L3 are each 

independently optionally substituted with one or more substituents selected from halogen, RT, -0-Rs, 

10 -S-Rs, -N(RsRs'), -0C(0)Rs, ~C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or 

cyano. Preferably, L, and L2 are -(CH2)-, and are each independently optionally substituted with one 

or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, ~C(0)0Rs, 

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond or -C(O)-. Y is -G-

C(R1R2)N(R5)-T-RD or -G-C(R3R4)C(R6R7)-T-RD, and Z is -G-C(R8R9)N(R12)-T-RD or -G-

15 C(R]oRii)C(Ri3Ri4)-T-RD. G is Cs-C^carbocycle or 5- to 6-membered heterocycle, such as 

& ft RD , R0, KD RD or nD "D _ js ^ ancj ^ togetlier with the 

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

substituted with one or more RA; R3 and Rc are each independently Rc, and R4 and R7, taken together 

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

20 which is optionally substituted with one or more RA. R8 is Rc, and R9 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 RA; and R!0 and Ru are each independently Rc, and Ru and Rl4, taken 

together with die 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. RD is as defined above. T is 

25 preferably independently selected at each occurrence from -C(0)-Ls'-N(RB)C(0)-Ls"- or -C(O)-

Ls'-N(RB)C(0)0-Ls"-, wherein Ls' preferably is Cj-Cgalkylene (e.g., -CH2-) and is optionally 

substituted with one or more substituents selected from halogen, RT, -O-RS, -S-RS, -N(RSRS'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, 

25 



WO 2010/120935 PCT/US2010/031102 

without limitation, selected from -C(0)-Ls'-Ls"-, -C(0)-Ls'-0-Ls"-, -C(0)-Ls'-N(RB)-Ls"- or 

-C(0)-LS'-N(RB)S(0)2-LS''-. In some cases, at least one of Y and Z is, or Y and Z are 

FD' « fo 

A RT J /K RT 
RD Q, 

/—N 1—~/ 

independently, RD or RD , wherein RD is as defined above and 

preferably is hydrogen, RD' is RD and non-limiting examples of RD' include 5- or 6-membered 

5 heterocycles (e.g., pyridinyl), and non-limiting examples of RT include Cj-Cgalkyl optionally 

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

RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano. 

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

10 heterocycle (e.g., phenyl such as W ), and are each independently optionally substituted 

with one or more RA. X preferably is N. D preferably is Cs-Cficarbocycle or 5- to 6-membered 

heterocycle (e.g., phenyl), and is optionally substituted with one or more RA. L] and L2 are each 

independently Ci-Cealkylene, and L3 is bond, CpCgalkylene or -C(0)-, and L3, L>, and L* are each 

independently optionally substituted with one or more substituents selected from halogen, Rr, -O-Rs, 

15 -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano. Preferably, Li and L2 are each independently C>-Chalky lene (e.g., -CH2-) and L3 is bond. Y is 

-N(RB)C(0)C(RiR2)N(R5)-T-RD! or -N(RB)C(0)C(R3R4)C(R6R7)~T~RD, and Z is -

N(RB)C(0)C(R8R9)N(R12)-T-RD5 or -N(RB)C(O)C(R10R1i)C(RI3Ri4)^RD. Ri is Rc, and R2 and RS; 

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

-N-

20 (e.g., ) which is optionally substituted with one or more RA; R3 and R6 arc cach 

independently Rc, and R4 and R7, taken together with the atoms to which they are attached, form a 5-

V to 6-membered carbocyclic or heterocyclic ring (e.g., ^ ) which is optionally substituted 

with one or more RA. Rs is Rc, and Rg and R12, taken together with the atoms to which they are 

-re­

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

25 substituted with one or more RA; and Ri0 and R13 are each independently Rc, and Ru and Rw, taken 

together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or 
26 
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V 

H 

Y O 

heterocyclic ring (e.g., ) which is optionally substituted with one or more RA. T is 

preferably independently selected at each occurrence from -C(0)~LY,-N(RBX-(0)-LS"- or -C(O)-

LY'-N(RB)C(0)0-LS"-- LY' is each independently Ls' and, preferably, is each independentiy Cr 

C6alkylene (e.g.. -Cl-I2-) and optionally substituted with one or more substituents selected from 

halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano. T can also be, without limitation, selected from -C(0)-LY'-W:- -C(O)-

LY'-O-LS"--, -CXO)-LY'~N(RB)-LS"-, or -C(0)-LY,-N(RB)S(0)2-L^"-. In some cases, at. least 

one of Y and Z is, or both Y and Z are independently, ^J , wherein non-

limiting examples of Rp include (1) -O-Q-Cgalkyl, -0-C2-C6alkenyl, -0-C2-C6alkynyi, Ci-C6alkyl, 

C2-C6alkenyl or C2~C6alkynyl, 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 (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, Cr 

Cgalkyl, C2-C6alkenyl, C2-C6alkynyl, Ct-Cgjialoalkyl, CVCfihaloalkenyl or C2-C6haloalkynyl; and non-

limiting examples of LY' include Ci-Qalkylene optionally substituted with halogen, hydroxy, 

mercapto, amino, carboxy, phosphonoxy, -0-C]-C6alkyl, -O-CVCgalkenyl, -0-C2-C6alkynyl, or 3-

to 6-membcred carbocycle or heterocycle, said 3- to 6-membered carbocycle or hctcrocyclc being 

optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto, 

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Q-Cealkyl, C2-

Cgalkenyl, C2-C<>alkynyl, Ci-Cehaloalkyl, C2-C6haloalkenyl or C2-C(>haloaIkynyl. 

In another embodiment, A is 

substituted with one or more RA; B is 

substituted with one or more RA. Z. is independently selected at each occurrence from O, S, NH or 

CH2; and Z2 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 Q-Cficarhocycle or 5- to 6-membered heterocycle (e.g., 
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phenyl), and is optionally substituted with one or more RA. L: and L2 are each independently C>-

C6alkylene, and L3 is bond, Ci-C6alkylene or ~C(0)-, and Lu L2, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

NCRsRs'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo. formyl or cyano. 

Preferably, Lj and L2 are each independently Ci-Cgalkylene (e.g., -CH2-) and L3 is bond. Y is -Ls-

C(R!R2)N(R5)-T-RD or HU-C(R3R4)C(R6R7)-T-RD, and Z is -LS-C(RSR9)N(R12)-T-RD or -Ls-

C(RjoRii)C(Ri3Ri4)-T-RD. Rj is Rc, and R2 and R5, taken togetlier with the atoms to which they are 

-N-

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

substituted with one or more RA; R3 and Rg are each independently Rc, and R4 and R7, taken together 

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

p.. (e.g., ~ ) which is optionally substituted with one or more RA. R8 is Rc, and R9 and R]2, 

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

-N- _ 

) which is optionally substituted with one or more RA; and Rw and Ri3 are each 

independently Rc, and Rn and RJ4, taken togetlier with the atoms to which they are attached, form a 

15 5- to 6-membered carbocyclic or heterocyclic ring (e.g., ^ ) which is optionally substituted 

with one or more RA. T is preferably independently selected at each occurrence from -C(0)-Ly'-

N(RB)C(0)-Ls"- or -C(0)-LY'-N(RB)C(0)0-Ls"-. LY' is each independently Ls' and, preferably, 

is independently CrC6alkylene (e.g., -CH2-) and optionally substituted with one or more substituents 

selected from halogen, RT, -0-Rs, -S~Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs. nitro, phosphonoxy, 

20 phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected from -C(O)-

LY5~LS"~, ~C(0)-LY'-0-LS'5-, -C(0)~LY'-N(RB)-LS"-, or -CXO)-LY'-N(RB)S(0)2-Ls"-. In 

some cases, at least one of Y and Z is, or both Y and Z are independently, 
O H 
jl 

N' Lv O 

, wherein non-limiting examples of RD include (1) -O-CVCsalkyl, -0-C2-

C6alkenyl, -0-C2-C6alkynyl, Ci-Cgalkyl, C2-C6allcenyl or C2-C6alkynyl, each of which is 

25 independently optionally substituted at each occurrence with one or more substituents selected from 
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halogen, hydroxy, mercapto, amino, carboxy, nilro, oxo. phosphonoxy, phosphono, thioxo, formyl, 

cyano, C3-Cr,carbocycle 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, 

5 phosphono, thioxo, formyl, cyano, Ci-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Ci-Cchaloalkyl, C2-

Cghaloalkenyl or CrCghaloalkynyl; and non-limiting examples of Ly' include Ci-C^alky lene 

optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, -O-Cr 

Cealkyl, -0-C2-C6alkenyl, -O-CVCoalkynyl, or 3- to 6-membered carbocycle or heterocycle, said 3-

to 6-membered carbocycle or heterocycle being optionally substituted with one or more substituents 

10 selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl, cyano, Ci-Cgalkyl, C2-C<-,alkenyl, CrCgalkynyl. Ci-CV.haloalkyl, CrCghaloalkenyl or 

Ca-Cghalo alkyny I. 

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

carbocycle or heterocycle (e.g., A and B are each independentiy phenyl, such as * ^), and 

15 are each independently optionally substituted with one or more RA. X preferably is N. D preferably 

is C5-C6carbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with 

one or more RA. Li and L2 are each independently Cj-C^alkylene. and L3 is bond, CrC6aiky]ene or -

C(O)-. and LI; L2, and L3 are each independentiy optionally substituted with one or more substituents 

selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS!), -0C(0)Rs, -C(0)0RS: nitro, oxo, 

20 phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, Lj and 1.^ are each independently Cr 

C6alkylene (e.g.. ~CH2™) and L3 Ls bond. Y is -G~C(RiR2)N(Rg)-T-RD or -G-C(R3R4)C(R6R7)-T-

RDs and Z is ~G-C(R8R9)N(R12)-T-RD or -G-C(R10RU)C(RBR,4)-T--RD. G is C5-C6carbocycle or 5-
H H 

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

more RA. R; is Rc, and R2 and R5, taken together with die atoms to which diey are attached, form a 5-

pi 
25 to 6-membered heterocyclic ring (e.g., "<• ) which is optionally substituted with one or more 

RA: R3 and Rg are each independently Rc, and R4 and R7, taken togetlier with the atoms to which they 

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

optionally substituted with one or more RA. Rs is Rc, and R9 and RI2, taken togedier with the atoms to 
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which they are attached, form a 5- to 6-membered heterocyclic ring (e.g., ) which is 

optionally substituted with one or more RA; and R)0 and Ri3 are each independently Rc, and Ru and 

Ri4, taken togetlier with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or 

V heterocyclic ring (e.g., ) which is optionally substituted with one or more RA. T is 

5 preferably independently selected at each occurrence from -C(0)~LY!-N(RB)C(0)-LS''- or -0(0)-

LY'-N(RB)C(0)0-LS"-. LY' is each independently Ls' and, preferably, is each independently Cr 

C6alkylene (e.g., -CH2-) and optionally substituted with one or more substituents selected from 

halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano. T can also be, without limitation, selected from -C(0)-LY!-LS"-, -0(0)-

10 LY'-O-LS"- -C(0)-LY'-N(RB)-LS"- or -C(0)-LY,-N(RB)S(0)2-LS"-. hi some cases, at least 

A 
N 

one of Y and Z is, or both Y and Z are independently, or 

O H 
>kL <N-VRD 

N L* O 

, wherein lion-limiting examples of RD include (1) -O-C]-Chalky 1, -O-

C2-C6alkenyl, -0-C2-C6alkynyl, Ci-Cealkyl, Cz-Cf/alkenyl or C2-C6alkynyl, each of which is 

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

15 halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, 

cyano, C3-C6carbocycle or 3- to 6-membered heterocycle; or (2) Cj-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, Cj-C<$alkyl, C2-C6alkenyl, C2-C6alkynyl, Ci-Cehaloalkyl, C2-

20 Cfihaloalkenyl or C2-C6haioalkynyl; and non-limiting examples of LY' include CrC6alkylene 

optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, -O-Cp 

Cfialkyl, -0-C2-C(lalkenyl, -0-C2-C6alkynyl, 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, Ci-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Ci-Cghaloalkyl, CrCghaloalkenyl or 

C2-C6haloalkynyl. 

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

i/V| 
heterocycle (e.g., A and B are each independently phenyl, such as \=/ ), and are each 

independently optionally substituted with one or more RA. X preferably is N. D preferably is C5-

C6carbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with one or 

more RA. Li and L2 are each independentiy C1 -Cgalkylene, and L3 is bond, Cj-Cf;alkylene or -C(O)-, 

and Ls, L^, and L3 are each independently optionally substituted with one or more substituents 

selected from halogen, RT, -~0-Rs, -S-Rs, -N(RSRS!), -OC(0)RS, -C(0)0Rs, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, Lj and L2 are each independently Cr 

Cgalkylene (e.g., -CH2-) and L3 is bond. Y is ~N(RB)C(0)C(R]R2)N(R5)-T-RD or -

N(RE)C(0)C(R3R4)C(R6R7)-T-RD! and Z is -G-C(R8R9)N(R12>-T-RD or -G~C(R10Rii)C(R13Ri4)~T--

RD; or Y is -G-C(RIR2)N(R5)-T~RD or -G-C(R3R4)C(R6R7)-T-RD, and Z is -

N(RB)C(0)C(R8Ry)N(R12)~T-RD or-N(RB)C(O)C(Ri0Rn)C(R13Ru)-T-RD. Rj is Rc, and R2 and R5, 

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

-N-

(e.g., ) which is optionally substituted with one or more RA; R3 and R6 are each 

independently Rc, and R4 and R7, taken together with the atoms to which they are attached, form a 5-

V to 6-membered carbocyclic or heterocyclic ring (e.g., ^ ) which is optionally substituted 

with one or more RA. Rs is Rc, and R§ and Ri2, taken together with the atoms to which they are 

-N-

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

substituted with one or more RA; and R10 and R13 are each independently Rc, and Rn and RI4, taken 

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

heterocyclic ring (e.g., ^ ) which is optionally substituted with one or more RA. G is C5-
H H 
N 

^ i r\ ^ 
Cccarbocycle or 5- to 6-membered heterocycle, such as —N or N— , and is optionally 

substituted one or more RA. T is preferably independently selected at each occurrence from -C(O)-
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LY'-N(RB)C(0)-LS"~ or -C(0)-LY'-N(RB)C(0)0-LS"-. LY' is each independently Ls' and, 

preferably, is each independently Ci-Cealkylene (e.g., -CH2-) and optionally substituted with one or 

more substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(O)0Rs, nilro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected 

from -C(0)-LY'-LS"-, -C(0)-LY'-0-LS"-, -C^-LV'-NCRBH-VS or -C(0)-LY'-N(RB)S(0)2-

Ls"- In some cases, Y is as described above, and Z is 

O H 

N Lv O 

as described above. In some other 

Zis 

as described above , and 

as described above. 

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

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 RA. Zj is independently selected at each 

occurrence from O, S, NH or CH2; and Z2 is independently selected at each occurrence from N or CH. 

X preferably is N. D preferably is C5-C6carbocycle or 5- to 6-membered heterocycle (e.g., phenyl), 

and is optionally substituted with one or more RA. Li and L2 are each independently Cj-Ccalkylene, 

and L3 is bond, CpCgalkylene or -C(O)-, and Lj., L2, and L3 are each independently optionally 
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substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -

0C(0)Rs, -€(0)ORs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, Li 

and L2 are each independently Ci-Csalkylene (e.g., -CH2-) and L3 is bond. When A is 5- or 6-

membered carbocycle or heterocycle (e.g., phenyl such as \==/ v), Y is 

N(RB)C(0)C(R!R2)N(R5)-T-RD, -N(RB)C(0)C(R3R4)C(R6R7)-T-RD, -G-C(R]R2)N(R5)-T-RD or -

G-CCR3R4)C(R6R7)-T-RDr and Z is -L5-C(R8R9)N(R12)-T-RD or -Ls-C(R10Ru)C(RI3Ri4)-T-RD. 

When B is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as \====/ "*), Y is ~LS-

C(R]R2)N(R5)-T-RD or ~LS-C(R3R4)C(R6R7>-T-RD, and Z is -N(RE)C(0)C(RsR9)N(Rj2)-T~RD, -

N(RBX^(0)C(RJOR]I)C(RI3RI4)-T~RD, -G-C(RBR9)N(R!2)~T-RD or -G-C(R!0Rii)C(RI3R14Kr-RD. 

Ri is Rc, and R2 and R5, taken together with the atoms to which they are attached, form a 5- to 6-

membered heterocyclic ring (e.g., ^ ) which is optionally substituted with one or more RA; 

R3 and R6 are each independently Rc, and R4 and R7, taken together with the atoms to which they are 

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

optionally substituted with one or more RA. Rg is Rc, and R9 and Rl2, taken together with the atoms to 

N-

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

optionally substituted with one or more RA; and R)0 and Ri3 are each independently Rc, and Ru and 

R]4, taken together with the atoms to which they are attached, form a 5- to 6-membered carbocyclic or 

heterocyclic ring (e.g., ) which is optionally substituted with one or more RA. G is C5-
H H 

/n 
C6carbocycle or 5- to 6-membered heterocycle, such as u—N or N—J , and is optionally 

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

LY'-N(RB)C(0)-LS"- or ~C(0)-LY'-N(RB)C(0)0-LS"-. LY' is each independently Ls' and, 

preferably, is each independently Ci-Csalkylene (e.g., -CH2-) and optionally substituted with one or 

more substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -GC(0)Rs, -C(0)0Rs, nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected 
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from -C(0)-LY'-LS"-, ~C(0)~LY'-0-LS"- -C(0)-LY'-N(RB)-LS"-, or -C(0)-LY'-N(RB)S(0)2-

Ls"-. In some cases when A is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as 

NH 

i—/ \_i Ly ° 
^ Y is \-J 

o ^ A-L ^NY-RD 
N LY O 

or 

O H 
U /N^RO 

N Lv O 
// O H 

HN—\ /K'-Y^RD 

-N LY' O 

as described above, and Z is ^" as described 

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

as '), Y is 

O H 

N Ly O 

as described above, and Z is 

NH 

A - VR» N' Lv' O 

H 
-N^RD 'Yj O H 

HN'—\ 
-N Lv' O 

or as 

described above. 

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

pharmaceuticaily acceptable salts thereof. 

D 

i x x - A Li N Lp" 
Rn'_T N N ^ T—RD' 

Rc' RNB RNB R° 

L 

wherein; 

R^B is each independently selected from RB; 

Rc' is each independentiy selected from Rc; 

RD' is each independently selected from RD; 

R2 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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R9 and R12, 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; 

A, B, D, Lj, L2, L3, T, RA: RB, RC, and RD are as described above for Formula I. 

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

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

i 

w. ̂  z2 
" ^ V-

/ ? KX 
.w„ 

w, 

"w6 or we where Zj is independently selected at each occurrence from 

O, S, NH or CH2, Z2 is independently selected at each occurrence from N or CH, Z3 is independently 

selected at each occurrence from N or CH, Z4 is independently selected at cach occurrence from O, S, 

NH or CH2, and Wh W2, W3, W4, W5 and W6 are each independently selected at cach 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-Qjcarbocycle, 5- to 6-membered heterocycle. 

wR -X; 
w6 4 , and is optionally substituted with one or more RA, where Zs, Z2, Z3, Z4, Wi5 W2, 

W3, W4, W3, w6 are as defined above. Preferably, Z3 is N and Z4 is NH. For instance, A can be 

optionally substituted with one or more RA. 

35 



WO 2010/120935 PCT/US2010/031102 

Highly preferably, A and B are independently selected from C5-C6carbocycie or 5- to 6-

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

Preferably, at least one of A and B is phenyl (e.g., ), and is optionally substituted with 

one or more RA. For instance, both A and B can be each independently phenyl (e.g., ), 

5 and are each independently optionally substituted with one or more RA. 

D preferably is selected from C5-C6carbocycle, 5- to 6-membered heterocycle, or 8- to 10-

membered bicycles, and is optionally substituted with one or more RA. D can also be preferably 

selected from Ci-C6alkyl, CrCfialkenyl or C2-C6alkynyl, and is optionally substituted with one or 

more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, 

10 phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is C5-C6carbocyc]e, 5- to 

6-membered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more RM, 

where RM is halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or -LS-RE. Also 

preferably, D is phenyl, and is optionally substituted with one or more RA. More preferably, D is 

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

from RD and preferably is hydrogen. 

Preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano; or Ci-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, each of which is 

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

20 halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano; or C3-C6carbocycle 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, Cj-

C&alkyl, C2-C&alkenyl, C2-Cealkynyl, Ci-C&haloalkyL C2-C6haloallcenyi or C2-C6haloalkynyl. More 

25 preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or Ci-Cealkyl, Cj-Cgalkenyl or C2-

Coalkynyl, 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, RM is 

Cj -Chalky] which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy. 

30 L] and L2 are preferably independently Ci-C6alkylene, and L3 is preferably selected from a 

bond, Ci-Cealkylene, or -C(O)-. Lb Lz, and L3 are each independently optionally substituted with one 

15 is or , wherein RM is as defined above, and each RN is independently selected 
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or more substituents selected from halogen, RT, ~0~RS, ~S~Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, 

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. More preferably, Li and La are -

(CH2)-, and are each independently optionally substituted with one or more substituents selected from 

halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -OC(P)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano; and L3 is a bond or -C(O)-. 

R2 and R5, taken togetlier with [he atoms to which they are attached, preferably form a 5- to 6-

membered heterocyclic ring (e.g., > 5) or 6- to 8-membered bicycle (e.g., 

which is optionally substituted with one or more RA. 

R9 and R] 2, taken together with the atoms to which they are attached, preferably form a 5- to 

L -4 V or 6- to 8-membered bicvcle fe.e.. ^ 10 6-membered heterocyclic ring (e.g., i or 6- to 8-membered bicycle (e.g., 

which is optionally substituted with one or more RA. 

-T-RD' can be, without limitation, independently selected a$ each occurrence from -C(O)-

LSJ~RD'. -C(0)0-LS-RD\ -C(0)-LS'-N(RB)C(0)~LS,'-RD\ -C(0)-LS,-N(RB)C(0)0-LS"-RD', -

N(RB)C(0)-LS'-N(RB)C(0)-LS''-RD\ -N(RB)C(0)-LS'— N(RB)C(0)0-LS"-RD\ or -N(RB)C(0)-

15 Ls'—N(RB)-LS"-RD'. Preferably, -T-RD' is independently selected at each occurrence from -C(O)-

LS'-M'-LS"-RD' or -N(RB)C(0)-LS'-M'-LS"-RD'- More preferably, -T-RD' is independently 

selected at each occurrence from -C(0)-LS'-N(RB)C(0)-LS"-RD' or -C(0)-Ls'-N(RB)C(0)0-Ls"-

RD'-

-T-RD' can also be, without limitation, independently selected at each occurrence from -

20 C(0)-Ly'-RD\ -C(0)0-LY!-RD\ -C(0>-LY'-N(RB)C(0)-Ls!'-RD:; -C(0)-LY'-N(RB)C(0)0-LS!I~ 

RD\ -N(RB)C(0)-LY'-N(RB)C(0)-LS"-RD:, -N(RB)C(0)-LY'—N(RB)C(0)0-LS"-RD\ or -

N(RB)C(0)-LY'—N(RB)-LS"-RD\ wherein Ly' is each independently Ls' and, preferably is each 

independently Ci-CV,alkylene (e.g., -CIL-) and optionally substituted with one or more substituents 

selected from halogen, RT, -0-RS, -S-RS. -N(RSRS'), -0C(0)RS: -C(0)0RS, nitro, phosphonoxy, 

25 phosphono, oxo, thioxo, formyl or cyano. Preferably, -T-RD' is independently selected at each 

occurrence from -CXO)-LY'-M,-LS"-RD' or -N(RB)C(0)-LY'-M'-LS"-RD'- More preferably, -T-

RD' is independently selected at each occurrence from -C(0)-LY'-N(RB)C(0)-LS"-RD' or -C(O)-

LY'-N(RB)C(0)0-LS"-RD'. Highly preferably, -T-RD' is independently selected at each occurrence 

from -C(0)-LY'-N(RB)C(0)-RD' or --C(0)-LY'~N(RB)C(0)0~RD\ wherein LY' preferably is each 

30 independently CrCc>alkylene (e.g., -CH2-) and optionally substituted with one or more substituents 
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selected from halogen, RT, -0-Rs> -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano. 

RNB and Rc' are preferably hydrogen, and RD' preferably is independently selected at each 

occurrence from LA, or 5- or 6-membered carbocycle or heterocycle which is optionally substituted 

5 wifh one or more halogen, RT, -0-RBi -S-RB, -N(RBRB,)! -0C(0)RB, -C(0)0RB! nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, RD' is independently 

selected at each occurrence from Ci-C^alkyl, Ca-Cgalkenyl or CVCgalkynyl, 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, 

10 cyano, Qj-Cgcarbocycle or 3- to 6-membered heterocycle; or C3-C6carbocycle 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]-Cf>alkyl, C2-C6alkenyl, C2-C6alkynyl, Cj-

Cehaloalkyl, CrCghaloalkenyl or C2-C(>haloalkynyl. 

15 For each compound of Formula IA, LK can also be independently selected at each occurrence 

from a bond; -LS'-N(RB)C(0}-LS-; -Ls' -C (O )N (RB )-Ls-~; or Ci-C&alkylene, C2~C6alkenyIene, C2-

Csalkynylene, C3-C10carbocycle or 3- to 10-membered heterocycle, each of which is independently 

optionally substituted at cach occurrence with one or more substituents selected from halogen, RT. -

0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, 

20 formyl or cyano, wherein Ls and Ls' are as defined above. 

RA preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano; or CrC6alkyI, C2-C6alkenyl or QrCealkynyl, 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 

25 cyano; or GrCscarbocycle 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, Cr 

Qalkyl, C2-C6alkenyl, C2-C6alkynyl, Cj-C^haloalkyl, Q-Cghaloalkenyl or Q-Cehaloalkynyl; or -LA-

O-Rs, -U-S-Rs, -LA~C(0)RS, -LA-0C(0)RS, -LA-C(0)0RS, -LA-NCRSRS'), -LA-S(0)RS, -LA-

30 S02Rs, ~LA-C(0)N(RSRS'), -LA-NfRs)C(0)R3', -LA-N(Rs)C(0)N(Rs'Rs"), -LA-N(RS)S02RS\ -

LA-S02N(RSRS'), -LA-N(RS)S02N(RS'RS"), -LA-N(RS)S(0)N(RS'RS"), -LA-0S(0)-RS, -LA-

0S(0)r-Rs, -LA-S(0)20RS, -LA-S(0)0RS, -LA-0C(0)0RS, -LA-N(RS)C(0)0RS', -LA-

0C(0)N(RsRs'), -LA-N(RS)S(0)-RS\ -LA-S(0)N(RSRS') or -LA-C(0)N(RS)C(0)-RS!, wherein LA 

is bond, Ci-Cealkylene, C2-C6alkenylene or C2-C6alkynylene. 

38 



WO 2010/120935 PCT/US2010/031102 

More preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, tliioxo, cyano; or Ci-C6alkyl, C2-C6alkeiiyl or C2-C6alkynyl, each of which 

is independently optionally subslituled al each occurrence with one or more substituents selected from 

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

5 cyano; or C3-Cecarbocycle or 3- lo 6-membered helerocycle, 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, Cr 

Cf)alkyl, C2-C6alkeiiyl, C2-C6alkynyl, Cj-Cfthaloalkyl, Cj-Cehaloalkenyl or Q-Cchaloalkynyl. 

Highly preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

10 phosphonoxy, phosphono, thioxo, cyano; or CrC6alkyl, C2-C6alkenyl or C2-C6alkynyl, each of which 

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

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano. 

Ls, Ls' and Ls" preferably are each independently selected at each occurrence from bond; or 

15 Cj -C6alkylene, (VCsalkenylene or CrCsalkynylene. 

A and B can be the same or different. Likewise, Li and L2 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 RA. Li and L> are each independently Cr 

C6alkylene, L3 is a bond, Ci-C6alkylene or -C(())-, and Lu L2, and L3 are each independently 

20 optionally substituted with one or more substituenls selected from halogen, RT, -0-Rs, -S-Rs, -

N(RSRS')> -0C(0)Rs, -C(0)0RS, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 

Preferably, Lt and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, Rr, -~0~RS, -S-RS, -N(RSRS'), ~OC(0)RS, -C(0)0RS, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond or -C(O)-. -T-RD' is preferably 

25 independently selected at each occurrence from -C(0>-LS'-N(RB)C(0)-LS"-RD' or -C(0)-Ls,~ 

N(RB)C(0)0-LS"-RD\ wherein Ls' preferably is Ci-C6alkylene (e.g., -CH2-) and is optionally 

substituted with one or more substituents selected from halogen, Rx, -O-Rs, -S-Rs, -N(RSRS'), -

0C(0)Rs, ~C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. -T-RD' can also 

be, without limitation, selected from -C(0)-Ls'-Ls''-RD', -C(0)-Ls'-0-L.s"-RD', -C(0)-Ls'-

30 N(RB)-LS"-RD', or -CXO)-Ls'-N(RB)S(0)2-Ls"-RD!. 
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optionally substituted with one or more RA; and D is C5-C6carbocycle or 5- to 6-membered 

heterocycle (e.g., phenyl), and is optionally substituted with one or more RA. Zi is independently 

selected at each occurrence from O, S, NH or CH2; and Z2 is independentiy selected at each 

occurrence from N or CH. L, and Lz are each independently CrC6alkylene, L3 is a bond, Q-

5 Cgalkylene or -C(0)-5 and Lu Lo, and L3 are each independently optionally substituted with one or 

more substituents selected from halogen. RT, -O-Rs, -S-Rs, -N(RSRS"'), -0C(0)Rs, -C(0)0Rs, nitro, 

oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, Li and Li are -(CH2)-, and are 

each independently optionally substituted with one or more substituents selected from halogen, RT, -

0-Rs, -S-Rs, -NfRsRs'X -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, 

10 formyl or cyano; and L3 is a bond or -C(0)-. -T-RD' is preferably independently selected al each 

occurrence from -C(P)-LS'-N(RB)C(0)-LS"-RD' or -C(0)-LS!-N(RB)C(0)0-LS"-RD\ wherein 

Ls' preferably is Ci-C6alkylene (e.g., -CII2-) and is optionally substituted with one or more 

substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. T can also be, without limitation, selected 

15 from -aOJ-Ls'-lV'-RD, -C(0)-Ls:-0-Ls':-RD\ -C(0)-LS'-N(RB)-LS':-RD\ or -C(0)-V-

N(RB)S(0)2-LS"-SV. 

A-

In yet another embodiment of this aspect, A is phenyl, N 5 or 

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

with one or more RA. ZX is independently selected at each occurrence from O, S, NH or CI-I2; and Z2 

is independently selected at each occurrence from N or CH. L; and L2 are each independently Cr 

Cgalkylene, L3 is a bond, CrC6alkylene or -C(O)-, and L-, L2, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -0-RS, -S-RS, -

25 N(RsRs'), -0C(0)Ks, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 

Preferably, Lx and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0RS; nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond or -C(O)-. -T-RD' is preferably 

independently selected at each occurrence from -C(0)-Ls'~N(RB)C(0)-Ls"~RD' or -C(0)-Ls'-

30 N(RB)C(0)0-LS"-RD'! wherein Ls' preferably is Ci-C6alkylene (e.g., -CH2-) and is optionally 
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substituted with one or more substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. -T-RD' can also 

be, without limitation, selected from -C(0)-LS'-LS''-RD% -C(0)-Ls'"--0-Ls"-Ri)\ -C(0)-LS'-

N(RB)~LS"-RD\ or -C(0)-LS'-N(RB)S(0)2-LS"-RD'. 

substituted with one or more RA; and D is C5-Cc,carbocycle or 5- to 6-membered heterocycle (e.g., 

phenyl), and is optionally substituted with one or more RA. Lj and L2 are each independently Cj-

10 Cgalkylene, La is a bond, Ci-Cealkylene or -C(0)-, and LL, L2, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 

Preferably, Li and L2 are -(CH2)-. and are each independently optionally substituted with one or more 

substituents selected from halogen, RTf -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)ORS, nitro, oxo, 

15 phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond or -C(O)-. -T-RD' is preferably 

independently selected at each occurrence from -C(0)-LS'-N(RB)C(0)-LS"-RD' or -C(0)-L$'-

N(RB)C(0)0-LS"-RD\ wherein Ls' preferably is Ci-Cgalkylene (e.g., -CHr) and is optionally 

substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -NfRsRs'), -

0C(0)Rs, -C(0)0RS, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. -T-RD' can also 

20 be, without limitation, selected from -C(0)-LS'-LS,*-RD\ -C(0)-LS!-0-LS"-RD\ -CfOy-Ls'-

N(RB)-LS"-RD\ or -C(0)-LS'-N(RB)S(0)2-LS"-RD'-

In a further embodiment of this aspect, A, B, and D are each independently Cs-Cgcarbocycle, 

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 RA. LJ and are each independently Q-

25 Ccalkylene, and L3 is bond, Ci-C^alkylene or -C(0)-, and L;, L2, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

N(RsRs'X -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano. 

Preferably, Li and L2 are each independently CrCealkylene (e.g., -CH2-) and L3 is bond. -T-RD' is 

independently selected at each occurrence from -C(0)-LY'-N(RB)C(0)-LS"-RD' or -C(0)-Ly'-

30 N(RB)C(0)0-LS"-RD', wherein Ly' is Ci-Cgalkylene (e.g., -CH2-) and optionally substituted with 

one or more substituents selected from halogen, RT, -O-RS, -S-RS, -N(RSRS'), -0C(0)RS, -
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10 

15 

20 

25 

C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano, and Ls" preferably is bond. 

-T-RD' can also be, without limitation, selected from -C(0)-LY'-LS"-RD\ -C(0)-LY'-0-LS"-RD\ 

-C(0)-LY'-N(RB)-Ls"-RD:,or~C(0)-LY!-N(RB)S(0)2-Ls'~RD'. 

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

pharmaceuticaily acceptable salts thereof: 

D 

RiV-T 

IB 
wherein: 

Rc' is each independently sclccted from Rc; 

RD' is each independently selected from Ri> 

R2 and R5, 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; 

R9 and Ri2, 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; 

A, B, D, Lj. L2, L3, T, RA, RC, and RD are as described above for Formula I. 

In this aspect, A and B preferably are independently selected from C5-C6carbocycle, 5- to 6-

w, 

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

.w U 
\Nr W* 

\ 

-Z2 

% 

•Z4 

•W, KX • w, 

w* 

ws 15, we ^ or "4 we where Zi is independently 

selected at each occurrence from O, S, NH or CH2, Z2 is independently selected at each occurrence 

from N or CH, Z3 is independently selected at each occurrence from N or CH, Z4 is independently 

selected at each occurrence from O, S, NH or CH2, and Wl5 W2, W3, W4, W5 and W6 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 C5-Cecarbocycle, 5- 10 6-membered heterocycle, 

Zn •Wn 

Wo 

w, KXXI 
or and is optionally substituted with one or more RA; B is 
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selected from C5-C6carbocycle, 5- to 6-membered heterocycle, ' w3 
7 

w"wWi 
or 

I—^ we 4 , and is optionally substituted with one or more RA, where Zu Tn, Z3, Z4, WL, W2, 

W3, W4, W5, W6 are as defined above. Preferably, Z3 is N and Z4 is NH. For instance, A can be 

!_CCH i ) or H (e.g., 

optionally substituted with one or more RA. 

we 4 , and is optionally substituted with one or more RA, where Zs, Z2, Z3, Z4, Wi; W2, 

W3, W4, W5, W6 are as defined above. Preferably, Z3 is N and Z4 is NH. For instance, A can be 

selected from (e.g., ^ (e.g... 

), and is optionally substituted with one or more RA; and B can be 
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selected from \ N (e.g., ) or (e.g.. 

), and is optionally substituted with one or more RA. 

Also preferably, A is H 

.N. 

(e.g., ), and B is 

H (e.g., H ), A' and B' are independently selected from C5-

5 Cgcarbocycle or 5- to 6-membered heterocycle, and A and B are independently optionally substituted 

with one or more RA. 

D preferably is selected from CVC6carbocycle, 5- to 6-membered heterocycle, or 8- to 10-

membered bicycles, and is optionally substituted with one or more RA. D can also be preferably 

selected from Ci-Cealkyl, C2-C6alkenyl or C2-C6alkyiiyl, and is optionally substituted with one or 

10 more substituents selected from halogen, RT, -0-RS) -S-Rs, -N(RSRS'), -0C(0)RS: -C(0)0Rs, nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is (VCgcarbocycle, 5- to 

6-membered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more RM, 

where RM is halogen, nitro, oxo, phosphonoxy, phosphono, tliioxo, cyano, or -LS-RE. Also 

preferably, D is phenyl, and is optionally substituted with one or more RA. More preferably, D is 

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

from RD and preferably is hydrogen. 

Preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano; or Ci-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, each of which is 

20 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.3-C6carbocycle 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, Ci-

25 Cgalkyl, C2-C6alkeTiyl, C2-C6alkynyl, Ci-Cshaloalkyl, C2-C6haloaJkenyl or C2-C6haloalkynyl. More 

or , wherein RM is as defined above, and each RN is independently selected 
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preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or CrC6aIkyl, C2-C6alkenyl or C2-

C&alkynyl, 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, RM is 

CrC6alkyl which is optionally substituted with one or more substituents selected from halogen, 

5 hydroxy, mercapto, amino or carboxy. 

Lj and L2 are preferably independently Ci-C6allcyleiie, and L3 is preferably selected from a 

bond, Ci-Cgalkylene, or -C(O)-. Li, L<2, and L3 are each independently optionally substituted with one 

or more substituents selected from halogen, RT, -O-RS, -S—R$. -N(RSRS'), -0C(O)RS, -C(0)0RS, 

nitro, oxo, phosphonoxy, phosphono. tliioxo, formyl, or cyano. More preferably, Li and L2 are -

10 (CH2)-> and are each independendy optionally substituted with one or more substituents selected from 

halogen, RT, -O-RS, -S-RS, -N(RSRS'), -0C(0)RS, -C(0)0RS, nitro, oxo, phosphonoxy, phosphono, 

tliioxo, formyl or cyano; and L3 is a bond or -C(0)-. 

R2 and R5, taken togetlier with the atoms to which they are attached, preferably form a 5- to 6-

-N \ membered heterocyclic ring (e.g., ' s) or 6- to 8-membered bicycle (e.g., 

15 which is optionally substituted with one or more RA. 

R9 and R12, taken togedier with the atoms to which they are attached, preferably form a 5- to 

6-membered heterocyclic ring (e.g., 1™"* iVI"~1) or 6- to 8-membered bicycle (e.g., 

which is optionally substituted with one or more RA. 

-T-RD' can be, without limitation, independently selected at each occurrence from -C(O)-

20 LS'-RD, -C(0)0-LS!-RD\ -C(0)-LS'-N(RB)C(0)-LS"-RD', -C(0)-LS'-N(RB)C(0)0-LS''-RD\ -

N(RB)C(0)-LS'-N(RB)C(0)-LS;:-RD'; _N(RB)C(0)-LS'—N(RB)C(0)0-LS"-RD', or -N(RB)C(0)-

Ls'—N(RB)-LS"-RD'- Preferably, -T-RD' is independently selected at each occurrence from -C(O)-

F^s'—M'—Lg"—RD' or -N(RB)C(0)-Ls=-M''-Ls;,--RD'. More preferably, -T-RD' is independently 

selected at each occurrence from ~C(0)~LS!-N(RB)C(0)-LS' '-RD' or -C(0)-LS'-N(RB)C(0)0-LS"-

25 RD'. 

-T-RD' can also be, without limitation, independently sclectcd at each occurrence from -

C(0)-LY'-RD\ -C(0)0-Ly'-RD\ -C(0)-LY!-N(RB)C(0)-LS"-RD', -C(0)-Ly!-N(RB)C(0)0-Ls"-

RD', -N(RB)C(0)-LY'-N(RB)C(0)-LS"-RD'; -N(RB)C(0)-LY'—N(RB)C(0)0-LS"-RD', or -

N(RB)C(0)-LY'—N(RB)-LS"-RD', wherein Ly' is each independently Ls: and, preferably, is each 

30 independently Ci-Cealkylene (e.g., -CH2-) and optionally substituted with one or more substituents 
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selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nilro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano. Preferably, -T-RD' is independently selected at each 

occurrence from-C(0)-Ly'-M'-Ls"-RD' or -N(RB)C(O)-LY' -M'~LS'' -RD '. More preferably, -T-

RD' is independently selected at each occurrence from -C(0)-Ly-'-N(RB)C(0)-Ls,'-RD, or -C(O)-

5 LY'-N(RB)C(0)0-LS"-RD'- Highly preferably, -T-RD' is independently selected al each occurrence 

from -C(0)-LY'-N(RB)C(0)-RD' or -C(0)-LY!-N(RB)C(0)0-RD\ wherein Ly' preferably is each 

independently Ci-Cealkylene (e.g., -CH2-) and optionally substituted with one or more substituents 

selected from halogen, Rr, -O-Rs, -S-Rs, -N(RsRs')> -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, Ihioxo, formyl or cyano. 

10 Rc' is preferably hydrogen, and RD' preferably is independently selected at each occurrence 

from LA, or 5- or 6-membered carbocycle or heterocycle which is optionally substituted with one or 

more halogen, RT, -O-Rg, -S-RB, -N(RBRB')? -00(0)RB, -C(0)0RB, nitro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano. More preferably, RD' is independently selected at each 

occurrence from Ci-Cgalkyl. C2-C6alkenyl or Cj-Ccalkynyl, each of which is independently optionally 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C3-

Cccarhocycle or 3- to 6-membered heterocycle; or Cs-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, 

20 phosphono, thioxo, formyl, cyano, Cj-Cealkyl, C2-C6alkenyl, CrCealkynyl, CpCehaloalkyl, C2-

Cghaloalkenyl or C2-C<5haioaikynyl. 

For each compound of Formula IB, LK can also be independently selected at each occurrence 

from a bond; -Ls'-N(RB)C(0)-Ls-; -LS'-C(0)N(RB)-LS-; or Ci-Cealkylene, C2-C6alkenylene, C2-

C6alkynylene, C3-C i0carbocycle or 3- to 10-membered heterocycle, each of which is independently 

25 optionally substituted at each occurrence with one or more substituents selected from halogen, RT> -

O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, tliioxo, 

formyl or cyano, wherein Ls and Ls' are as defined above. 

RA preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, ihioxo, cyano; or Ci-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, each of which is 

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

halogen, hydroxy, mercapto, amino, carboxy, nilro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano; or CrCgcarbocycle or 3- to 6-membered heterocycle, each of which is independenlly 

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

hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

35 Cgalkyl, C2-C6alkenyl, C^-Cealkynyl, Cj -C6haloalkyL C2-C6haloalkeiiyl or Ca-Cghaloalkynyl; or -LA-
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O-Rs, -LA-S-Rs, -LA-C(0)RS, -LA-0C(0)RS, -LA-C(0)0RS, ~LA-N(RSRS'), -LA-S(0)RS, -LA-

S02RS, -LA-C(0)N(RSRS'), -LA-N(RS)C(0)RS', -LA-N(Rs)C(0)N(Rs'Rs"), -LA-N(Rs)S02Rs\ -

LA-S02N(RSRS'); -LA-N(Rs)S02N(RstR.s,:), -LA-N(Rs)S(0)N(Rs'Rs''), -LA-0S(0)-Rs, -LA-

0S(0)2-RS, -LA-S(0)20RS, -LA-S(0)0RS, -LA-0C(O)0Rs, -LA-N(Rs)C(0)0Rs' , -LA-

5 0C(0)N(RsRs'), -LA-N(RS)S(0)-RS\ -LA-S(0)N(RSRS') or -LA-C(0)N(Rs)C(0)~Rs\ wherein LA 

is bond, Ci-Cealkylene, C2-C6alkenylene or C2-C<jalkynylene. 

More preferably, RA is halogen, hydroxy, mercapto. amino, carboxy, nilro, oxo, 

phosphonoxy, phosphono, ihioxo, cyano; or Ci-Qalkyl, C2-Coalkenyl or CVCealkynyl, each of which 

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

10 halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano; or C.—Cccarbocycle 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, Cr 

C^alkyl, CrCgalkenyl, C2-Cfialkynyl, Ci-QJialoalkyl, CrCgbaloalkenyl or C2-C6haloalkynyl. 

15 Highly preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, tliioxo. cyano; or Cj-C6alkyl, C2-C6alkenyl or C2-C6alkyiiyl, 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. 

20 Ls, Ls' and Ls" preferably are each independently selected at each occurrence from bond; or 

Ci-C6alkylene, C2-C5alkenyleiie or C2-C6aJkynylene. 

A and B can be the same or different. Likewise, Li and La 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 RA. Lj and La are each independently Cj-

25 C6alkylene, L3 is a bond, Ci-Cealkylene or -C(O)-, and Lj, La, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

N(RsRs'), -0C(0)Rs, -C(0)0Rs> tiitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 

Preferably, Lx and La are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RTi -O-Rs, -S-Rs, -N(RSRS'), -OC(0)RS, -C(0)0Rs, nitro, oxo, 

30 phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond or -CfO}-. -T-RD' is preferably 

independently selected al each occurrence from -C(0>-LS'-N(RB)C(0)-LS"-RD' or -C(0)-Ls'-

N(RB)C(0)0-Ls"-RD\ wherein Ls' preferably is CrC6alkylene (e.g., -CHr) and is optionally 

substituted with one or more substituents selected from halogen, Rx, -0-Rs, -S-Rs, -N(RsRs'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano. -T-RD' can also 
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be, without limitation, selected from -C(0)-LS'-LS"-RD', -C(0)-LS'-0-LS"-RD', -C(0)-Ls'~ 

N(RB)-LS"-RD\ or -C(0)-LS'-N(RB)S(0)2~LS"~-RD\ 

5 optionally substituted with one or more RA; and D is Cs-Cgcarbocycle or 5- to 6-membered 

heterocycle (e.g., phenyl), and is optionally substituted with one or more RA. ZI is independently 

selected at each occurrence from O, S, NH or CH2; and Z2 is independently selected at each 

occurrence from N or CH. Li and are each independently C|-C6alkylene, L3 is a bond, Q-

C6alkylene or -C(O)-, and Lu L, and L3 are cach independently optionally substituted witli one or 

10 more substituents selected from halogen, RT, -O-RS, -S-RS, -N(RSRS'), -0C(0)RS, -C(0)0RS, nitro, 

oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. Preferably, Li and L2 are -(CH2)-, and are 

each independently optionally substituted with one or more substituents selected from halogen, RT, -

O-Rs, -S-Rs, -N(RsRs')» -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, tliioxo, 

formyl or cyano; and L3 is a bond or -C(0)-. -~T-RD' is preferably independently selected at each 

15 occurrence from -C(0)-LS'-N(RB)C(0)-LS''~~RD' or -C(0)-LS'-N(RB)C(0)0-LS"-RD\ wherein 

Ls' preferably is Ci-C6alkylene (e.g., -CH2-) and is optionally substituted with one or more 

substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, 

phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano. -T-RD' can also be, without limitation, 

selected from --C(O)—Ls'—Ls"—RD\ —C(O)—Ls'—-O-Ls"—RD , -JC(0)—Lg'—N(RB)—Ls"—RR\ or —0(0)— 

20 Ls>-N(RB)S(0)2-Ls',-Rn'- -T-RD' can also be independently selected at each occurrence from -

C(0)-LY'-N(RB)C(0)-LS"-RD' or -C(0)-LY'-N(RB)C(0)0-Ls"-RD', wherein Ly' is CrCfialkyleiie 

(e.g., -CHr) and optionally substituted with one or more substituents selected from halogen, RT, -O-

Rs, -S~Rs, ~N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or 

cyano, and Ls" preferably is bond. -T-RD' can also be, without limitation, selected from -C(0)-LY'-

25 LS"-RD\ ~C(0)-LY'-0-LS"-RD\ -C(0)-LY'-N(R3)-LS"-RD\ or -C(0)-LY'-N(RB)S(0)2-LS"-

optionally substituted with one or more RA: B is 

In another embodiment of this aspect, t , and is 

, and is 

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

H , and is optionally substituted with one or more RA; B is phenyl, 
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"N or H and is optionally substituted with one or more RA; and 

D is C5-C6carbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted 

with one or more RA. Z; is independently selected at each occurrencc from O, S, NH or CH2; and Z2 

is independently selected at each occurrence from N or CH. Li and L2 are each independently Cr 

C6alkylene, L3 is a bond, Ci-Cealkylene or -C(O)-, and Li, L2, and L3 are cach independently 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 

Preferably, Li and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)ORs, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl or cyano; and L3 is a bond or -C(O)-. -T-RD' is preferably 

independently selected at each occurrence from -C(0)-Ls'-N(RB)C(0)-Ls"-RD' or -C(0)-Ls'-

N(RB)C(0)0-Ls"-RD', wherein Ls' preferably is Ci-Cf)alkylene (e.g., -CII2-) and is optionally 

substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs"'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono. oxo, tliioxo, formyl or cyano. -T-RD' can also 

be, without limitation, selected from -C(0)-LS'-LS''-RD\ -C(0)-Ls'-0-Ls''-RD\ -C(0)-Ls'-

N(RB)-LS"-RD\ or -C(0)~L,S,-N(RB)S(0)2-LS"-RD' • 

and is optionally substituted with one or more RA; and B is 

KXXM . _ .. 
H , or H and is optionally 

substituted with one or more RA; and D is Cs-Cecarbocycle or 5- to 6-membered heterocycle (e.g., 

phenyl), and is optionally substituted with one or more RA. I.4 and L2 are each independently Cr 

Cr,alkylene, L3 is a bond, C} -Cgalkylene or -C(O)-, and L^, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -

N(RsRs'), -0C(0)Rs, -C(0)0RS, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 

Preferably, L; and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -O-RS, -S-RS, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, 

phosphonoxy. phosphono, ihioxo, formyl or cyano; and L3 is a bond or -C(O)-. -T-RD' is preferably 

independently selected al each occurrence from -Q0)-Ls'-N(RB)C(0)-Ls:'~RD' or -C(0)-Ls'-

N(RB)C(0)0-LS"-RD', wherein Ls' preferably is Ci-C6alkylene (e.g., -CH2-) and is optionally 
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substituted will) one or more substituents selected from halogen, RT, ~0-Rs, -S-Rs, -N(RSRS'), -

0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. -T-RD' can also 

be, without limitation, selected from -C(0)-LS,-LS''-RD\ -C(0)-LS'-O~LS"-RD', -C(0)-Ls'~ 

N(RB)-LS"~RD', or -C(0)-LS'-N(RB)S(0)2-LS"-RD'. 

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

pharmaceuticaily acceptable salts thereof. 

wherein: 

RNB is RB! 

Rc' is each independently selected from Rc; 

RD' is each independently selected from RD; 

Ro and R5, taken togetlier 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; 

R9 and R12, taken togetlier 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; 

A, B, D, Lj, hi, L3, T, RA, RB, RC, and RD arc as described above in Formula I. 

In this aspect, A and B preferably are independentiy selected from C5-C6carbocycle, 5- to 6-

w, 

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

Z,. 

w. 

Wo wc ,w. 

w, .^Z 
H Wc 

'6 - or ^ w6 where Zi is 

independently selected a! each occurrence from O, S, NH or CH2, Z2 is independently selected at each 

occurrence from N or CH, Z3 is independently selected at each occurrence from N or CH, Z4 is 

independently selected at each occurrence from O, S, NH or CH2, and W3, W2, W3, W4, W5 and W6 

are each independently selected at each occurrence from CH or N. A and B are each independently 

optionally substituted with one or more RA. 
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More preferably, A is selected from C5-C6carbocycle, 5- to 6-membered heterocycle, 

wf » 
i—^ "2 w6 4 , and is optionally substituted with one or more RA, where Z!? Z-2! Zj, Z4, Wl5 W2, 

5 W3, W4, W5, W6 arc as defined above. Preferably, Z3 is N and Z4 is NH. For instance, A can be 

or more RA; and B can be selected from phenyl (e.g., 

r~% ' 
) or H (e.g., 

10 optionally substituted with one or more RA. 

Highly preferably, A is Cj-Cccarbocycle or 5- to 6-membered heterocycle, and is optionally 

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

/W, _Zl 

^ w3 or ^6 ). and is optionally substituted with one or more 

RA. Z4 is O, S, NH or CH2; is N or CH; Z3 is N or CH; Z4 is O, S, NH or CH2; and W,, W2, W3, 

15 W4, W5 and W6 are each independently selected from CH or N. 

W, -z2 

with one or more RA, where Zi5 Z2, Z3, Z4, W3, W2, W3, W4, W5, W6 are as defined above. Preferably, 
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with one or more RA. 

Also preferably. A is C5-C6carbocycle (e.g., phenyl) or 5- to 6-membered heterocycle, and B 

membered heterocycle, and A and B are 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 RA. D can also be preferably 

selected from C i -Cgalkyl, Ci-CV.alkenyi or Ci-Csalkynyl, and is optionally substituted with one or 

10 more substituents selected from halogen, Rx, -0-Rs, -S-Rs, -N(RSRS,)! --0C(0)Rs, -C(0)0Rs, nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, D is Cs-Cficarbocycle, 5- to 

6-membered heterocycle, or 6- to 10-membered bicycles, and is substituted with one or more RM, 

where RM is halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or ~LS~RE. Also 

preferably, D is phenyl, and is optionally substituted with one or more RA. More preferably, D is 

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

from RD and preferably is hydrogen. 

Preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano; or Ci-CeaJkyl, C2-C6alkenyl or Cj-Csalkynyl, each of which is 

20 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 C3-C6carbocycle 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, Cp 

25 Cgalkyl, Cj-Cgalkenyl, C2-Cr,alkynyl, Cj-CfJialoalkyl, CrCshaloalkenyl or C2-Cfihaloalkynyl. More 

preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or Q-Cfialkyl. (VCcalkenyl or C2-

Cgalkynyl, each of which is independently optionally substituted al each occurrence with one or more 
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substituents selected from halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, RM is 

Ci-Cgalkyl which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy. 

Lj and Li are preferably independently Cj-Cfialkylene, and L3 is preferably selected from a 

5 bond, Ci-C^alkylene, or -C(O)-. Lu Lz, and L3 are each independently optionally substituted witli one 

or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'). -0C(0)Rs, -C(0)0R3, 

nilro, oxo, phosphonoxy, phosphono, tliioxo, formyl, or cyano. More preferably, Li and Li are -

(CH2)-, and are each independently optionally substituted with one or more subslituents selected from 

halogen, Rp, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs> -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, 

10 tliioxo, formyl or cyano; and L3 is a bond or -C(O)-. 

R2 and R5, taken together witli the atoms to which they are attached, preferably form a 5- to 6-

\ membered heterocyclic ring (e.g., * 3) or 6- to 8-membered bicycle (e.g., 

which is optionally substituted witli one or more RA. 

R9 and RI2, taken together witli the atoms to which they are attached, preferably form a 5- to 

15 6-membered heterocyclic ring (e.g., N~^) or 6- to 8-membered bicycle (e.g., 

which is optionally substituted witli one or more RA. 

-T-RD' can be, without limitation, independently selected at each occurrence from -C(0)-

LS'-RD\ -C(0)0-Ls-RD\ -C(0)-Ls'-N(RB)C(0)-Ls"-RD\ ~C(0)-LS'-N(RB)C(0)0-LS"-RD\ -

N(RB)C(0)-LS'-N(RB)C(0)--LS"-RD'; -N(RB)C(0)-LS'—N(RB)C(0)0-LS"-RD\ or -N(RB)C(0)-

20 Ls'—N(RB)-LS"-RD'- Preferably, -T-RD' is independently selected at each occurrence from -C(0)-

LS'-M'-LS"-RD! or -N(RB)CXO)-LS'-M'-LS"-RD'- More preferably, -T-RD' is independently 

selected at each occurrence from-C(0)-Ls,-N(RB)C(0)-Ls''-RD' or -C(0)-LS'-N(RB)C(0)0-LS"-

RD'-

-T-RD' can also be, without limitation, independently selected at each occurrence from -

25 C(0)-Ly'-RD\ -C(0)0-LY'-RD\ <XO)-LY'-N(RB)C(0>-Ls"-RD\ -C(0)_LY'-N(RB)C(0)0-LS"-

RD', -N(RB)C(0)-LY'-N(RB)C(0)-LS"-RD,1 -N(RB)C(OHY-N(RB)C(0)0-LS"-RD\ or -

N(RB)C(0)-LY'—N(RB)-LS"-RD\ wherein LY"' is each independently Ls' and, preferably, is each 

independently Ci-Cealkylene (e.g., -CI-I2-) and optionally substituted with one or more substituents 

selected from halogen, RT; -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

30 phosphono, oxo, thioxo, formyl or cyano. Preferably, -T-RD' is independently selected at each 
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occurrence from -C^-LY'-M'-IV'-RD' or -N(RB)C(0)-LY,-M'-Ls"-RD'. More preferably, -T-

RD' is independently selected at each occurrence from -C(0)-LY'-N(RB)C(0)-LS''-RD' or -0(0)-

LY'-N(RB)C(0)0-LS"-RD'. Highly preferably, -T-RD' is independently selected at each occurrence 

from -C(0)-LY'-N(RB)C(0)-RD' or -C(0)-Ly'-N(RB)C(0)0-RD\ wherein Ly' preferably is each 

5 independently Ci-Cgalkylene (e.g., -CII2-) and optionally substituted witli one or more substituents 

selected from halogen, RT, -O-RS, -S-RS, ~N(RSRS'). -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, tliioxo, formyl or cyano. 

RNB and Rc' are preferably hydrogen, and RD' preferably is independently selected at each 

occurrence from LA. or 5- or 6-membered carbocycle or heterocycle which is optionally substituted 

10 witli one or more halogen, RT, -0-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. More preferably, RD' is independently 

selected at each occurrence from Ci-C6alkyl, CrC6aikenyl or C2-Cfialkynyl, each of which is 

independently optionally substituted at each occurrence witli one or more substituents selected from 

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, 

15 cyano, Cs-Cgcarbocycle or 3- to 6-membered heterocycle; or CrCgcarbocycle or 3- to 6-membered 

heterocycic, cach of which is independently optionally substituted at each occurrence with one or 

more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl, cyano, CrC<,alkyl, C2-C6alkenyl, (VCealkynyl, Cj-

Cghaloalkyl, C2-C6haloalkenyl or C2-C6haloalkynyl. 

20 For each compound of Formula Ic, LK can also be independently selected al each occurrence 

from a bond; -Ls5-N(RB)C(0)-Ls-; -Ls'-C(0)N(RB)-Ls-; or CrCgalkylene, CVCgalkenylene, C2-

Cf,alkynylene, Cj-Cjocarbocycle or 3- to 10-membered heterocycle, each of which is independently 

optionally substituted at each occurrence with one or more substituents selected from halogen, Rr, -

O-Rs, -S-R,s, -N(RsRs'X -0C(0)Rs, -C.(0)0Rs, nitro, oxo, phosphonoxy, phosphono, tliioxo, 

25 formyl or cyano, wherein Ls and Ls' are as defined above. 

RA preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, tliioxo, cyano: or Ci-C6alkyl, C2-C6alkenyl or C2-C{.alkynyl, each of which is 

independently optionally substituted at each occurrence witli one or more substituents selected from 

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, ihioxo, formyl or 

30 cyano; or Cs-Cgcarbocycle or 3- to 6-membered heterocycle, each of which is independently 

optionally subslituled at each occurrence with one or more substituents selected from halogen, 

hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cj-

Csalkyl, C2-C6alkenyl, C2-C6alkynyl, CrCshaloalkyl, C2-Q,haloalkenyl or tVCfihaloalkynyl; or -LA-

0-RS: -LA-S-RS, -LA-C(0)RS, -LA-0C(0)RS, -LA-C(0)ORS, -LA-N(RSRS'), -LA-S(0)RS, ~LA-

35 S02RS, -LA~C(0)N(RSRS'): -LA-N(RS)C(0)RS'. -LA-N(RSX:(0)N(RS;RS-): -LA-N(RS)S02RS', -
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LA-S02N(RSRS'), -LA-N(RS)S02N(RS'RS"), -LA-N(RS)S(0)N(RS'RS"), -LA-0S(0)-RS, -LA-

0S(0)2-RS, -LA-S(0)20RS, -LA-S(0)0RS, -LA-0C(0)0RS, -LA-N(RS)C(0)0RS\ -LA-

0C(0)N(RsRs'), -LA-N(RS)S(0)-RS\ -LA-S(0)N(RsRs') or -LA-C(0)N(RS)C(0)-RS\ wherein LA 

is bond, Q -Cp^kylene, C2-C6alkenylene or C2-C6alkynylene. 

5 More preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo. cyano; or Ci-C0alkyl, C2-Ccalkenyl or C2-Cealkynyl, each of which 

is independently optionally substituted at each occurrence witli one or more substituents selected from 

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or 

cyano; or (VCccarbocycle or 3- to 6-membered heterocycle, each of which is independently 

10 optionally substituted at each occurrence witli one or more substituents selected from halogen, 

hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

Cealkyl, C2-Cc>aikenyL C2-C6alkynyl. CrC6ha]oalkyl, C2-C6haloalkenyl or CVCghaloalkynyl. 

Highly preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, cyano; or Q-Cgalkyl, CVCoalkenyl or CrCsalkynyl, each of which 

15 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, Lg' and Ls" preferably arc cach independently selected at each occurrence from bond; or 

Ci-Cealkylene, C2-C6alkenylene or C2-C6alkynylene. 

20 A and B can be die same or different. Likewise, Lj and L2 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 RA. LL and are each independently Cr 

Cr,alkylene, is a bond, Ci-C6alkylene or -C(O)-, and L3, L2, and Ls are each independently 

optionally substituted with one or more substituents selected from halogen, Rx, -O-Rs, -S-Rs, -

25 N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, ihioxo, formyl, or cyano. 

Preferably, L< and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), ~0C(0)Rs, -C(0)0Rs, nilro, oxo, 

phosphonoxy, phosphono, thioxo, formyl or cyano; and L? is a bond or -C(O)-. -T-RD' is preferably 

independently selected at each occurrence from -C(0)-LS'-N(RB)C(0)-LS"-RD' or -C(0)-Ls'-

30 N(RB)C(0)0-LS"-RD', wherein Ls' preferably is CrQalkylene (e.g., -CH2-) and is oplionaliy 

substituted with one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -

0C(0)Rs, -C(0)0RS, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano. -T-RD' can also 

be, without limitation, selected from -C(0)-LS'-LS"-RD\ -C(0)-LS'-0-LS"-RD\ -C(0)-LS'-

N(RB)-LS"-RD\ or -C(0)-LS5-N(RB)S(0)2-LS"-RD'-
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optionally substituted with one or more RA; B is * NJ' IN or 

optionally substituted with one or more RA; and D is C5-C6carbocycle or 5- to 6-membered 

heterocycle (e.g., phenyl), and is optionally substituted with one or more RA. ZJ is independently 

selected at each occurrence from O, S, NH or CH2; and Z2 is independently selected at each 

occurrence from N or CH. Lx and L^ are each independently Cj-Cgalkylene, L3 is a bond, Cj-

C6alkylene or -C(O)-, and L], L2, and L3 are each independently optionally substituted with one or 

more substituents selected from halogen, RT, -0-RS, -S-Rs, -N(RSRS'), -0C(0)Rs, ~C(0)0Rs, nitro, 

oxo, phosphonoxy, phosphono, Ihioxo, formyl, or cyano. Preferably, Lj and L2 are -(CI-I2)-, and are 

each independently optionally substituted with one or more substituents selected from halogen, RT, -

O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -C(0)0Rs, nilro. oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano; and Lj is a bond or -C(O)-. -T-RD' is preferably independently selected at each 

occurrence from -C(0)-Ls'-N(RB)C(0)-Ls"-RD' or -€(0)-LS'-N(RB)C(0)0-LS"-RD', wherein 

Ls' preferably is Ci-Cealkylene (e.g., -CH2-) and is optionally substituted witli one or more 

substituents selected from halogen, RT; -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)ORs, nitro, 

phosphonoxy, phosphono, oxo, thioxo, formyl or cyano. -T-RD' can also be, without limitation, 

selected from ~C(0)-Ls'-Ls"--RD\ -C(0)-LS,-0-LS'>-RD\ -C(0)-Ls'-N(RB)~Ls''-RD\ or-C(O)-

Ls!-N(R3)S(0)2-IV'-RD\ 

.ZI. 

or 

? \ 

In yet anotlier embodiment of this aspect, A is phenyl, 

"XLi 
H , and is optionally substituted with one or more RA; B is phenyl, 

Vi s-CXH 
N or H and is optionally substituted witli one or more RA; and 

D is C5-C6carbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted 

witli one or more RA. Zj. is independently selected at each occurrence from O, S, NH or CH2; and Z2 

is independently selected at each occurrence from N or CII. Li and L2 are each independently Ci-

Cealkylene, L3 is a bond, Ci-Cealkylene or -C(O)-, and Lu Lz, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -0-Rs, -S-Rs, -

N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 
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Preferably, Li and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, oxo, 

phosphonoxy, phosphono, tliioxo, formyl or cyano; and L3 is a bond or -C(0)-. -T-Rr/' is preferably 

independently selected at each occurrence from -C(0)-LS'-N(RB)C(0)-LS"-RD' or -C(0)-Ls'-

N(RB)C(0)0-LS"-RD', wherein Ls' preferably is Cj-Cgalkyiene (e.g., -CHr) and is optionally 

substituted with one or more substituents selected from halogen, RT, -O-Rs, -S~Rs. -N(RSRS'), -

0C(0)Rs, -C(0)0Rs, nitro. phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano. -T-RD' can also 

be, without limitation, selected from -C(0)-LS,-LS"-RD\ -C(0)-LS' -0-LS' '-Rr/ , -C(0)-Ls'-

N(RB)-L S"-RD', or -C(0)-Ls'-N(RB)S(0)2-Ls! '-RD' • 

In still another embodiment of this aspect, A is 

and is optionally substituted with one or more RA; and B is 

or H , and is optionally 

substituted with one or more RA; and D is C5-C6carbocyc!e or 5- to 6-membered heterocycle (e.g., 

phenyl), and is optionally substituted with one or more RA- Lj and L2 are each independently CV 

C^alkylene, L3 is a bond, Ci-C(,alkylene or -C(O)-, and Ls, Lz, and L3 are each independently 

optionally substituted with one or more substituents selected from halogen, RT, -0-Rs, -S-Rs, -

N(RsRs'), -0C(0)Rs, -C(O)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, or cyano. 

Preferably, Li and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -O-Rs- -S-Rg, -N(RSRS'), -0C(0)RS; -C(0)0Rs, nitro, oxo, 

phosphonoxy, phosphono, tliioxo, formyl or cyano; and L3 is a bond or -C(O)-. -T-RD' is preferably 

independently selected at each occurrence from -C(0)-LS'-N(RB)C(0)-LS"-RD' or -C(0)-Ls'-

N(RB)C(0)0-LS"-RD\ wherein Ls' preferably is Ci-Cealkylene (e.g., -CH2-) and is optionally 

substituted witli one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RgRs'), -

0C(0)Rs, -C(0)0RS, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano. -T-RD' can also 

be, without limitation, selected from -C(0)~LS'-LS"-RD'5 -C(0)-LS'-0-LS''-RD\ -CfOHV-

N(RB)~LS"~RD', or -C(0)~LS;-N(RB)S(0)2-LS"-R:D\ 

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

more RA; and B is or , and is optionally substituted with 

one or more RA, wherein Zi is O, S, NH or CH2; and Z^ is N or CH. D is Cs-Cecarbocycle or 5- to 6-
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membered heterocycle (e.g., phenyl), and is optionally substituted witli one or more RA. L. and are 

each independently CrC6alkyleiie, and L3 is bond, Ci-C6alkylene or -C(O)-, and Li, U, and L? are 

each independently optionally substituted with one or more substituents selected from halogen, RT, -

O-Rs, -S-Rs, -N(RsRs')> -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, 

5 formyl or cyano. Preferably, Li and L2 are each independently Ci-Cealkylene (e.g., -CI12-), and L3 is 

bond. -T-RD' is independently selected at each occurrence from -C(0)-LY'-N(RB)C(0)~LS''-RD! or 

-C(0)-LY'-N(RB)C(0)0-LS"-RD!, wherein LY' is Ci-C6alkylene (e.g., -CH2~) and optionally 

substituted with one or more substituents selected from halogen, RT, ~0-RS, -S-RS, -N(RSR$'), -

0C(0)Rs, -C(0)0RS, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano, and Ls" 

10 preferably is bond. -T-RD' can also be, without limitation, selected from -C(0)-Ly'-Ls"-RD\ -

C(0)-LY'-0-Ls"-RD\ C(0)-LY'-N(RB)-LS"-RD', or -C(0)-LY'-N(RB)S(0)2-Ls''-RD\ 

The present invention also features the compounds of Formulae I, IA, IB and Ic as described 

herein (including each embodiment described herein) or salts thereof, except that D is C3-

Ciocarbocycle or 3- to 10-membered heterocycle which is substituted with J and optionally substituted 

15 witli one or more RA, where J is C3-C10carbocycle or 3- to 10-membered heterocycle and is optionally 

substituted with one or more RA, or J is -SF5. Preferably, D is C5-C6carbocycle, 5- to 6-membered 

heterocycle or 6- to 10-membered bicycle and is optionally substituted with one or more RA, and J is 

C3-C6carbocycle or 3- to 6-membered heterocycle and is optionally substituted witli one or more RA. 

More preferably, D is CVCgcarbocycle or 5- to 6-membered heterocycle and is optionally substituted 

20 with one or more RA, and J is C3-C()carbocycle or 3- to 6-membered heterocycle and is optionally 

substituted with one or more RA. Highly preferably, D is phenyl substituted with J and optionally 

substituted witli one or more RA, where J is C3-C6carbocyeIe or 3- to 6-membered heterocycle and is 

optionally substituted with one or more RA. Preferred RAs are as described above. In one 

25 is hydrogen, and J is as defined above and preferably is C3-C6carhocycle or 3- to 6-membered 

heterocycle optionally substituted with one or more RA. In another embodiment, D is , and J is 

C3-C6carbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or more RA. 

The present invention also features the compounds of Formulae I, IA. IB and Ic as described 

herein (including each embodiment described herein) or salts thereof, except that: 

j 

embodiment. D is , wherein each RN is independently selected from RD and preferably 

j 
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Ri and R2 are each independently Rc, and R5 is RB; or R, is Rc, and R2 and R5, taken 

together with the atoms to which they are attached, form a 3- to 10-membered 

heterocyclic ring which is optionally substituted witli one or more RA; and 

R3, R4, R6, and R7 are each independently Rc; or R3 and R6 are each independently Rc, 

5 and R4 and R7, laken 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 RA; 

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 

10 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 lo a patient, the salt preferably is pharmaceuticaily 

acceptable. Pharmaceuticaily acceptable salts include, but are not limited to, acid addition salts, base 

15 addition salts, and alkali metal sails. 

Pharmaceuticaily 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, 

20 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, glucuronale, maleale, fumarate, pyruvate, 

aspartate, glutamate, benzoate, anthranilic acid, mesylate, stearate, salicylate, p-hydroxybenzoate, 

phenylacetate, mandelate, embonate (pamoate), methanesulfonate, ethanesulfonate, benzenesulfonate, 

25 pantothenate, toluenesulfonate, 2-hydroxyethanesulfonate, sufanilate, cyclohexylaminosulfonate, 

algenic acid, b-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, bisulfate, hutyrate, 

camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoate, 

glycerophosphate, hemisulfate, heptanoate, hexanoate, nicotinate, 2-naphthalesulfonate, oxalate, 

palmoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and 

30 undecanoale. 

Pharmaceuticaily acceptable base addition salts include, but are not limited to, metallic salts 

and organic sails. Non-limiting examples of suitable metallic salts include alkali metal (group la) 

salts, alkaline earth metal (group Ha) salts, and other pharmaceuticaily acceptable metal salts. Such 

salts may be made, without limitation, from aluminum, calcium, lithium, magnesium, potassium, 

35 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, dietlianolamine, ethylenediamine, meglumine (N-methylglucamine), and 

procaine. Basic nitrogen-containing groups can be quatemized witli agents such as alkyl halides (e.g., 

methyl, ethyl, propyl, butyl, decyl, lauryl, myristyl, and stearyl chlorides/bromides/iodides), dialkyl 

5 sulfates (e.g., dimethyl, diethyl, dibuytl, and diamyl sulfates), aralkyl halides (e.g., benzyl and 

phenethyl bromides), and otliers. 

The compounds or salts of the present invention may exist in the form of solvates, such as 

witli water (i.e., hydrates), or with organic solvents (e.g., with methanol, ethanol or acetonitrile to 

form, respectively, methanolate, ethanolate or acetonitrilate). 

10 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 

15 known as chiral centers. These compounds may exist, without limitation, as single stereoisomers 

(e.g., single cnantiomers or single diastcrcomer), mixtures of stereoisomers (e.g. a mixture of 

enantiomers or diastereomers), or racemic mixtures. Compounds identified herein as single 

stereoisomers are meant to describe compounds that are present in a form that is substantially free 

from oilier stereoisomers (e.g., substantially free from other enantiomers or diastereomers). By 

20 "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 

25 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 

30 separation of the diastereomers and regeneration of the individual enantiomers, and enzymatic 

resolution. 

Stereospecific synthesis typically involves the use of appropriate optically pure 

(enaiitiomerically 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 

35 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 

5 separated by I-IPLC. 

Resolution of enantiomers can also be accomplished by converting enantiomers in a mixture 

to diastereomers by reaction witli 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 

10 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 

15 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 enantiomericaliy pure acid can then be 

separated from the unhydrolyzcd ester. 

Alternatively, salts of enantiomers in a mixture can be prepared using any suitable method 

20 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 

enantiomericaliy 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 el al., 1981, John Wiley and Sons, New York, NY). 

25 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. 

30 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 

35 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 die stereoisomers of the compound and mixtures thereof are encompassed in die present invention 

unless otherwise specified. Non-limiting examples of stereoisomers include enantiomers, 

5 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, Lj., Lj, L3, Y, Z, T. RA or RB,). 

Unless otherwise specified, each variable widiin 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 

10 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 odier moiety or moieties. 

The number of carbon atoms in a hydrocarbyl moiety can be indicated by the prefix "Cx-Cy," 

where x is the minimum and y is die maximum number of carbon atoms in the moiety. Thus, for 

15 example. "Ci-Cealkyl" refers to an alky! substituent containing from 1 to 6 carbon atoms. Illustrating 

furdier, CVC6cycloa]ky] 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: 

carhocyclyl and alkyl. Thus, for example, CrC6carbocyclylCrC6alkyl refers to a C3-C6carbocyclyl 

20 appended to the parent molecular moiety through a CrC6alkyl 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 die rightmost-described component of the linking element is 

bound to die right element in die depicted structure. To illustrate, if die chemical structure is -Ls-M-

25 Ls'- and M is -N(RB)S(0)-, then the chemical structure is -Ls-N(RB)S(0)-Ls'-. 

If a linking element in a depicted structure is a bond, then the element left to the linking 

element is joined directly to die element right to the linking element via a covalent bond. For 

example, if a chemical structure is depicted as -LS~M-LS'- and M is selected as bond, then the 

chemical structure will be -Ls-Ls'--. If two or more adjacent linking elements in a depicted structure 

30 are bonds, then the element left to these linking elements is joined directly to die element right to 

these linking elements via a covalent bond. For instance, if a chemical structure is depicted as -Ls-

M-Ls'-M'-Ls"-, and M and Ls' are selected as bonds, then the chemical structure will be -Ls-M'~ 

Ls"-- Likewise, if a chemical structure is depicted as -Ls-M-Ls'-M'-Ls"-, and M, Ls' and M' are 

bonds, then die chemical structure will be -Ls-Ls"-. 
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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 

5 number of non-hydrogen radicals, that moiely may be either unsubstituted, or subslituled by up to that 

particular number of non-hydrogen radicals or by up to the maximum number of subslitulable 

positions on the moiety, whichever is less. Thus, for example, if a moiely is described as a 

heterocycle optionally substituted witli up to tliree non-hydrogen radicals, then any heterocycle with 

less than three substilutabie positions will be optionally substituted by up to only as many non-

10 hydrogen radicals as the heterocycle has substilutabie positions. To illustrate, tetrazolyl (which has 

only one substilutabie position) will be optionally substituted witli 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 lo 

15 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, 

20 1-bulenyl, 2-butenyl, and 3-butenyl. 

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

or branched and which has at least one carbon-carbon double bond. Non-limiting examples of 

alkenylene groups include -C(H)=C(H)~ -C(H)=C(H)~CH2-, -C(H)=C(H)-CH2-CH2~, 

-CH2-C{H)=C(H)^H2- —C(H)=C(H)~CH(CH3)~, and -CH2-C(H)-C(H)~CH(CH2CH3)~. 

25 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, -CH2-, -CH2CH2-, -

30 CH2CH2CH2-, -CH2CH2CH2CH2-, and -CH2CH(CH3)CH2-. 

The lerm "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 

35 linear or branched and which has al least one carbon-carbon triple bonds. Representative alkynylene 
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groups include, by way of example, -OC-, — OC—CH2—, —OC—CH2—CIi2—, 

-CH2-C<:-CH2~ -CO~CH(CH3)-, and -CH2~C-C-CH(CH2CH3)~. 

The term "carbocycle" or "carbocyclic" or "carbocyclyl" refers to a saturated (e.g., 

"cycloalkyl"), partially saturated (e.g., "cycloalkenyl" or "cycloalkynyl") or completely unsaturated 

5 (e.g., "aryl") ring system containing zero heteroatom ring atom. "Ring atoms" or "ring members" are 

the atoms bound togetlier 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, 

cydopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl, 

10 cydopentadienyl, cyclohexadienyl, adamantyl, decahydro-naphthalenyl, octahydro-indenyl, 

cyclohexenyl, phenyl, naphthyl, indanyl, 1,2,3,4-letrahydro-naphtiiyi, 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 

15 attached to the two other elements through any two substilutabie ring atoms. 

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

moiety through an alkylene group. For instance, CrCtcarbocyciylCi-Cgalkyl refers to a Cr 

Cgcarbocyclyl group appended to the parent molecular moiety through Ci-Cealkylene. 

The term "cycloalkenyl" refers to a non-aromatic, partially unsaturated carbocyclyl moiety 

20 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. 

25 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, "Ci-Cehaloalkyl" means a 

Ci-C6alkyl substituent wherein one or more hydrogen atoms are replaced witli independently selected 

halogen radicals. Non-limiting examples of Ci-C<shaloalkyl include chloromethyl, 1-bromoethyl, 

fluoromethyl, difluorometiiyl, trifluoromethyl, and 1,1,1-trifluoroethyl. It should be recognized that if 

30 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 

35 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 substilutabie carbon or nitrogen atom(s) in the group. 

Where a heterocycle group is a divalent moiety linking two other elements in a depicted chemical 

5 structure (such as A in Formula I), the heterocycle group can be attached to the two other elements 

through any two substilutabie 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, 

10 pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl, telrazolyl dithiolyl, oxathiolyl, oxazolyl, isoxazoiyi, 

thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl, isothiazolidinyl, thiodiazolyl, 

oxathiazolyi, 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-

15 dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, pyranyl (including 1,2-pyranyl and 1,4-pyranyl), 

diliydropyranyl, pyridinyl, pipcridinyl, diazinyl (including pyrida/.inyl (also known as "1,2-dia/inyl"), 

pyrimidinyl (also known as "1,3-diazinyl"), and pyrazinyl (also known as "3,4-diazinyl")), 

pipcrazinyl, iriazinyl (including s-triazinyl (also known as ul,3,5-triazinyl"), as-triazinyl (also known 

1,2,4-triazinyl), and v-triazinyl (also known as "1,2,3-triazinyi). oxazinyl (including 1,2,3-oxazinyl, 

20 1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as "penloxazolyl"), 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, Ihiepinyl, and diazepinyl. 

A heterocyclyl may also be, without limitation, a bicycle containing two fused rings, such as, 

25 for example, naphthyridiny! (including [1,8] naphthyridinyl, and [1,6] naphlhyridinyl), 

thiazolpyrimidinyl, thienopyrimidinyl, pyrimidopyrimidinyl, pyridopyrimidinyl, pyrazolopyTimidinyl, 

indolizinyl, pyrindinyl, pyranopyrrolyl, 4H-quinolizinyl, purinyl, pyridopyridinyl (including 

pyrido[3,4-b]-pyridinyl, pyrido[3,2-b]-pyridinyl, and pyrido[4,3-b]-pyridiriyl), pyridopyrimidine, and 

pteridinyl. Other non-limiting examples of fused-ring heterocycles include benzo-fused 

30 heterocyclyls, such as indolyl, isoindolyl indoleninyl (also known as "pseudoindolyl"), isoindazolyl 

(also known as "benzpyrazolyl"), benzazinyl (including quinolinyl (also known as "1-benzazinyl") 

and isoquinoiinyl (also known as "2-benzazinyl")), benzimidazolyl, phthalazinyl, quinoxalinyl, 

benzodiazinyl (including cinnolinyl (also known as "1,2-benzodiazinyl") and quinazolinyl (also 

known as "1,3-benzodiazinyr)), benzopyranyl (including "chromenyl" and "isochromenyl"), 

35 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", 

"diionaphdienyl", and "benzolhiofuranyl"), isobenzothienyl (also known as "isobenzothiophenyl", 

"isothionaphthenyr, and "isobenzothiofuranyl"), benzothiazolyl, benzothiadiazolyl, benzimidazolyl, 

5 benzotriazolyl, benzoxazinyi (including 1,3,2-benzoxazinyl, 1,4,2-benzoxazinyi, 2,3,1-benzoxazinyi, 

and 3,1,4-benzoxazinyI), 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 SO2. The nitrogen heteroatom(s) in a heterocyclyl may or may 

10 not be quaternized, and may or may not be oxidized to N-oxide. In addition, die nitrogen 

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

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

The term "pharmaceuticaily 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. 

15 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 clcavablc groups and becomc, by solvolysis or under physiological 

conditions, the compounds of the invention which are pharmaceuticaily active in vivo. A prodrug of a 

20 compound may be formed in a conventional manner by reaction of a functional group of die 

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 die art, such as, for example, esters prepared by reaction of the parent acidic 

25 compound with a suitable alcohol, or amides prepared by reaction of the parent acid compound widi 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 widiin the compounds of the 

invention. 

The term "solvate" refers to the physical association of a compound of this invention with one 

30 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 die crystal lattice of die crystalline solid. "Solvate" 

encompasses both solution-phase and isolable solvates. Exemplary solvates include, but are not 

limited to, hydrates, ethanolates, and medianolates. 
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The term "N-protecting group" or "N-protectecT 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, 

5 propionyl, pivaioyl, t-bulylacetyl, 2-chIoroacetyl, 2-bromoacelyl, trifluoroacelyl, trichloroacetyl, 

phthalyl, o-nitrophenoxyacetyl, benzoyl, 4-clilorobenzoyl, 4-bromobenzoyl, or 4-nitrobenzoyl; 

sulfonyl groups such as benzenesulfonyl or p-toluenesulfonyl; sulfenyl groups such as phenylsulfenyl 

(phenyl-S-) or triphenyhnethylsulfenyl (trityl-S-); sulfmyl groups such as p-methylphenylsulfinyl (p-

methylphenyl-S(O)-) or t-butylsulfmyl (t-Bu-S(O)-); carbamate forming groups such as 

10 benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-

nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-

dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4-diraethoxybenzyloxycarbonyl, 

4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzy]oxycarbonyl, 3,4,5-

trimethoxybenzyloxycarbonyl, l-(p-biphenylyl)-l-metiiylethoxycarbonyl, dimetliyl-3,5-

15 dimethoxybenzyioxycarbonyl, benzhydryloxycarbonyl, t-butyioxycarbonyl, 

diisopropylmcthoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, 

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

cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, or phenylthiocarbonyl; 

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

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

formyl, acetyl, benzoyl, pivaioyl, t-butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and 

benzyioxycarbonyl (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 

25 compound of Formula II lo a compound of Formula III as shown in Scheme I, where Q is halo (e.g., 

bromo, chloro or iodo), and A, B, D, Li, L2, L3, Y and Z are as described above. Amino compound II 

may be alkylated by reaction witli haloalkyl (e.g., halomethyl) compound III in the presence of a base, 

such as KOH, t-BuOK, sodium amide, sodium hydride, CsOII, Hunig's base, Na2C03, or NaHC03, in 

a suitable organic solvent, such as THF or DMF, or in water (if the base is compatible witli aqueous 

30 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. Z and Lz in 

Formula I are identical to A, Y and Li, respectively) maybe conducted in a single operation as shown, 

or the nonsynimetric products shown can be formed by sequential formation of a monoalkylated 

product V followed by reaction witli a second haloalkyl (e.g., halomethyl) compound VI under 

35 conditions similar to those described above. 
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Alternatively, Q in compounds III and VI (e.g., bromo, chloro or iodo) can be replaced with 

4-methylbeflzesulfonate and reacted with II or V, respectively, under similar conditions. 

Monoalkylaied 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 

5 such as sodium borohydride or sodium cyanoborohydride (with or without the addition of an acid, 

such as acetic acid) in a solvent such as elhanol, toluene. THF, or dichloromethane. Alternatively the 

Schiff based formed from H and IV can be reduced to the products V by hydrogenation in die 

presence of a suitable catalyst, such as a palladium or platinum catalyst or Raney nickel. 

D 
i 

1-3 

NH2 

Q-L-A^Y 

III 

H V 

D 
I 
L3 

-A~Li—NH 

Q-U-A. 

D 
l3 

y^-A L-pN L-t A-^y 

Q-L2-
VI 

Y^A-L-N-L2~B^2 

10 
Scheme I 

As another non-limiting example, die 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 II, where R is 

15 -LS'-M,-LS"-RD1 and Ls\ M\ Ls" and RD 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 KOII, t-BuOK, 

sodium amide, sodium hydride, CsOII, Hunig's base, Na2C03, or NaHC03, in a suitable organic 

solvent, such as THF or DMF, or in water (if die base is compatible with aqueous solvent) with or 

without an added surfactant, such as sodium dodecyl sulfate or tetrabutylammonium bromide. The 

20 dinitro compound IV may be rcduccd 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 BiCl3, SbCl3, 

NiCl2, Cu2Cl2, or CoCl2) 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 Ls 

25 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, witli or without the addition of an amine base such as Hunig's base, 

pyridine, 2,6-Iutidine, or trielhylamine, lo give VI. Removal of the Boc protecting groups to give Vfl 

may be accomplished by treatment witli an acid, such as TFA, HC1, or formic acid. Compounds of the 

present invention may be prepared by coupling of VII with an acid of choice using the standard 

5 peptide coupling reagents and conditions described above. Likewise, compounds of Formula IA, as 

described above, can be similarly prepared. 

Scheme II 

10 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-LS'-M'-LS"-RD, and Ls\ M\ Ls" and RD 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 BDAC/HOBT, PyBOP, HATU, or DEBPT; in a solvent, such as THF. DMF, dichloromethane, or 

15 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)2 or Mn02- See Penning et al., 

BIOORG. MED. CHEM. 16:6965-6975 (2008), which is incorporated herein by reference in its entirety. 

20 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 broinomethyl compound VI using established 

conditions, such as by treatment with CBr4 and triphenylphosphine or by treatment with PBr3. 

Alternatively. V may be oxidized by a number of methods to the aldehyde VII, such as Mii(X PCC, 

PDC, Swem oxidation, or Dess-Martin periodinane. Compound VII can be used to prepare 

5 compound IX by reaction with aniline io form a Schiff base (inline), 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 

10 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, Na2C03, or NallCO?, in a suitable 

organic solvent, such as TJIF or DMF, or in water (if the base is compatible with aqueous solvent) 

witli 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 

15 VI under the alkylation conditions described above. After removal of the Boc protecting groups from 

VIII (accomplished by treatment with an acid, such as TFA, HCl, 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. 

20 Reduction of the nitro group of X using the conditions described above and coupling with a suitably 

protected proline acid can provide XL After removal of the Boc protecting groups from XI 

(accomplished by treatment with an acid, such as TFA, HCl, or formic acid), the compounds of the 

present invention may be prepared by coupling of the resulting diamine witli an acid of choice using 

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

/ 

25 Formula IB can be similarly prepared, where A is H (e.g., H 5), B is 

), A' and B" are as described above, and A and B are 

independently oplionaliy substituted with one or more RA. Similarly, compounds of Formula Ic can 

be prepared according to Scheme III. 
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R 

vScheme 111 

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

5 prepared by the methods shown in Scheme IV, where R is -LS'-M'-LS"-RD, and Ls\ M\ Ls", RD, 

RI, R2, and R5 are as described above. Compound II may be prepared from 4'-iodoacetophenone 

using known conditions, such as treatment witli Br2. Compound II may be reacted with the salt of an 

amino acid (prepared from suitably protected amino acid and a base, such as Cs2C03, KOH, NaOH, or 

Na2C03, in a solvent such as ethanol or THF) in a solvent such as THF, DMF or DMSO, to provide 

10 ester III. The ester III may be treated with an ammonia source, such as NH4OAc, NH4C1, 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 el al, TET. LETT. 34:1901-1904 (1993), and Moinel et 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 witli a palladium catalyst (such 

15 as Pd(PHi3)4 or Pd(dppf)Ci2, or a Pd (II) catalyst such Pd(OAc)2 or Pd2(dba)3 with or without the 

addition of organophosphorous ligands, such as PPh3 or P(t-Bu)3) and carbon monoxide in the 

presence of a base, such as triethylamine or Hunig's base, in a solvent such as methanol or ethanol, 

witli 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 

20 VIII by reaction witli aniline to form a Schiff base (imine), which may be reduced to VIE with a 
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hydride reducing agent, such as sodium borohydride or sodium cyaiioboroliydride (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 hyclrogenation in the presence of a suitable catalyst, such as a palladium or platinum catalyst or 

Raney nickel. Compound VIII may be reacted witli 4-nilrobenzyl bromide under the alkylation 

conditions described above lo 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, HCl, or 

formic acid), the compounds of die present invention may be prepared by coupling of die resulting 

diamine witli an acid of choice using the standard peptide coupling reagents and conditions described 

above. Likewise, compounds of Formula Ic can be similarly prepared. 

As another non-limiting example, the compounds of the present invention of general Formula 

I can be prepared as shown in Schemc 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 

L3, Y and Z are as described above gives compounds of Formula (4). Amino compound (1) may be 
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alkylated by reaction witli 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, Na2C03, or NaIIC03, 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 

5 bromide. Compounds of Formula (4) can be reacted witli (5), where Q is halo (e.g., bromo, chloro or 

iodo), using the same conditions as those to react (1) with (2), lo give compounds of general Formula 

I. Where B, Z and L2 in Formula I are identical to A, Y and Lj. 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, Z, or Lz is different from A, Y, or Lh respectively) can be 

10 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 witli 4-

methylbenzesulfonale and reacted witli (1) or (4), respectively, under similar conditions. 

Monoalkylated compound (4) may also be generated by reaction of amine (1) with an aldehyde (3) to 

15 form a Schiff base (imine), which may be reduced to the products (4) with a hydride reducing agent, 

such as sodium borohydride or sodium cyaiioboroliydride (witli 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. 

20 
Q-L-A. 

(2) Y 

? H °r ? Q-L2-B^ ? 
Y O^Y ^3 p) L3 

NH2 Y^A-U-NH Y-A-L -N—L2-

(1) (4) I 

Scheme I' 

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

25 prepared as shown in Scheme IF. Coupling a compound of Formula (6), wherein RA is as defined 

above and n is 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 KOII, t-BuOK, sodium amide, sodium hydride, CsOII, Hunig's base, 

Na2CO^, or NaIlC03, in a suitable organic solvent, such as THF or DMF, or in water (if the base is 

30 compatible with aqueous solvent) witli 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 BiCl3, SbCl3, NiCl2, Cu2Ck or CoCl2) in a solvent such as ethanol or 

THF. 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, dichlorometliane, or DMSO, witli 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, 

HCl, or formic acid. Compounds of the present invention (12), wherein R20 is -LS'-M'-LS"-RD, and 

Ls', M\ Ls" and RD 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 IA, as described above, can be similarly prepared. 
(RA)n 

Br 

NO, 0,N 

(KA)D 

(7) 

NO, 

H,N 

(RA)H 

Rir 

NH, 

(RA)D 

Scheme II' 

As yet another non-limitiiig example, the compounds of the present invention (20) and (24) 

can be prepared by the methods shown in Scheme IIP, where R2o is -LS'~M'-LS"-RD, and Ls\ M\ 

Ls", RD, and RA are as described above and n is 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 trieihylamine, to give (14) as a mixture of (he 

amide products. Heating (14) in acetic acid (50-100 °C) gives the benzimidazole compound (15). 

Alternatively, (15) may be prepared by reaction of (13) with an aldehyde, followed by treatment with 

an oxidant, such as Cu(OAc)2 or Mn02- See Penning et al., BIOORG. MED. CHEM. 16:6965-6975 

5 (2008), which is incorporated herein by reference in its entirety. The ester functionality of (15) may 

be reduced lo the alcohol (16) under die standard conditions, such as treatment with litliium aluminum 

hydride or DIBAL, in a suitable solvent such as THF or dichloromethane. Alcohol (16) may be 

transformed to the bromometliyl compound (17) using established conditions, such as by treatment 

with CBr4 and triphenylphosphine or by treatment witli PBr3. Alternatively, (16) may be oxidized by 

10 a number of methods to the aldehyde (18), such as M11O2, PCC, PDC, Swern oxidation, or Dess-

Marlin periodinane. Compound (18) can be used to prepare compound (21) by reaction witli 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 dichlorometliane. Alternatively the Schiff 

15 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, 

CsOI-I, Hunig's base, Na2C03, or NaHC03, in a suitable organic solvent, such as THF or DMF, or in 

water (if the base is compatible widi aqueous solvent) with or without an added surfactant, such as 

20 sodium dodecyl sulfate or tetrabutylammonium bromide, lo give symmetric compound (19). 

Alternatively, (19) can also be generated by reaction of (21) witli (17) under the alkyiation conditions 

described above. After removal of the Boc protecting groups from (19) (accomplished by treatment 

with an acid, such as TFA, HCl, or formic acid), ihe compounds of the present invention (20) may be 

prepared by coupling of the resulting diamine with an acid of choice using the standard peptide 

25 coupling reagents and conditions described above. Compound (21) may also be reacted with 4-

nitrobenzyl bromide under the alkyiation conditions described above to give (22). Reduction of the 

nilro 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, HCl, or formic acid), the compounds of the present invention 

30 (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 IB can 

«> K;;C4 K3>4 
be similarly prepared, where A is H (e.g., H ), B is H (e.g., 
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,N 
\ 

"N H ), A' and B' are as described above, and A and B are independently optionally 

substituted with one or more RA. Similarly, compounds of Formula Ic can be prepared according to 

Scheme 11.1'. 

Scheme EI' 

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

prepared by the methods shown in Scheme IV', where RTO is -L-S'-M,-LS,'-RD, and Ls\ M\ Ls", RD, 

10 Ri, R2, Rs, and RA are as described above, and n is 0, 1, 2, 3, 4, or 5. Compound (25) may be prepared 

from 4'-iodoacetophenone using known conditions, such as treatment with Br2- Compound (25) may 

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

such as CS2CO3, KOH, NaOII, or Na2C03, 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 witli an ammonia source, 

15 such as NH4OAc, NH4CI, or ammonia gas, and heated in a solvent such as toluene or xylene witli 

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 et 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-,)4 or Pd(dppf)Cl2, or a Pd (II) catalyst such 

Pd(OAc)2 or Pd2(dba)3) with or without the addition of organophosphorous ligands, such as PPh3 or 

5 P(t-Bu)3) and carbon monoxide in the presence of a base, such as trielhylamine or Hunig's base, in a 

solvent such as methanol or ethanol, witli or without heating. The ester obtained (28) may be reduced 

to the alcohol (29) and then oxidized to the aldehyde (30) by the metliods described above. 

Compound (30) can be used to prepare compound (31) by reaction with aniline lo form a Schiff base 

(inline), which may be reduced lo (31) witli a hydride reducing agent, such as sodium borohydride or 

10 sodium cyanoborohydride (with or without the addition of an acid, such as acetic acid) in a solvent 

such as ethanol, toluene, THF, or dichlorometliane. 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 alkyiation conditions described above to give (32). Reduction of the nitro group of 

15 (32) using the conditions described above and coupling witli 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, HCl, 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 Ic can be 

20 similarly prepared. 
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If a moiety described herein (e.g., -NH2 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 metliods 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 oilier 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 (hose 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 vlO). Final compounds and intermediates for Examples 1-23 were named using 

ChemDraw. Final compounds for Examples 24-150 were named using ACD vlO. Intermediates for 

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

Example 1 

Dimethyl (2S,2'S)-l,r-((2S,2!S)~2,2'-(4,4'-(phenyiazanediyl)bis(methylene)bis{4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-oxobutane-2J-

diyl)dicarbamate 

Example IA 

N,N-bis(4-nitrobenzyl)aniline 

Combined aniline (0.457 ml, 5 mmol), sodium hydrogen carbonate (0.924 g, 11.00 mmol) and 

sodium dodecyl sulfate (0.020 g, 0.070 mmol) in water (20 ml) and heated in an oil bath at 80 °C for 

about 5 minutes. Added l-(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 

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). 

Example IB 

N,N-bis(4-aminobenzyl)aniIine 
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Method A. Combined the product from Example IA (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 al room temperature for about 1 hour. Added MeOH and filtered 

5 through celite, rinsing with MeOH. Concentrated to half volume via rolovap. diluted with 25% 

isopropanol/CHCl3, and washed with 10% sodium bicarbonate. Dried the organic layer over Na2S04, 

filter and concentrated to give the title compound (310.4 mg, 85% yield, yellow oil). 

Method B. To the product from Example IA (200 mg, 0.550 mmol) in THF (20 ml) in a 50 

ml pressure botlle was added Ra-Ni, water wet, A-7000 (200 mg, 3.41 mmol) and the mixture was 

10 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. 

15 

Boc O 

Example IC 

(2S,2'S)-tert-butyl 2,2'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)dipyrrolidinc-l-carboxylate 

Dissolved the product from Example IB (310.4 mg, 1.023 mmol) in DMSO (5.115 mL.) and 

20 added N-(tert-butoxycarbonyl)-L-proIine (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% MeOII/CILCIj to 

give the title compound (339.4 mg, 47.5% yield, light yellow powder). 

Example ID 

(2S,2,S)-N,N'-(4,4'-(phenylazanediyl)bis(methylene)bis(4,l -phenylene))dipyrrolidine-2-carboxamide 

To the product from Example IC (150 mg, 0.215 mmol) in CH2CI2 (537 |il) was added TFA 

(537 \xl) and the reaction was stirred under N2 atmosphere for 45 minutes and concentrated via 

30 rotovap. The residue was dissolved in 25% isopropanol/CHCl?, and washed with half-saturaled 
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NaHC03. Dried organic over Na2S04, filtered and concentrated to give the title compound (93.8 mg, 

88% yield, light tan solid). 

Example IE 

5 Dimethyl (2S,2'S)-l,r-((2S,2,S)-2,2'-(4,4,-(phenylazanediyl)bis(methylene)bis(4sl-

phenyleiie)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-oxobutane-2,l-

diy])dicarbamate 

To a mixture of the product from Example ID (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 

10 mmol) in DMSO (0.100 ml) was added Hunig's base (0.021 ml, 0.121 mmol), and the reaction was 

stirred at room temperature for 15 minutes. The reaction was diluted with acetoiiitrile and water (0.1% 

TFA) and purified by reversed phase chromatography (CI8), eluting witli 10-100% acetoiiitrile 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) S ppm 0.88 (d, J=6.71 Hz, 6 H) 0.93 (d. J=6.71 Hz, 6 H) 1.81 - 2.04 (in, 8 H) 

15 2.08 - 2.19 (m, 2 H) 3.58 - 3.65 (m, 2 H) 3.77 - 3.85 (m, 2 H) 4.02 (l, 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, J=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, 1=8.70 Hz, 4 H) 7.37 (d, 1=8.39 Hz, 2 H) 7.51 (d, J=8.54 Hz, 4 H) 10.01 (s, 2 H). 

20 Example 2 

(R,2S,2'S)-N,N'-(454'-(phenyiazanediyl)bis(methylene)bis(4,l~phenyiene))bis(l-((R)-2-

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

To a mixture of the product from Example ID (45 mg, 0.090 mmol), (R)-2-(dimethylamino)-

25 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 [al, 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 Na2S04, filtered and concentrated. Purification by chromatography on silica gel eluting with 0-

5% MeOH/CH2Cl2 to give the title compound (7 mg, 9.4% yield). XH NMR (500 MHz, DMSO-D6) 5 

ppm 10.03 (br s, 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.ll Hz, 1 H) 4.61 (s, 4 H) 4.31 - 4.40 (m, 2 H) 3.82 - 3.91 (m, 2 H) 3.10 - 3.60 (m, 16 

5 H) 1.74- 2.12 (m, 8 H). 

Example 3 

10 Dimethyl (1R. 1 'R)-2,2'-((2S,2,S)-2,2'-(4,4'-(phenylazanediyi)bis(methylene)bis(4,1 -

pheiiylene)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 ID (47.2 mg, 0.095 mmol), (R)-2-

15 (methoxycarbony!amino)-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 ^1, 0.569 mmol), and the reaction was stirred 

al rt for 1 hour. Poured reaction into water and extract with EtOAc, followed by washing witli brine. 

Dried organic over Na2S04, filtered and concentrated. Purification by chromatography on silica gel 

eluting with 0-5% MeOH/CH2Cl2. Second purification by reversed phase chromatography (CI8), 

20 eluting with 10-100% acetoiiitrile in waler (0.1% TFA) to give Ihe title compound (6.5 mg, 7.7% 

yield). *H NMR (500 MHz, DMSO-D6) 6 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 (rn, 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). 
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Example 4 

(2S,2'S)-benzyl 2,2,-(4,4'~(phenylazanediyl)bis(methy]ene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomediylene)dipyrrolidine-l-carboxylate 

5 The product from Example ID (25 mg, 0.050 mmol) was combined with benzyl 2,5-

dioxopyrrolidin-l-yl carbonate (27.5 mg, 0.111 mmol) and trie thylamine (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 (3x5 ml). Dried organic over Na2S04, filtered and concentrated. Purification by 

chromatography on silica gel eluting with 10-50% EtOAc in hexanes lo provide die title compound as 

10 a colorless solid (9 mg, 23.4% yield). NMR (500 MHz. DMSO-D6) 5 ppm 9.97 - 10.06 (m, 2 H) 

7.48 - 7.58 (m, 4 H) 7.35 - 7.41 (m, 3 H) 7.29 - 7.35 (m, 1 H) 7.03 - 7.26 (m, 12 H) 6.63 - 6.74 (m, 

7=8.32, 8.32 Hz, 2 H) 6.54 - 6.63 (m, 1 H) 5.02 - 5.12 (m, 3 H) 4.93 (d, 7=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 (in, 2 H) 1.77 - 1.98 (m, 6 H). 

15 

Example 5 

Dimethyl (2R,2rR)-l,r-((2S,2'S)-2)2'-(4,4,-(phenylazanediyl)bis(methylene)bis(4,l-

phenyIene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidme-2,1 -diyl))bis(3-methyl-1 -oxobu tane-2,1 -

20 diyl)dicarbamate 

To a solution of the product from Example ID (12 mg, 0.024 mmol), (R)-2-

(metiioxycarbonylariiino)-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 

25 resulting mixture was stirred at rt for 90 min. The mixture was partitioned between water (5 ml) and 

EtOAc (3 x 5 ml) aiid the combined organic layers were dried over Na2S04. The mixture was filtered 

and concentrated in vacuo, and the crude product was purified by chromatography on silica gel (CI8) 

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 die title compound as a solid (7 mg, 31 %) as a 

30 TFA salt. ]H NMR (500 MHz, DMSO-D6) 5 ppm 10.23 (s, 0.5 H) 9.67 (s, 1.5 H) 7.49 - 7.56 (m, 4 H) 

7.43 (d, 7=8.39 Hz, 0.5 H) 7.35 (d, 7^8.24 Hz, 1.5 H) 7.14 - 7.22 (m, 4 H) 7.03 - 7.11 (m, 2 H) 6.65 

(d, 7=8.24 Hz. 2 H) 6.57 (t, 7=7.02 Hz, 1 H) 4.98 (d, 7=8.09 Hz, 0.5 H) 4.56 - 4.63 (m, 4 H) 4.40 (dd, 
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7=8.55, 2.75 Hz, 1.5 H) 4.05-4.11 (m,2H) 3.75 - 3.84 (m, 2 H) 3-56 - 3.65 (m, 3 H) 3.51 - 3.56 (m, 

6 H) 3.42 - 3.49 (m, 1 H) 2.05 - 2.15 (m, 2 H) 1.87 - 2.04 (m, 6 H) 0.83 - 0.93 (m, 12 H). 

Ov ? % o y-\ 
J II / NHC02Me 

H 'O 
Example 6 

Dimethyl (2S,2!S)-l,r-((2S,2'S)-2,2!-(4,4'-(phenylazariediyl)bis(methylene)bis(4,l-

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

2,1 -diyl)dicarbamate 

10 

To a solution of the product from Example ID (12 mg, 0.024 mmol) and (S)-2-

(melhoxycarbonylamino)-3,3-diinelhylbulanoic 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 al room temperature for 90 min. Hie mixture was partitioned between water (1 

15 ml) and EtOAc (3x1 mL), and the combined organic layers were dried over Na2S04. The crude 

product: was purified by chromatography on silica gel (C18) eluting witli a gradient of 10-100% 

acetoiiitrile 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) 8 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 

20 Hz, 2 H) 4.21 (d, J=8.85 Hz, 2 H) 3.73 - 3.83 (ra, 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 II) 1.79 - 1.92 (m, 4 H) 0.96 (s, 18 H). 

NHC02Me MeOgCHN 

V H 

O M 
25 Example 7 

Dimethyl (2S,2'S)-l,r-((2S,2'S)~2,2'~(6,6'-(phenylazanediyl)bis(methylene)bis(lH-

benzo[d]imidazole-6,2-diyl))bis(pyrrolidme-2,l-diyl))bis(3,3-dimethyl-l-oxobutane-2,l-

diyl)dicarbamate 
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"V° 
Example 7 A 

(S)-Methyl 2-(l-(tert-butoxycarbonyl)pyrrolidin-2-yl)-lH-benzo[d]imidazole-5-carboxylate 

5 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 witli water (3 x 200 mL), aq. 10% NaHC03, and then 

brine. Dried organic over MgS04, filtered, and evaporated lo yield 10.4 g (95%) of a light yellowish 

10 colored solid that was used without further purification. 

The product from the first step (10.4 g) was dissolved ill acetic acid (75 mL), and the mixture 

was then allowed lo heat with stirring at 70 "C for 3 hours. The mixture was evaporated down to 

dryness, azeotroping widi toluene and then dried under vacuum. The residue was purified by 

chromatography on silica gel eluting with 50-100% EtOAc in hexanes to give die title compound 

15 (8.96 g, yield 91%) as a faint iight yellowish/white colored solid. 

Example 7B 

(S)-tert-Butyl 2-(5-(hydroxymethyl)-lH-benzo[d]imidazol-2-yl)pyrrolidiiie-l-carboxylate 

To a solution of the product from Example 7A (1.75 g, 5.07 mmol) in CH2C12 (40 mL) at -78 

20 °C was added DiBAL (15.7 mL, 1 M in CFLCh) 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 MgS04 (60 mL), and the mixture was stirred for 30 mill. EtOAc (200 mL) was 

added and the organic was separated, washed with brine, dried (MgS04), filtered and evaporated lo 

25 give the title compound (1.506 g, yield 94%) as a faint yellowish colored solid. 
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Br 

Example 7C 

(S)-tert-Butyl 2-(5-(bromoniethyl)-lH-benzo[d]imjdazol-2-yI)pyrroljdme-i-carboxylase 

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 CBr4, 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 THF. The THF was evaporated to give the tide 

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

purification. 

Example 7D 

(2S,2'S)-tert-Butyl 2,2'-(5,5,-(phenylazanediyl)bis(methyIene)bis(lH-benzo[dJiimdazole-5,2-

diyl))dipyrrolidme-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 K2CO3 (0.087 g, 0.631 mmol) in DMF (1.0 mL) was allowed to stir al room temperature 

for 2 hours. Additional product from Example 7C (0.10 g) was added along with additional K2C03 

(0.044 g), and the mixture was allowed to stir overnight. The mixture was poured into EtOAc and die 

organic was then washed with water, brine, dried (MgS04), 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, yieid 32%) as a colorless semi-solid. 

10 

Example 7E 

N,N-bis((2-((S)-pyrrolidm-2-yl)-lH-benzo[djimidazol-5-yl)methyl)aniline 
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To a solution of the product from Example 7D (46 mg, 0.066 mmol) in CILCii (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. 

NHC02Me Me02CHN 

N-

5 Example 7F 

Dimethyl (2S,2,S)-Lr"((2S,2'S)-2,2'-(6,6,-(phenylazanediyl)bis(methylene)bis(lH-

benzo[d] imidazole-6,2-diyI))bis(pyrrolidine-2,l-diyl))bis(3,3-dimethyl-l-oxobutane-2,1-

diyl)dicarbamate 

To a solution of the product from Example 7E (32.4 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 Na2S04. The mixture was filtered 

and concentrated in vacuo, and the crude product was purified by chromatography on reverse phase 

15 chromatography (C18) eluting witli a gradient of 10-100 % acetoiiitrile 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) 5 ppm 14.55 (br s, 2 H) 7.72 

(d, 7=8.39 Hz, 2 H) 7.56 (s, 2 H) 7.41 (d, 7=8.09 Hz, 2 H) 7.31 (d, 7=8.70 Hz, 2 H) 7.07 - 7.12 (m, 2 

H) 6.73 (d, 7^8.09 Hz, 2 H) 6.58 - 6.63 (m, 1 H) 5.19 (dd, 7-8.16, 5.87 Hz, 2 H) 4.85 - 4.97 (m, 4 H) 

20 4.21 (d, 7-8.70 Hz, 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). 

Example 8 

25 Dimethyl (2S,2'S)-l,r-((2S,2'S)-2,2'-(4,4'-(phenyIazanediyI)bis(methylene)bis(4,3-

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 ID (0.024 g, 0.048 mmol), (S)-2-

(methoxycarbonylammo)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 witli CH2C12 and washed with water. The 

5 organic extract was separated, dried over Na2S04, filtered, and evaporated. Hie product was purified 

by chromatography on silica gel eluting with 0-5% MeOH in CH2CI2 to give the title compound (11.9 

mg, 32.6 % yield). XH NMR (500 MHz. DMSO-D6) 5 ppm 9.92 (s, 2 H) 7.50 (d, 7=8.54 Hz, 4 H) 7.34 

(d, 7=7.48 Hz, 2 H) 7.17 (d, 7=8.70 Hz, 4 H) 7.06 (dd, 7=8.85, 7.32 Hz, 2 H) 6.65 (d, 7=7.93 Hz, 2 H) 

6.56 (1, 7=7.25 Hz, 1 H) 4.59 (s, 4 H) 4.41 (dd, 7=8.24, 4.42 Hz, 2 H) 4.27 - 4.36 (m, 2 H) 3.62 - 3.70 

10 (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 (m, 2 H) 1..81 - 1.96 (m, 4 

H) 1.18 (d, 7=4.00 Hz, 6 H). 

15 Example 9 

Dimethyl (2S,2,S»3S,3,S)-l,l'-((2S,2'S)-2,2,-(4,4,-(phenylazanediyl)bis(methylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethyiene)bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-oxopentane-2,l-

diyl)dicarbamate 

20 The product from Example ID (0.0179 g, 0.036 mmol), (2S,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 CH2CI2 and washed 

with water. The organic extract was separated, dried over Na2S04, filtered, and evaporated. The 

25 product was purified by chromatography on silica gel eluting witli 0-3% MeOH in CH2CI2 to give the 

title compound (12.6 mg, 41.1% yield). ]H NMR (500 MHz, DMSO-D6) 6 ppm 9.98 (s, 2 H) 7.51 (d, 

7=8.55 Hz, 4 H) 7.37 (d, 7=8.55 Hz, 2 H) 7.17 (d, 7=8.54 Hz, 4 H) 7.07 (dd, 7=8.77, 7.25 Hz, 2 H) 

6.65 (d, 7=8.09 Hz, 2 H) 6.56 (I, 7=7.25 Hz, 1 H) 4.59 (s, 4 H) 4.43 (dd, 7=8.16, 4.81 Hz, 2 H) 4.07 (1, 

7=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 -

30 2.05 (m, 2 H) 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 (in, 2 H) 0.89 

(d. 7=6.71 Hz, 6 H) 0.78 ~ 0.84 (m, 6 H). 
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Example 10 

Methyl (S)-l-((S)-2-(4-(((4-((S)-l-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidine-2-

carboxamido)benzyl)(phenyl)amino)methyl)phenylcarbainoyl)pyrrolidin-l-yl)-3,3-dimelhyl-l-

oxobutan-2-ylcarbamate 

10 Example 10A 

Methyl (S)-3,3-dimethyl-l-oxo-l-((S)-2-(4-((phenyl(4-((S)-pyrrolidine-2-

carboxamido)benzyl)ammo)methyl)pheiiylcarbamoyl)pyrrolidin-l-yl)hutan-2-y!carbamate 

The product from Example ID (120 mg, 0.241 mmol) was combined witli (S)-2-

(methoxycarbonylamino)-3,3-dimcthyibutanoic 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) lo give the title compound (32 mg, 19.8% yield). 

Methyl (S)-l-((S)-2-(4-(((4-((S)-l-((R)-2-(dimelhylamino)-2-phenylacetyl)pyrrolidme-2-

carboxamido)benzyl)(phenyl)amino)methyl)phenylcarbamoyl)pyrrolidin-I-yl)-3,3-dimethyl-l-

oxobutan-2-ylcarbamate 

Hie 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 

89 
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temperature for 45 min. Diluted with water and collected the solid by filtration. The product was 

purified by chromatography oil silica gel, eluting witli 0-4% MeOH in CH2C12 to give the title 

compound (8 mg, 43% yield). NMR (500 MHz, CHLOROFORM-D) 5 ppm 1.02 (s, 9 H) 1.65 -

1.73 (m. I H) 1.86 - 1.95 (m, 2 H) 1.99 - 2.08 (m, 1 H) 2.13 - 2.20 (m, 2 H) 2.26 (a, 6 H) 2.49 (dd, 

5 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 II) 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, .1=7.25 Hz, 1 H) 6.73 

(d, J=7.93 Hz, 2 H) 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, 

1H). 

10 

Example 11 

Dimethyl (lS,rS)-2,2'-((2S,2'S)-2;2'-(4,4'-(phenyIazaiiediyl)bis(metliyleiie)bis(4,l-

15 phenyIene)bis(azanediyl))bis(oxomethylene)bis(pyrroJidine-2,l-diyl))bis(2-oxo-l-phenylethane-2,l-

diyl)dicarbamate 

The product from Example ID (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 

20 mmol) and Hunig's base (0.013 mL, 0.072 mmol) in DMSO (1.0 mL) and the mixture was stirred at 

room lemperature 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 CH2C12 to give the title 

compound (7.2 mg, 45.2% yield). *H NMR (500 MHz, CHLOROFORM-D) 5 ppm 1.78 - 1-87 (in, 2 

H) 1.89 - 1.99 (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) 

25 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 11) 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)-l-((S)-2-(4-(((4-((S)-l-((R)-2-(diethylamino)-2-phenylacetyI)pyrrolidme-2-

carboxamido)benzyl)(phenyl)amino)metliyl)phenylcarbamoyl)pyrrolidin-l-3'l)-3,3-dimethyI.-l-

5 oxobutan-2-ylcarbamate 

The product from Example 10A (15 mg, 0.022 mmol) was combined with (R)-2-

(diethylamino)-2-phenylacetic acid (6.04 mg, 0.029 mmol), HATU (9.38 mg, 0.025 mmol) and 

Hunig's base (0.024 mL, 0.135 mmol) in DMSO (1.0 mL) and the mixture was stirred at room 

10 temperature for 45 mill. Diluted witli water and collected the solid by filtration. The product was 

purified by chromatography on silica gel, eluting with 0-5% MeOH in CH2C12 to give the title 

compound (11 mg, 57.2% yield). lR NMR (500 MHz, CHLOROFORM-D) 6 ppm 0.87 ft, 1=7.10 Hz, 

6 H) 0.94 (s, 9 H) 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) 

2.43 - 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, 3 H) 3.71 -

15 3.78 (in, 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). 

Example 13 

Dimethyl (2S,2'S)-l,r-((2S,2,S)-2,2'-(4,4'-(4"fluorophenylazanediyl)bis(methylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidme-2,l-diyl))bis(3,3-dimediyl-l-oxobutane-

2,1 -diy l)dicarbamate 

F 

20 

25 
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Example 13A 

4-Huoro-N,N-bis(4-nitrobenzyl)aniIine 

Example 13A was prepared by the methods used to prepare Example IA, substituting 4-

fluoroaniline for aniline (4.78 g, 93% yield). 

Example 13B 

N.N-bis(4-aminobenzyl)-4-fluoro aniline 

Example 13B was prepared from the product from Example 13A by method A used to 

prepare Example IB (0.548 g, 100% yield). 

F 

Example 13C 

(2S,2'S)-tert-Butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,l-

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

Example 13C was prepared from the product from Example 13B by the methods used to 

prepare Example IC (0.650 g, 53.3% yield). 

F 

Example 13D 

(2S,2,S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,l-phenyIene))dipyrrolidme-2-

carboxamide 

Example 13D was prepared from the product from Example 13C by die methods used to 

prepare Example ID (0.650 g, 53.3% yield). 
92 
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Example 13E 

Dimethyl (2S;2'S)-l,r-((2S,2'S)-2,2'-(4.4'-(4-fluorophenylazaiiediyl)bis(me1hylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3,3~dimethyl-l-oxobuiane-

5 2, l-diyl)dicarbamate 

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

(methoxycarbonylamino)-3,3-dimcthyIbutanoic 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 (Na2S04), filtered, and concentrated. The residue was 

purified by chromatography on silica gel eluting with 0-3% MeOH in CI-I2CI2) to provide the title 

compound (0.071 g, 42.7% yield). ]H NMR (500 MHz, DMSO-D6) 8 ppm 0.96 (s, 18 H), 1.81-1.90 

(m, 4 II), 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), 6.91 (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). 

F 

20 Example 14 

Dimethyl (2S,2'S)-1 ,r-((2S,2'S)-2,2'-(454,-(4-fluorophenylazanediyl)bis(methyleiie)bis(4,1 -

phenylenc)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,l -diyl))bis(3-methyl-1 -oxobutane-2,1 -

diyl)dicarbamate 

25 The product from Example 13D was reacted widi (S)-2-(methoxycarbonylamino)-3-

methylbutanoic acid by the metliods used to prepare Example 13E to give the title compound (0.108 

g, 67.1 % yield). lU NMR (500 MHz, DMSO-D6) S ppm 0.87 (d, J=6.57 Hz, 6 H), 0.93 (d, J=6.72 Hz, 
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6 H), 1.84-2.02 (m, 8 H), 2.11-2.17 (m, 2 H), 3.52 (s, 6 H), 3.60-3.64 (m, 2 H), 3.77-3.83 (m, 2 H), 

4.02 (dd, J=8.39, 8.39 Hz, 2 H), 4.43 (dd, J=8.24, 4.88 Hz, 2 H), 4.55 (s, 4 H), 6.63 (dd, J=9.31, 4.43 

Hz, 2 H), 6.91 (dd, 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 H), 9.98 (s, 2 H). 

F 

Example 15 

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

10 phenylene)bis(azanediyr))bis(oxomethy]eiie)bis(pyrrolidine-2,l-diyl))bis(l-oxopropane-2,l-

diyl)dicarbamale 

The product from Example 13D was reacted with (S)-2-(methoxycarbonylamino)propanoic 

acid by the metliods used to prepare Example 13E to give the title compound (0.083 g, 55.3% yield). 

15 'H NMR (500 MHz, DMSO-D6) 6 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 

H 

SfV H O 
o 

o-

25 

Example 16 

Dimethyl (2R,2!R)-l,r-((2S,2'S)-2,2'-(4,4,-(4-fluorophenylazanediy3)bis(methylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidiiie-2J-diyl))bis(l-oxopropane-2,l-

diyl)dicarbamate 

The product from Example 13D was reacted witli (R)-2-(meihoxycarbonylamino)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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JH NMR (500 MHz, BENZENE-D6) 6 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 (brd, 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, 1=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 (2S,2'S)-l,r-((2S,2'S)-2,2'-(5,5'-<phenylazanediyI)bis(methylene)bis(lH-

10 benzo[d]imidazole-5,2-diyl))bis(pyrrolidine-2,1 -diyl))bis(3-methyl-l -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-melhylbutanoic acid (15.50 mg, 0.088 mmol) in DMSO 

(0.18 mL) and added Hunig's Base (37.1 fil, 0.212 mmol). The mixture was stirred at room 

15 temperature for lh, poured into water, and extracted with EtOAc. Dried organic over Na2SO<4, filtered, 

and evaporated. The product was purified by chromatography (CI8), eluting with 10-100% 

acetonitrile in water (0.1% TFA) lo give the title compound (14.0 mg, 49.1% yield) as a TFA salt. [H 

NMR (500 MHz, DMSO-D6) 8 ppm 14.50 (br s, 2 H) 7.70 (d, 7=8.39 Hz, 2 H) 7.54 (s, 2 H) 7.39 (d, 

7=7.17 Hz, 2 H) 7.33 (d, 7=8.55 Hz, 2 H) 7.07 - 7.12 (m, 2 H) 6.73 (d, 7=8.09 Hz, 2 H) 6.61 (t, 7=7.25 

20 Hz, 1 H) 5.20 (dd, 7=8.01, 5.42 Hz, 2 H) 4.84 - 4.96 (m, 4 H) 4.11 (t, 7=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). 

5 

25 Example 18 
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(2R,2,R)-l,r-((2S,2'S)-2,2,-(5,5'-(phenylazanediyl)bis(meihyleiie)bis(lH-benzo[cl]iraidazole-

5,2-diyl))bis(pyrrolidine-2,l-diyl))bis(2-(dimethylamino)-2-phenylethanone) 

The product from Example 7E was reacted with (R)-2-(dimethylamino)-2-phenylacetic acid 

by the metliods used lo prepare Example 17 lo give the title compound (0.041 g, 54.2% yield) as a 

TFA salt. LH NMR (500 MHz, DMSO-D6) 6 ppm 9.90 - 10.40 (m, 2 H) 7.47 - 7.70 (m, 12 H) 6.90 -

7.44 (in, 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). 

Example 19 

Dimethyl (2S,2'S)-l:r-((2S,2'S)-2,2'-(4,4,-(4-dimeUiyI (2S,2'S)-1J '~((2S,2'S)-2,2'-(4,4'-

(thiazol-2-ylazanediyl)bis(methylene)bis(4,1 -

phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3,3-dimelhyl-l-oxobulane-

2,1 -diyl)dicarbamale 

Example 19A 

N,N-bis(4-nilrobenzyl)thiazol-2-amine 

Example 19A was prepared by the methods used lo prepare Example IA, substituting 2-

aminothiazole for aniline (0.915 g, 42.9% yield). 

Example 19B 

N,N-bis(4-aminobenzyl)tliiazol-2-amine 

Example 19B was prepared from the product from Example 19A by method A used to 

prepare Example IB (0.211 g, 56.2% yield). 

r=\ 

r=\ 
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Example 19C 

(2S,2'S)-tert-butyl 2,2'-(4,4'-(thiazol-2-ylazariediyl)bis(methylene)bis(4,l-

phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-l-carboxylale 

5 Example 19C was prepared from the product from Example 19B by tlie methods used lo 

prepare Example IC (0.25 g, 52.2% yield). 

9^ 
10 

Example 19D 

(2S,2,S)-N,N,-(4,4'-(tliiazol-2-ylazanediyl)bis(methylene)bis(4,l-phenylene))dipyrro}idiiie-2-

carboxamide 

Example 19D was prepared from the product from Example 19C by tlie metliods used to 

prepare Example ID (0.058 g, 32.5% yield). 

15 Dimethyl (2S,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(mcthylene)bis(4,l-phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidiiie-2,l-

diyl))bis(3,3-dimcthyl-l-oxobutane-2,l-diyl)dicarbamate 

To a mixture of the product from Example 19D (0.0581 g, 0.115 mmol), (S)-2-

(mefhoxycarbonylamino)-3,3-dimethylbutanoic acid (0.0529 g, 0.280 mmol), and HATU (0.100 g, 

20 0.264 mmol) in CH2CI2 (2.5 ml) was added Hunig's base (0.08 mL, 0.462 mmol), and the reaction was 

stirred al room temperature for 2 h. The reaction was washed with water and tlie organic phase dried 

(MgS04), filtered, and concentrated. The residue was purified by chromatography on silica gel, 

eluting with 0-5% MeOH in CH2C12 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, J= 13.8, 1H), 4.49 

(dd, J = 24.6, 15.4, 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), 

Example 19E 
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5.52 (d 7= 11.0, 1H), 5.56 (d, 7= 8.9, 1H), 5.79 (d, 7 = 4.5, 1H), 6.84 (d, 7= 8.3, 2H), 7.66 (d, 7 = 

8.4,2H), 7.81 (d, 7 = 8.4, 2H), 9.77 (s, 1H), 9.88 (s, 1H). 

Example 20 

Methyl (S)-l-((S)-2-(5-(((4-((S)-l-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidine-2-

carboxamido)benzyl)(phenyl)amino)methyl)-lH-benzo[d]imidazol-2-yl)pyrrolidin-l-yl)-3-methyl-l-

oxobutan-2-yIcarbamate 

10 

Example 20A 

N-(4-nitrobenzyl)aiiiline 

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 mL), and heated to 60 °C for 3 h. Cooled the mixture to room 

temperature, added sodium borohydride (5.01 g, 132 mmol) portionwise, and then stirred at room 

temperature for 1 h. Added sal NaHC03 and stirred for 1 h. Added water and extracted with EtOAc. 

Combined extracts were washed with brine, dried (MgS04) filtered, and evaporated to an amber oil 

that was purified by chromatography on silica gel, eluting with CH2CI2 to give die title compound (9.0 

20 g, 59.6% yield). 

Example 20B 
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(S)-tert-butyl 2-(5-(((4-mtrobenzyl)(phenyl)amino)methyI)-lH-benzo[d]imidazol-2-yl)pyrrolidine-l-

carboxylate 

The product from Example 20A (0.530 g, 2.32 mmol) and K2C03 (0.802 g, 5.81 mmol) were 

combined in dry DMF (20 mL) at room temperature, and nitrogen was bubbled through the solution 

for 10mm. 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 (MgS04), filtered and evaporated. 

The product was purified by chromatography on silica gel, eluting witli c 0-4% MeOH in CH2Cl2, and 

a second column eluting witli 0-5% EtOAc in CH2CI2 to give the title compound (0.350 g, 28.6% 

yield). 

O 

Example 20C 

(S)-tert-butyl2-(5-(((4-aminobenzyi)(pheiiyl)amiiio)methyl)-lH-benzo[d]imidazol-2-yl)pyrrolidine-l-

carboxylate 

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

Example IB. 

Example 20D 

(S)-tert-butyl 2-(4-((((2-((S)-l-(tert-butoxycarbonyl)pyrrolidin-2~yl)~lH-benzo[d]imidazol-5-

yl)methyl)(phenyl)amino)metliyl)pheiiylcarbamoyl)pyrrolidine-l-carboxylate 

Example 20D was prepared from the product from Example 20C by die metliods used to 

prepare Example IC (0.15 g, 38.1% yield). 

H 

Example 20E 

99 



WO 2010/120935 PCT/US2010/031102 

(S)-N'(4-((phenyl((2-((S)-pyrrolidin-2-yI)-lH-benzo[d]imidazol-5-

yl)methyl)amino)methyl)phenyl)pyrrolidine-2-carboxamide 

Example 20E was prepared from the product from Example 20D by die metliods used to 

prepare Example ID (0.082 g, 11% yield). 

Example 20F 

Methyl (S)-l~((S)-2-(5-(((4-((S)-l-((S)-2-(meUioxycarbonylamiiio)-3-methylbutaiioyl)pyrrolidnie-2-

carboxamido)benzyl)(phenyl)amino)methyl)- lH-benzo[d]imidazol-2-yl)pyrrolidin-l -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 tlie methods used to prepare Example 10B. The 

title compound was purified by chromatography on silica gel, eluting witli 0-5% MeOH in CH2C12, 

followed by 10-60% EtOAc in CH2C12 (containing 0.5% NH40H) (0.044 g, 32.8% yield). 'H NMR 

(500 MHz, DMSO-D6) 8 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, 3 H) 0.88 (d, J-6.71 Hz, 3 H) 1.23 - 1.53 (m, 1 H) 1.78 - 1.91 (in, 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 (ra, 1 H) 3.72 - 3.79 (m, 2 H) 3.92 - 4.04 

(rn, 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 IT) 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 (ra, 2 H) 7.35 (dd, J=35.78, 8.32 Hz, 1 H) 7.46 (dd, J=8.62; 1.75 Hz, 

20 2 H) 9.94 (s, 1 H) 11.98 (d, J-26.25 Hz, 1 H). 

25 

Example 23 

(R,2S,2'S)-N,N,-(4,4'-(phenylazanediyl)bis(methylene)bis(4,1 -phenylene))bis(l -((R)-2-

(dielliylamino)-2-phenylacetyl)pyrroIidme-2-carboxamide) 
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Example 21 was prepared from the product from Example ID and (R)-2-(diethylamino)-2-

phenylacetic acid by die methods used to prepare Example 10B. The title compound was purified by 

chromatography on silica gel, eluting with 0-5% MeOH in CH2C12 (9.0 mg, 14.6% yield). :H NMR 

(500 MHz, DMSO-D6) 6 ppm 0.96 (t, ,1=7.10 Hz, 12 H) 1.81-1.96 (m, 4 H) 2.00 - 2.07 (m, 2 H) 2.08 

5 - 2.17 (m, 2 H) 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, J=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—7.17 Hz, 4 H) 7.59 (d, J=8.54 Hz, 4 H) 10.03 (s, 2 H). 

10 

Example 22 

dimethyl (2S-2'S,3S,3,S)-l,r-((2S,2'S)-2,2,-(5,5'-(phenylazanediyl)bis(metliylene)bis(rH-

benzo{d]imidazole-5,2-diyl))bis(pyrrolidine-2,1 -diyl))bis(3-methyl- l-oxopentane-2,1 -

15 diyl)dicarbamate 

To a solution of the product from Example 7E (12 mg, 0.024 mmol), (2S,3S)-2-

(metlioxycarbonylamino)-3-melhylpentanoic 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 

20 resulting mixture was stirred at rt for 90 min. The mixture was partitioned between water (2 ml) and 

EtOAc (3x2 ml) and the combined organic layers were dried over Na2S04. The mixture was filtered 

and concentrated in vacuo, and the crude product was purified by chromatography on silica gel (CI8) 

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 tlie title compound as a solid (9 mg, 31.4%) as a TFA 

25 salt. *H NMR (500 MHz, DMSO-D6) 8 ppm 14.70 (br s, 2 H) 7.73 (d, .1=8.39 Hz, 2 H) 7.56 (s, 2 H) 

7.43 (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, .1=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). 

30 
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NHC02Me 

Example 23 

dimethyl (iR,rR)-2,2'-((2S,2'S)-2,2'-(5,5'-(phenylazanediyl)bis(methylene)bis(lH-

benzo[d]imidazole-5,2-diyl))bis(pyrrolidine-2,l-diyl))bis(2-oxo-l-phenylethane-2,l-diyl)dicarbamate 

5 

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 (2x2 

10 mL) and dried the combined organic layers over Na2S04- Filtered and conc. in vacuo. The crude 

product was purified by chromatography on silica gel (CI 8) eluting with a gradient of 10-100% 

acetoiiitrile in water (0.1% TFA). Pure fractions were pooled and concentrated in vacuo lo give the 

title compound as a solid (13 mg, 43.8%) as a TFA salt. ]H NMR (500 MHz, DMSO-D6) 8 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 PI) 5.22 - 5.35 (m, 2 H) 

15 4.94 (s, 4 H) 3.69 - 3-99 (m, 4 H) 3.46 - 3.56 (m, 6 H) 3.13 - 3.26 (m, 2 H) 1.86 - 2.34 (m, 8 H). 

Example 24 

20 dimethyl ([(l-methyletliyl)iminojbis{met]ianediylbeiizene-4,l-diylcarbamoyl(25')pyrrolidme-2,l-

diyl[(25')-3-methyl-1 -oxobutane-1,2-diy 1]} )biscarbamale 

25 

Example 24A 

N,N-bis(4-nitrobenzyl)propan-2-amine 
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A mixture of bis(4-nitrobenzyI) amine (50 mg, 0.174 mmol) and acetone (51.1 [iL, 0.696 

mmol) in methanol (752 |jL)/acetic acid (39.6 jjL)/CH2CI2 (79 j_iL) was stirred at room temperature 

for 1 hour. The reaction was cooled to 0 °C and sodium cyanoborohydride (32.8 mg, 0.522 mmol) 

was added. The mixture was stirred at 0 °C for 1 hour, and allowed to warm to rt and stirred 

5 overnight. The reaction was concentrated and the residue was partitioned between EtOAc and 

saturated aqueous NaHC03- The organic layer was washed with brine, dried (Na2S04), filtered and 

concentrated in vacuo. Purification by flash chromatography (silica gel, 50%EtOAc/hexane) afforded 

tlie title product (42.8 mg, 75%). MS (ESI) m/z 329.9 (M+H)+. 

JO 
Example 24B 

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 N2 atmosphere was added bismuth trichloride (0.026 mL, 0.39 mmol). The mixture was 

15 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, tlie 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 alcohohCIrUCk, and washed with saturated aqueous NaHCO.v 

The organic layer was dried (Na2S04), filtered and concentrated in vacuo to give the tide compound 

20 (31. .9 mg). MS (APCI) m/s 270.5 (M+H)4. 

O 

Example 24C 

(2S,2'S)-tert-butyl 2,2'-(4,4'-(isopropylazanediyl)bis(methylene)bis(4,l-

25 phenylene)bis(azanediyl))bis(oxomethylene)dipyiTolidine-l-carboxylate 

To a solution of the product from Example 24B (31.9 mg, 0.118 mmol) in anhydrous DMSO 

(592 ML) was added N-(tert-butoxycarbonyl)-L-pioline (51 mg, 0.237 mmol), HATU (95 mg, 0.249 

mmol) and Hunig's Base (83 j-iL, 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 

30 (Na2SO,i), filtered and concentrated in vacuo. Purification by flash chromatography (silica gel, 50% 

ElOAc/hexane) afforded the title compound (24.3 mg, 31%). MS (ESI) m/z 664.4 (M+H)+. 

103 



WO 2010/120935 PCT/US2010/031102 

5 

Example 24D 

(2S,2'S)-N,N'-(4,4'-(isopropylazanediyl)bis(methylene)bis(4,l-phenylene))dipyrrolidine-2-

carboxamide 

To a solution of the product from Example 24C (24.3 mg, 0.037 mmol) in CH2C12 (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:CH2Cl2 and 

washed with aqueous saturated NaHC03, dried (Na2S04), filtered, and concentrated in vacuo to give 

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

Example 24E 

dimethyl ([(1 -methylethyl)imino]bis {methanediylbenzene-4.1 -diylcarbamoyl(25)pyrrolidine-2,1. -

diyl[(2S)-3-methyl-l-oxobutane-l,2-diyl]})biscarbamate 

15 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 (30.61 mg, 0.056 mmol), 

HATU (21.3 mg, 0.056 mmol) and Hunig's Base (23.5 p.L, 0.135 mmol). The resulting mixture was 

stirred at rt for 1 hour, and was then partitioned between water and ethyl acetate. Tlie organic layer 

was washed with brine, dried (Na2S04), filtered and concentrated in vacuo. Purification by C18-

20 reverse-phase HPLC (10-90%CH3CN/0.1%TFA in water) afforded the title compound as a TFA salt 

(7.5 mg). NMR (500 MHz, DMSO-D6) S ppm 0.87 (t: 7=7.5 Hz, 7 H), 0.93 (d, 7=6.7 Hz, 5 H), 

1.34 (d, 7=6.6 Hz, 6 H), 1.84 - 1.94 (m, 6 H), 1.95 - 2.04 (m, 3 H), 2.17 (td, 7=7.2, 4.8 Hz, 2 H), 2.37 -

2.42 (m. 3 H), 3.60 - 3.69 (m, 6 II), 3.82 (d, 7=9.5 Hz, 2 H), 4.03 (t, 7=8.5 Hz, 3 H), 4.34 (d, 7=13.4 

Hz, 2 H), 4.42 - 4.46 (m, 2 H), 7.31 (d, 7=8.4 Hz, 2 I-I), 7.40 (t 7=9.2 Hz, 4 H), 7.64 (dd, 7=8.7, 2.0 

25 Hz, 4 H), 9.10 (s, 1 H), 10.21 (s, 2 H); MS (ESI) m/z 778.4 (M+H)+. 

dimethyl [(phenyIimino)bis{methaiiediylbenzene-4J.-diylcarbamoyl(25)pyrrolidine-2,l-diyl[(21S'3^)-

Example 25 

30 3-hydroxy-l -oxobutane-l,2-diyl] }]biscarbamate 
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OH O 

O 

Example 25A 

(2S,3R)-3-hydroxy-2-(methoxycarbonylamino)butanoic acid 

L-Threonine (0.50 g, 4.2 mmol) and sodium bicarbonate (1.13 g, 13.4 inmol) 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 witli vigorous stirring. The solution was stirred 

at ambient temperature for 5 hours then adjusted to pH 3 witli 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 [(phenyIimino)bis{methanediylbenzene-4,l-diylcarbamoyl(2lS,)pyrrolidine-2,l-diyl[(25,3-^)-

3-hydroxy-l-oxobutane-L2-diyl]}]biscarbamate 

The product from Example 25A (0.027 g, 0.16 mmol) and the product from Example ID 

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 die 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) 8 ppm 1.12 (d, 

20 J=6.41 Hz, 6 H) 1.82 - 1.91 (m, 4 H) 1.92 - 2.01 (m, 2 H) 2.09 - 2.17 (ra, 2 H) 3.52 (s, 6 H) 3.65 - 3.74 

(m, 2 II) 3.76 - 3.84 (ra, 4 II) 4.20 (t, J=7.40 Hz, 2 II) 4.42 (dd, J=8.39, 4.88 Hz, 2 H) 4.57 (s, 4 IX) 

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 816 (M+H)+. 

Example 26 

dimethyl [(plienylimino)bisf methanediylbenzene-4, l-diylcarbamoy3(2,5,)pyrrolidine-2,l-diyl[('2y)-3-

hydro xy-1 -oxopropane- 1,2-diyl] }]biscarbamate 
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O 

o 
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 (be 

5 title compound as a waxy solid. 

Example 26B 

dimethyl [(plienylimino)bis {metlianediylbenzene-4,1 -diylcarbamoyl(2^pyrrolidine-2,1 -diyl[(2.S>3-

hydroxy-1 -oxopropane-1,2-diyl]} ]hiscarbainate 

10 The product from Example 26A (0.025 mg, 0.16 mmol) and the product from Example ID 

(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. NMR (500 MHz, DMSO-D6) 5 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 - 4.47 (m, 4 H) 4.57 (s, 4 H) 5.10 (s, 2 H) 6.55 (t, J=7.32 Hz, 1 H) 6.63 (d, 

15 J=8.09 Hz, 2 H) 7.02 - 7.08 (m, 2 H) 7.15 (d, J=8.54 Hz, 4 H) 7.31 (d, J=7.78 Hz, 2 H) 7.48 (d, .1=8.54 

Hz, 4 H) 9.67 (s, 2 H); MS (TFA.ELSD+) m/z 788 (M+H)+. 

20 

-O H yNv4,_ o 

Example 27 

dimethyl [(cyclopentylimino)bis{methanediylbenzene-4,l-diylcarbamoyl(25)pyrrolidine-2,l-

diyl[(26r)-3-methyl-l-oxobutane-l,2-diyl] )]biscarbamate 

Example 27A 

25 N,N-bis(4-nitrobenzyl)cyclopentanamine 

To a solution of cyclopentylainine (0.148 mL. 1.5 mmol) in N,N-dimethylformamide (2 mL) 

was added potassium carbonate (622 mg, 4.50 mmol) followed by l-(bromomethyl)-4-nitrobenzene 
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(648 mg, 3.00 mmol). The resulting mixture was stirred at rt for 16 hours, more 1 -(bromomethyI)-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 CH2CI2, and the organic layer was dried (Na2S04), 

filtered and concentrated. Tlie crude product was purified by precipitation from methanol to afford 

5 tlie tide compound (554 mg, quant.). MS (ESI) m/z 356.0 (M+H)*. 

Example 27B 

4-(((4-aminobenzyl)(cyclopentyl)amino)methyl)aniline 

10 The product of Example 27 A (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-kH)+. 

O ^ ^ ^ O' 

Example 27C 

15 (2S,2'S)-terl-butyl 2,2'-(4,4'-(cyclopentyla/,anediyl)bis(methylene)bis(4,l-

pheny3ene)bis(azanediyl))bis(oxomethyleiic)dipyrrolidinc-l -carboxylate 

The product of Example 27B (360.3 mg, 1.220 mmol) was subjected to tlie procedure 

described in Example 24C to give the title compound (427 mg, 50%). MS (ESI) m/z 690.5 (M+H)+. 

20 
Example 27D 

(2S,2'S)-N,N'-(4,4'-(cyclopeiiiylazanediyl)bis(methylene)bis(4,l-phenylene))dipyrroiidine-2-

carhoxamide 

The product of Example 27C (427.4 mg, 0.620 mmol) was subjected to tlie procedure 

25 described in Example 24D to give the title compound (255 mg, 84%). MS (ESI) m/z 490.2 (M+H)+. 

Example 27E 

dimethyl [(cyclopentylimiiio)bis (metlianediylbenzene-4,1 -diylcarbamoyl(2S)pyrrolidine-2,1 -

diyl[(25)-3-methyl-l-oxobutane-l,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) 6 

ppm-0.00 (s, 1 H), 0.85 - 0.91 (m, 8 H), 0.94 (t, ,7=6.0 Hz, 6 H), 1.21 - 1.30 (m, 1 H), 1.48 - 1.57 (m, 

3 H), 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 

5 H), 4.03 (t, 7=8.5 Hz, 2 H), 4.14 (dd, 7=13.4, 5.3 Hz, 2 H), 4.26 (s, 2 H), 4.44 (dd, 7=7.8, 5.2 Hz, 2 

H), 7.32 (d, 7=8.2 Hz, 2 H), 7.40 (t, 7=8.9 Hz, 4 H), 7.62 - 7.67 (m, 4 H), 9.52 (s, 1 H), 10.22 (s, 2 H); 

MS (ESI) m/z 804.4 (M+H)+. 

10 Example 28 

dimethyl [(phenylimmo)bis{metlianediyIbenzenc-4,l-diylcarbamoyl(21Sr)pyrrolidine-2,l-diyl[(21S')-3-

hydro xy-3 -methyl -1 -oxobutane-1,2-diyl] j ] biscarbamate 

H f /°YNV^Q ° 
HO 

Example 28A 

15 (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 

20 dimethyl [(phenylimino)bis{methaiiediylbenzene-4,l-diylcarbamoyl(2S)pyrrolidine-2,l-diyl[(21S,)-3-

hydroxy-3-methyi-1 -oxobutane-1,2-diyl]} Jbiscarbamate 

The product from Example 28A (0.029 mg, 0.36 mmol) and the product from Example ID 

(0.035 g, 0.07 mmol) were processed as in Example 25B lo give 0.016 g (27%) of the title compound 

as a yellow solid. ]H NMR (500 MHz, DMSO-D6) 5 ppm 1.14 (s, 6 H) 1.21 (s, 6 II) 1.84 - 1.97 (m, 6 

25 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 II) 7.05 (dd, J=8.77, 7.25 Hz, 2 H) 7.14 (d, J=9.61 Hz, 2 II) 7.16 (d, J=8.70 Hz, 4 H) 7.51 (d, 

J=8.70 IIz, 4 II) 9.65 (s, 2 II); MS (TFA,ELSD+) m/z 844 (M+II)+. 

108 



WO 2010/120935 PCT/US2010/031102 

Example 29 

dime ill yl [(cyclopentylimino)bis{ methanediylbenzene-4,1 -diylcarbamoyl(25)pyrrolidme-2,1 -

diyl[(2S>3,3-dimethyl-l-oxobutane-l,2-diyl]}]biscarbamate 

5 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). 

NMR (500 MHz, DMSO-D6) 8 ppm 0.81. 0.89 (m, 2 H), 0.94 - 0.98 (in, 21 H), 1.49 - 1.57 (m, 2 H), 

1.72 (d 7=3.2 Hz, 2II), 1.84 - 1.93 (m, 5 H), 1.95 - 2.02 (m, 4 H), 2.14 - 2.21 (m, 2 H), 3.80 (d, 7=8.9 

10 Hz, 5 H), 4.15 (s, 3 H), 4.22 (d, 7=8.7 Hz, 3 H), 4.28 (s, 1 H), 4.42 - 4.47 (m, 2 H), 7.09 (d, 7=8.9 Hz, 

2 H), 7.40 (dd, 7=12.6, 8.6 Hz, 4 H), 7.65 (dd, 7=8.7, 2.3 Hz, 4 H), 9.50 (s, 1 H), 10.22 (s, 2 H); MS 

(ESI) m/z 832.4 (MH-H)+. 

15 Example 30 

dimethyl ([(l-methylethyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl(25)pyrrolidiiie-2,l-

diyl[(25)-3,3-dimethyl-l-oxobutane-l,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-(methoxycaibonylamino)-3,3-dimelhylbutanoic acid for 

20 (S)-2-(rnethoxycarbonylamino)-3-methylbutanoic acid, to give the title compound as TFA salt (25 

mg). NMR (500 MHz, DMSO-D6) 5 ppm 0.80 - 0.89 (m, 2 II), 0.91 (s, 1 II), 0.93 - 1.00 (m, 20 

H), 1.22 - 1.30 (m, 2 H), 1.34 (d, 7=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, 7=13.4, 5.6 Hz, 4 H), 4.21 (d, 7=8.9 Hz, 2 H), 4.34 (t, 7=12.5 

Hz, 2 II), 4.44 (d, 7-6.6 Hz, 2 H), 7.09 (d, 7=8.9 Hz, 2 H), 7.41 (dd, 7=13.1, 8.7 Hz, 4 II), 7.64 (dd, 

25 7=8.7,2.9 IIz, 4 II), 9.13 (s, 1 H), 10.22 (s, 2II); MS (ESI) m/z 806.5 (M+II)+. 
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Example 31 

(25-2'i,)~ArJV~[(phenylimii]o)bis(methanediylben2ene-4,l-diyl)jbis{ l-[(2.S)-3,3-dimethyl-2-(2-

oxoimidazolidin-l-yl)butanoyl]pyrrolidioe-2-carboxamide} 

5 The product of Example ID (32 mg, 0.064 mmol) and (S)-3,3~dimethyl-2-(2-

oxoimidazolidin-l-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. iH NMR (500 MHz, DMSO-

D6) 5 ppm 10.01 (s, 2H), 7.5B (d, 7=8.5 Hz, 4H), 7.24 (d, 7=8.5 Hz, 4H), 7.13 (m, 2H), 6.73 (d, 7=8.1 

Hz, 2H), 6.63 (t, 7=7.3 Hz, IH), 6.47 (s, 2H), 4.65 (s, 4H), 4.53 (s, 2H), 4.46 (dd, 7=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). 

Example 32 

dimethyl (f(2-methoxyetliyl)imino]bis{metlianediylbenzene-4,l-dxyicarbamoyl(25)pyrrolidine-2,l-

15 diyl[(25)-3,3-dimelhyl-l-oxobutane-l,2-diyl] })biscarbamate 

.N. 

Example 32A 

2-medioxy-N,N-bis(4-nitrobenzyI)elhanamine 

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. Tlie residue was purified by chromatography (20% to 40% 

EtOAc-hexane) to provide the tide compound. MS (DCI) m/z 346 (M+H)+. 
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10 

1.5 

HoN 

Example 32B 

4-(((4-ammobenzyl)(2-methoxyelhyl)amino)methyl)anilme 

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

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

Example 32C 

(2S,2'S)-terf-butyl 2,2'-(4,4'-(2-methoxyethylazanediyl)bis(methylene)bis(4,l-

phenylene)bis(azanediyI))bis(oxomethylene)dipyrrolidine-l-carboxylate 

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

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

(M-H)+ 

O' 

Example 32D 

(2S,2'S)-N,N'-(4,4'-(2-methoxyethylazanediyl)bis(methylene)bis(4,l-phenylene))dipyrrolidme-2-

carboxamide 

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

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

20 Example 32E 

dimethyl ([(2-metlioxyelhyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl(2lSr)pyrrolidme-2,l-

diyl[(25)-3,3-dimelhyl-l -oxobutane-l,2-diyl] })biscarbamate 

The product from Example 32D was processed using the method described in Example 6 

replacing DMSO with dichlorometliane and purified using flash chromatography (silica gel, 

25 MeOH/dichlorometliane) to afford the title compound (7.5 mg, 3%). !H NMR (500 MHz, BENZENE-

D6) 5 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, / = 5.9, 2H), 3.03 (s, 4H), 3.26 - 3.19 (m, 2H), 3.29 (t, / = 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)+. 

Example 33 

dimethyl [(isoxazol-3-ylimino)bis{ methanediylbenzene-4,1 -diylcarbamoyl(25)pyrrolidine-2,1 -

diyl[(2i,)-3,3-dimethyl-l-oxobutane-l,2-diyl] }]biscarbamate 

Example 33A 

N,N-bis(4-nilrobenzyl)isoxazol-3-amine 

The title compound was prepared using the methods from Example IA substituting isoxazol-

3-amine for aniline to provide the title compound (0.49 g, 23% yield). 

15 

Example 33B 

N,N-bis(4-aminobenzyl)isoxazol-3-amine 

The title compound was prepared using the methods from Example IB substituting tlie 

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

79% yield). 

10 

25 

Example 33C 

(2S,2'S)-tert-buty3 2,2,-(4,4,-(isoxazoi~3-ylazanediyl)bis(methyIene)bis(4,l 

phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-l -carboxylate 
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The title compound was prepared using the methods from Example IC substituting the 

product from Example 33B for the product from Example IB to provide the title compound (0.32 g, 

43% yield). 

Example 33D 

(2S,2'S)-N,N'-(4,4'-(isoxazoI-3-ylazanedi3'l)bis(methylene)bis(4,l-phenyleiie))dipyrrolidine-2-

carboxamide 

The title compound was prepared using tlie methods from Example ID substituting the 

10 product from Example 33C for tlie product from Example IC to provide the title compound (0.14 g, 

62% yield). 

Example 33E 

dimethyl [(isoxazol-3-ylimino)bis {methanediylbenzene-4,1 -diylcarbamoyl(21S,)pyrrolidine-2,1 -

15 diyl[(25>3,3-dimethyl-l-oxohutane-l,2-diyl]}]biscarbamate 

Example 33D and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid were reacted 

using the method from Example IE and tlie product was purified by column chromatography eluting 

with 0-4% methanol in dichloromethane lo provide the title compound (37 mg, 31% yield). NMR 

(500 MHz, DMSO) 6 10.02 (s, 2H), 8.48 (d, J= 1.8, IH), 7.52 (d, J = 8.5, 4H), 7.16 (d, /= 8.5, 4H), 

20 7.09 (d,./ = 8.8, 2H), 6.36 (d, / = 1.8, 1H), 4.44 (dd,/ = 5.3, 8.1, 2H), 4.35 (s, 4H), 4.21 (d, 7 = 8.8, 

2H), 3.81 - 3.73 (m, 2H), 3.68-3.60 (m, 2H), 3.53 (d, /= 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. 

5 

NH HN. 

O 
/ 

Y° 
o 
\ 

25 Example 34 
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methyl [(!.S')-2-hydroxy-l-{[(26'}-2-(6-{[({2-[(25>l-{(2,S')-3-hydroxy-2-[(methoxycarbonyl)amino]-3-

methy Ibutanoyl} pyrrolidin- 2-ylJ -1 #-benzimidazol-6-yl j methyl)(phenyl)amino] mediyl }-lH-

benzimidazol-2-yI)pyrrolidin-l-yl]carbonyl}-2-methyIpropyl]carbamate 

The product of Example 7E (25 mg, 0.051 mmol) and (S)-3-hydroxy-2-

5 (methoxycarbonylamino)-3-meihyibutanoic acid (21.4 mg, 0.112 mmol) were processed using the 

method described in Example 7F and the HPLC fractions neutralized with saturated aqueous NaHC03 

solution followed by extraction with a mixture of isopropyl alcohol/CH2Cl2 (1:3 ratio; 3 x 100 mL) 

and isolation to afford 32 mg (53%) of the title compound. LH NMR (500 MHz, DMSO-ti6) 6 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 

10 (s, 6 H), 3.72 - 3.82 (m, 2 H), 3.97 - 4.06 (m, 2 H), 4.37 (d, 7=8.70 Hz, 4 H), 4.88 (s, 4 H), 4.90 (d, 

7=10.99 Hz, 2 H), 5-26 (dd, 7=8.24, 4.58 Hz, 2 H), 6.56 - 6.62 (m, 1 H), 6.72 (d, 7=8.09 Hz, 2 H), 

7.04 - 7.12 (m, 3 H). 7.18 (d, 7=8.54 Hz, 2 H), 7.37 (d, 7=8.39 Hz, 2 H), 7.52 (s, 2 H), 7.66 (d, 7=8.24 

Hz, 21-I). MS (ESI) m/z 838 (M+Hf. 

Example 35 

methyl [(16",,2^)-2-hydroxy-l-i[(25)-2<6-{[([2-[(25)-l-{(25,3^)-3-hydroxy-2-

[(metlioxycarbonyl)amino]butanoyl}pyrrolidm-2-yl]-l/?-benzimidazol-6-

yl}methyl)(phenyI)amino]methyl}-l/f-benzimidazol-2-yl)pyrrolidin-l-yl]carbonyl}propyl]carbamate 

20 The product of Example 7E (25 mg, 0.051 mmol) and (2S,3R)-3-hydroxy-2-

(methoxycarbonylaiflino)butanoic acid (19.8 mg, 0.112 mmol) were processed using the method 

described in Example 7F and tlie IIPLC fractions neutralized witli saturated aqueous NaIIC03 

solution followed by extraction witli a mixture of isopropyl alcohol/CH2Cl2 (1:3 ratio; 3 x 100 mL) 

and isolation to afford 25 mg (43%) of the title compound. [H NMR (500 MHz, DM,SO-rf6) 5 ppm 

25 1.00 (d, 7=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, 7=12.40, 

6.18 Hz, 2 H), 4.26 (dd, 7=8.24, 5.34 Hz, 2 H), 4.90 (d, 7=1.98 Hz, 4 H), 5.21 (dd, 7=8.24, 5.34 Hz: 2 

H), 6.60 (t 7=7.25 Hz, 1 H), 6.72 (d, 7=8.09 Hz, 2 H), 6.99 (d, 7=8.24 Hz, 2 H), 7.05 - 7.12 (m, 2 H), 

7.41 (d, 7=8.39 Hz, 2 H), 7.54 (s, 2 H), 7.71 (d, 7=8.54 Hz, 2 H). MS (ESI) m/z 810 (M+H)+. 
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Example 36 

(2iS\2VS')-yV,A"-[(phenylimino)bis(methanediylbenzene-4J-diyr)]bis{ l-[(2.S')-3-melliyl-2-(2-

oxotetrahydropyrimidm-l(2H)-yl)butanoyl]pyrrolidine-2-carboxamide} 

5 The product of Example ID (30 mg, 0.060 mmol) was subjected to the procedure described in 

Example 24E, substituting (S)-3-methyl-2-(2-oxotetrahydropyrimidin-l(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) 6 ppm 0.78 - 0.85 (m, 7 H), 0.88 (d, 7=6.4 Hz, 6 H), 1.68 - 1.77 (m, 

4 H), 1.79 - 1.88 (m, 4 H), 1.97 (d, 7=6.0 Hz, 2 H), 2.06 - 2.16 (m, 4 H), 3.05 - 3.13 (m, 6 H), 3.54 -

10 3.63 (rn, 2 H), 3.80 - 3.88 (m, 2 H), 4.36 (dd, 7=8.2, 5.0 Hz, 2 H), 4.59 (s, 4 H), 4.78 (d, 7=11.1 Hz, 2 

H), 6.30 (s. 2 H), 6.56 (t, 7=7.2 Hz, 1 H), 6.66 (d, 7=8.2 Hz, 2 H), 7.07 (t, 7=7.9 Hz, 2 H), 7.17 (d, 

7=8.4 Hz, 4 H), 7.51 (d, 7=8.5 Hz, 4 H), 9.95 (s, 2 H); MS (ESI) m/z 862.5 (M+H)+. 

o^ 
15 Example 37 

dimethyl [(phenylimino)bis{methanediylbenzene-4,l-diylcarbamoyl(25)pyrrolidine-2,l-diyl[(45)-5-

oxopen t-1. -ene-5,4-diy I]} Jbiscarbamate 

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 NaHC03 (2.26 mg, 26.9 

mmol) in II20 (40 mL) was cooled lo 0 °C. A mixture of methyl chloroformaie (740 pL, 9.55 mmol) 

dissolved in Et20 (4 ml..,) was slowly added to the aqueous mixture and stirred for 20 hours coming to 

ambient temperature. Mixture was adjusted to pH 3.0 with HCl (conc). The mixture was extracted 

25 with EtOAc and then dried (MgSOA filtered and concentrated to afford 1.25 g (83%) of the title 

compound. MS (ESI) m/z 174 (M+H)+. 

Example 37B 
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dimelhyi [(phenyIimino)bis{ methanediylbenzene-4,l-diylcarbamoyl(2S)pyirolidine-2,l-diyl[(4,S,)-5-

oxopent-1 -ene-5,4-diyl]} jbiscarbamate 

The product of Example 1D (50 mg, 0.100 mmol) and the product of Example 37A (34.8 mg, 

0.203 mmol) were processed using tlie method described in Example IE to afford 51 mg (53%) of tlie 

5 title compound as a TFA salt. !H NMR (500 MHz, DMSO-40 8 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 - 4.31 (m, 2 H), 4.42 (dd, 7=8.09, 4.27 Hz, 2 H), 4.58 

(s, 4 H), 5.03 (d, 7=10.22 Hz, 2 H), 5.13 (d, 7=16.48 Hz, 2 H), 5.75 - 5.86 (m, 2 H), 6.56 (t, 7=6.71 

Hz, 1 H), 6.65 (d, 7-7.63 Hz, 2 H), 7.06 (t, 7=7.78 Hz, 2 H), 7.16 (d, 7=8.54 Hz, 4 H), 7.34 (d, 7=7.93 

10 Hz, 2 H), 7.49 (d, 7^8.39 Hz, 4 H), 9.93 (s, 2 H). MS (ESI) m/z 808 (M+H)+. 

Example 38 

dimethyl [(phenylimmo)bis{methanediylbeiizene-4,l-diylcarbamoyl(2S)pyrrolidine-2,l-diyl[(2S')-l-

15 oxobutane-l,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 titie compound. MS (ESI) m/z 162 (M+H)+. 

20 

Example 38B 

dimethyl [(phenylimino)bis{methanediylbcnzcne-4./l-diyIcarbamoyI(2,S')pyrrolidmc-2,I-diyl[(25')-l-

oxobutane-l,2-diyl]) jbiscarbamate 

The product of Example ID (50 mg, 0.100 mmol) and the product of Example 38 A (32 mg, 

25 0.201 mmol) were processed using tlie method described in Example IE to afford 34 mg (38%) of the 

title compound as a TFA salt. ]H NMR (500 MHz, DMSO-4) 8 ppm 0.89 (t, 7=7.40 IIz, 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, 7=13.81, 7.55 Hz, 2 II), 4.41 (dd.. 

7=8.09, 4.58 Hz, 2 H), 4.58 (s, 4 H), 6.56 (t, 7=6.87 Hz, 1 H), 6.65 (d, 7=7.78 Hz, 2 H), 7.06 (t, 7=7.86 

30 Hz, 2 H), 7.15 (d, 7=8.54 Hz, 4 H), 7.30 (d, 7=7.78 Hz, 2 H), 7.49 (d, 7=8.39 Hz, 4 H), 9.94 (&, 2 H). 

MS (ESI) m/z 784 (M+H)+ 
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o-

Example 39 

dimethyl {(phenyIimino)bis[medianediylbenzene-4,]-diyIcarbamoyl(2S)pyrrolidine-2,l-diyl{(]£>2-

oxo-1.-[(3i?)-tetraliydrofuran-3-yl]ethane-2,l-diyl}3 Jbiscarbamate 

5 The product from Example ID (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. LH NMR (500 MHz, DMSO-D6) 8 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,2H)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 I-I) 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, .7=8.24 Hz, 2 

H) 7.05 (t, ,7=8.01 Hz, 2 H) 7.16 (d, .7=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 II); MS ESI- m/z 866 (M-II)-. 

15 Example 40 

(25,2'6')-iV,/V'-[(phenylimino)bis(metlianediylbenzene-4,l-diyl)]bis(l-{(25')-2-

[(meihoxyacelyl)ammo]-3,3-dimethylbutanoyl}pyrrolidiiie-2-carboxamide) 

H OH 

^O-^YNY^O 
0 

20 Example 40A 

(S)-2-(2-methoxyacetamido)-3,3-dimethylbutanoic acid 

(S)-2-amino-3,3-dimethylbutanoic acid (0.50 g, 3.8 mmol) and sodium bicarbonate (0.80 g, 

9.5 mmol) were dissolved into water (20 mL) then cooled in an ice bath. Melhoxyacetyl 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 tlie title compound as a waxy solid. 

5 Example 40B 

(2S:2'S)-AyV'-[(phenylimino)bis(methanediyIbenzene-4,1 -diyl)]bis( 1 - {(2,S,)-2-

[(metlioxyacetyl)amino]-3,3-dimethylbuSanoyl}pyrrolidine-2-carboxamide) 

The product from Example ID (0.05 g, 0.10 mmol) and tlie product from Example 40A 

(0.045 g, 0.22 mmol) were processed as in Example 25B to give 0.006 g (7%) of tlie tide compound 

10 as a yellow solid. NMR (500 MHz, DMSO-D6) 6 ppm 0.93 (s, 18 H) 1.85 - 1.93 (m, 4 H) 1.94 -

2.04 (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 866 (M-H)-. 

15 

Example 41 

di-;ert-butyl [(phenylimino)bis {methanediylbenzene-4,1 -diyicarbamoyl(25)pyrroIidine-2,1 -

diyl[(25',3.S')-3-methyl-l-oxopentane-l,2-diyl]}]biscarbamate 

20 To a solution of the product from Example ID (0.062 g, 0.125 mmol) in CH2CI2 (5 mL) at rt 

was added (2S,3S)-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, 

tlie reaction was washed with brine and the organic phase concentrated. The residue was purified by 

chromatography (1% gradient from 0 lo 2% MeOH-CH2Cl2) to provide the 67 mg (58%) of the title 

25 compound. XH NMR (500 MHz, DMSO-D6) 5 0.81 (t, J=7.02 Hz, 6 H) 0.85 (d, J=6.71 Hz, 6 H) 1.20 

- 1.29 (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). 

30 
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Example 42 

(25!2'5')-A?,Ar-[(pheii}dimino)bis(methanediylbenzene-4.1-diyl)]bis{ l-[(2S)-3-methy]-2-(2-

oxopyrrolidin- 3 -yl)butanoyl] pyrrolidine-2-carboxamide} 

5 The product of Example ID (30 mg, 0.06 mmol) and (S)-3-methyl-2-(2-oxopyrrolidin-l-

yl)butanoic acid (24.6 mg, 0.133 mmol) were processed using tlie method described in Example 43 lo 

afford 21 mg (42%) of tlie title compound. *H NMR (500 MHz, DMSO-D6) 5 ppm 9.92 (s, 2H). 

7.46 (d, 7=8.6 Hz, 4H), 7.12 (d, J=8.5 Hz, 4H), 7.01 (m, 2H), 6.61 (d, 7=8.1 Hz, 2H), 6.51 (t, J=7.2 

Hz, IH), 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, 

10 2H), 2.21 (m, 4H), 2.08 (m, 4H), 1.91 (m, 2H), 1.82 (s, 8H), 0.87 (d, 7=6.6 Hz, 6H), 0.72 (d, 7=6.6 

Hz, 6H). 

Example 43 

15 (25',2'1S,)-A^,Ar-[(phenylimino)bis(metliaiiediylbenzene-4,l.-diyl)]bis{l-[(2i?)-2-(acetylamino)-2-

phenylacetyl]pyrrolidine-2-cai'boxamide} 

The product of Example ID (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 tlie mixture at room temperature for 1 hour. The 

20 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. lH NMR (500 MHz, DMSO-D6) 5 

ppm 9.73 (s, 2H), 8.60 (d 7=7.9 Hz, 2H), 7.52 (m, 4H), 7.35 (IIL 7H), 7.13 (m, 4H), 7.02 (m, 2H), 

6.61 (d, 7=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 

25 (m, 8H). 
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T°N 

Example 44 

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

diylcarbamoyl(25)pyrrolidine-2,I-diyl[(21S)-3,3-dimethyl-l-oxobutane-l,2-diyl]})biscarbamale 

Example 44A 

(R)-N,N-bis(4-nitrobenzyl)tetrahydrofuran-3-amine 

The title compound was prepared using the methods from Example IA substituting (R)-

tetrahydrofuran-3-amine for aniline to provide the title compound (1.12 g, 59% yield). 

The title compound was prepared using the methods from Example IB substituting the 

product from Example 44A for the product from Example IA to provide the title compound (1.02 g, 

109% yield). 

Example 44C 

(2S,2'S)-terl-butyl 2,2'-(4,4'-((R)-tetrahydrofuran-3-ylazanediyl)bis(methylene)bis(4,l-

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

The title compound was prepared using the methods from Example IC substituting tlie 

product from Example 44B for the product from Example IB to provide the tide compound (0.78 g, 

33% yield). 

Example 44B 

(R)-N,N-bis(4-aminobenzyl)tetrahydrofuran-3-amine 

9YY)9 rrV? 
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Example 44D 

(2S!2,S)-N,N'-(4,4,-((R)-tetrahydrofuran-3-ylazanediyl)bis(melhylene)bis(4;l-

phenylene))dipyrrolidine-2-carboxamide 

5 The title compound was prepared using the methods from Example ID substituting the 

product from Example 44C for the product from Example IC to provide the title compound (0.39 g, 

70% yield). 

Example 44E 
10 dimethyl ([(3/?)-tetrahydrofuran-3-ylimino]bis {methanediylbenzene-4,1 -

diylcarbamoyl(2.?)pyrrolidine-2,l-diyl[(2lSy3,3-dimethyl-l-oxQbutane-l,2-diyl] })biscarbamale 

Example 44D and (S)-2-(methoxycarbonylamino)-3,3-dimethyIbutanoic acid were reacted 

using tlie method from Example 1E and tlie product was purified by column chromatography eluting 

witli ethyl acetate to provide tlie title compound (100 mg, 31% yield). 'H NMR (500 MHz, 

15 BENZENE-D6) 8 9.77 (bs, 2H), 7.74 (d, 7-8.1,4H), 6.99 (d, 7 = 8.3, 4H), 5.50 (d,,/ = 9.6, 2H), 4.73 

- 4.66 (m, 2H), 4.50 (d, 7 - 9.7, 2H), 3.77 (td, 7 - 4.3, 8.4, IH), 3.70 (dd,7 = 5.4, 9.0, IH), 3.59 -

3.53 (m, IH), 3.48 - 3.41 (m, 7H), 3.33 (d,/= 12.9, 4H), 3.23 - 3.13 (m, 5H), 2.11 (id, 7= 6.1, 11.8, 

2H), 1.71 - 1.53 (m, 4H), 1.52 - 1.42 (ra, 2H), 1.26 - 1.16 (m, 2H), 0.99 (s, 18H). MS (ESI; M+H) 

m/z = 835. 

20 

Example 45 

dimethyl [(phenylimino)bis{methanediylbenzene-4,l-diylcarbamoyl(2$pyrrolidine-2,l-diyl[(2.S>4-

methyl-1 -oxopentane-1,2-diyl]} Jbiscarbamate 

25 The product of Example ID (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) 8 ppm 0.85 - 0.92 (m, 15 H), 1.40 (dd, 7=9.3, 4.1 Hz, 2 H), 1.42 - 1.46 

(m, 2 H), 1.62 - 1.71 (m, 2 H), 1.86 (dt, 7-11.6, 5.7 Hz, 2 H), 1.90 - 1.94 (m, 2 H), 1.96 - 2.05 (m, 2 

30 H), 2.14 (td, 7=7.6, 4.6 Hz, 2 H), 3.67 - 3.75 (m, 3 H), 4.23 - 4.31 (m, 2 H), 4.42 (dd, 7=8.2, 4.7 Hz, 3 
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H), 4.59 (s, 5 H), 6.57 (s, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.07 (l, 7=7.9 Hz, 3 H), 7.17 (d, 7=8.5 Hz, 5 

H): 7.34 (d, 7=8.1 Hz, 2 H), 7.50 (d, 7^8.5 Hz, 5 H), 9.96 (s, 2 H); MS (ESI) m/z 840.5 (M+H)+. 

Example 46 

dimethyl [(pheiiyhmino)bis{methajiediyIbenzeiie-4,l-diylcarbamoyl(2S)pyrroIidme-2,l-diyl[(2S')-l-

oxopenlanc-1,2-diyl]} ]biscarbamate 

The product of Example ID (35 mg, 0.070 mmol) was subjected to the procedure described in 

Example 24E, substituting (S)-2-(methoxycarbonylamino)pentanoic acid for (S)-2-

(metboxycarbonylamino)-3-methylbutanoic acid to give the title compound as a TFA salt (29 mg). 'H 

NMR (500 MHz. DMSO-D6) 5 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. 7=9.5, 6.8 Hz, 2 H), 4.24 (td, 7=8.1, 5.4 Hz, 2 H), 4.42 (dd, 7=8.2,4.7 Hz, 2 H), 4.59 (s, 4 

H), 6.57 (t, 7=7.1 Hz, 1 H), 6.66 (ds 7=8.1 Hz, 2 H), 7.07 (t, 7=7.9 Hz, 2 H), 7.17 (d, 7=8.5 Hz, 4 H), 

7.32 (d, 7=7.8 Hz, 2 H), 7.50 (d, 7=8.5 Hz, 4 H), 9.95 (s, 2 H); MS (ESI) m/z 812.4 (M+H)+. 

H ^ 

° 

Example 47 

dimethyl [(phenylimino)bis{methanediylbenzene-4,1 -diylimino[(2.S"j-1 -oxopropane-1,2-

diyl](methylimino)[(25)-3,3-dimethyl-l-oxobutane-l,2-diyl]}]biscarbamate 

! ° O 1 

Example 47A 

lert-butyl (2S,2'S)-l,l,-(4,4'-(phenylazanediyl)bis(methylene)bis(4,l-phenylene)bis(azanediyI))bis(l-

oxopropane-2,l-diyI)his(methylcarbamate) 

The product from Example IB and (S)-2-(tert-butoxycarboiiyl(methyl)amino)propaiioic acid 

(Aldrich) were processed using the method described in Example 41. Hie crude residue was purified 
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25 

by silica gel chromatography (40% ethyl acetate-hexane) to provide the title compound. MS (ESI; 

M+H) m/z = 674. 

5 Example 47B 

(2S,2'S)-N,N'-(4,4'-(phcnylazanediyl)bis(methylene)bis(4J-phenylene))bis(2-

(methylamino)propanamide) 

A solution of the product from Example 47 A (0.469 g, 0.696 mmol) in CH2C12 (10 mL) at rt 

was treated witli TFA (5.00 mL) and stirring continued overnight. The reaction was concentrated and 

10 the residue partitioned between saturated NaHC03 and 25% IPA-CHC13. The organic phase was 

dried (Na2S04) 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,l-diylimino[(2S)-l-oxopropane-l,2-

diyl](methylimino)[(25)-3,3-dimethyl-l-oxobutane-L2-diyl]} jbiscarbamate 

The product from Example 47B and (S)-2-(methoxycarbonylamiiio)-3,3-dimetiiylbutanoic 

acid (DeGussa) were processed using the method described in Example 41. The crude residue was 

purified by silica gel chromatography (2% MeGH-CTLCL) to provide 122 mg (34%) of the title 

20 compound. lE NMR (500 MHz, DMSO-D6) 5 0.96 (m, 18 H) 1.33 (d, J=7.18 Hz, 6 H) 2.68 (m, 2 H) 

3.09 (br s, 4 H) 3.53 (br s, 4 H) 3.58 (br s, 2 H) 4,45 (m: 2 H) 4.59 (in, 4 H) 5.03 (m, 2 H) 6.56 (t, 

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 

II) 7.62 (d, J—8.39 Hz, 1 H) 9.79 (s, 2 H). 

Example 48 

dimethyl [(phenylimino)bis{methanediylbenzene-4,l-diylcarbamoyl[(25,4i?)-4-hydroxypyrrolidine-

2, l-diyl][(2.9)-3,3-dimethyl-l -oxobutane-1,2-diyl] }]biscarbamate 
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Example 48A 

(3R,3'R,5S,5'S)-tert-butyl 5.5'-(4,4'-(pbenylazanediyl)bis(methylene)bis(4,1 -

phenyIene)bis(azanediyl))bis(oxomethylene)bis(3-ltydroxypyrroHdine-l -carboxylate) 

The product from Example IB and (2S,4R)-l-(terl-buloxycarbonyl)-4-hydroxypyrrolidine-2-

carboxylic acid (Chem-Impex) were processed using the method described in Example 41. The 

reaction was filtered, the solid washed with CH2C12 and dried in vacuum oven to provide 414 mg 

(69%) of the title compound. MS (DCI; M+H) m/z - 730. 

Example 48B 

(2S,2'S,4R,4'R)-N,N-(4,4'-(phenylazanediyl)bis(methylene)bis(4,l-phenylene))bis(4-

hydroxypyrrolidine-2-carboxamide) 

The product from Example 48A was processed using the method described in Example 47B 

to provide the title compound. MS (DCI; M+H) m/z = 530. 

dimethyl [(phenylimino)bis{ methanediylbenzene-4,l-diylcarbamoyl[(2S,4i?)-4-hydroxypyrrolidine-

The product from Example 48B and (S)-2-(niethoxycarbonylamino)-3,3-dimethylbutanoic 

acid (DeGussa) were processed using tlie method described in Example 41. The crude residue was 

purified by silica gel chromatography (0% to 1% MeOH-CH2Cl2) to provide 60 mg (25%) of the title 

compound. ]H NMR (500 MHz, DMSO-D6) 8 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). 

Example 48C 

2,1 -diyl] [(25)-3,3-dimeihyl-l -oxobutane- 3,2-diyl]} jbiscarbamate 

124 



WO 2010/120935 PCT/US2010/031102 

OH HO 

Example 49 

dimethyl [(phenylimino)bis{meihancdiylbenzene-4,l<iiylcarbamoylf2.Slpyrrolidine-2,l -diyltQ.S'AV)-

Example 49A 

(2S,3S)-3-hydroxy-2-(methoxycarbonylamino)butanoic acid 

(2S,3S)-2-amino-3-hydroxybulanoic acid (0.54 g, 4.53 mmol) was processed as in Example 

10 25A to give 0.139 g (17%) of the title compound as a waxy solid. 

Example 49B 

dimethyl [(phenylimino)bis{mellianediylbenzene-4,l -diylcarbamoyl(21S,")pyrrolidine-2,l-diyl[(25',3^)-

3-hydroxy-l -oxobutane-l,2-diyl]} jbiscarbamate 

15 The product from Example ID (0.05 g, 0.H) 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) 5 ppm 1.16 (d, J=6.10 Hz, 6 H) 1.82 - 1.89 

(m, 2 H) 1.90 - 2.00 (in, 4 H) 2.08 - 2.17 (m, 2 H) 3.52 (s, 6 IT) 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 

20 (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, 4II) 

7.42 (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 816 (M+H)+; m/z 833 

(M+NH4)+. 

25 Example 50 

3-hydroxy-l-oxobutane-l,2-diyl]} jbiscarbamate 

5 
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dimethyl [(phenylimino)bis{ methanediylbenzene-4,1 -diyIcarbamoyl(25,)pyrrolidine-2,1 -diyl[(25,3^)-

3-methyl-l-oxopentane-l,2-diylj}]biscarbamate 

Example 50A 

(2S,3R)-2-(mclhoxycarbon}'lami.no)-3-mcthylpenlanoic acid 

(2S,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 -diylcarhamoyl(2S)pyrrolidine-2,1 -diyl[(2S,3i?)-

3-methyl-1 -oxopentane-1,2-diyl]} jbiscarbamate 

The product from Example ID (0.05 g, 0.10 mmol) and the product from Example 50A 

(0.042 g, 0.22 mmol) were processed as in Example 25B to give 0.044 g (52%) of the title compound 

as an off-white solid. 'H NMR (500 MHz, DMSO-D6) 8 ppm 0.80 (d, 1=6.71 Hz, 6 H) 0.85 (t, .1=7.32 

15 Hz, 6 H) 1.06 - 1.15 (m, 2 H) 1.42 - 1.50 (m, 2 H) 1.73 - 1.79 (m, 2 H) 1.81 - 1.92 (m, 4 H) 1.95 -

2.03 (m, 2 H) 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 (l, J=7.25 Hz, 1 H) 

6.64 (d, .7=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, .1=8.54 Hz, 4 H) 

9.95 (s. 2 H); MS ESI- m/z 838 (M-H)-. 

20 

Example 51 

dimethyl [(phenylimino)bis{ methanediylbenzene-4,1 -diylcarbamoyl(2S)pyrrolidine-2, l-diyl[(2.S\3i?)-

3-methoxy-l-oxobutane-l,2-diyl3j jbiscarbamate 

25 
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Example 51A 

(2S,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid 

(2S,3R)-2-amino-3-methoxybutanoic acid (l.Og, 7.51 mmol) was processed as in Example 

25A to give 0.28 g (20%) of the title compound as a waxy solid. 

dimethyl [(phenylimino)bis{methanediylbenzene-4,l-diylcarbamoyl(25)pyrrolidine-2,l-diyl[(25,3^)-

3-methoxy-l -oxobutane-1,2-diyl]} jbiscarbamate 

The product from Example ID (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. NMR (500 MHz, DMSO-D6) 6 ppm 1.12 (d, J=6.26 Hz, 6 H) 1.82 - 1.90 

(m, 4 H) 1.94 - 2.04 (m, 2 H) 2.10 - 2.18 (m, 2 H) 3.23 (s, 6 H) 3.42 - 3.48 (in, 2 H) 3.52 (s, 6 H) 3.62 

- 3.70 (ra, 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, ,1=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, 4 H) 7.32 (d, J=7.93 Hz, 2 H) 7.49 (d, J=8.54 Hz, 4 H) 9.93 (s, 2 H); MS ESI- m/z 842 (M-H)-. 

dimethyl [(phenylimino)bis{ methanediylbenzene-4,1 -diylcarbamoyl(2S)p3Trolidine-2,1 -diyl[(2S)-3-

5 

Example 51B 

\ / 

Example 52 

20 methoxy-3-methyl-l-oxobutane-l,2-diyl]}]biscarbamate 

OH 

25 

Example 52A 

(S)-3-methoxy-2-(methoxycarbonylamino)-3-methylbutanoic acid 

(S)-2-amino-3-meihoxy-3-melhylbutanoic acid (0.55g, 3.72 mmol) was processed as in 

Example 25 A to give 0.18 g (24%) of tlie title compound as a waxy solid. 

Example 52B 
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dimethyl [(phenylimino)bis{methanediylbenzene-4,l-diylcarbamoyl(2iT)pyrrolidine-2,1 -

diyl[(25>3-methoxy-3-methyl-1 -oxobutane-1,2-diyl]} jbiscarbamate 

The product from Example ID (0.05 g, 0.10 mmol) and die product from Example 52A 

(0.045 g, 0.22 mmol) were processed as in Example 25B lo give 0.015 g (17%) the title compound as 

5 an off-white solid. 3H NMR (500 MHz, DMSO-D6) 8 ppm 1.14 (s, 6 H) 1.83 - 1.92 (m. 4 H) 1.92 -

2.02 (m, 2 H) 2.10 (dd, J=20.52, 12.13 Hz, 2 H) 2.53 (s, 6 H) 3.11 (d: J=4.27 Hz, 6 H) 3.53 (s, 6 H) 

3.63 - 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)-. 

10 

Example 53 

iV-(melhoxycarbonyl)-3-methyl-L-va!yl-Ar-(4-{[{4-[(l-{(25)-2-[(metlioxycarbonyl)ammo]-2"[(3^)-

tetrahydrofuran-3-yl]acetyl}-L-prolyI)amino]benzyl}(phenyl)amino]methyI}phenyl)-L-prolin amide 

15 The product of Example 10A (0.035 g, 0.052 mmol) and (S)-2-(methoxycarbonyiamino)-2-

((R)-tetrahydrofuran-3-yl)acetic acid were processed as in Example 25B lo give 0.030 g (67%) of the 

title compound as a thick oil. lR NMR (500 MHz, DMSO-D6) 5 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 - 3.65 (m, 4 H) 3.66 - 3.75 (m, 3 H) 3.78 - 3.85 (m, 1 H) 4.34 - 4.22 (m, 2 H) 4.38 (dd, 

20 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- m/z 852.5 (M-H)-. 

25 Example 54 

(2i1,2'5')-/V,Ar-{[(4-fluorophenyl)imino]bis(melhanediylbenzene-4,l~diyl)}bis{l-[(2^)-2-

(diethylamino)-2-phenylacetyljpyrrolidine-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 895 (M+H)+. 

5 
Example 55 

(2S,2VS>AW-[(phenyhmmo)bis(mcthanediylbenzenc-4,l-diyl)]bis{l-[(2i?)-2-phenyl-2-pyrrolidin-l-

ylacctyl]pyrrolidine-2-carboxamide} 

10 Example 55A 

(R)-2-phenyl-2-(pyrrolidin-l-yl)acetic acid 

To (R)-2-amino-2-phenyIacetic 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, tlie resultant solid was removed by filtration 

15 and washed witli 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)+. 

20 

Example 55B 

(2£2'S)-AyV4(phenylimino)bis(methanediylbenzene-4,l-diyl)]bis{l-[(2./?)-2-phei]yl-2-pyrrolidin-l-

ylacetyI]pyrrolidine-2-carboxamide} 

The product of Example ID (30 mg, 0.060 mmol) and the product of Example 55A (40.8 mg, 

25 0.199 mmol) were processed using the method described in Example 43 to afford 34 mg (65%) of the 

title compound. l¥L NMR (500 MHz, DMSO-D6) 5 ppm 10.08 (bs, 2H), 7.55 (m, 4H), 7.49 (in, 

10H), 7.16 (d, 7=8.4 Hz, 4H), 7.03 (m, 2H), 6.61 (d, 7=8.2 Hz, 2H), 6.53 (t 7=7.2 Iiz, IH), 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). 

30 
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Y^0 O O 
HN >° 

O \ 

Example 56 

AKmethoxycarbonyl)-3-methyl-L-valyl-iV-[4-({phenyl[4-({ l-[(2tf)-2-pheny!-2-pyrrolidin-l-ylacetyl]-

L-prolyl} amino)benzyl] amino} methyl)phenyl] -L-prolin amide 

5 The product from Example I0A (40 mg, 0.060 mmol) and the product of Example 55A (18.4 

mg, 0.090 mmol) were processed using die method described in Example 43 to afford 31 mg (60%) of 

the title compound. :H NMR (500 MHz, DMSO-D6) 8 ppm 9.94 (bs, 1H), 9.90 (bs, IH), 7.46 (m, 

3Ii), 7.41 (m, 2H), 7.27 (m, 3H), 7.15 (m, 4H), 7.02 (m, 3H)f 6.61 (d, 7=8.2 Hz, 2H), 6.52 (t, 7=7.3 

Hz, IH), 4.55 (bs, 4H), 4.38 (m, IH), 4.27 (m, IH), 4.17 (m, 2H), 3.79 (m, IH), 3.72 (m, IH), 3.58 

10 (m, IH), 3.49 (s, 3H), 3.40 (m, 1H), 2.43 (m, 3H), 2.29 (m, 2H), 2.09 (m, IH), 1.95 (m, 3H), 1.89 (m, 

411), 1.57 (m, 3H), 0.91 (s, 9H). 

Example 57 

15 (2S,2'5')-/V,Ar-[(phenylimino)bis(methanediylbenzene-4,l-diyl)]bis{l-[(2i^)-2-morpholm-4-yl-2-

phenylacetyl]pyrrohdine-2-carboxamide} 

Example 57A 

(R)-2-morpholino-2-phenylaeetic acid 

20 To (R)-2-amino-2-phenyIacetic acid (1.0 g, 6.62 mmol), l-bromo-2-(2-bromoethoxy)elhane 

(1.686 g, 0.727 mmol) and sodium carbonate (2.103 g, 19.85 mmol) was added ethanol (40 mL) and 

die resultant mixture heated at 100 °C for 45 hours. After cooling, die resultant solid was removed by 

filtration and washed with ethanol. The filtrate was concentrated, and then dissolved in ethanol dien a 

solution of 4N aqueous hydrochloric acid added until the pH of the solution was 3. The resultant solid 

25 was removed and discarded. The filtrate was concentrated and purified by reversed phase 

chromatography (C18), eluting witli 10-100% acetonitrile in water (0.1% TFA) to give the title 

compound. MS (ESI) m/z 222 (M+Hf. 
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Example 57B 

(2£,2^-A^Ap-[(phenylimino)his(methanediyIbenzene-4,l~diyI)]bis{ l-[(2^)-2-morpholin-4-yl-2-

phenylacetyi]pyrrolidine-2-earboxamide} 

5 The product of Example ID (30 mg, 0.060 inmol) and the product of Example 57A (44 mg, 

0.199 mmol) were processed using tlie method described in Example 43 to afford 41 mg (75%) of tlie 

title compound. :H NMR (500 MHz: DMSO-D6) 6 ppm 9.93 (bs, 2H), 7.47 (d, 7=8.4 Hz, 4H), 7.41 

(d, 7=7.0 Hz, 4H), 7.28 (m, 6H), 7.14 (m, 4H), 7.03 (m, 2H), 6.62 (d, 7=8.1 Hz, 2H), 6.52 (t, 7=7.2 

Hz, 1H), 4.56 (bs, 4H), 4.24 (m, 4H), 3.81 (m, 2H), 3.45 (m, 8H), 3.40 (m, 2H), 2.63 (m, BH), 2.39 

10 (m, 4H), 2.29 (m, 4I-I), 1.95 (m, 4H), 1.77 (m, 4H). 

Example 58 

AHniethoxycarbonyI)-3-methyl-L-va]yl-./V-[4-({ [4-({ 1 -[(2J?)-2-morpholin-4-yl-2-phenylacetyl]-L-

15 prolyl} amino)benzyl] (phenyl) amino} meihyl)pheiiyl] -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. NMR (500 MHz, DMSO-D6) 6 ppm 9.80 (s, IH), 9.78 (s, IH), 7.35 (m, 3H), 

7.28 (m. 2H), 7.14 (m, 3H), 6.97 (m, 4H), 6.88 (m, 3H), 6.46 (d, 7=8.1 Hz, 2H), 6.37 (t, 7=7.2 Hz, 

20 IH), 4.40 (bs, 4H), 4.22 (in, IH), 4..13 (ra, IH), 4.05 (m, 2H), 3.67 (m, IH), 3.57 (m, IH), 3.43 (m, 

IH), 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, IH), 

1.79 (m, 3H), 1.62 (m, 4H), 0.77 (s, 9H). 

25 Example 59 

methyl (35)-tetraliydrofuran-3-yl [(phenylimino)bis{methanediylbenzene-4,l-

diylcarbamoyl(25')pyrrolidine-2,1 -diyl[(2S)-3,3-dimethyl- 1-oxobut.ane-l ,2-diyl]} jbiscarbamate 
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Example 59A 

(S)-lert-butyl 3,3-dimethyI-2-(((S)-tetrahydrofuran-3-yloxy)carboiiylamiiio)butanoate 

A mixture of (S)-tert-butyl 2-amino-3,3-dimethylbutanoate hydrochloride (0.05 g, 0.223 

mmol), (S)-2,5~dioxopyrrolidin~l.-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 dichlorometliane to give the title compound (0.037 g, 55%; yield). 

To a solution of tlie product from Example 59A (0.037 g, 0.323 mmol) in dichloromethane 

(1.2 mL) was added trifluoroacelic acid (1.2 mL) and the mixture was stirred al room temperature for 

2 hours. The solvent was evaporated to give tlie title compound which was used without further 

purification. 

Example 59C 

methyl (3S)-tetrahydrofuran-3-yl [(phenylimino)bis {methanediylbenzene-4,1-

diylcarbamoyl(25,)pyrrolidine-2,l-diyl[(25)-3,3-dimethyl-l-oxobutane-l,2-diyl]} Jbiscarbamate 

To a solution of the product from Example 10A (0.025 g, 0.037 mmol) in DMSO (0.374 ml) 

at room temperature were added the product from Example 59B (0.011 g, 0.045 mmol), HATU (0.017 

g, 0.045 mmol) and Hunig's base (0.033 mL, 0.187 mmol) and the mixture was stirred at room 

temperature for 1 hour. Tlie reaction was diluted with ethyl acetate and washed with saturated 

NaHC03, water, and saturated NaCl. The organic was dried over MgS04, filtered and evaporated. 

The product was purified by reversed phase chromatography (C18), eluting with 10-100% acetoiiitrile 

in water (0.1% TFA) to give tlie title compound as a TFA salt (0.032 g). }H NMR (500 MHz, DMSQ-

d6) 5 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) 

Example 59B 

(S)-3,3-dimethyl-2-(((S)-tctrahydrofuran-3-yloxy)carbonylamino)butanoic acid 
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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 I-I) 7.48 - 7.56 (m, 4 H) 9.99 (s, 2 H). MS (ESD m/z 896.5 (M+H)+. 

10 

Example 60 

(26',2,5)-/V,Ar-{ [(4-f].uorophenyl)imiiio]bis(melhanediylbenzene-4,l-diyS)}bis{ l-[(2/?)-2-

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

Hie title compound was prepared using the methods from Example 2 substituting the product 

from Example 13D for the product from Example ID to provide the title compound (105 mg, 22% 

yield). !H NMR (500 MHz, DMSO) 5 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. 

Example 61 

dimethyl f(phenylimino)bis{melhaiiediylbeiizene-4,l-diylcarbamoyl(2S)pyrrolidine-2,l-diyl[(25r)-l-

oxo-3-phenylpropane-l,2-diyl]}]biscarbamate 

The product from Example ID (0.030 g, 0.060 mmol) was subjected to tlie procedure 

20 described in Example 24E, substituting (S)-2-(methoxycarbonylamino)-3-phenylpropanoic acid for 

(S)-2-(metlioxycarbonylamino)-3-methylbutanoic acid, to give the title compound as a TFA salt (16 

mg). XH NMR (500 MHz, DMSO-D6) 5 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, .7-14.0, 3.7 Hz, 2 I-I), 3.44 (s, 6 H), 4.37 - 4.43 (m, 2 H), 4.46 (dd, 

,7=8.2,4.2 Hz, 2 H), 4.60 (s, 4 H), 6.57 (t, 7=6.9 Hz, 1 H), 6.67 (d, 7=8.1 Hz, 2 H), 7.07 (t, 7=7.9 Hz, 2 

25 H), 7.17 - 7.22 (m, 6 H), 7.26 (L 7=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 

iV-(methoxycarbonyl)-3-methyl-L-valyl-A^-(4-{[{4-[(l-{(21S>2-[(metlioxycarbonyl)amino}butanoyl}-

5 L-prolyl)amino]benzyl}(pheiiyl)amino]methyl}pheiiyl)-L-proliiiamide 

The product from Example 10A (0.028 g, 0.054 mmol) was subjected to the procedure 

described in Example 30B, substituting (S)-2-(medioxycarbonyIamino)butanoic acid for (R)-2-

(dimethylamino)-2-phenylacetic acid, and die product purified using die HPLC conditions of Example 

IE to give die title compound as a TFA salt (6.4 mg). *H NMR (500 MHz, DMSO-D6) 8 ppm 0.88 -

10 0.92 (m, 3 H), 0.96 (s, 9 H), 1.52 (dd, 7=14.5, 6.9 Hz, 1 H), 1.65 (dd, 7=14.0, 6.7 Hz, 1. H), 1.81 - 2.04 

(m, 8 H), 2.09 - 2.18 (ffl, 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, 7-7.1 Hz, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.17 (d, 7=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+Hf. 

15 
Example 63 

dimediyl [(phenylimino)bis{methanediylbenzene-4,l-diylcarbainoyl[(35,6/^,9a^)-5-oxooctahydro-lW-

pyrrolo[l ,2-a]azepine-3,6-diyi] }]biscarbamate 

>r°YRH 

20 1 0 

Example 63A 

(3S,6R,9aS)-tert-butyl 6-(ten-buloxyearbonylamino)-5-oxooctahydro-lH-pyrrolo[l,2-a]azepine-3-

carboxylate 

The title compound was prepared following die described procedures (Angiolini et al. Eur. J. 

25 Org. Chem. 2000, 2571-2581). 
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Example 63B 

(3S,6R,9aS)-6-(methoxycarbonylammo)-5-oxooctali3'dro-lH-pyrrolo[L2-a]azepine-3-carboxylic acid 

was added 2N HCl 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 H20 (0.4 mL), NaHC03 (33 

mg, 0.39 mmol) was added, and tlie resulting mixture was stirred at 0 °C while a solution of methyl 

chloroformate (0.012 mL, 0.156 mmol) in Et20 (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. HCl and CH2C12. Hie organic 

layer was dried over Na2S04, filtered and concentrated in vacuo to give the title compound as a solid 

(33 mg, quantitative). 

15 dimethyl [(phenylimino)bis{methanediylbenzene-4,l-diylcarbamoyl[(35',6i?,9a1S)-5-oxooctahydro-l/f-

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, lo give the title compound as a TFA salt (10 mg). [H NMR (500 MHz, 

20 DMSO-D6) 6 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, 7=5.95 Hz, 2 H), 4.44 (d, 7=9.46 Hz, 2 IT), 4.59 (s, 4 H), 6.57 (t 7=7.10 

Hz, 1 H), 6.66 (d, 7=7.93 Hz, 2 H), 7.07 (t, 7=7.86 Hz, 2 IT), 7.17 (d, 7=8.54 Hz, 4 H), 7.44 (s, 2 H), 

7.52 (d, 7=8.55 Hz, 4 H), 9.99 (s. 2 H); MS m/z 809 (M+H)+. 

5 To a solution of tlie product from Example 63A (45 mg, 0.122 mmol) in 1,4-dioxane (0.2 mL) 

Example 63C 

pyrrolo [ 1,2-a] azepine-3,6-diyl]} Jbiscarbamate 

25 
Example 64 

dimethyl [(phenylimino)bis{methanediyIbenzene-4,l-diylcarbamoyl[(25',5i?)-5-prop-2-en-l-

ylpyrrolidine-2,l~diyl][(2,S>3,3-dimethyl-l-oxohutane-l,2-diyl]}]biscarbamate 
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Example 64A 

(2S.5R)-1 -lert-butyl 2-ethyl 5-allylpyrrolidiiie-1,2-dicarboxylate 

Tlie tide compound was prepared following the described procedures (Zhang el al. Org. Lett. 

5 2002,4, 40294032). 

Example 64B 

(2S.5R)-5-allyl-l-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid 

A solution of tlie product from Example 64A (0.35 g, 1.24 mmol) in MeOH (10 mL) was 

10 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 IN HCl to adjust to pH 2, removed MeOH in vacuo, and extracted the 

aqueous layer with CI-I2CI2 (2x). The combined organic layers were dried over Na2S04, filtered and 

concentrated in vacuo to give tlie title compound. 

15 
Example 64C 

(2R.2'R,5S,5'S)-tert~butyl 5,5,-(4,4'-(phenylazanediyI)bis(methyIene)bis(4:l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(2-allylpyrrolidiiie-l-carboxylate) 

The product from Example IB (119 mg, 0.392 mmol) was subjected to the procedure 

20 described in Example 24C, substituting the product from Example 64B (0.22 g, 0.862 mmol) for N-

(tert-butoxycarbonyl)-L-prolme to give the title compound (0.24 g, 79%). 

Example 64D 

(2S,2,S,5R,5,R)-N,N'-(4,4'-(phenylazancdiyl)bis(methylene)bis(4,l-phenyIenc))bis(5-allylpyrrolidine-

25 2-carboxamide) 

The product from Example 64C (0.24 g, 0.31 mmol) was subjected to tlie conditions 

described in Example ID to give the title compound (0.17 g, 95%). 

Example 64E 

30 dimethyl [(pheiiylimiiio)bis{methanediyIbenzene-4,l -diylcarbamoyl[(25',5i?)-5-prop-2-en-l-

ylpyrrolidine-2,1 -diyl] [(25>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 iff Example 24E, substituting (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid for 

(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid, to give tlie title compound as a TFA salt (17 

mg). [H NMR (500 MHz, DMSO-D6) 8 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, 7=9.46 Hz, 2 H), 4.26 - 4.45 (m, 3 H), 

4.54 - 4.65 (m, 4 H), 4.95 - 5.21. (m, 4 H), 5.71 - 5.93 (m, 2 H), 6.57 (t, 7=7.25 Hz, 1 H), 6.66 (d, 

7=8.24 Hz, 2 H), 6.88 - 6.96 (m, 7=9.61 Hz, 1 H), 7.03 - 7.10 (m, 2 H), 7.13 - 7.23 (m, 4 H), 7.38 (d, 

7=9.46 Hz, 1 H), 7.47 - 7.56 (m, 4 H), 9.98 (s, 2 H); MS (ESI) m/z 920.5 (M+H)+. 

iV^V-bis[(2-{(2.S')-l-[(2i?)-2-(dietliylamino)-2-phenylacelyl]pyrro]idm-2-yl}-lH-benzimidazol-5-

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) 6 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, 7=8.32, 2.37 Hz, 2 H), 

5.45 (s, 2 H), 6.54 - 6.85 (m, 4 H), 6.99 - 7.18 (m, 3 H), 7.23 - 7.40 (m, 1 H), 9.64 - 9.86 (m, 2 H); MS 

(ESI) m/z 870.6 (M+H)+. 

Example 66 

W,/V-bisf(2-{(2,S,)-l-[(2-ff)-2-phcnyl-2~pyrrolidin-l-ylacetyl]pyrrolidm-2-yl}-lH-benzimidazol-5-

yl)mcthyl] aniline 

Example 65 

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-l-yl)acetic acid for (S)-2-

(methoxycarbonylamino)-3-methyIbutanoic acid, to give die title compound as a TFA salt (14 mg). XH 

NMR (500 MHz, DMSO-D6) 6 ppm 1.22 - 1.29 (m, 3 H), 1.87 - 1.96 (m, 9 H), 1.99 (s, 2 H), 2.01 -

2.10 (m, 7 H), 2.18 - 2.28 (m, 3 H), 2.95 - 3.04 (m, 5 H), 4.03 (d, 7=8.7 Hz, 5 H), 4.92 (s, 4 H), 5.49 

(s, 3 H), 6.75 (d, 7=8.1 Hz, 3 H), 7.08 - 7.17 (m, 3 H), 7.39 (d, 7=8.4 Hz, 3 H), 7.57 (dd, 7=6.9, 2.7 

Hz, 8 H), 7.61 - 7.67 (m, 5 H), 7.70 (d, 7=8.4 Hz, 3 H); MS (ESI) m/z 866.3 (M+H)+. 

10 

15 

20 

25 

Example 67 

A?,JV-bis[(2-{(25)-l-[(2i?)-2-morpholin-4-yl-2-phenylacetyl]pyrrolidin-2-yl}-l//~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-phenyiacetic acid for (S)-2-(methoxycarbonylamino)-

3-methyIbulanoic acid, to give the title compound as a TFA salt (17 mg). 'H NMR (500 MHz, 

DMSO-D6) 5 ppm 1.91 (d, 7=2.6 Hz, 4 H), 2.02 - 2.11 (m, 7 H), 2.23 (d, 7=6.6 Hz, 4 H), 3.04 (d, 

7=7.2 Hz, 6 H), 4.90 (s, 7 H), 5.30 (dd, 7=8.4, 2.0 Hz, 3 H), 5.49 (s, 3 H), 6.61 (s, 2 H), 6.74 (d, 7=8.2 

Hz, 4 H), 7.07 - 7.14 (m, 3 H), 7.37 (d, 7=8.2 Hz, 3 H), 7.53 - 7.59 (m, 11 H), 7.59 - 7.64 (m, 6 H), 

7.68 (d, 7=8.4 Hz, 3 H); MS (ESI) m/z 898.6 (M+H)+. 

.0 H >-

YNv\ o 0 5 ° 

Example 68 

dimethyl [(acetylimino)bis{methanediylbenzene-4,l-diylcarbamoyl(2lS,)pyrrolidine-2,l-diyl[(25)-3-

methyl-1 -oxobutane-1,2-diyl]} jbiscarbamate 

O.N 
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Example 68A 

N,N-bis(4-nitrobenzyl)acetamide 

To a solution of bis(4-nilrobenzyl)amine (500 mg, 1.741 mmol) in pyridine (9 mL) was 

slowly added acetic anhydride (0.18 mL, 1.92 mmol) via syringe. The resulting mixture was stirred at 

5 rt for 2 hours, and (he reaction was concentrated in vacuo. Tlie residue was dissolved in toluene and 

evaporated lo dryness in vacuo. The residue was dissolved in 19:1 EtOAc:methanol, washed with 

water and brine, dried (Na2S04), filtered and concentrated to afford the title compound (551 mg, 

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

10 

15 

HoN 

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 flimol), and ammonium chloride (203 mg, 3.80 mmol) in ethanol (1 mL), tetrahydrofuran (lmL) 

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. Hie residue was partitioned between 

EtOAc and I-I20, and the organic layer was dried (Na2S04), filtered and concentrated in vacuo to 

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

20 

25 

Example 68C 

(2S,2'S)-tert-butyl 2,2'-(4,4'-(acety]azanediyl)bis(methylene)bis(4,l-

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

The product from Example 68B (264.4 mg, 0.982 mmol) was subjected to tlie procedure 

described in Example 24C to afford the title compound (684 mg, quant). MS (ESI) m/z 664.4 (M+H)+. 

30 

Example 68D 

(S)'N-(4-((N-(4-((S)-pyrrolidine-2-carboxamido)benzyl)acelamido)methyl)phenyl)pyrrolidine-2-

carboxamide 
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rrhe product from Example 68C (684 mg, 1.030 mmol) wavs 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 

5 dimethyl [(acelyIimino)bis(methanediylhenxene-4,l -diylcarbaiiioyl(21Sf)pyrroIidine-2,l-diyl[(2.S')-3-

methyl-1 -oxobutane-1,2-diyl]} jbiscarbamate 

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, lo afford tlie title compound (22mg, 37%). lH NMR (500 MHz, 

10 DMSO-D6) 5 ppm 0.88 (d, 7=6.7 Hz, 6 H), 0.94 (d, 7=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 (ra, 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, 7-8.5 Hz, 2 H), 4.38 (s, 4 H), 4.44 (dd, 7=8.1, 4.9 Hz, 2 H), 7.10 - 7.16 (m, 4 H), 7.32 

(d, 7=8.4 Hz, 2 H), 7.50 - 7.59 (m, 4 H), 10.04 (d, 7=20.0 Hz, 2 H); MS (ESI) m/z 778.4 (M+H)+. 

Example 69 

/V-(methoxycarbonyl)-3-methyl-L-valyl-N-(4-{[{4-[(l-{(2i?)-2-[(methoxycarbony!)ammo]-2-

phenylacelyl}-L,-prolyl)amino]beii7,yI}(phenyl)amino]methyl}phenyl)-L-prolinamide 

Example 69A 

Methyl R-2-oxo-l-phenyl-2-((S)-2-(4-((phenyl(4-((S)-pynolidine-2-
carboxamido)benzyl)amino)methyI)phenylcarbamoyl)pyrroIidin-l-yl)ethylcarbamate 
To a solution of product from Example ID (1.1.98 g, 2.408 mmol) in DMSO (24 mL) was 

25 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 ihe resulting mixture was stirred al rl 

overnight. Tlie mixture was poured into water lo give a colorless precipitate that was filtered and 

washed witli water. Tlie solid was dissolved in CH2CI2, 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 CH2C12 lo give tlie title compound (0.387 g, 

24%). 

5 Example 69B 

AHmethoxycarbonyl)-3-mediyl-L-valyl-/V-(4-{|'{4-[(l-{(2i?)-2-[(melhoxycarbonyI)amino]-2-

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

The product from Example 69A (0.031 g, 0.045 mmol) was subjected to tlie procedure 

described in Example 10B, substituting (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid for 

10 (R)-2-(dimethyIamino)-2-phenylacetic acid, to give tlie title compound (11 mg, 28%). NMR (500 

MHz, DMSO-D6) 5 ppm 0.96 (s, 9 H), 1.80 - 2.05 (in, 8 H), 2.10 - 2.18 (m, 2 H), 3.53 (s, 3 H), 3.54 

(s, 3 II), 3.60 - 3.68 (m, I H), 3.74 - 3.85 (m, 2 H), 4.21 (d, 7=8.9 Hz, 2 H), 4.37 (dd, 7=8.1, 3.4 Hz, 1 

H), 4.44 (dd, 7=8.2, 5.3 Hz, 1 H), 4.59 (s, 4 H), 6.57 (t, 7=7.2 Hz, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.04 

-7.11 (m, 2 H), 7.15 - 7.21 (m, 4 H), 7.29-7.42 (m, 5 H), 7.48 - 7.56 (m, 4 H), 7.69 (d, 7=7.8 Hz, 1 

15 H), 9.83 (s, 1 H), 9.99 (s, 1 H); MS m/z 860.8 (M+H)*. 

Example 70 

/V-(methoxycarbonyl)-L-va3yl-/V-(4- {[ {4-[( 1 - {(2R)-2-[(methoxycarbonyl)amino] -2-phenylacetyl} -L-

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

The product from Example 69A (0.031 g, 0.045 mmol) was subjected lo the procedure 

described in Example 10B, substituting (S)-2-(methoxycarbonylamino)-3-methylbulanoic acid for 

(R)-2-(dimelhylamino)-2-phenylacelic acid, to give the title compound (0.0135 g, 36%). !H NMR 

(500 MHz, DMSO-D6) 8 ppm 0.88 (d, 7=6.7 Hz, 3 H), 0.93 (d, 7=6.7 Hz, 3 H), 1.80 - 2.05 (m, 8 H), 

25 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 (in, 2 H), 4.02 (t 

7=8.5 Hz, 2 H), 4.37 (dd, 7=8.1, 3.4 Hz, 1 H)s 4.43 (dd, 7=8.2, 4.8 Hz, 1 H), 4.59 (s, 4 H), 6.57 (t5 

7=7.2 Hz, 1 H), 6.66 (d, 7=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, 7=7.9 Hz, 3 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 {(l/e)-2-[(2i")-2-{[4-([[4-({[(25)-l-{(25)-2-[(metIioxycarbonyl)amiiio]butanoyl}pyrroHdm-2-

yl]carboiiyl}ammo)benzyI](phenyl)amino}methyl)phenyl]carbamoyl}pyrrolidin-l-y!]-2-oxo-l-

5 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-(melhoxycarbonylamino)butanoic acid for (R)-2-

(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0126 g, 34%). ]H NMR (500 

MHz, DMSO-D6) 8 ppm 0.90 (1,7=7.4 Hz, 3 H), 1.46- 1.58 (m, 1 H), 1.61 - 1.71 (m, 1 H), 1.73-

10 2.05 (m, 8 H), 2.07 - 2.20 (m, 2 H), 3.52 (s, 3 H), 3.53 (s, 3 H), 3.56 - 3.64 (m, 2 H), 3.69 - 3.76 (m, 

1 H), 3.77 - 3.84 (m, 1 H), 4.14 - 4.21 (m, 1 H), 4.37 (dd, 7=8.2, 3.4 Hz, 1 H), 4.43 (dd, 7=8.1, 4.6 

Hz, 1 H), 4.59 (s, 4 H), 6.57 (t, 7=7.2 Hz, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.18 

(dd, 7=8.5, 5.9 Hz, 4 H), 7.29 - 7.42 (m, 5 H), 7.48 - 7.56 (m, 4 H), 7.69 (d, 7=7.8 Hz, 1 H), 9.83 (s, 1 

H), 9.95 (s, 1 H); MS m/z 832.2 (M+H)+. 

15 

Example 72 

methyl {(16')-2-[(25')-2-{[4-({[4-({[(25)-l-{(2^)-2-[(methoxycarbonyl)amino]-2-

phenylacetyl} pyrrolidin-2-

20 yl] carbonyl} amino)benzyl] (phenyl) amino} melhyl)pheny ljcarbamoy 1 }py rrolidin-1 -yl] -2-oxo-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-

yl)acetic acid for (R)-2-(dimethylamino)-2-phenylacetic acid, to give the title compound (0.0219 g, 

25 55%). !H NMR (500 MHz, DMSO-D6) 8 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, 7=8.9 Hz, 1 H), 4.37 (dd, 7=8.1, 3.2 Hz, 1 H), 4.44 (dd, 7=8.2,4.7 Hz, 1 H), 4.60 (s, 4 H), 6.57 
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(t, 7=7.2 Hz, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.18 (dd, 7=8.6, 3.4 Hz, 3 H), 7.32 

7.42 (m, 5 II), 7.53 (dd, 7=13.5, 8,5 Hz, 4 H), 7.61 (d, 7=7.9 Hz, 1 H), 7.69 (d, 7=7.8 Hz, 1 H), 9.8 

(s, 1 H), 9.98 (s, 1 H); MS m/z 874.3 (M+H)+. 

Example 73 

dimethyl f(phenylimino)bis{methanediylbenzene-4,l-diylcarbamoyl[(2S)-4,4~difluoropyrrolidine-2,l-

diyl][(2£)-3,3-dimethyl-l-oxobutane-l,2-diyl]}]biscarbamate 

F 

10 
Example 73A 

(5S,5'S)-tert-butyl 5,5'-(4,4'-(phenylazaiiediyl)bis(methylene)bis(4,1 -

pheiiylene)bis(azaiiediyl))bis(oxomethy]ene)bis(3,3-difluoropyrrolidine-l-carboxylate) 

Tlie product from Example IB 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 (ESI; 

M+H) m/z = 770. 

Example 73B 

20 (2S,2'S)~N,N'-(4,4'-(phenylazanediyl)bis(methy]ene)bis(4,l-phenyleiie))bis(4,4-difluoropyrrolidine-2-

carboxamide) 

The product from Example 73A was processed using tlie method described in Example 47B 

to provide 236 mg (70%) of tlie title compound. MS (DCI; M+H) m/z = 570. 

25 Example 73C 
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dimethyl [(phenylimino)bis{methanediylbenzene-4.l-diylcarbamoyl[(2y)-4,4-difluoropyrrolidiiie-2,l-

The product from Example 73B and (S)-2-(methoxycarbonylamino)-3,3-dimeLhylbutanoic 

acid (DeGussa) were processed using the method described in Example 41 to provide 35 mg (9%) of 

5 the title compound. lli NMR (400 MHz, DMSO-D6) 5 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, .1=7.21 Hz, 1 H) 6.65 (d, J=8.24 Hz, 2 H) 7.07 (t, 1=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). 

A^-(methoxycai,bonyl)-3-methyl-L-valyl-7^-(4-{[{4-[(l-{(2/?)-2-[(terf-butoxycarbonyl)amino]-2-

phenylacetyl}-L-prolyl)ammo]benzyl}(phenyl)ammo]methyl}phenyl)-L-proliiiamide 

The product of Example 10A (150 mg, 0.224 mmol) was subjected to the procedure described 

15 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%). lli 

NMR (500 MHz, DMSO-D6) 5 ppm 0.94 - 0.99 (m, 8 H), 1.32 - 1.38 (m, 9 H), 1.76 (d, 7=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, 7=5.2 Hz, 2 

11), 3.54 (s, 3 H), 3.63 (d, 7=9.3 Hz, 1 II), 3.78 (dd, 7=9.6,6.4 Hz, 2 H), 4.11 (d, 7=5.2 Hz, 1 H), 4.21 

20 (d, 7=9.0 Hz, 1 H), 4.37 (dd, 7=7.9, 3.1 Hz, 1 H), 4.44 (dd, 7=8.1, 5.3 Hz, 1 H), 4.59 (s, 4 H), 6.57 (I, 

7=7.2 Hz, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.04 - 7.11 (m, 3 H), 7.18 (dd, 7=8.5, 3.2 Hz, 4 H), 7.34 -

7.40 (m, 4 H), 7.52 (dd, 7=9.9, 8.7 Hz, 4 H), 10.00 (s, 1 H); MS (ESI) m/z 902.8 (M+H)+. 

diyl][(25>3,3-dimethyl-l-oxobutane-L2-diyl]}]biscarbamate 

10 
Example 74 

25 Example 75 
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methyl [(li?)-2-{ ("2y)-2-[(4-{ f(4-f({(2.S>l-[(2i?)-2-(diethySamino)-2-phenylaceiyl}pyrrolidm-2-

yl}carbonyl)ammo]benzyl}(phenyl)amino]methyl}phem'})carbamoyl]pyrrolidiii-l -yl }-2-oxo-1 -

phenylethyljcarbamate 

The product from Example 69A (0.033 g, 0.048 mmol) was subjected to the procedure 

5 described in Example 10B, substituting (R)-2-(diethy]amino)-2-phenylacetic acid for (R)-2-

(dimethylainiiio)-2-phenylacetic acid, lo give the title compound (0.0238 g, 57%). II NMR (500 

MHz, DMSO-D6) 5 ppm 0.89 (t, 7=6.9 Hz, 3 H), 1.07 (t, 7=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 II), 4.35 -

4.44 (m, 2 H), 4.61 (s, 4 H), 5.43 - 5.52 (m, 2 H), 6.58 (t, 7=7.2 Hz, 1 H), 6.67 (d, 7=8.1 Hz, 2 H), 

10 7.05 - 7.11 (in, 2 H), 7.20 (t, 7=8.3 Hz, 4 H), 7.33 - 7.42 (m, 6 H), 7.49 - 7.58 (ra, 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+Hf. 

Example 76 

15 methyl f(l/?)-2-oxo-l-phenyl-2-[(25)-2-({4-[(phenyl{4-[({(25)-l-[(25)-telrahydiofuran-2-

ylcarbonyl3pyrroHdin-2-yl}carbonyl)amino3benzyl}amino)methyl]phenyl}carbanioyl)pyrrolidm-l-

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)-tetrahydrofuraii-2-carboxylic acid for (R)-2-

20 (dimethylamino)-2-phenylacetic acid, to give the title compound (0.0244 g, 66%). !H NMR (400 

MHz, DMSO-D6) 8 ppm 1.72 - 2.16 (m, 12 H), 3.53 (s, 3 H), 3.58 - 3.84 (in, 4 H), 4.31 - 4.45 (m, 2 

H), 6.57 (t, 7=7.2 Hz, 1 H), 6.66 (d, 7=8.2 Hz, 2 H), 7.03 - 7.12 (m, 2 II), 7.18 (dd, 7=8.3, 4.6 Hz, 4 

H), 7.32 - 7.42 (m, 5 H), 7.47 - 7.58 (m, 4 H), 7.68 (d, 7=7.9 Hz, 1 H), 9.83 (s, 1 H), 9.96 (s, 1 H); 

MS m/z 787.2 (M+H)+. 

25 

Example 77 

145 



WO 2010/120935 PCT/US2010/031102 

A^-(methoxycarbonyl)-3-methyl-L-valyl-A?-[4-({[4-({l-[(2/?)-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 CH2CI2 (0.2 mL) 

was added trifluoroacetic acid (0.20 mL). The mixture was stirred at rt and concentrated in vacuo. 

5 The crude product was partitioned between CH2CI2 and saturated aqueous NaHCOs, and tlie organic 

layer was dried (Na2S04), filtered and concentrated in vacuo lo afford the title compound (115 mg, 

94%). !H NMR (400 MHz, DMSO-D6) 5 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, 7=8.9 Hz, 1 H), 4.41 - 4.47 (m, 2 H), 4.60 (s, 4 H), 5.29 (s, 1 H), 6.57 (t, ,1=1.2 Hz, 1 H), 

10 6.66 (d, 7=8.2 Hz, 2 H), 7.05 - 7.11 (m, 3 H). 7.19 (t, 7=8.3 Hz, 4 H), 7.42 - 7.49 (m, 4 II), 7.53 (dd, 

,7=12.8, 8.5 Hz, 5 H), 10.00 (s, 1 H), 10.09 (ss 1 H); MS (ESI) m/z 802.5 (M+H)+. 

Example 78 

15 dimethyl {(phenyiimino)bis[methanediyl-l//-benzimidazole-5,2-di3'l(21$')pyrrolidine-2,l-diyl{(l.S>2-

oxo-l-[(3i?)-tetrahydrofuran-3-yl]ethane-2,l-diyl}]}biscarbamate 

The product from Example 7E (17 mg, 0.035 mmol) was subjected to the procedure described 

in Example 2, substituting (S)-2-(methoxycarbonylammo)-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 

20 (10 nig, 34%). ]H NMR (400 MHz, DMSO-D6) 8 ppm 0.80 - 0.87 (m, 1 H), 1.19 - 1.30 (m, 6 H), 1.63 

(s, 2 H), 1.73 (d, 7=12.9 Hz, 2 IT), 1.96 (s, 3 H), 2.10 (s, 2 H), 2.17 (s, 1 H), 3.39 - 3.47 (in, 3 H), 3.52 

- 3.57 (m, 7 H), 3.61 (t, 7=7.9 Hz, 2 H), 3.70 (d, 7=8.0 Hz, 2 H), 3.81 (s, 3 II), 4.29 (s, 2 II), 4.75 (d, 

7=10.1 Hz, 3 II), 5.12 (s, 2 H), 6.54 (s, 1 H): 6.72 (d, 7=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, 7=8.2 Hz, 1 H), 7.57 (s, 1 II), 12.00 (s, 2 H); MS (ESI) m/z 862.4 

25 (M+H)+. 
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Example 79 

(2S,2\S>Ay^-[(phenylimmo)bis(methanediylbenzene-4,l-diyl)]bis{l-[(2S)-2-(acetylamino)-3,3-

dimetliylbutanoyl]pyrrolidine-2-carboxamide} 

tert-butyl (2S,2'S)-l,r-((2S,2'S)-2,2,-(4,4'-(pbenylazanediyl)bis(methylene)bis(4,l-

pheny]ene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3,3-dimethyl-l-oxobutane-

The product of Example ID (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. 

Example 79B 

(S,2S,2'S)-N,N,-(4,4'-(phenylazanediyl)bi?i(methylene)bis(4,l-pheiiy3enc))bis(l-((S)-2-ammo-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 witli trifiuoroacetic acid (5 mL). After 3 hours, the solution 

was concentrated, taken up into 25% isopropanol in chloroform and washed witli 10% sodium 

bicarbonate solution. The organic was dried over sodium sulfate, filtered, and concentrated to dryness 

to give tlie title compound as a white solid. 

Example 79C 

(25,2'1S')-iV,/V'-[(plienylimino)bis(methanediylbenzene-4,l-diyl)]bis{l-[(25r)-2-(acetylamino)-3,3-

dimethylbutaiioyl]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. NMR (500 MHz, DMSO-D6) 8 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, .1=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. 

Example 80 

10 (2JS,2'5,)-Aif,A?,-[(phenylimino)bis(methanediylbenzene-4,l-diyl)]bis(l-{(25')-2-

[(dimethyIcarbamoyl)amino]-3,3-dimethylbulanoyl}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 

15 concentrated at dryness and purified by combi-flash 12g silica column, eluting with 0-10% methanol 

in dichloromethane lo give 0.031 g (58%) of tlie title compound as a white solid. NMR (400 MHz, 

DMSO-D6) 8 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 im. 2 H) 4.35 (d, 3=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 (1, 

20 1=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. 

25 

Example 81 

methyl {(LS>2-{(2S>2-[(4-{f{4-[({(2S>l-[(2tf}-2-(diethyIamino)-2-phenyIacety{]pyrrolidin~2-

yl}carbonyl)amino]benzyl}(4-fluorophenyl)amino]methyl}phenyl)carbamoyl]pyrrolidin-l-yl}-2-oxo-

1 -[(3/?)-tetrahydrofuran-3-yl]elhyl} carbamate 
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F 

Example 81A 

(S)-l-((R)-2-(diethylairano)-2-phenylacelyl)-N-(4-(((4-fluorophenyl)(4-((S)-pyrrolidine-2-

carboxamido)benzyl)ammo)methyl)phenyl)pyrroIidine-2-carboxamide 

5 The product from Example 13D (0.428 g, 0.83 mmol) and (R)-2-(diethylamino)-2-

phenylacetlc acid (0.138 g, 0.664 mmol) were combined in dimethylsulfoxide (8 mL) at ambient 

temperature and treated with diisopropylethylamine (0.26 mL, ] .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 

10 (27%) of the title compound as a white solid. 

Example 81B 

methyl {(l.$>2-{(25>2-[(4-{[{4-[({(2iS>S-[(2.fi')~2-(diethylamino)-2-phenylacetyI]pyrrolidm-2-

yl}carbonyl)amino]bcnzyl}(4-fluorophenyl)amino]methyl)phenyI)carbamoyI]pyrrolidin-l-yl}-2-oxo-

15 I-[(3/?)-tctrahydrofuran-3-yl]cthyl}carbamatc 

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 81A 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 

AKmethoxycarbonyl)-3-methyl-L-vaiyl-iV-[4-({j4-({l-[(2/?)-2-(diethylamiiio)-2-phenylacetylJ-L-

prolyl }amino)benzyij(4-fluorophenyI)ammo}methyl)phenyl]-L-prolinamide 

The product from Example 81A (0.042 g, 0.060 mmol) and (S)-2-(methoxycarbonyIamino)-

25 3,3-dimediylbutanoic 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. NMR (500 MHz, DMSO-D6) 6 ppm 0.88 (t, 
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J=7.10 Hz, 6 H) 0.95 (s# 9 H) 1.76 - 1.89 (m, 4 H) 1.93 - 2.00 (m, 2 H) 2.02 - 2.10 (m, 1 H) 2.10 - 2.18 

(m, 1 H) 2.40 - 2.47 (m, 2 H) 2.56 - 2.65 (m, 2 H) 3.52 (s, 3 H) 3.61 (dd, J=17.24, 7.48 Hz, 2 H) 3.73 -

3.80 (m, 2 H) 4.20 (d, J^9.00 Hz, 1 H) 4.37 (dd, J=7.93, 4.27 Hz, 1 H) 4.42 (dd, J=7.78, 5.19 Hz, 1 H) 

4.54 (s, 4 H) 4.66 (s, 1 H) 6.63 (dd, J=9.31, 4.43 Hz, 2 H) 6.90 (t, J=8.85 Hz, 2 H) 7.07 (d, J=8.85 Hz, 

5 1 H) 7.17 (dd, J=8.47, 3.89 Hz, 4 H) 7.26 (i, J=7.17 Hz, 1 H) 7.32 (I, 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 83 

10 (2iV)-l-[(2/;)-2-(dielhylamino)-2-phenylacetyl]-iV-(4-{[(4-fluoropheiiyl)[4-[(f(2lS,)~14(2^)-2-phenyl-

2-pyrrolidin-l-ylacetyr|pyrrolidin-2-yl}carboiiy])ammo]benzyl}aininolmethyi}phenyl)pyrrolidine-2-

carboxamide 

The product from Example 81A (0.032 g, 0.045 mmol) and (R)-2-phenyl-2-(pyjrolidin-l-

yl)acetic acid (0.010 g, 0.05 mmol) were processed as in Example 81A to give 0.015 g (37%) of tlie 

15 title compound as an off-white solid. LH NMR. (500 MHz, DMSO-D6) 5 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, 1=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. 

iV-(methoxycarbonyl)-()-methyl-L-threonyl-A^-[4-({[4-({l-[(2/?)-2-(diethylamiiio)-2-phenyiacetyl]-L-

F 

Example 84 

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) 8 

ppm 0.89 (t, J=7.30 Hz, 3 H) 1.07 (t, J=7.17 Hz, 2 H) 1.13 (d, .1=6.26 Hz, 3 H) 1.28 (I, .7=7.25 Hz, 1 

5 H) 1.76- 1.92 (m, 4 H) 1.94 - 2.05 (m, 2 H) 2.07 - 2.23 (in, 2 H) 2.39 - 2.46 (m, 2 H) 2.57 - 2.63 (m, 2 

H) 3.24 (s, 3 H) 3.34 - 3.42 (m, 1 H) 3.43 - 3.50 (m, 1 H) 3.53 (s, 3 H) 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 

(I J=7.40 Hz, 2 H) 7.40 (d, 1=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 

10 Hz, 2 H); MS ESI- m/z 876.5. 

Example 85 

(2S,2V9)-A^-{[(4-fluorophenyl)imino]bis(methanediylbenzene-4,l-diyl)}bis{l-[(2i?)-2-phenyl-2-

15 pyrrolidin-l-ylacetj4]pyrrolidine-2-carboxamide} 

The product from Example 13D (0.10 g, 0.19 mmol) and (R)-2-phenyl-2-(pyrrolidin-l-

yl)acetic 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-while solid. !H NMR (500 MHz, DMSO-D6) 8 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 

20 (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)-. 
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dimethyl {[(4-fluorophenyl)imino]his[melhanediylbenzene-4,l-diylcarbamoyl(25)p3Trolicline-2,l-

diyl {(L9)-2-oxo-l-[(3/f)-tetrahydrofuran-3-yl3ethane-2,1-diyl}] jbiscarbamate 

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. NMR (500 MHz, DMSO-D6) 8 

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 - 3.47 (m, 2 H) 3.53 (s, 6 H) 3.58 - 3.70 (m, 6 H) 3.71 - 3.79 (m, 2 II) 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 (M4-I)-. 

Example 87 

Ar-(methoxycarbonyl)-3-methyI-L-valyl-W-[4-({phenyl[4-({l-[(21S)-2-phenyl-2-{[(215')-

15 tetrahydrofuran-2~ylcarbonyl]amino} acetyl] -L-prolyl} amino)benzyl] amino} methyl)pheny 1] -L-

prolinamide 

The product from Example 77 (20 mg, 0.025 mmol) was subjected to tlie procedure described 

in Example 10B, substituting (S)-(-)-2-tetrahydrofuroic acid (3 JIL, 0.031 mmol) for (R)-2-

(dimetbylamino)-2-phenylacetic acid, to give the title compound (21 mg, 94%). *H NMR (500 MHz, 

20 DMSO-D6) 8 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 - 4.25 (m, 2 H), 4.38 (dd, .7=8.5, 3.1 Hz, 1 H), 4.44 (dd, .7=8.0, 5.3 Hz, 1 H), 4.60 (s, 4 H), 5.65 

(d, .7=7.2 Hz, 1 H), 6.57 (t, ,7=7.2 Hz, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.05 - 7.11 (m, 3 H), 7.18 (dd, 

7=8.5, 5.2 Hz, 4 H), 7.33 (dd, 7=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 7=7.3 Hz, 1 H), 8.31 (s, 1 H), 9.88 (s, 1 H), 10.00 (s, 1 H); MS (ESI) m/z 900.4 (M+H)+. 
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Example 88 

AHmethoxycarhonyl)-3-methyl~L-valyl-jV-[4-({phenyl[4~({ l-[(2^)-2-phenyI-2-{[(2i?)-

tetrahydrofuran-2-ylcarbonyl]amino} acetyl] -L-prolyl) amino )beuzyl] amino} methyl )phenyl]-L-

proiinamide 

5 The product from Example 77 (20 mg, 0.025 mmol) was subjected lo tlie procedure described 

in Example 10B, substituting (R)-(+)-2-tetrahydrofuroic acid (2.6 ^L, 0.027 mmol) for (R)-2-

(dimethylamino)-2-phenylacetic acid, to afford the title compound (17 mg, 76%). ]H NMR (500 

MHz, DMSO-D6) 8 ppm 0.96 (s, 9 H), 1.24 (s, 4 H), 1.66 (s, 2 H), 1.74 (s, 1 H), 1.78 (s, 1 H), 1.86 

(dd, 7=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=7.9 Hz, 2 H), 4.21 (d, 7=9.0 Hz, 1 H), 4.27 (dd, 7=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, 7=7.0 Hz, 1 II), 6.57 (s, 1 H), 6.66 (d, 7=8.1 Hz, 2 H), 7.04 -

7.10 (m, 3 II), 7.18 (dd, 7=8.5, 5.0 Hz, 4 II), 7.37 - 7.40 (m, 3 H), 7.49 - 7.55 (m, 4 II), 8.14 (d, 7=7.0 

Hz, 3 II), 9.90 (s, 1 H), 10.00 (s, 1 H); MS (ESI) m/z 900.5 (M+H)+. 

15 
Example 89 

(2.S',2t5)-JV,A,",-{[(3,4-difluorophenyr)imino]bis(metlianediylbenzene-4,l-diyI)}bis{l-[(2/?)-2-

(diethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide} 

F 
.F 

20 Example 89A 

3,4-difluoro-N,N-bis(4-nitrobenzyl)aniIiiie 

3,4-Difluoroamliiie 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)+. 

,V 
H2N. 
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Example 89B 

N,N-bis(4-aminobenzyl)-3,4-difluoro aniline 

The product from Example 89A was processed using the method described in Example IB to 

afford the title compound. 

Example 89C 

(2S,2'S)-tert-butyl 2,2,-(4,4,-(3,4-difluorophenylazanediyl)bis(methylene)bis(4,l-

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

The product from Example 89B was processed using the method described in Example IC 

replacing DMSO with dichloromethane to afford die title compound. [R NMR (400 MIIz, DMSO) 5 

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, 8.9, 6.4, 3H), 4.17 (dd, J = 8.0, 4.4, IH), 4.24 (dd, / = 8.1, 2.6, IH), 4.60 (s, 411), 6.41 (d, J = 9.4, 

IH), 6.68 - 6.55 (m, IH), 7.11 (dd, 7= 19.7,9.7, IH), 7.18 (d, J = 8.0, 4H), 7.54 (d, 7= 8.5, 4H), 9.94 

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

Example 89D 

(2S,2IS)-N,N'-(4,4'-(3,4-difluorophenylazanediyl)bis(mediylene)bis(4,l-phenylene))dipyrrolidine-2-

carboxamide 

The product from Example 89C was processed using the method described in Example ID to 

afford (he title compound. MS (ESI) m/z. 534 (M+H+, 60%), 532 (M-H)+ 

F 

F 

F 

Example 89E 
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(2S,2'19)-A^,iV-{r(3,4-difluorophenyl)immo]bis(metlianediylbenzene-4,l-diyl)}bis{l-[(2i?)-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%). 3H NMR (500 

5 MHz, DMSO) 6 0.95 - 0.83 (m, 14H), 1.23 (s, 2H), 1.81 (m, 5H), 2.10 - 1.91 (m, 5H), 2.61 (dt / = 

14.1, 3.5, 3H), 3.84 - 3.73 (m, 2H), 4.39 (dd, / = 8.2, 4.5, 2H), 4.60 (s, 4H), 4.68 (s, 2H), 6.46 - 6.36 

(m, IH), 6.64 (ddd, J = 17.5, 6.8,3.0, IH), 7.16 - 7.06 (m, 2H), 7.19 (d,/= 8.6, 4H), 7.30 - 7.25 (m, 

2H), 7.33 (t,./ - 7.4, 4H), 7.40 (d, J = 7.1, 4H), 7.54 (d, J - 8.5, 4H), 9.98 (s, 2H). MS (ESI) m/z 912 

(M+H+, 40%) 457 (0.5M+H+, 100%), 910 (M-H)+. 

10 
F 

Example 90 

dimethyl ([(3,4-difluorophenyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl(25')pyrrolidine-2,l-

diyl[(2S)-3,3-dimethyl-l-oxobutane-l,2-diyl]})biscarbamate 

15 Tlie 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) 6 

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, ./ = 

16.0, 6.8, 2H), 3.84 - 3.71 (m, 2H), 4.21 (d, 7= 8.9,2H), 4.44 (dd, J-7.9, 5.3, 2H), 4.58 (s, 4H), 6.40 

20 (d, / = 9.1, IH), 6.62 (ddd, J= 14.5, 6.8, 3.0, IH), 7.10 (m, 3H), 7.17 (d, ./ = 8.5, 4H), 7.52 (d, J = 8.5,-

4H), 10.00 (s, 2H). MS (ESI) m/z 876 (M+H)+, 874 (M-H)+ 

Example 91 

25 dimethyl [(phenylimmo)bis{methanediylbciizcne-4,3-diylcarbamoyl(2S)pyrrolidme-2,!-diyl[(25>l-

oxo-4-phenylbutane-1,2-diyl]} jbiscarbamate 
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o 
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5 

\ 
Example 91A 

(S)-2-(methoxycarbonylamino)-4-phenyIbutanoic acid 

(S)-2-amino-4-phenylbutanoic acid (0.50 g. 2.8 mmol) was suspended in 1M Na2CC>3 (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 tlie residue was dissolved in water and made acidic with 

0.1N HCL The mixture was extracted with ethyl acetate, dried over Na2S04, filtered and concentrated 

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

Example 91B 

dimethyl [(phei]ylimino)bis{ methanediylbenzene-4. l-diylcarbamoyl(21$,)pyrro!idine-2,l-diyl[(2.S>3-

oxo-4-phenylbutane-1,2-diyl]} jbiscarbamate 

15 The title compound was prepared using the methods from Example 2 substituting tlie 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) 8 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 - 8.1, 2H), 6.56 (t, J = 7.2, IH), 4.58 (s, 4H), 4.42 (dd,./ = 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, 211), 2.73 - 2.57 (m, 411), 2.18 - 2.06 (m, 2H), 

1.99 - 1.74 (m, 10H). MS (ESI; M+H) m/z = 937. 

Example 92 

25 (2S,2'5>A^AM[(4-fluorophenyI)imino]bis(methanediylbenzene-4,l-diyl)}bis{l-[(2/e)-2-phenyl-2~ 

piperidin-1 -ylacetyljpyrrolidine-2-carboxamide} 

F 
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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 CH2CI2 (2 mL) at rt was added glutaraldehyde (0.155 mL, 0.821 mmol) as a 

50% solution in water. The reaction was slirred for 30 min., tlie reaction filtered, washed with MeOH 

and concentrated. The residue was taken up in CH2C12, washed with saturated NaHC03, dried 

(Na2S04) and concentrated to give tlie title compound. MS (DCI; M+H) m/z = 276. 

Example 92B 

(R)-2-phenyl-2-(piperidiii-l-yl)acelic 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, tlie 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. 

Example 92C 

20 (2S,TS)~N.N~ {[(4-fluoropbenyl)imino]bis(metliaiiediyIbenzene-4,1 -diyl) }bis {l-[(22?)-2-phenyl-2-

piperidin-l-ylacelyl]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. 1I-I NMR (500 MHz, 

F 
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methanol-D4) § 1.40 - 1.45 (m, 4 II) 1.50 - 1.58 (m, 8 H) 1.79 - 1.88 (m, 2 H) 1.92 - 2.02 (m, 2 H) 

2.05 - 2.14 (m, 4 H) 2.30 ~ 2.40 (in, 4 H) 2.35 - 2.48 (m, 4 H) 3.43 - 3.51 (m, 2 H) 3.87 - 3.93 (m, 2 I-I) 

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). 

Example 93 

metliyl [(lS)-l-{[(4i?)-4-{[4-({[4-({[(4iO-3-K2S)-2-[(methoxycarbonyl)amino]-3,3-

dimetliylbutanoyl}-5,5-dimethyl-l,3-thiazolidin-4-

yl]carbonyl}armno)benzyl](phenyI)amino}methyI)phenyl]carbamoyl}-5,5-dimethyl-1.3-thiazolidin-3-

yl]carbonyl}-2,2-dimethylpropyl]carbamate 

Example 93A 

(4R,4'R)-tert-butyl 4,4'-(4,4,-(phenylazaiiediyl)bis(methylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(5,5-dimethylthiazolidine-3-carboxylate) 

The title compound was prepared using the methods from Example IC substituting (R)-3-

(teri-butoxycarbonyl)-5,5-dimethylthiazoIidine-4-carboxylic acid for N-(tert-butoxycarboiiyl)-L-

proline to provide the title compound (0.32 g. 61% yield). 

Example 93B 

(4R,4'R)-N,N'-(4,4,-(phenylazanediyI)bis(methylene)bis(4,l-phenylene))bis(5,5-dimetliylthiazolidine-

4-carboxamide) 
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The title compound was prepared using the methods from Example ID substituting the 

product from Example 93A for the product from Example IC to provide the title compound (0.23 g, 

97% yield). 

5 Example 93C 

methyl [(KS>l-{[(4i?)-4-{ [4-({[4-({ [(4ff)~3-{(2S>2-[(methoxycarbonyl)amino]-3,3-

dimediylbu tanoyl}-5,5-dimethyl-L3-thiazolidin-4-

yl]carbonyl}amino)benzyl](phenyl)amiiio}methyl)phenyl]carbamoyl}-5,5-dimetliyl-l,3-diiazolidin-3-

yl]carbonyl}-2,2-dimelhylpropyl]carbamate 

10 The title compound was prepared using tlie methods from Example 13E substituting the 

product from Example 93B for tlie product from Example 13D to provide the title compound. !H 

NMR (500 MHz, DMSO) 5 10.02 (s, 211), 7.51 (d, J = 8.6,4H), 7.28 (d,/ = 8.1, 2H), 7.19 (d, J = 8.6, 

411), 7.08 (dd, J = 7.3, 8.7, 2H), 6.66 (d, J = 8.1, 211), 6.57 (t, J = 7.2, IH), 5.07 (d, J = 8.6, 2H), 4.85 

(d, J = 8.6, 2H), 4.65 - 4.56 (m, 6H), 4.22 (d, J = 8.0: 2H), 3.55 (s, 6H), 1.50 (s, 6H), 1.36 (s, 6H), 

15 0.97 (s, 18H). MS (ESI; M+H) m/z = 933. 

Example 94 

dimethyl [(phenylimmo)bis{methanediylbenzene-4,1 -diy]carbamoyI[(2.S\4,S>4-fiuoropyrrolidine-2, 1 -

20 diyl] [(25>3,3-dimetiiyl-1 -oxobutane-1,2-diylj} jbiscarb amate 

Example 94A 

(3S,3,S,5S,5'S)-tert-butyI 5,5H4,4'-(phenylazanediyl)bis(methylene)bis(4,l-

25 phenylene)bis(azanediyl))bis(oxomethylene)bis(3-fluoropyrrolidine-l-carboxylale) 

The title compound was prepared using the metliods from Example IC substituting (2S,4S)-1-

(tert-butoxycarbonyl)-4-fiuoropyrrolidine-2-carboxylic acid for N-(tert-butoxycarbonyl)-L-pro!ine to 

provide the title compound (0.42 g, 87% yield). 
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F F 

Example 94B 

(2S,2!S,4S,4'S)-N,N'-(4,4,-(phenylazanediyl)bis(methylene)bis(4,l-phenylene))bis(4-

fluoropyrrolidine-2-carboxamide) 

The title compound was prepared using the methods from Example ID substituting the 

product from Example 94A for the product from Example IC to provide tlie title compound (0.29 g, 

93% yield). 

dimethyl [(phenylimino)bis{methanediylbenzene-4,3 -diylcarbamoyl[(2S,4S)-4-fluoropyrrolidine-2,l-

The title compound was prepared using the metliods 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) 8 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 = 1.2, IH), 5.36 (d, J = 53.5, 2H), 4.65 (dd, 

./ = 2.1, 10.0, 2H), 4.59 (s, 4H), 4.36 (d, J = 8.7, 2H), 4.12 - 4.04 (m, IH), 4.04 - 3.86 (ra, 3H), 3.54 

(s, 6H), 2.29 - 2.19 (ra, 2H), 0.98 (s, 18H). MS (ESI; M+H) m/z = 877. 

NJV-bis[(2-{(25>l-[(2/0-2-(diethylamino)-2-phenylacety!]pyrrolidin-2-yl}-l//-benziniidazol-5-

Example 94C 

diyl][(2.S,)-3,3-dimethyl-l-oxobutane-l,2-diy]j} jbiscarbamate 

F 

Example 95 

yl)methyl]-4-fluoroaniline 
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Example 95A 

(S)-tert-butyl 2-(5-formyl-lH-beiizo[d]imidazol-2-yl)pyrrolidine-l-carboxylate 

The product of Example 7B (1.0 g, 3.15 mmol) and Mn02 (1 -37g, 15.75 mmol) in 

tetrahydrofuran (20 mL) were heated to reflux for 24 hours. The mixture was filtered and 

5 concentrated lo afford the title compound (0.99 g, 100%). MS (ESI) m/z 316 (M+H)+. 

To a mixture of the product from Example 95A (1.0 g, 3.1.7 mmol), 4-fluoroaniline (304 |JL, 

3.17 mmol) and AcOH (150 |_iL) 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 IN HCl 

followed by stirring for 5 minutes. A few drops of aqueous NH4OH were added, and the mixture was 

15 diluted with EtOAc and washed with saturated aq. NaHCOs, H20, and brine. The organic layer was 

dried (MgSO*), filtered and concentrated to afford the title compound (1.3 g, 100%). MS (ESI) m/z 

411 (M+H)+. 

(2S,2'S)-terl-bulyl 2,2-(5,5'-(4-fluorophenylazanediyl)bis(methyiene)bis(lH-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 

K2CO3 (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 (ESI) m/z 710 (M+H)*. 

10 

Example 95B 

(S)-tert-butyl 2-(5-((4-fluorophenylamino)methyl)-lH-benzo[d]imidazol-2-yl)pyrrolidine-l-

carboxylate 

20 Example 95C 
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Example 95 D 

4-fluoro-N.N-bis((2-((S)-pyrrolidm-2-yl)-lH-benzo[d]iimclazol-5-yl)methyl)aniline 

The product of Example 95C (1.3 g, 1.83 mmol) was processed using the method described in 

5 Example 7F. to afford the title compound (0.46 g, 50%). MS (ESI) m/z 510 (M+H)\ 

Example 95E 

AVV-bis[(2~{(26>H(2i^-2-(dielhylammo)-2-phenylacetyl]pyn:o3idin~2-yl}-l#-benzimidazol-5-

yl)methyl]-4-fluoroaniIine 

10 The product from Example 95D (20 mg, 0.039 mmol) was subjected to the procedure 

described in Example 7E, 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) S ppm 0.76 (t, 7=7.0 Hz, 1 H), 

0.99 (t, 7=7.0 Hz, 2 H), 1.07 - 1.16 (m, 11 H), 1.22-1.31 (m,4H), 1.91 (s, 3 H), 1.99 -2.08 (m, 5 H), 

15 2.17 - 2.25 (m, 3 H), 3.05 - 3.15 (m, 30 H), 4.11- 4.18 (m, 2 H), 4.83 (s, 3 H), 5.21 (dd, 7=8.5, 2.7 Hz, 

2 H), 5.45 (s, 2 H), 6.68 - 6.77 (m, 2 H), 6.93 (t, 7=8.9 Hz, 2 H), 7.27 (d, 7=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 (ESI) m/z 888.6 (M+H)+. 

methyl [(l£)-3-{[(21S>2-(5-{[(4-fluorophenyl)({2-[(25>l-{(2S)-2-[(nicthoxycarbonyl)amino]-3-

methylbutan0yl}pyrroIidin-2-yl}-lH-benzimidazoI-5-yl}methyl)amino3methyl}-ltf-benzimidazol-2-

25 described in Example 7F, substituting (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (17.2 

mg, 0.098 mmol) for (S)-2-(methoxycarbonyiamino)-3,3-dimethylbutanoic acid to afford the title 

compound as a TFA salt (8 mg). 1H. NMR (500 MFIz, DMSO-D6) 5 ppm 0.75 - 0.84 (ITL 11 H), 1.20 -

F 

20 Example 96 

yl)pyrrolidiii-l-yl]carbonyl}-2-methylpropyl]carbamate 

The product from Example 95D (20 mg, 0.039 mmol) was subjected to the procedure 
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1.28 (m. 2 H), 1.97 (dd, 7=13.8, 6.8 Hz, 3 H), 2.05 - 2.14 (m, 4 H), 2.18 (dd, 7=11.9, 6.4 Hz, 2 H), 

3.54 (s, 14 H), 3.81 - 3.90 (m, 4 H), 4.12 (l, 7=7.9 Hz, 2 H), 4.87 (s, 3 H), 5.20 (dd, 7=7.9, 5.5 Hz, 2 

H), 6.69 - 6.75 (m, 2 H), 6.94 (t, 7=8.9 Hz, 2 H), 7.33 (d, 7=8.4 Hz, 2 H), 7.41 (d, 7=8.4 Hz, 2 H), 7.55 

(s, 2 H), 7.71 (d, 7=8.4 Hz, 2 H); MS (ESI) m/z 824.4 (M+H)+. 

Example 97 

dimethyl ([(3i?)-tetrahydrofuran-3-y limino] bis {methanediyibenzene-4,1 -

diylcarbamoyl(2S)pyrrolidine-2,l-diyl[(2S,3i?)-3-hydroxy-l-oxobutane-l,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), I-IATU (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 

NaHC03, water, and saturated NaCl. Tlie organic was dried over MgS04, filtered and evaporated. 

15 The product was purified by chromatography on silica gel to give the title compound. [H NMR (400 

MHz, DMSO-d6) 6 ppm 1.14 (d, 7=6.40 Hz, 6 II) 1.80 - 2.03 (m, 8 H) 2.10 - 2.22 (in, 2 H) 3.33 - 3.44 

(m, 3 H) 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 (i, 7=7.37 Hz, 2 H) 4.43 (dd, 7=8.29, 4.72 Hz, 2 H) 4.81 (d, 7=5.64 Hz, 2 H) 7.09 (d, 7=7.48 

Hz, 2 II) 7.24 (d, 7=8.46 Hz, 4 H) 7.52 (d, 7=8.46 Hz, 4 H) 9.83 (s, 2 I-I). MS (ESI) m/z 810.4 

20 (M+H)+. 

Example 98 

dimethyl ([(4-fluorophenyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl(21S,)pyrrolidine-2,l-

25 diyl[(25>3-hj'droxy-3-melhyl-l-oxobulane-l,2-diyl]})biscarbamate 

The product from Example 13D (0.03 g, 0.058 mmol) and (S)-3-hydroxy-2-

(methoxycarbonylamino)-3-metiiylbutanoic acid (0.025 g, 0.128 mmol) were processed as in Example 

25B to give 0.010 g (82%) of die title compound as an off-white solid. 'H NMR (400 MHz, DMSO-
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D6) 8 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 (ra, 2 H) 4.38 (d, J-8.67 Hz, 2 H) 4.44 - 4.5 \ (m, 2 H) 4.56 (s, 4 H) 5.09 (s, 

2 H) 6.63 (dd, J=9.22, 4.45 Hz, 2 H) 6.91 (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)+. 

F 

Example 99 

3-liydroxy-A^-(methoxycarbonyl)-L-valyl-iV-[4-({ (4-fluorophenyl)[(2~ {(2 S)-1 -[3-liydroxy-TV-

(methoxycarbonyl)-L-val}d]pyrrolidin-2-yl}-l//-benzimidazol-5-yl)methyl]amiiio}methyl)phenyl]-L-

prolinamide 

H 

Example 99A 

(S)-tert-butyl 2-(5-formyl-lH-benzo[djimidazol-2-yl)pyrrolidine-l -carboxylate 

The product from Example 7B (0.50 g, 1.58 mmol) was dissolved in tetraliydrofuran (8 mL), 

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. 

F 

0=^ 
O 

Example 99B 
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(S)-teri-butyl 2-(5-((4-fluorophenylamino)methyl)-lH-benzo[d]imidazol-2-yl)pyrrolidine-l-

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) 

and treated with sodium cyaiioboroliydride (0.10 g, 1.59 mmol) and slirred 17 hours. Tlie mixture 

was poured into water, extracted into ethyl acetate, dried over sodium sulfate, filtered, and 

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

F 

Example 99C 

(S)-tert-butyl 2-(5-(((4-fluorophenyl)(4-iiitrobeiizyl)aniino)methyl)-lH-benzo[d]imidazol-2-

y])pyrrolidine-1-carboxylate 

The product from Example 99B (0.65 g, 1.58 mmol), l-(bromomethyl)-4-nitrobenzene (0.479 

g, 2.22 mmol), and potassium carbonate (0.547 g, 3.96 mmol) were combined in dimethyl formamide 

(15 mL) and heated at 40 °C for 3 hours then diluted witli water and filtered. The product was 

purified by combi-flash 24 g silica column, eluting with 0-5% methanol in dichlorometliane to give 

0.805 g (93%) of the title compound. 

F 

0^\ 
O 

-A 
Example 99D 

(S)-tert-buiyl 2-(5-(((4-aminobenzyl)(4-fluorophenyf)ammo)methyl)-lH-beiizo[d]imidazol-2-

yDpyrrolidine-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. 

Example 99E 

(R)-(9H-fluoren-9-yl)methyl 2-(4-((((2-((S)-l-(tert-butoxycarbonyl)pyiToIidin-2-yl)-lH-

benzo[d]imidazol-5-yl)methyl)(4-fluorophenyl)amino)methyl)phenylcarbamoyl)pyrrolidine-l-

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 witli HATU (0.26 g, 0.683 mmol). The solution was stirred 

for 40 min then diluted witli 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. 

Example 99F 

(R)-(9H-fluoren-9-yl)methyl 2-(4-(((4-ftuorophenyl)((2-((S)-pyrrolidin-2-yl)-lH-benzD[d]iiradazol-5-

20 yl)methyl)amino)methyl)phenylcarbamoyl)pyrroiidine-l -carboxylate 

The product from Example 99E (0.38 g, 0.455 mmol) was dissolved in dichloromethane (4 

mL) and treated with trifiuoroacetic 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. 'Hie organic was 

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

Example 99G 

(R)-(9H-fiuorcn-9-yl)methyl 2-(4-(((4-fluorophenyI)((2-((S)-l-((S)-3-hydroxy-2-

(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidin-2-yl)-lH-benzo[d]imidazol-5-

yl)methyl)amino)methyl)phenylcarbamoyl)pyrrolidine-l -carboxylate 

The product from Example 99F (0.092 g, 0.125 mmol), (S)-3-hydroxy-2-

(methoxycarbonyIamino)-3-methylbutanoic acid (0.029 g, 0.15 mmol) was processed as in Example 

99E to give 0.115 g (100%) of tlie title compound. 

methyl (S)-l-((S)-2-(5-(((4-fluorophenyl)(4-((R)-pyrrolidine-2-carboxamido)benzyl)amino)methyl)-

lH-benzo[d]imidazol-2-yl)pyrrolidin-l-yl)-3-hydroxy-3-methyl-l-oxobutan-2-ylcarbamate 

The product from Example 99G (0.115 g, 0.127 mmol) was dissolved in acetoiiitrile (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. 

F 

F 

Example 99H 

Example 991 
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3-hydroxy-AKmethoxycarbonyl)-L-valyWV-[4-({(4-fluorophenyl)[(2-{(2S')-l-[3-hydroxy-A''-

(methoxycarbonyr)-L-valyl]pyrrolidin-2-yl }-l//-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, DMS0-D6) 6 ppm 1.06 (cl J=7.05 Hz, 3 H) 

1.15 (s, 3 H) 1.17 (s, 3 H) 1.23 (s, 3 H) 1.87 - 2.05 (m, 6 H) 2.13 - 2.20 (m, 1 H) 2.23 - 2.30 (m, 1 H) 

3.55 (s, 6 H) 3.69 (ddd, >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) 5.09 (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)+. 

15 Example 100 

metliyl L(16')-l-{[(26')-2-{ [4-({(4-fluorophenyl)[4-({[(2i')~l-{(25')-2-[(methoxycarbonyl)ammo3-3!3-

dimethylbu tanoyl} azetidin-2-yl]carbonyl} amino )benzyljamino} methyl)phenyl]carbamoyl} azetidin-1 • 

yljcarbonyl} -2,2-dimethylpropyl]carbamate 

F 

Example 100A 

(2S,2'S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(melhylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)diazetidine-l -carboxylate 

The product of Example 13B and (S)-N-Boc-azetidine carboxylic acid were processed using 

25 the method described in Example IC replacing DMSO with dichloromcthane to afford the title 

compound. LC/MS Rt 2.04 m/z 688 (M+H)+. 
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F 

Example 100B 

(2S,2'S)-N,N'-(4,4'-(4-fluorophcnylazanediyl)bis(methylene)bis(4,l-phcnylene))diazetidme-2~ 

carboxamide 

5 The product from Example 100A was processed using the method described in Example ID 

to afford tlie title compound. MS (ESI) m/z 488 (M+H)+, 486 (M-H)+. 

Example 100C 

methyl [(li>l-{[(2lS>2-{[4-({(4Tiuorophenyl)[4-({[(2S)-l-{(2,S,)-2~[(methoxycarbonyl)amino]-3,3-

10 dimethylbutanoyl}azetidin-2-yl]carbonyl}amino)benzyl]amino}methyl)phenyi]carbamoyl}azetidin-l-

The product from Example 100B was processed using tlie method described in Example 13E 

to afford the title compound (93.9 mg, 21%). 'H NMR (400 MHz, DMSO) 5 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), 

f 5 4.79 (dd, J = 8.9, 5.7, 2H), 6.64 (dd, J = 9.2, 4.4, 2H), 6.91 (t, J = 8.9, 2H), 7.20 (t, J = 7.9, 6H), 7.53 

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

Example 101 

20 methyl f(lS)-l-{[(2.S>2-{[4-({(4-fluoropheny3)[4-({[(2iS>l-{(25)-2-[(methoxycarbony])ammo]-3,3-

dimethylbutanoyl }piperidin-2-yl]carbonyl}amino)benzyl] amino }metfayl)phenyl]carbamoyl}piperidin-

I -yl] carbonyl} -2,2-dimetliylpropyl] carbamate 

yljcarbonyl }-2,2-dimethylpropyl]carbamate 

F 
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F 

Example 301A 

(2S,2'S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(metliylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)dipiperidiiie-l -carboxylate 

5 The product from 13B and Boc-L-pipecolic acid were processed using the method described 

in Example IC replacing DMSO with dichlorometliane to afford the title compound. LC/MS Rt 2.31 

m/z 744 (M+H)4 present. 

F 

10 Example 101B 

(2S,2'S)-N,N'-(4,4'-(4-fluoropheiiylazanediyl)bis(methylene)bis(4,3-phenylene))dipiperidine-2-

carboxamide 

The product from Example 101A was processed using the method described in Example ID 

to afford the title compound. MS (DCI) m/z 544 (M+H)+. 

15 

Example 101C 

methyl [(L9)-l-{[(2S)-2-{[4-({(4-fluorophcnyl)[4-({[(2S)-l-{(25>2-[(methoxycarbonyl)ammo]-3,3-

dimethylbutatioyl}piperidm-2-yl]carbonyl}ammo)benzyl]amino}methyl)phenyl]carbattioyl}piperidin-

1 -yljcarbonyl} -2,2-dimethylpropyl] carbamate 

20 The product from Example 101B was processed using the method described in Example 13E 

replacing DMF with dichloromethane to afford the tide compound (0.23 g, 57%). 'H NMR (400 

MHz, DMSO) 5 0.95 (s, 13H),0.97 (d= 1.0.6, 5H), 1.80 - 1.08 (m, 12H), 2.10 (d, J = 13.1, .51H), 

2.27 (d, J = 10.5, 0.5H). 3.54 (s, 6H), 4.03 (d, J = 12.2, HI), 4.44 (dd, / = 12.9, 6.5, IH), 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 = 

25 9.3, IH), 7.20 (dd, J = 18.9, 9.9, 5H), 7.50 (d, / = 8.5, 3H), 7.60 (d, J = 8.3, IH), 9.83 (s, 0.5H), 9.88 

(s, 1.5H). MS (ESI) m/z 886 (M+H+, 20%) 944 (M+CH3CN+NH4, 100%), 884 (M-H)+. 
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F 

Example 102 

(25,4^,2',.V,4!^)-iV,iV-{[(4-fluoropheiwl)imino]bis(methaiicdiyIbenzene-4!l-diyl)}bis{4-fliioro-l-

[(2i?)-2-phenyl-2-piperidin-].-ylacety]]pyrroIidme-2-carboxamide} 

Example 102A 

(3R,3'R,5S,5'S)-lerl-buiyl 5,5'-(4,4'-(4-fluorophenylazanediyl)bis(melliyIene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(3-fluoropyrrolidine-l-carboxylate) 

Tlie product from Example 1.3D and (2S,4R)-l-(iert-butoxycarbonyl)-4-fluoropyrroiidine-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. 

Example 102B 

(2S.2'S,4R,4,R)-N,N,-(4,4'-(4-fluorophenylazanediyl)bis(methy}ene)bis(4,l-phenylene))bis(4-

fluoropyrrolidine-2-carboxaniide) 

The product from Example 102A was processed using the method described in Example 47B 

to provide 540 mg (70%) of the title compound. MS (ESI; M+H) m/z = 552. 

F 

Example 102C 
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(2SAR2'SA'R)-N,N'- {[(4-fluoropheiiyl)imino]bis(methanediylbenzene-4,1 -diyl) }bis {4-fluoro-l-

[(2i?)-2-phenyl-2-piperidin-l-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. NMR (400 MHz, 

5 metlianol-D4) 6 1.45 - 1.55 (in, 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 - 4.70 (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 (ra, 2 H) 7.22 (d, >8.46 Hz, 4 H) 7.42 (s, 6 H) 7.50 (d, J=8.46 Hz, 4 H) 7.54 (d, 7=4.23 

Hz, 4 H). 

Example 103 

dimethyl ([(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl[(25',4i?)-4-

fluoropyrrolidine-2,l-diyl] [(2.S')-3,3-dimethyl-1 -oxobutane-1,2-diyl]) jbiscarbamate 

Example 103 A 

(3S,3'S,5S,5'S)-tert-butyl 5,5'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,l-

phenylene)bis(azanediyI))bis(oxomethylene)bis(3-fluoropyrrolidine-l -carboxylate) 

Hie title compound was prepared using the methods from Example 13C substituting (2S,4R)-

20 l-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid for N-(tert-butoxycarbonyl)-L-proline 

to provide tlie title compound (0.29 g, 83% yield). 

Example 103B 
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(2S,2'S,4S,4'S)-N,N'-(4,4'-(4-fiuorophenylazanediyl)bis(metliylene)bis(4,l-phenylene))bis(4-

fluoropyrrolidine-2-carboxamide) 

The tide 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. 

5 

Example 103C 

dimethyl ([(4-fluorophenyl)imino]bis{methanediyIbenzene-4,l-diylcarbamoyl[(25'.4y?)-4-

fluoropyrrolidine-2,l-diyl] [(2iS')-3,3~dimethyl-1-oxobutane-1,2-diyl])'jbiscarbamate 

The title compound was prepared using the metliods 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). lH NMR (400 MHz, DMSO) 8 10.13 (bs, 2H), 7.51 (d: J = 8.5,4H), 7.21 -7.15 (in, 

611), 6.91 (t, J = 8.9, 2H), 6.64 (dd, J = 4.4, 9.1, 2H), 5.46 (bs, IH), 5.32 (bs, IH), 4.57 - 4.48 (m, 

6H), 4.20 - 4.06 (m, 411), 3.88 - 3.71 (m, 2H), 3.54 (s, 6H), 3.17 (d, J = 5.2, 2H), 2.21 - 1.97 (m, 20), 

0.96 (s, 18H). MS (ESI; M+H) m/z = 895. 

15 

Example 104 

dimethyl ([(4-fluorophenyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl(2£)pyrrolidine-2.1-

diyl[( LS1)-1 -cyclohexyl-2-oxoethane-2,1 -diyl]} jbiscarbamate 

20 The product from Example 13D and (S)-2-cyclohexyl-2-(methoxycarboiiylamino)acetic acid 

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

afford the title compound (74.4 mg, 16%). NMR (400 MHz, DMSO) 5 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, J = 8.6, 2H), 4.41 (dd, J = 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, J = 8.4, 2H), 7.50 (d, J = 8.5, 

4H), 9.96 (s, 2H). MS (ESI) m/z 910 (M+H)+, 908 (M-H)+. 
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10 

Example 105 

(21S',2'lS,)-vV,Ar-{[(4-fluoropheiiyI)imino]bis('methaiiediylbenzeiie-4,l-diyl) }bis[l-(3-ethyl-3-hydroxy-2-

phenylpentaiioyl)pyrrolidine-2-carboxamide3 

The product from Example 13D (30 mg, 0.058 mmol) was subjected to the procedure 

described in Example 24E, substituting 3-ethyi-3-hydroxy-2-phenylpentanoic acid (27 mg, 0.122 

mmol) for (S)-2-(methox.ycarbonylamino)-3-methylbutanoic acid to afford the title compound as a 

TFA salt (11 mg). !H NMR (400 MHz, DMSO-U6) 6 ppm 0.66 - 0.74 (m, 7 H), 0.84 (t, 7=7.4 Hz, 6 

H), 1.00 (d, 7=7.9 Hz, 4 H), 1.52 - 1.63 (m, 3 H), 1.86 (d, 7=7.3 Hz, 4 H), 2.05 (d, 7=16.6 Hz, 2 H), 

3.30 (s, 2 H), 3.34 - 3.42 (m, 2 H), 3.83 (d, 7=13.3 Hz, 3 H), 4.32 - 4.39 (m, 1 H), 4.50 (s, 1 H): 4.53 -

4.61 (m. 5 H), 6.65 (ddd, 7=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, 7=6.7 Hz, 2 H), 7.42 - 7.50 (m, 5 H), 7.55 (ddd, 7=15.8, 8.6, 2.3 Hz, 3 H), 9.94 

(s, 1 I-I), 10.00 (s, 1 H); MS (ESI) m/z 924.5 (M+H)+. 

15 

20 

25 

Example 106 

(2S,2'S)-N^-{[(4-fluorophenyl)immo]bis(metlianediylbenzene-4,1 -diyl)} bis {1 -[(1 -

hydroxycyclopenlyl)(phenyl)acetyl]pyrrolidine-2-carboxamide} 

The product from Example 13D (30 mg, 0.058 mmol) was subjected lo the procedure 

described in Example 24E, substituting 2-(l-hydroxycyclopentyl)-2-phenylacetic acid (27 mg, 0.122 

mmol) for (S)-2-(methoxycarbonylamino)-3-methylbut.anoic acid lo afford the title compound as a 

TFA salt (13 mg). *H NMR (400 MHz, DMSO-D6) 5 ppm 1.09 (s, 2 H), 1.50 (d, 7=5.9 Hz, 6 H), 

1.61 (s, 4 H), 1.67 (d, 7=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, 7=1.0.0 Hz, 1 H), 3.71 (d, 7=10.1 Hz, 2 H), 3.80 (s, 1 H), 3.91 (d, 

7=12.8 Hz, 2 H), 4.38 (dd, 7=8.2, 4.1 Hz, 1 H), 4.49 (d, 7=3.8 Hz, 1 H), 4.57 (d, 7=2.9 Hz, 4 H), 6.62 -

6.69 (m, 7=4.6, 2.3 Hz, 2 H), 6.92 (t, 7=8.8 Hz, 2 H), 7.16 - 7.22 (m, 4 H), 7.24 - 7.31 (m, 6 H), 7.34 -
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7.37 (m, 2 H), 7.47 (dd, 7=16.2, 7.6 Hz, 4 H), 7.54 (d, 7=8.3 Hz, 3 H), 9.97 (d, 7=1.7 Hz, 2 H); MS 

(ESI) m/z 920.2 (M+H)+. 

5 Example 107 

(2S,2'S)-N.N,-{ [(4-fluorophenyl)imino]bis(methanediylbenzene-4,l-diyl) }bis{ 1-

[cyclopentyl(phenyl)acetyl]pyrro]idine-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-methyIbutanoic acid to afford the title compound as a TFA salt (12 

mg). XH NMR (400 MHz, DMSO-D6) 6 ppm 1.03 (s, 2 II), 1.16 (d, 7=4.2 Hz, 3 H), 1.25 (d, 7=13.1 

Hz, 3 H), 1.38 (d, 7=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, 7=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 II), 4.45 (dd, 7=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, 7=8.6, 2.6 Hz, 2 H), 7.51 - 7.56 (m, 2 

H), 7.58 (dd, 7=8.6, 2.6 Hz, 1 H), 9.88 (s, 1 H), 9.93 (s, 1 H); MS (ESI) m/z 888.3 (M+H)+. 

Example 108 

20 (2£,2'£)-Ar,AM[(4-fluorophenyl)immo]bis(methanediylbenzene~4,l-diyl) }bis[l-(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-phenyIbutanoic 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 NMR (400 MHz, DMSO-D6) 6 ppm 0.41 (dd, 7=6.7, 1.5 Hz, 2 II), 0.56 (dd, 7=6.6, 4.5 Hz, 4 H), 
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0.75 - 0.84 (m, 2 H), 0.94 (dd, 7=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, 7=10.2 Hz, 2 H), 4.27 (d, 7=7.7 Hz, 1 H), 4.43 (dd, 7=8.3, 3.4 Hz, 2 H), 

4.53 (dd, 7=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 

(M+H)+. 
F 

Example 109 

methyl [(15)-1-{[(15,25,5/?)-2-{[4-({(4-fluorophenyl)[4-({[(15,25,5i?)-3-{(25)-2-

[(methoxycarbonyI)amino]-3,3-dimethylbutanoyl}-3~azabicyclo[3.1.0]hex-2-

yl]carbonyI}amino)benzyl]amino}methyl)phenyl]carbamoyl}-3-azabicyclo[3.1.0]hex-3-yl]carbonyl}-

2,2-dimethylpropyl]carbamate 

Example 109A 

(lS,rS,2S,2'S,5R,5'R)-tert-butyl 2,2'-(4,4,-(4-fluorophenylazanediyl)bis(methylene)bis(4,l-

phenyleiie)bis(azanediyl))bis(oxomethyieiie)bis(3-azabicyclo[3.1.0]hexane-3-carboxylate) 

The product from Example 13D and (lS,2S,5R)-3-(tert-butoxycarbo«yl)-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 (ESI; M+I-I) m/z = 740. 

Example 109B 

176 



WO 2010/120935 PCT/I1S2010/031102 

(lS,rS,2S,2'S,5R,5'R)-N,N'-(4.4'-(4-fiuorophenylazaiiediyl)bis(methylene)bis(4,l-phenylene))bis(3-

azabicyclo[3.1.0]hexane-2-carboxamide) 

The product from Example 109A was processed using tlie method described in Example 47B 

to provide 458 mg (92%) of the title compound. MS (ESI; M+H) m/z - 540. 

5 

Example 109C 

methyl [(l1S)-l-{[(15,2.?,5^)-2-{[4-({(4-fiuorophenyl)[4-({[(15,25',5^)-3-{(25)-2-

[(mcthoxycarbonyl)amiiio]-3,3-dimethylbutanoyl}-3-azabicyclo[3.1.0]hex-2-

yl]carbonyl}amino)benzy!]amino}melhyl)phenyljcarbamoyl}-3-azabicyclo[3.1.0]hex-3-yl]carbonyl}-

10 2,2-dimethyipropyl]carbamate 

The product from Example 109B and (S)-2-(methoxycarbonylamino)-3,3-diinethylbuiaiioic 

acid were processed using tlie method described in Example 41 to provide 237 mg (73%) of the title 

compound. 5H NMR (400 MHz, me(hanoI-D4) 6 0.20-0.30 (m, 2 H) 0.81 - 0.91 (m, 2II) 0.92 - 3.03 

(m, 18 H) 1.67 - 1.79 (m, 4 H) 3.64 (s, 6 H) 3.72 (m, 2 H) 3.92 (dd, >9.81, 4.07 Hz, 2 H) 4.03 - 4.13 

15 (m. 2 H) 4.21 (s, 2 H) 4.53 (s, 4 H) 4.72 (s, 2 H) 6.67 - 6.73 (m, 2 H) 6.79 - 6.86 (m, 2 H) 7.20 (d, 

>8.46 Hz, 4 H) 7.48 (d, >8.46 Hz, 4 H). 
F 

Example 110 

(2S,2VS>AyvH[(4-fhiorophei]yI)nmno3bis(methaiiediylbenzerte-4,l-diyl)}bis{l-[(2.K)-2-hydroxy~2~ 

20 phenylacetyl]p5Trrolidine-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. LH NMR (400 MHz, DMSO-D6) 5 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, >8.13, 3.25 Hz, 2 H) 4.57 (s, 4 H) 5.26 (d, >3.58 Hz, 2 

25 H) 5.50 (d, >5.64 Hz, 2 H) 6.65 (dd, >9.27,4.39 Hz, 2 H) 6.92 (t, >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, >8.57 Hz, 4 H) 10.00 (s, 2 H); MS ESI- m/z 782 

(M-H)-. 
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Example 111 

(2^2\S>A^AM(phenylimino)bis(methanediylbenzene-4,l-diyl)]bis{ H(2S)-3,3-dimethyi~2~ 

(pyrimidin-2-ylamino)butanoyl]pyrrolidine-2-carboxaimde} 

5 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 

10 as an off-white solid. ]H NMR (400 MHz, DMSO-D6) S ppm 1.04 (s, 18 H) 1.81 - 1.94 (m, 4 H) 1.97 

- 2.07 (m, 2 H) 2.07 - 2.18 (in, 2 H) 3.63 - 3.72 (m, 2 H) 3.96 - 4.04 (m, 2 H) 4.40 (dd, 1=7.92, 5.75 

Hz, 2 H) 4.59 (s, 4 H) 4.68 (d, >9.00 Hz, 2 H) 6.51 (d, >9.00 Hz, 2 H) 6.57 (t, >7.16 Hz, 1 H) 6,62 

(t, >4.77 Hz, 2 H) 6.66 (d, >8.13 Hz, 2 H) 7.04 - 7.11 (m, 2 H) 7.17 (d, >8.57 Hz, 4 H) 7.51 (d, 

>8.57 Hz, 4 H) 8.29 (d, >4.77 Hz, 4 H) 9.98 (s, 2 H); MS ESI- m/z 878.6 (M-H)-. 

15 

Example 112 

dimethyl ([(4-fluorophenyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl(2i')pyrrolidine~2,1-

diyl[(25")-1 -oxobutane-1,2-diyl]} )biscarbamate 

20 The product from Example 13D (0.030 g, 0.058 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. 1H NMR (400 MHz, DMSO-D6) 5 ppm 0.90 (t, >7.37 

Hz, 6 H) 1.52 (td, >14.07, 6.89 Hz, 2 H) 1.65 (td, >13.63, 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 

25 (m, 2 H) 4.42 (dd, >8.02, 4.55 Hz, 2 H) 4.55 (s, 4 H) 6.63 (dd, >9.22, 4.45 Hz, 2 H) 6.91 (t, >8.89 

Hz, 2 H) 7.16 (d, >8.46 Hz, 4 H) 7.30 (d, >7.70 Hz, 2 H) 7.50 (d, >8.46 Hz, 4 H) 9.94 (s, 2 H); MS 

ESI- m/z 800 (M-H)-. 
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F 

>^Vt) oVJW o° i o o 
Example 113 

[(4-fluorophenyI)immo]bis[methaiiediylbeiizeiie-4,l-diylcarhamoyl(2,$)pyrrolidiiie-2,l-diyl(li?)~2-

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 tide compound as an off-white 

solid. :H NMR (400 MHz, DMSO-D6) d ppm 1.74 - 2.05 (m, 8 H) 2.02 - 2.09 (m, 6 H) 3.07 - 3.15 

(m, 2 H) 3.79 - 3.88 (m, 2 II) 4.38 (dd, J=7.75, 2.87 Hz, 2 II) 4.57 (s, 4 II) 5.98 - 6.23 (m, 2 H) 6.65 

(ddd, J=9.30, 4.36, 2.49 Hz, 2 H) 6.92 (td, .1=8.95, 3.04 Hz, 2 H) 7.11 - 7.23 (m, 6 II) 7.28 - 7.36 (ra, 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)-. 

metliyl {(lS)-2-{(25,)-2-[(4-{[(4-fluorophenyl){4-[({(25>l-[(2Z?)-2-pheiiyl-2-piperidin-l-

ylacetyl]pyrrolidin-2-yI}carboiiyl)amino]benzyl}amino]methyl)phenyl)carbamoyI]pyrrolidin-l-yl}-2-

oxo-1 -phenylethane-2,1 -diyl] di acetate 

F 

Example 114 

oxo-1-[(3i?)-teirahydrofuran-3-yl]ethyl} carbamate 

F 

Example 114A 
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(S)-tert-butyl 2-(4-(((4-fluorophenyl)(4-((S)-pyrrolidine-2-

carboxamido)benzyl)amino)mediyl)pheiiylcarbamoyl)pyrrolidine-l -carboxylate 

A solution of Example 13C (2.25 g, 3.14 mmol) in dichloromethane (20 mL) was treated 

trifiuoroacetic acid at ambient temperature, adding 1 mL every 30 min for a total of 4 mL. 'ilie 

5 reaction was monitored closely lo achieve a good distribution of bis-boc, mono-boc, and unreacled 

compounds. Hie mixture was washed witli sodium bicarbonate solution, extracted into 

dichlorometliane, concentrated, and purified by combi-flash 40g silica column with 0-40% methanol 

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

(S)-tert-bulyl 2-(4-(((4-fluorophenyl)(4-((S)-l-((R)-2-plieiiyl-2-(piperidin-l-y])acetyl)pyrrolidine-2-

carboxamido)benzyl)amino)mefhyl)phenylcarbamoyl)pyrrolidine-l-carboxylate 

The product from Example 114A (0.26 g, 0.42 mmol) and (R)-2-phenyl-2-(piperidin-l-

15 yl)acelic acid (0.12 g, 0.55 mmol) was processed as in Example 81A lo give 0.20 g (58%) of die tide 

compound as a white solid. 

Example 114C 

20 (S)-N-(4-(((4-fluorophenyl)(4-((S)-pyrrolidine-2-carboxamido)benzyl)amino)melhyl)pheiiyl)-l-((R)-

2-phenyl-2-(piperidin-l-yl)acetyl)pyrroHdine-2-carboxamide 

The product from Example 114B (0.20 g, 0.24 mmol) was dissolved in dichloromethane (3 

mL) and treated with trifiuoroacetic acid (2 mL) at ambient temperature for 2 hours. Tlie solution was 

concentrated, taken up in 25% isopropanol in chloroform, washed witli sodium bicarbonate solution, 

25 dried over sodium sulfate, filtered and concentrated to give 0.16 g (91%) of llie title compound. 

F 

10 
Example 114B 

F 
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Example 114D 

methyl {(lS)-2-{(2S)-2-[(4-{ [(4-fhiorophenyl){4-[({(21S>l-[(2,K)~2-phenyl-2-piperidm-l-

ylacetyl]pyrrolidin-2-yl}carbonyl)amino]benzyl}amino]methyl}phenyl)carbamoyl]pyrrolidm-l-yl}-2-

oxo-1 -[(3J?)-tetrahydrofuran-3-yl]ethyl} carbamate 

5 The product from Example 114C (0.040 g, 0.056 mmol) and (S)-2-(methoxycarbonylamino)-

2-((R)-tetraliydrofuran-3-yl)acelic acid (0.014 g, 0.067 mmol) were processed as in Example 81A to 

give the title compound. :H NMR (400 MHz, DMSO-D6) 8 ppm 1.29 - 1.38 (m, 2 H) 1.39 - 1.47 (m, 

4 H) 1.68 - 1.78 (in, 1 H) 1-79 - 1.90 (m, 4 H) 1.93 - 2.06 (m, 4 H) 2.10 - 2.22 (m, 1 H) 3.14 - 3.25 (m, 

1 H) 3.41 - 3.50 (m, 4 H) 3.53 (s, 3 H) 3.58 - 3.70 (m, 4 H) 3.71 - 3.79 (m, 2 H) 3.80 - 3.90 (m, 2 H) 

10 4.20 - 4.28 (m, 2 H) 4.31 (dd, >7.64, 4.07 Hz, 1 H) 4.44 (dd, >7.97, 4.93 Hz, 1 H) 4.56 (s, 4 H) 6.64 

(dd, J=9.22, 4.34 Hz, 2 H) 6.91 (t, >8.95 Hz, 2 IT) 7.18 (d, >8.13 Hz, 4 H) 7.25 - 7.37 (m, 3 H) 7.42 

(d, >6.83 Hz, 2 H) 7.51 (dd, >8.57, 1.84 Hz, 4 H) 7.60 (d, >8.02 Hz, 1 H) 9.96 (s, 1 H) 9.98 (s, 1 

II); MS ESI- m/z 900.6 (M-H)-. 

15 
Example 115 

methyl [(lS)-]~({(25)-2-[(4-{[(4~fluorophenyl){4~[({(2S)-l-[(2^)-2-phenyI-2-piperidm-l-

ylacety!3pyrrolidin-2-yl}carbonyl)ammo3benzyl}amiiio]metliyl}phenyl)carbamoyl]pyrrolidiii-l-

yl} carbonyl)propyl]carbamate 

20 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 tlie title compound. ]H NMR (400 MHz, DMSO-D6) 8 ppm 0.90 ft, >7.37 Hz, 3 H) 1.29 - 1.37 

(m, 2 H) 1.39 - 1.47 (m, 4 H) 1.47 - 1.58 (m, 1 H) 1.61 - 1.72 (m, 1 H) 1.75 - 2.06 (m, 6 H) 2.08 - 2.20 

(m, 1 H) 3.39 - 3.50 (m, 1 H) 3.52 (s, 3 H) 3.56 - 3.64 (m, 1 H) 3.69 - 3.77 (m, 1 H) 3.79 - 3.90 (m, 1 

25 H) 4.14 - 4.21 (m, 1 H) 4.24 (s, 1 H) 4.31 (dd, >7.81, 4.23 Hz, 1 H) 4.43 (dd, >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, >8.89 Hz, 2 H) 7.17 (dd, >8.51, 2.55 Hz, 4 H) 

7.27 - 7.36 (m, 3 H) 7.42 (d, >6.94 Hz, 2 H) 7.51 (dd, >8.51, 3.74 Hz, 4 H) 9.95 (d, >2.93 Hz, 2 

I-I); MS ESI- m/z 858.6 (M-H)-. 
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F 

F H H 

Example 116 

(26,,2'1S')-A',A?'-{[(4-fliioropheiiyl)imino]bis(methanediylbenzene-4,l~diyl)}bis(l-{[(3fi)-3-

fluoropyrrolidiii-l-yl](phenyl)acetyl}pyrrolidine-2-carboxamide) 

5 The product from Example 13D and 2-((R)-3-fhioropyrrolidi.n-l-yl)-2-phenylacetic acid were 

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

a mixture of three stereoisomers. Tlie title compound of Example 116 was the first isomer to elute 

from the chromatography. lll NMR (400 MHz, DMSO) 8 1.90 - 1.68 (m, 6H), 2.15 - 1.90 (ms 6H), 

2.45 - 2.35 (m, 2H), 2.65 - 2.58 (m, 3H), 2.70 (dd, J = 4.1, 10.7, IH), 2.77 (d, J = 11.2, IH), 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, 2I-I), 4.57 (ss 4H), 

5.07 (t, J = 5.6, IH), 5.21 (t, J = 5.6, IH), 6.70 - 6.60 (m, 2H), 6.96 - 6.87 (m, 2H), 7.19 (d, J = 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 (EST) m/z 926 

(M+H)+, 924 (M-H)+. 

(2S,2'S)'NJW- {[(4-fluorophenyl)imino]bis(metlianediylbenzene-4,l-diyl) }bis(I -{[(3i?)-3-

fiuoropyrrolidin-l-yl](phenyl)acetyl}pyrrolidine-2-carboxamide) 

The title compound of Example 117 was isolated from tlie purification of Example 116 as the 

20 second eluting isomer. lU NMR (400 MHz, DMSO) 8 1.91 - 1.70 (m, 7H), 2.14-1.93 (rn, 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, IH), 3.68 (td, J - 5.5, 

9.6, IH), 3.86 - 3.78 (ra, IH), 4.36 - 4.30 (m, IH), 4.38 (s, IH), 4.46 (dd, J = 4.3, 8.4, IH), 4.49 (s, 

IH), 4.57 (d, J = 10.2, 3H), 5.07 (t, J - 5.5, IH), 5.21 (t J = 5.3, IH), 6.65 (dt, J = 4.4, 9.2, 2H), 6.92 

F 

15 
Example 117 
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(td, J = 2.8, 9.1, 2H), 7.26 - 7.13 (m, 4H), 7.39 - 7.26 (m, 6I-I), 7.59 - 7.39 (m, 8H), 10.34 - 9.87 (m, 

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

F H 

Example 118 

(2S,2'S)-N,N'- {[(4-fluorophenyl)imino]bis( methanediylbenzene-4.. 1 -cliyl) }his( 1 - {[OA1)^-

fluoropyrrolidin-l-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. NMR (400 MHz, DMSO) 8 1.00 - 0.77 (m, 8H), 1.94 - 1.69 (m, 6H), 2.15 -

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, J = 5.5, IH), 5.21 

(1, J - 5.3, IH), 6.64 (dt, J = 4.4, 8.9, 2H), 6.91 (td, J = 2.9, 8.9, 2H), 7.60 - 7.1.2 (m 19H), 10.31 -

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

H F H F 

Example 119 

(2S,2VV)-A':A'1-{[(4~f!uorophenyl)iimno]bis(methanediyi benzene-4,1-diyl) }bis(l -{[(3S)-3-

fluoropyrrolidin-l-yl](phcnyl)acetyl}pyrrolidine-2-carboxamide) 

Hie product from Example 13D and 2-((S)-3-fluoropyrrolidin-l-yl)-2-pheiiylacetic acid were 

processed using tlie method described in Example 13E replacing DMF with dichloromethane to afford 

a mixture of stereoisomers. Tlie title compound of Example 119 was the first isomer to elute from tlie 

chromatography. ]E NMR (400 MHz, DMSO) 8 2.15 - 1.70 (m, 13H), 2.66 - 2.57 (m, 2H), 2.81 -

2.71 (m, 3H), 3.43 - 3.34 (m, 2H), 3.90 - 3.78 (m, 2H), 4.32 (dd, J - 4.2, 7.9, 2H), 4.36 (s, 2H), 4.57 
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(s, 4H), 5.06 (s, 1H), 5.20 (s, IH), 6.70 - 6.60 (m, 2H), 6.97 - 6.86 (m, 2H), 7.19 (d, J = 8.5, 5H), 7.39 

- 7.24 (m, 7H), 7.46 (d, J = 6.9, 4H), 7.53 (d, J = 8.5, 4H), 9.96 (s, 2H). MS (ESI) m/z 925 (M+H)* 

Example 120 

(25,2'5)-JV,Ar-{[(4-fluorophenyl)imino]bis(metbanediyIbenzene-4,l-diyl) }bis(l-{[(3.S,)-3-

fluoropyrrolidin-l-yl](phenyl)acetyI}pyrrolidine-2-carboxamide) 

The title compound of Example 120 was isolated from the purification of Example 119 as the 

second eluting isomer. *H NMR (400 MHz, DMSO) 8 2.16 - 1.67 (m, 12H), 2.39 (dd, J = 11.8, 19.9, 

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, IH), 3.92 -

3.78 (m, 1H), 4.32 (dd, J - 4.2, 7.9, IH), 4.36 (s, IH), 4.45 (dd, J = 3.9, 8.2, IH), 4.49 (s, IH), 4.57 (d, 

J = 10.0, 4H), 5.06 (dd, J = 3.5, 9.6, IH), 5.25 - 5.15 (m, IH), 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)+ 

Example 121 

(2.S',2'.S')-Af!/^-[(phenylimino)bis(methanediylbenzene-4,l-diyl)]bis{l-L(25)-3:3-dimethyl-2-(l,3~ 

thiazol-2-ylamino)butanoyl]pyrrolidine-2-carboxamide} 

F 

H F H F 

s -A s 

Example 121A 
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(S,2S,2,S)-RN'-(4,4'-(phenylazanediyl)bis(metliylene)bis(4,l-phenylene))bis(l-((S)-33-dimetliyl-2-

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. 

5 0.218 mmol) and stirred for 4 hours. Diethylamine (0.50 mL) was added dropwise and tlie resulting 

solution was stirred for 1 hour, then concentrated lo dryness to give the title compound. 

Example 121B 

(2.S,2'5')-A/,Ar-[(phenylimino)bis(methanediylbenzene-4.1-diyr}]bis{ l-[(21S')-33-dimethyl-2-(l,3-

10 thiazol-2-ylamino)butanoyl]pyrrolidiiie-2-carboxamide} 

'[lie product from Example 121A (0.087 g, 0.103 mmol) was dissolved in ethanol (1 mL) and 

treated with chloroacelaldehyde (0.040 mL, 0.310 mmol) and tlie solution was heated at 70 °C for 18 

hours at which time another 0.04 mL of chloroacelaldehyde was added to push the reaction to 

completion. The solution was concentrated and purified by combi-flash 12g silica column, eluting 

15 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 tlie title compound. *H NMR (400 MHz, DMSO-D6) 8 

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, >7.92, 5.64 Hz, 2 H) 4.56 - 4.63 (m, 6 H) 6.54 - 6.61 (m, 3 H) 6-66 (d, 

>8.24 Hz, 2 H) 6.96 (d, >3.69 Hz, 2 H) 7.07 (t, >7.97 Hz, 2 H) 7.17 (d, .1=8.46 Hz, 4 H) 7.51 (d, 

20 >8.57 Hz, 4 H) 7.64 (d, >9.11 Hz, 2 H) 9.99 (s, 2 H); MS ESI- m/z 888.5 (M-H)-. 

lhioureidobutanoyI)pyrrolidine-2-carboxamide) 

F 

25 

Example 122 

(2£2',S>tf^-{[(4-fluorophenyl)imrao]bis(methanediylbenzene-4,l-diyl)}bis(l-{(2/?)-2-

[acetyl(etliyl)amino] -2-phenylacelyl}pyrrolidine-2-carboxamide) 

Example 122 A 
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(R)-tert-butyl 2-(ethylammo)-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 0 

°C for 10-15 mins. the ice bath was removed, and the mixture was placed under a hydrogen balloon 

and stirred al rt for 45 mins. The mixture was filtered through celile, washed with methanol, and tlie 

filtrate was concentrated in vacuo to give the title compound (0.267 g). 

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 CH2C12 and IN HCl solution, and the organic extract was separated, dried 

over anhydrous sodium sulphate, filtered, and concentrated in vacuo. lite crude product was purified 

by column chromatography on silica gel using a solvent gradient of 1-35% ethyl acetatc in hexane to 

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

To a solution of product from example 122B (81 mg, 0.293 mmol) in CH2C12 (3 mL) was 

added 2,2,2-trifiuoroacetic acid (1.5 mL, 0.293 mmol), and the resulting mixture was stirred at rt for 1 

hr. The mixture was concentrated in vacuo lo give the title compound (50 mg, 77%). 

Example 122D 

(2S2'S)-N,N'~ {[(4~fluorophenyl)imino]bis(methanediylbenzene-4,1 -diyl) }bis(l - [ (2R)-2-

[acetyl(ethyl)amino]-2-pheiiylacetyl}pyrrolidine-2-carboxamide) 

Example 122B 

(R)-tert-butyl 2-(N-ethylacetamido)-2-phenylacetate 

Example 122C 

(R)-2-(N-ethylacetamido)-2-phenylacetic acid 
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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 tlie product from Example 122C for (S)-2-

(methoxycarbonylamino)-3-melhylbutaiioic acid, to give the title compound as a TFA salt (7 mg). 

NMR (400 MHz, DMSO-D6) 5 ppm 0.49 - 0.63 (m; 4 H), 0.69 - 0.78 (m, 2 H), 1.24 (s, 2 H), 1.70 -

5 2.04 (m, 8 H), 2.05 - 2.16 (m, 4 H), 2.84 - 3.27 (m, 4 H), 3.42 - 3.69 (m, 3 H), 4.42 - 4.48 (m, 2 H), 

4.58 (s, 4 H), 6.63 - 6.68 (m, 2 H), 6.92 (t, 7=8.9 Hz, 2 H), 7.20 (dd, 7=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)+. 

10 Example 123 

dimethyl ([(4-fluorophenyI)imino]bis {methanediylbenzene-4,1-

diylcarbamoyl(25',3a5»6aiS)hexahydrocyclopenta[^]pyrrole-2,l(2/f)-diyl[(25')-3,3-dimetliyl-l-

oxobutane-l,2-diyl] })biscarbamate 

Example 123 A 

(2S,3aS,6aS)-2-benzyl 1-lert-butyl hexahydrocyclopenia[b|pyrrole-l,2(2H)~dicarboxy]ate 

To a solution of (S,S,S)-2-azabicyclo[3,3,0]-oclane-3-carboxylic acid benzyl ester 

hydrochloride (0.50 g, 1.8 mmol) in CH2C12 (8.9 mL) at room temperature was added di-tert-butyl 

20 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 witli CH2C12, washed with saturated 

sodium bicarbonate solution, and brine. The organic layer was dried over NaoSO^ filtered, and 

concentrated under reduced pressure to provide the title compound (0.56 g, 91% yield). 

Example 123B 
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(2S,3aS,6aS)-l-(iert-butoxycarbonyl)octahydrocyclopenta[b]pyrroie-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)2/carbon. The mixture was evacuated and a H2 atmosphere was introduced via a 

balloon. The mixture was stirred overnight then filtered and the solvent was removed under reduced 

pressure to provide die Lille compound (0.42 g, 102% yield). 

(2S,2'S,3aS,3a'S,6aS,6a'S)-tert-butyl 2,2'-(4,4'-(4-fJuorophenylazaiiediyl)bis(methylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(hexahydrocyclopema[b]pyrrole-l(2H)-carboxylale) 

The title compound was prepared using the methods from Example 13C substituting the 

product from Example 123B for N-(iert-butoxycarbonyl)-L-proline to provide the title compound 

(0.95 g, 100% yield). 

Example 123D 

(2S,2'S,3aS,3a'S!6aS,6a'S)-N,N,-(4,4'-(4-f]uorophenylazanediyl)bis(methylene)bis(4,l-

phenylene))bis(ociahydrocyclopenta[b]pyrrole-2-carboxamide) 

Title compound was prepared using the methods from Example 13D substituting the product 

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(2S3a£,6&$^hexahydrocyclopenta[&]pynole-2,l(2//)~diyI[(2S)-3,3-dimethyl-l-

oxobutane- l,2-diyl]})biscarbamate 

The title compound was prepared using the methods from Example 13E substituting the 

product from Example 123D for tlie product from Example 13D to provide the title compound (75 

mg, 41% yield). 1H NMR (400 MHz, METHANOL-D4) 5 7.52 - 7.43 (m, 411), 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), 

F 

Example 123C 

F 
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3.65 (s, 6H), 2.85 - 2.74 (m, 2H), 2.39 (m, 211), 2.19 (d, J = 8.0,2H), 2.09 - 1.90 (m, 4H), 1.89 - 1.56 

(m, 8H), 1.03 (s, 18H). MS (ESI; M+H) m/z = 939. 

5 Example 124 

(2S,3'dS16,&S,2\S,yd,SfiiiS)~N,N'~{ [(4-fiuorophenyl)imino]bis(met'haiiediyIbenzene-4,l-diyl)}bis{l-

I(2/?)-2-phenyl-2-piperidin-l-ylacetyl]octahydrocyclopenta[fr]pyrrole-2-carboxamide} 

To a mixture of the product from Example 123D (0.17 g, 0.29 mmol), (R)-2-phenyl-2-

(piperidin-l-yl)acetic acid - TFA salt (0.21 g, 0.67 mmol), and HATU (0.24 gs 0.64 mmol) in CH2C12 

10 (2.9 mL) was added Hunig's base (0.41 mL, 2.3 mmol), and tlie 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 lo provide the title compound 

(39 mg, 13% yield). :H NMR (400 MHz, METHANOL-D4) 5 7.54 - 7.43 (m, 8H), 7.38 - 7.30 (m, 

6H), 7.23 - 7.17 (m, 4H), 6.84 (t,./ = 8.6, 2H), 6.72 (dd, J = 4.2, 9.2, 2H), 4.54 (bs, 4H), 4.46 (t, J = 

15 8.3, 211), 4.31 (dd, J = 8.1, 13.9, 2H), 4.12 (s, 211), 2.73 - 2.60 (m, 211), 2.53 - 2.44 (m, 3H), 2.42 -

2.24 (m, 8H), 2.17 - 2.04 (m, 2H), 2.03 - 1.88 (m, 2H), 1.83 - 1.64 (m, 7H), 1.55 (s, 10H), 1.43 (s, 

4H). MS (ESI; M+H) m/z = 999. 

F 

20 Example 125 

methyl [(15)-l-{[(25)-2-{[4-({(4-fluorophenyl)[4-({[(25)-l-{(25)-2-[(methoxycarf)onyl)amino]-3>3-

dimethylhutanoyl} -2,5-dihydro-1 //-pyrrol-2-

yljcarbonyl} amino)benzyl] amino} methyl)phenyl]carbamoyl) -2,5 -dihydro-1 //-pyrrol-1 -yl] carbonyl} -

2,2-dimethylpropyl]carbamate 

25 
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F 

Example 125 A 

(2S,2!S)-tert-butyl 2.2'-(4,4'-(4-f!uorophenylazanediyl)bis(methylene)bis(4,1 -

phenylene)bis(azanediyI))bis(oxomethylene)bis(2,5-dihydro-lH-pyrroie-1-carboxylate) 

5 The title compound was prepared using the methods from Example 13C substituting (S)-l-

(tert-butoxycarbonyl)-2,5-dihydro-lH-pyrrole-2-carboxylic acid for N-(tert-butoxycarbonyl)-L-

proline to provide the title compound (0.64 g, 96% yield). 

F 

10 Example 125B 

(2S,2,S)-N,N'-(4,4,-(4-fluorophenylazanediyl)bis(methylene)bis(4,l-phenylene))bis(2,5-dihydro-lH-

pyrrole-2-carboxamide) 

The title compound was prepared using the metliods from Example 13D substituting the 

product from Example 125 A for the product from Example 13C to provide the title compound (0.50 

15 g, 109% yield). 

Example 125C 

methyl [(lS>l-{[(2S>2-{[4-({(4-fluoropheiiyl)[4-({[(26')-l-{(2S)-2-[(methoxycarhonyl)amino]-3,3-

dimelhylbutanoyl}-2,5-dihydro-l//-pyrrol-2-

20 yljcarbonyl }amino)benzyl]amino}methyl)phenyl]carbamoyi} -2,5-dihydro-ltf-pyrrol-l -yljcarbonyl}-

2,2-dimethylpropyl]carbamate 

Tlie 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 tide compound (0.15 

g, 45% yield). 'H NMR (400 MHz, DMSO) 5 10.13 (s, 2H), 7.51 (d, J = 8.5, 4H), 7.23 (d, J = 8.7, 

25 2H), 7.18 (d, J = 8.5, 4H), 6.91 (t, J- 8.9, 2H), 6.63 (dd, J = 9.2, 4.4, 2I-I), 6.06 (dd, 6.3,1.8, 2H), 

5.88 (dd,./ = 6.2, 2.1, 2H), 5.20-5.13 (m, 2H), 4.61-4.51 (m, 6H), 4.49-4.39 (m, 2H), 4.15 (d,/ = 

8.7,2H), 3.54 (s, 6H), 0.99 (s, 18H). MS (ESI; M+H) m/z = 855. 
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F 

Example 126 

dibcnzyl (46,,4'5r)-4r4'-{[(4-fluorophenyl)imino]bis(melhanediylbenzene-4,l-diylcarbamoyl)}bis(L3-

oxazolidine-3-carboxylate) 

The product from Example 13B (100 mg, 0.311 mmol) and (S)-3-

(benzyloxycarbonyl)oxazolidine-4-carboxylic acid (195 mg, 0.778 mmol) were processed using tlie 

method described in Example 43 lo afford 215 mg (88%) of the title compound. lH NMR (400 MHz, 

DMSO-D6) 8 ppm 10.09 (s, 2H), 7.51 (d, J=7.1 Hz, 4H), 7.36 (m, 4H), 7.18 (m, 10H), 6.91 (d, 7=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 OIL 2H), 4.28 

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

F 
uir< I n« 

Example 127 

(25\4S,2\S\4\S)-A^V'-{[(4-fluoropheny])imino]bis(methanediylbenzene-4,l-diyl)}bis{4-hydroxy-l-

[(2.K)-2-phenyl-2-piperidin-l-ylacetyl]pyrrolidine-2-carboxamide} 

Example 127A 

(2S,4S)-l-(lert-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 

(26.7 mL) and water (13.3 mL) was added di-tert-butyl dicarbonate (7.14 g, 32.7 mmol) and sodium 

hydroxide (2.0 N, 22.9 mL, 45.8 mmol) and the mixture stirred at room temperature overnight. The 

mixture then had 10% citric acid (50 mL) added followed by EtOAc and extraction with water and 

brine. The organic extract was dried, filtered and concentrated to afford 5.31 g (77%;) of die title 

compound. MS (ESI) m/z 232 (M-kH)-k 

Example 127B 
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(2S,4S)-1 -(tert-butoxycarbonyl)-4-(tert-butyldimethylsi]yloxy)pyrroIidine-2-carboxylic acid 

To a solution of Example 127A (5.31 g, 22.96 mmol) and imidazole (7.82 g, 115 mmol) in 

dichlorometliane (106 ml.) and DMF (21.3 mL) was added ferc-butyldimethylsilyl chloride (7.61 g, 

50.5 mmol) and tlie mixture stirred at room temperature overnight. The mixture then had water (425 

5 mL) added and the solution was extracted with EtOAc and tlie organic extract concentrated to a 

residue that was dissolved in 25% EtOAc and 75% hexanes then extracted witli brine and tlie organic 

extract concentrated to a solid. The resultant solid was dissolved in methanol (65 mL) and water (85 

mL) then lithium hydroxide monohydrate (1.93 g, 46 mmol) added and tlie solution stirred at room 

temperature for 2 h. Afterwards water (106 mL) and a solution of IN 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, tillered and concentrated to give the title compound as a 

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

15 Example 127C 

(3S,3'S,5S,5'S)-tert-butyl 5,5'-(4,4'-(4-fluorophenylazanediyI)bis(methylene)bis(4,l-

phenylene)bis(azanediyl))bis(oxomethylene)bis(3-(lert-butyldimethylsiIyloxy)pyrrolidine-l-

carboxylate) 

The product of Example 127B (361 mg, 0.467 mmol) and the product from Example 13B (50 

20 mg, 0.156 mmol) were processed using tlie method described in Example 43 to afford 110 mg (72%) 

of the title compound. MS (ESI) m/z 977 (M+H)+. 

F 

Example I27D 

25 (2S,2'S,4S,4'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methyleiie)bis(4,l-phenylene))bis(4-

hydroxypyrrolidine-2-carboxamide) 

The product of Example 127C (1 lOmg, 0.113 mmol) was dissolved in trifiuoroacetic 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% CHC13 and 

25% isopropyl alcohol then extracted witli a saturated aqueous sodium bicarbonate solution, the 

organic extract separated, dried, filtered and concentrated to give die tide compound as a colorless 

solid. MS (ESI) m/z 548 (M+H)+. 

5 

Example 127E 

(25,45.2,5,4,5')-iV,Ar-{[(4-fluorophenyl)immo]bis(methaiiediylbenzene-4,l-diyl)}bis{4-liydroxy-l-

[(2i?)-2-phenyI-2-piperidin-l-ylacetyl]pyrrolidine-2-carboxamide) 

The product from Example 127D (30 mg, 0.055 mmol) and (R)-2-phenyl-2-(piperidin-l-

10 yl)acetic acid (36 mg, 0.164 mmol) were processed using the method described in Example 43 to 

afford 8 mg (15%) of the tide compound. !H NMR (400 MHz, DMSO-D6) 5 ppm 9.97 (s, 2H), 7.51 

(d, 7-8.4 Hz, 4H), 7.40 (m, 4H), 7.30 (m, 6H), 7.19 (d, 7=8.6 Hz, 4H), 6.91 (d, 7=9.0 Hz, 2H), 6.63 

(m, 2H), 5.27 (d, 7=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). 

15 

20 

Example 128 

(2S,2'S)-N,N-{ |"(4-fiuorophenyl)imino]bis(methanediylbenzene-4,l-diyl)}bis{ 1 -[(2-oxopyrrolidin-l-

yl)(phenyl)acetyl]pyrrolidine-2-carboxam.ide} 

o~L 
Example 128 A 

(R)-etliyl 4-(2-tert-butoxy-2-oxo-l-phenylethylamino)butanoate 

A mixture of (R)-tert-butyl 2-amino-2-phenyIacetate hydrochloride (0.5 g, 2.051 mmol), ethyl 

25 4-bromobutanoate (0.44 g, 2.26 mmol), and K2C05 (1.13 g, 8.21 mmol) in CH3CN (10 mL) was 

heated to 50 °C for 40 hours. The mixture was diluted witli EtOAc and then washed with H20 and 

brine. The organic was then dried (MgS04), filtered and concentrated. Purification by 

chromatography (silica gel, 40% EtOAc in Hexanes) afforded 486 mg (74%) of die tide compound. 

MS (ESI) m/z 322 (M+H)+. 
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Example 128B 

(R)-4-(2-tert-butoxy-2-oxo-l-phenylethyIamino)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 HCl (1M) added and 

was extracted with EtOAc. The organic was washed with brine, dried (MgS04), filtered and 

concentrated to afford 310 mg (71%) of die title compound. MS (ESI) m/z 294 (M+II)+. 

Example 128C 

(R)-teri-butyl 2-(2-oxopyrrolidin-l-yl)-2-phenylacetate 

The product of example 128B (307 mg, 1.05 mmol) and Nl-((ethylimino)methylene)-N3,N3-

dimethylpropane-l,3-diamine hydrochloride (602 mg, 3.14 mmol) in pyridine (5 mL) and 

15 dimethylformamide (5 mL) was stirred at ambient temperature for 1.6 hours. The mixture was diluted 

with EtOAc and washed with H20 and brine. Tlie organic was dried (MgS04), filtered and 

concentrated. Purification by chromatography (silica gel, 60% EtOAc in Hexanes) afforded 249 mg 

(86%) of the title compound. MS (ESI) m/z 276 (M+H)+. 

Example 128D 

(R)-2-(2-oxopyrrolidin-1 -yl)-2-phenylacetic acid 

The product of example 128C (245 mg, 0.89 mmol) in trifiuoroacetic 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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(25,2,1S)-Ar,A^-{[(4-fluorophenyl)iraino]bis(methanediylbenzeiie-4,l-diyl)}bis{l-[(25)-2-(2-

oxopyrrolidin-l-yl)-2-phenylacetyl]pyrrolidine-2-carboxamide} 

The product of Example 1281) (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. Tlie 

5 title compound was (he first eluting isomer and (he HPLC fractions were neutralized with saturated 

aqueous NaHC03 solution followed by extraction with a mixture of isopropyl alcohol/CH2Cl2 (1:3 

ratio; 3 x 100 mL) and isolation of the title compound. Tlie title compound of Example 129 eluted 

second and the title compound of Example 130 eluted third. NMR (400 MHz, DMSO-^) 8 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, 7=8.81, 5.80 Hz, 2 H), 3.16 

10 (s, 6 H), 3.50 - 3.58 (m, 2 H), 3.65 (td, 7=8.67,6.07 Hz, 2 H), 4.08 (s, 2 I-I), 4.44 (dd, 7=8.29, 4.39 Hz, 

2 H), 4.55 <s, 4 H), 6.59 - 6.65 (m, 2 H), 6.90 (t, 7=8.89 Hz, 2 H), 7.17 (d, 7=8.57 Hz, 4 H), 7.23 (d, 

7=6.94 Hz, 4 H), 7.30 - 7.41 (m, 6 H), 7.53 (d, 7=8.46 Hz, 4 H), 9.94 (s, 2 H). MS (ESI) m/z 919 

(M+H)"1'. 

15 
Example 129 

(2S,2'S)-Ay^-{[(4-fluorophenyl)imino]bis(methanediylbenzene-4,l-diyl) }bis{ l-[(2-oxopyrrolidin-l-

yl)(phenyl)acetyl]pyrrolidine-2-carboxamide} 

The title compound, Example 129, was the second eluting compound described in the 

20 procedures for Example 128E. Neutralization of the HPLC fractions with saturated aqueous NaHCO^ 

solution followed by extraction witli a mixture of isopropyl alcohol/CI-I2C]2 (1:3 ratio; 3 x 100 mL) 

and isolation afforded 26 mg (25%) of the title compound. XH NMR (400 MHz, DMSCMo) 8 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 IT}, 3.60 - 3.72 (m, 1 I-I), 4.09 (s, 2 H), 4.46 (td, 7=8.13, 4.88 Hz, 

25 2 H), 4.56 (s, 4 li), 5.94 (d, 7=3.04 Hz, 2 H), 6.64 (dd, 7=9.27, 4.39 Hz, 2 H), 6.91 (t, 7=8.89 Hz, 2 

H), 7.18 (dd, 7=8.40, 5.15 Hz, 6 H), 7.23 (d, 7=6.94 Hz, 1 H), 7.32 - 7.43 (m, 8 I-I), 7.54 (d, 7=8.46 

I-Iz, 4 H), 9.94 (s, 1 H), 10.08 (s, 1 H). MS (ESI) m/z 919 (M+H)+. 
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F 

Example 130 

(2S,2VS>AW-{[(4-fluorophenyl)imino]bis(methanediylheiizene-4,l-diyl)}bis{l-[(2--oxopyrrolidm-l-

The title compound, Example 130, was tlie third eluting compound described in die 

procedures for Example 128E. Neutralization of the HPLC fractions witli saturated aqueous NallCOs 

solution followed by extraction with a mixture of isopropyl alcohol/CH2Cl2 (1:3 ratio; 3 x 100 mL) 

and isolation afforded 13 mg (12%) of the title compound. *H NMR (400 MHz, DMSCM6) 8 ppm 

1.73 - 1.92 (m 10 H), 2.11 - 2.34 (rn, 7 H), 2.64 - 2.72 (m, 4 H), 2.95 - 3.04 (m, 2 H), 3.47 - 3.63 (m, 

6 H), 4.43 - 4.51 (m, 2 H), 4.57 (s, 4 H), 5.94 (s, 2 H), 6.65 (dd, 7=9.22, 4.45 Hz, 2 H), 6.91 (t, 7=8.89 

Hz, 2 H), 7.20 (d, 7=8.57 Hz, 4 H), 7.34 - 7.43 (m, 10 H), 7.55 (d, 7=8.46 Hz, 4 H)} 10.09 (s, 2 H). 

MS (ESI) m/z 919 (M+H)+. 

Example 131A 

(R)-2-(etiiylamino)-2-phenylacetic acid 

The product from Example 122A was subjected to die procedure described in Example 122C 

to give the title compound. 

yl)(phenyl)acetyl}pyrrolidine-2-carboxamide} 

F 

Example 131 

(21$\2'1$)-AyV-{[(4-fluorophenyl)imino]bis(methanediylbenzene~4,l-diyI)}bis{l-[(2-fi')-2-

(ethylamino)-2-phenylacety]]pyrrolidine-2-carboxamide} 
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Example 13 IB 

(R)-2-(tert-butoxycarbonyl(ethyl)amirio)-2~phenylacetic acid 

5 To a solution of product from Example 131A (0.23 g, 1.28 mmol) in MeOH (5 mL) was 

added Hunig's base (0.90 mL, 5.13 mmol) and di-tert-butyl dicarbonate (0.56 g, 2.57 mmol). The 

mixture was stirred at rt for 22 hrs and was partitioned between CH2CI2 and IN HCl 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 CH2C12 to give the title compound (0.086 g, 24%). 

F 

Example 13 IC 

tert-butyl(lR!l,R)-2;2'-((2S,2,S)-2;2'-(4!4'-(4-fluorophenylazancdiyl)bis(mcthylene)bis(4!l-

15 phenylene)bis(azanediyl))bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(2-oxo-l-phenylethane-2,l-

diyl)bis(ethylcarbamate) 

The product from Example 13D (0.062 g, 0.120 mmol) was subjected to the procedure 

described in Example 2, substituting tlie product from Example 131B for (S)-2-

(methoxycarbonylamino)-3-methylbutanoic acid, to give the title compound (0.0427 g, 34%). 

20 

Example 13 ID 

(2S,2'S)-N,iV-{[(4-fluorophenyl)immo]bis(methanediylbenzene-4,l-diyl)}bis{l-[(2i?)-2-(ethylamino)-

2-phenylacetyl]pyrrolidine-2-carboxamide} 

To a solution of tlie product from Example 131C (0.043 g, 0.041 mmol) in CH2C.l2 (1.5 mL) 

25 was added 2,2,2-trifluoroacetic acid (0.75 mL, 0.041 mmol), and tlie solution was stirred at rt for 45 

mins. The mixture was partitioned between CH2C12 and saturated aq. NaHCOj, and tlie 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%). NMR (400 MHz, DMSO-D6) 8 ppm 

0.98 (q, 7=6.9 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, 7= 7.9, 3.7 

Hz, 2 H), 4.56 (d, 7=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 

5 - 7.42 (m, 10 H), 7.46 - 7.58 (m, 4 H), 9.97 (d, 7=9.7 Hz, 2 H); MS m/z 838.3 (M+H)+. 

Example 132 

(2S,2'5>Ar,A'1-{ [(4-fiuorophenyl)xmiiio]bis(methanediyIbenzene-4Jl-diyI)}bis(l~{(2./?)-2~[ethyl(l-

10 methyIethyI)amino]-2-phenylacetyl}pyrroIidine-2-carboxamide) 

15 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 CH2C12 and saturated aq. NaHC03, 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 CH2C12 to give 

20 the title compound (0.0352 g, 31%). 

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 

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 

5 (2S,2\S)'NJ\P-{[(4-fluorophenyl)imii:io]bis(mefhanediylbenzene~4,1 -diyl)} bis( 1 - {(2i?)-2-[ethyl( 1 -

melhylethyl)armno]-2-phenylacetyl}pyrrolidine-2-carboxainide) 

The product from Example 13D (0.030 g, 0.058 mmol) was subjected to tlie procedure 

described in Example 13E. substituting the product from Example 132B for (S)-2-

(melhoxycarbonylamino)-3.3-dimethylbutanoic acid, to give the title compound (0.011 g, 21%). [H 

10 NMR (400 MHz, DMSO-D6) 8 ppm 0.78 - 1.02 (m, 6 H), 1.14 (d, 7=6.4 Hz, 2 H), 1.21 - 1.35 (m, 12 

H), 1.39 (d, 7=6.4 Hz, 4 H), 1.73 - 2.18 (m, 8 H), 2.74 - 3.21 (m, 6 H), 4.41 (dd, 7=8.3, 3.4 Hz, 2 H), 

4.59 (s, 4 H), 5.43 - 5.52 (m, 2 H), 6.59 - 6.69 (m, 2 H), 6.92 (t, 7=8.8 Hz, 2 H), 7.21 (d, 7=8.3 Hz, 4 

H), 7.47 - 7.82 (m, 12 H), 9.32 (s, 1 H), 10.14 (s, 1 H); MS m/z= 922.6 (M+H)+. 

Example 133 

dimethyl ([(4-fluorophenyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyI{25')pyrroiidine-2,l-

diyl[( 1S)-1 -cyclopentyl-2-oxoethane-2,1 -diyl]} )biscarbamate 

The product from Example 13D (0.035 g, 0.068 mmol) and (S)-2-cyclopentyl-2-

20 (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) 8 ppm 1.20 - 1.36 (m, 4 H) 

1.41-1.50 (m, 4 H) 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, >9.22, 4.45 Hz, 2 H) 6.91 (t J=8.84 Hz, 2 H) 7.17 (d, J=8.46 Hz, 4 

25 H) 7.41 (d, J=7.92 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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F 

HO OH 

Example 134 

dimethyl ([(4-fluorophenyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl(25)pyirolidine-2,l-

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 tlie title compound as an off-white solid. *H NMR (400 MHz, DMSO-D6) 8 ppm 1.58 - 1.70 (m, 

2 H) 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 (m, 4 H) 3.50 - 3.54 (m, 

6 H) 3.68 (t, >6.45 Hz, 4 H) 4.37 - 4.47 (in, 4 H) 4.55 (s, 4 H) 4.61 (t >4.93 Hz, 2 H) 6.63 (dd, 

>9.22, 4.34 Hz, 2 H) 6.91 (t, >8.89 Hz, 2 H) 7.16 (d, >8.46 Hz, 4 H) 7.34 (d, >7.70 Hz, 2 H) 7.50 

(d, >8.46 Hz, 4 H) 9.94 (s, 2 H); MS ESI+ m/z 834.4 (M+H)+. 

Example 1.35 

dimethyl ([(4-nuorophenyl)iminoJbis{metlianediylbenzene-4,l-diylcarbamoyl(25)pyrrolidine-2,l-

diyl[(25)-3-ethyl-l-oxopentaiie-l,2-diyl]})biscarbamat.e 

Example 135 A 

(S)-3-ethyl-2-(methoxycarbonyIamino)pentanoic acid 

(S)-2-aniino-3-ethylpentanoic acid (1.0 g, 6.89 mmol) was processed as in Example 25A to 

give 1.02 g (73%) of tlie title compound as a waxy solid. 

dij4[(2S)-4-hydroxy-l-oxobutane-1,2-diyl] })bisearbamaie 

F 
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Example 135B 

dimethyl ([(4-fluorophenyl)immo]bis{meihaiiediylbenzene-4,l-diylcarbamoyl(25)pyrrolidine-2,l-

diyl[(2S)-3-ethyl-l-oxopentane-l,2-diylJ})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 off-white 

solid. lH NMR (400 MHz, DMSO-D6) 5 ppm 0.59 - 0.93 (m, 12 H) 1.05 - 1.36 (m, 6 H) 1.37 - 1.50 

(m, 2 H) 1.54 - 1.70 (m, 2 H) 1.78 - 1.97 (m, 3 H) 2.08 - 2.21 (m, 2 H) 3.41 - 3.49 (m, 2 H) 3.51 - 3.64 

(m, 9 H) 3.74 - 3.85 (m, 2 H) 4.27 - 4.48 (m, 4 H) 4.55 (s, 4 H) 6.63 (dd, J=9.22, 4.34 Hz; 2 H) 6.90 

(t, >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)-. 

•o o-

Example 136 

dimethyl ([(4-fluorophenyl)imino]bis{methancdiylbenzene-4,l-diylcarbamoyl[(25,41S)-4-

15 hydroxypyrrolidine-2>l-diyl3[(25)-3,3-dimethyl-1-oxobutane-l,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. lH NMR (400 MHz, DMSO-D6) 5 ppm 

9.97 (s, 2H), 7.49 (d, >7.6 Hz, 4H), 7.17 (d, >7.6 IIz, 411), 7.10 (m, 2H), 6.90 (m. 4H), 6.62 (m, 

20 2H), 5.29 (d, 7=5.5 IIz, 211), 4.54 (bs, 4H), 4.38 (m, 2H), 4..22 (m, 2H), 4.15 (m; 211), 3.96 (m, 2H), 

3.52 (s, 6H), 2.53 (s, 4H), 2.38 (m, 2H), 1.65 (m, 2H), 0.95 (s, 18H). 

F 

Example 137 

25 (2,S1,2'5,)-iV,A/,-{[(3.4-difluorophenyl)immo3bis(melhanediylbenzene-4,i"diyl)}bis{l-[(2A')-2-phenyL 

2-piperidin-l-ylacetyl]pyrroIidine-2-carboxamide) 
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The product from Example 89D and (R)-2-phenyl-2-(piperidin-l-yl)acetic acid hydrochloride 

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

afford the title compound (55.5 mg, 25%). lH NMR (400 MHz, DMSO) a 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 

5 (s, 2H), 4.36 - 4.29 (m, 2H), 4.60 (s, 4H), 6.46 - 6.37 (m, IH), 6.68 - 6.57 (m, 1IT), 7.14 - 7.07 (m, 

2H), 7.19 (d, ,/ = 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 (ESI) m/z 936 (M+H+, 30%) 469 (0.5M+H+, 100%). 

10 Example 138 

(2S,2'S)'NJf- {[(4-fluorophenyI)imitio]bis(metlianediylbenzene~4,l-diyl) }bis {1 -[(4,4-

difluoropiperidin-l-yl)(phenyl)acetyl]pyrrolidine-2-carboxamide} 

AA 
w 

15 Example 138A 

(S)-l-phenyletliyl 2-bromo-2-phenylacctatc 

To a mixture of a-bromophenylacetic acid (11.20 g, 52.1 mmol), (S)-(-)-l-phenylethanol (8.2 

mL, 67.9 mmol) and DMAP (0.63 g, 5.2 mmol) in CH2CI2 (100 mL). was added EDAC (13.80 g, 72.0 

mmol). The resulting mixture was stirred at room temperature for 3 hours then diluted witli ethyl 

20 acetate (200 ml,), washed with water (2X 100 mL) and brine (100 mL). The organic layer was dried 

(MgS04), filtered, and concentrated then purified by column chromatography to provide the tide 

compound (12.6g, 76% yield). 

F 

25 Example 138B 
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(S)-l-phenylelhyl 2-(4,4-difluoropiperidin-l-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 trietliylamine (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 

5 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 lo 55 °C overnight. The cooled mixture was washed with 

brine, concentrated, then purified by column chromatography (EtOAc-hexane) to provide tlie title 

compound (1.04 g, 92% yield). 

To a solution of the product from Example 138B (1.04 g, 2.89 mmol) in CII2CI2 (6 mL) at 

room temperature was added trifiuoroacetic acid (2.0 mL) and the mixture was stirred for 48 hours. 

15 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%)-

Title compound was prepared using the metliods from Example 13E substituting the product 

from Example 138C for (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid lo provide a 

mixture of three diastereomers. The title compound (176 mg, 31% yield) was isolated by column 

25 chromatography as the first eluting diastereomer. ]H NMR (400 MHz, METHANOL-D4) 5 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), 4.42 (dd, J = 7.8, 4.8, 2H), 4.31 (s, 2H), 3.94 - 3.85 (m, 2H), 3.52 - 3.40 (m, 2H), 

2.66 - 2.44 (m, 8H), 2.19-1.79 (m, 16H). MS (ESI; M+H) m/z = 990. 

10 
Example 138C 

2-(4,4-difluoropiperidin-l-yl)-2-phenylacetic acid 

20 

Example 138D 

(2S,2'S)-N,N'- {[(4-fluorophenyl)imino]bis(methanediylbenzene-4,1-diyl) }bis {l-f(4,4-

difluoropiperidin-1 -yl)(pbenyl)acetyl]pyrrolidine-2-carboxamide} 
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Example 139 

(2S.2'S) -N,N-{[(4-fluorophenyl)immo]bis(methanediyibenzene-4,1 -diyl) }bis {1 - [(4,4-

difluoropiperidin-l-yl)(phenyl)acetyI]pyrro]idine-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, IH), 4.42 (dd, J = 7.4, 4.6, IH), 4.31 (s, IH), 3.94-3.86 (m, IH), 3.81 -

3.71 (m, IH), 3.54 - 3.39 (m, 2H), 2.69 - 2.35 (m, 8H), 2.23 - 1.77 (m, 16H). MS (ESI; M+H) m/z = 

10 990. 

Example 140 

(25.2,lS')~N,A,'-{ [(4-fluorophenyl)imino]bis(methanediy]benzene-4,l-diyl) )bis{l-[(4,4-

15 difluoropiperidin-l-yl)(phenyl)acetyl]pyirolidine-2-carboxamide} 

Hie 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) 5 

7.57 - 7.15 (m, 18H), 6.88 - 6.81 (m, 2H), 6.76 - 6.68 (m, 2H), 4.62 - 4.51 (m, 4I-I), 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 - 3.81 (m, 18H). MS (ESI; 

20 M+I-1) m/z = 990. 

Example 141 
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dimethyl ([(4-fluorophenyl)imino]bis{methanediyl(6-methoxybenzene-3,l-

diyl)carbamoyl(2S)pyrrolidiiie-2,l-diyl[(2S)-3,3-dimetliyl-l-oxobutaiie-l,2-diyl]})biscarbamate 

dimethyl f[(4-fluorophenyl)imino]bis{ methanediylbenzene-4,1-diylcarbamoyl[(25,3.?)-3-

hydroxypyrrolidine-2,l-diyl][(25')-3,3-dimetliyl-l-oxobutane-l,2-diyl]})biscarbamate 

5 

Example 141A 

(2S,3S)-l-(tert-butoxycarbonyI)-3-hydroxypyrroIidine-2-carboxylic acid 

To a solution of (2S,3S)-3-hydroxypyrrolidine-2-carboxylic acid (0.50 g, 3.8 mmol) in 

10 CH2CI2 (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 CH2CI2 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 (0.9lg, 

15 103% yield). 

F 

Example 141R 

(2S,2'S,3S,3'S)-tert-butyi 2!2'~(4,4,-(4-fluorophenylazanediyl)bis(methyfene)bis(4;l-

20 phenylene)bis(azanediyl))bis(oxomethylene)bis(3-hydroxypyrrolidine-l -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 die title compound 

(0.51 g, 77% yield). 

F 

Example 141C 
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(2S,2'S,3S,3'S)-N,N'-(4,4'-(4-fluorophenylazanediyl)bis(methylene)bis(4,l-phenylene))bis(3-

hydro xypyrrolidine-2-carboxamide) 

The title compound was prepared using the metliods from Example 13D substituting die 

product from Example 141B for the product from Example 13C to provide tlie title compound (0.28 g. 

5 76% yield). 

Example 141D 

dimethyl ([(4-fluorophenyl)iminojbis{metlianediyl(6-methoxybeiizene-3J-

diyl)carbamoyl(2S)pyrrolidine-2,l-diyl[(2S)-3,3-dimethyl-l-oxobutane-l,2-diyl]})biscarbamate 

10 dimethyl ([(4-fluorophenyl)imino]bis{methanediylbenzene-4,1 -diylcarbamoyl[(2,S",3S)-3-

hydroxypyitolidine-2,1 -diylj ({2.S>3,3-dimethyl-1 -oxobutane-1,2-diyIj (Jbiscarbamate 

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) 5 10.14 (s, 2H), 7.52 (d, J = 8.5, 4H), 7.15 (d, /= 8.5, 

15 4H), 7.08 (d, J= 9.3, 2H), 6.89 (t, J= 8.6, 2H), 6.62 (dd, J = 4.4,9.2, 2H), 5.39 (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 (ESI; M+H) m/z = 891. 

Example 142 

20 metliyl [(lA1H-{[(2,5>2~{[4-({(4-fluGropheiiyI)[4-({[(21S>l"{(25>2-[(methoxycarbonyi)amino]-3:3-

dimethylbu tanoyl} -5 -methylpyrrolidin-2-

yljcarbonyl} amino)benzyl3 amino} methyl)phenyl] carbamoyl} -5 -methy Ipyrrolidin-1 -yljcarbonyl} -2,2-

dimethylpropyljcarbamate 

F 

25 
Example 142 A 

(2S)-l-tert-butyl-2-ethyl-5-methylpyrroIidine-l,2-dicarboxyIate 
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The title compound was prepared from (2S)-l-terl-butyl 2-ethyl 5-hydroxy pyrrolidine-1,2-

dicarboxylate following the method described by Collado et al. 7. Org. Chem. 1995, 60,5011-5015. 

5 Example 142B 

(2S)-l-(lert-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 NaOI-T (10.57 mg, 0.264 mmol), and tlie resulting mixture was stirred at rt. overnight. The 

mixture was partitioned between CHjClj and aq.lN HCl solution, and the organic layer was separated 

10 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 l(li?)-l-{[(25)-2-{[4-({(4-£luorophenyl)[4-({[(25)-l-{(25)-2-[(me(hoxycarbonyl)amino]-3,3-

15 dimethylbutanoyl} -5-methylpyrrolidin-2-

yl]carbonyl}amino)benzyl]amino}methyl)plienyl]carbamoyl}-5-methylpyrrolidm-l-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-(lert-

20 butoxycarbonyI)-L-proline, and substituting (S)-2-(methoxycarbonylamino)-3,3-dimetliylbutanoic 

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. NMR (400 MHz, 

DMSO-D6) 8 ppm 0.96 (s, 18 H), 1.25 (d, 7=6.0 Hz, 6 H), 1.61 (dd, 7= 11.4, 6.1 Hz, 2 H), 1.78 - 2.30 

(m, 6 H), 3.53 (s, 6 H), 3.58 - 3.67 (m, 2 H), 4.27 - 4.38 (m, 3 H), 4.43 (d, 7=9.4 Hz: 2 H), 4.54 (s, 4 

25 H), 6.60 - 6.67 (m, 2 H), 6.85 - 6.95 (m, 2 H), 7.16 (d, 7=8.5 Hz, 4 H), 7.49 (d, 7=8.6 Hz, 4 H), 9.97 

(s, 2 H); MS m/z 886.7 (M+H)+. 
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F 

Example 143 

dimethyl ([(4-fluorophenyI)imino]bis{methanediyIbenzene-3,l-diylcarbamoyl(2S)pyrroIidine-2,l-

diyl[(25)-3,3-dimethyl-l-oxohulane-l,2-diyl]})biscaibamate 

F 

5 f\i CJg 

Example 143 A 

4-fluoro-N,N-bis(3-nitrobenzyl)amline 

4-FIuoroaniline and 3-nitrobenzyl bromide were processed using tlie method described in 

Example IA to provide 1.46 g (87%) of tlie title compound. NMR (400 MHz, DMSO-D6) 5 4.88 

10 (s, 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). 

F 

Example 143B 

15 N,N-bis(3-aminobenzyl)-4-fiuoroaniline 

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-CHCl3. 

20 The organic phase was dried (Na2S04) and concentrated. The solid was dried in a vacuum oven to 

provide 321 mg (85%) of the title compound. MS (ESI; M+H) m/z = 322. 
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F 

Example 143C 

(2S,2'S)-tert-butyl 2,2'-(3,3'-(4-fliiorophenylazanediyl)bis(meihylene)bis(3,1 -

phenylene)bis(azanediyl))bis(oxomethy]ene)dipyrrolidine-l-carboxylaie 

5 The product from Example 143B and (S)-l-(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 (ESI; M+H) m/z = 716. 

F 

Example 143D 

10 (2S;2'S)-N,N,-(3,3'-(4-fluorophenylazanediyl)bis(methylene)bis(3,l-phenylene))dipyrrolidine-2-

carhoxamidc 

The product from Example 143C was processed using the method described in Example 47B 

to provide 341 mg (96%) of the title compound. XH NMR (400 MHz, DMSO-D6) 5 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 5.69 Hz, 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,2H). 

Example 143E 

dimethyl ([(4-fluorophenyl)imino3bis{methanediylbenzene-3,l-diylcarbamoyl(2S)pyrrolidine-2,l-

20 diyl[(25)-3,3-dimelhyl-l-oxobutane-l,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. AH NMR (400 MHz, DMSO-D6) 5 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 I-I) 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 II) 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). 

F 

5 Example 144 

dimethyl (3.S,,3'5)-3,3'- {[(4-fluorophenyl)imino]bis[methanediylbenzene-4,1 -

diylcarbamoyl(25)pyrrolidine-2,l-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) 5 1.95 - 1.76 (in, 4H), 2.08 -

1.95 (m, 2H), 2.23 - 2.08 (m, 2H), 3.90 - 3.36 (m, 20H), 4.15 (d, ./= 11.6, 2H), 4.50 - 4.38 (m, 2H), 

4.55 (s, 611). 6.63 (dd, ./ = 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, 

411), 9.90 (s, 211). MS (ESI) m/z 858 (M+H)+. 

N 

r-4 ^ -o 

15 
Example 145 

dimethyl ([(4-fIuorophenyI)immo]bis{metlianediylbenzene-4,l-diylcarbamoyl[(25,35)-3-

methylpyrrolidine-2,l-diyl][(25)-3,3-dimethyl-l-oxobutane-l,2-diyl]})biscarbamate 

OH 

O 

20 Example 145A 

(2S,3S)-l-(tert-butoxycarbonyl)-3-methylpyrrolidine-2-carboxylic acid 

The title compound was prepared using the methods from Example 141A substituting the 

(2S,3S)-3-methylpyrrolidine-2-carboxylic acid for (2S,3S)-3-hydroxypyrrolidine-2-carhoxylic acid to 

provide the title compound (0.31 g. 74% yield). 
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F 

Example 145B 

(2S,2,S,3S,3,S)-tert-butyl 2,2'-(4,4'-(4-fluorophenylazanediyl)bis(meiiiyleiie)bis(4,1 -

5 phenylene)bis(azanediyl))bis(oxometliyIene)bis(3-meUiylpyrrolidine-l-carboxylate) 

The tide compound was prepared using the methods from Example 13C substituting the 

product from Example 145A for N-(tert-butoxycarbonyl)-L-proline to provide the title compound 

(0.32 g, 70% yield). 
F 

10 Example 145C 

(2S,2'S,3S,3'S)-N,N'~(4,4'-(4~fluorophenylazaiiediyl)bis(methylene)bis(4,l-phenylene))bis(3-

methylpyrrolidine-2-carboxamide) 

The title compound was prepared using the methods from Example 131) substituting tlie 

product from Example 145B for the product from Example 13C to provide the title compound (0.20 g, 

15 86% yield). 

Example 145D 

dimethyl ([(4-fluorophenyl)imino]bis{methanediyl(6-methoxybenzene-3,l-

diyl)carbamoyl(2S)pyrrolidine-2,l-diyl[(2S)-3,3-dimethyl-l~oxobutane-l,2-diyl]})biscarbamate 

20 dimethyl ([(4-fluorophenyl)imino]bis{methanediylbenzene-4,l-diylcarbamoyl[(2lS,,35)-3-

hydroxypyrrolidine-2,l-diyl3[(2S)-3,3-dimeihyl-l-oxobulane-l,2-diyl]})biscarbamate 

The title compound was prepared using the methods from Example 13E substituting the 

product from Example 145C for tlie product from Example 13D to provide tlie title compound (55 

mg, 33% yield). lll NMR (400 MHz, DMSO) 5 10.01 (bs,2H),7.53 (d, 7 = 8.5,4H), 7.17 (d, 7=8.5, 

25 5H). 7.07 (d, 7 = 8.6, 2H), 6.91 (t, 7 = 8.7, 2H), 6.64 (dd, 7 = 4.4, 9.2, 2H), 4.55 (bs, 4H), 4.16 (d, / = 

8.5, 2H), 3.97(d, 7 = 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, 211), 1.62- 1.49 (m, 2H), 1.09 (d, 7 = 6.7, 6H), 0.95 (s, 18H). MS (ESI; M+H) m/z = 

887. 
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F 

Example 146 

dimethyl ([(4~f!uorophenyl)imino]bis {mcthancdiylbenzene-3,1 -diylcarbamoyl(2S)pyrrolidine-2,1 -

diyI[(25)-3-methyl-l-oxobuiaiie-l,2-diylj })biscarbaniatc 

F 

Example 146 A 

4-fluoro-N,N-bis(3-nitrobenzyl)aniline 

4-Fluoroaniline and 3-nitrobenzyl bromide were processed using die method described in 

Example 32A to afford the title compound. LC/MS Rt 2.15 m/z, 423 (M+CH3CN)+. 

F 

Example 146B 

N,N-bis(3-aminobenzyl)-4-fluoroaiiiliiie 

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)/Ethanoi (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. Hie residue was taken up in EtOAc and washed 
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with water (2 x), brine (1 x), dried (MgS04), and concentrated. The title compound was used without 

purification. MS (DCI) m/z 322 (M+H)+. 

F 

5 Example 146C 

(2S,2'S)-tert-butyl 2,2,-(3,3'-(4-fhioropheiiylazanediyl)bis(methyleiie)bis(3,l-

phenylene)bis(azanediyl))bis(oxomelliyleiie)dipyrrolidine-l-carboxylate 

The product from Example 146B was processed using the method described in Example IC 

replacing DMSO with dichforomethane to afford the title compound (1.34 g. 71%). MS (ESI) m/z 736 

10 (M+H)+. 

F 

Example 146D 

(2S,2'S)-N,N'-(3,3'-(4--fluoroplienylazanediyl)bis(methyleiie)bis(3,l-plieiiylene))dipyrrolidine-2-

15 carboxamide 

The product from Example 146C was processed using the method described in Example ID 

to afford the title compound. LC/MS Rt 1.26 m/z 516 (M+H)+. 

Example 146E 

20 dimethyl ([(4-fluoroplienyl)imino]bis{methanediylbenzcne-3,l-diylcarbamoyl(2S)pyrrolidine-2,l-

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

The product from Example 146D was processed using the method described in Example IE 

and purified using flash chromatography (silica gel, MeOH/dichloromethane) to afford the title 

compound. lE NMR (400 MHz. DMSO) 5 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, J = 8.5, 2H), 4.43 (dd, J = 4.7, 8.1, 2H), 4.63 (s, 4H), 
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6.63 - 6.56 (m. 2H), 6.92 (dd, J = 5.6, 12.0, 4H), 7.24 (t, J = 7.9, 2H), 7.31 (d, J = 8.4, 2H), 7.40 (s, 

2H), 7.58 (d, J = 8.1, 2H), 10.00 (s, 2H). MS (ESI) m/z 831 (M+H)+, 828 (M-H)+. 

F 

Example 147 

dimethyl ([(4-fluorophenyl)imino]bis{methanediyl(6-methoxybenzene-3,l-

diyl)carbamoyl(21S)pyrro]idine-2,l-diylL(2S)-3,3-dimethyl-l-oxobutane-l,2-diyl]})biscarbamate 

F 

Example 147 A 

4-fiuoro-N,N-bis(4-methoxy-3-iiitrobenzyl)aniliiie 

4-Huoroaniline and 4-methoxy-3-nitrobenzyl bromide were processed using ihe method 

described in Example IA to provide 2.33 g (91%) of the title compound. MS (ESI; M+H) m/z = 442. 

F 

Example 147B 

N,N-bis(3-amino-4-melhoxybenzyl)-4-fluoroaniline 

The product from Example I47A was processed using the method described in Example 

143B to provide 1.64 g (81%) of the title compound. MS (ESI; M+II) m/z= 382. 
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F 

Example 147C 

(2S,2'S)-tert-butyl 2,2'-(5,5'-(4-fluorophenylazanediyl)bis(methylene)bis(2-methoxy-5,l-

phenylene))bis(azanediyl)bis(oxomethylene)dipyirolidine-l-carboxylate 

5 The product from Example 147B and (S)-l-(tert-butoxycarbonyl)pyrrolidine-2-carhoxylic 

acid (Aldrich) were processed using tlie method described in Example 41 to provide 2.49 g (75%) of 

the title compound. MS (ESI; M+H) m/z = 776. 

F 

10 Example 147D 

(2S,2'S)-N,N'-(5,5,-(4-fluorophenylazanediyl)bis(methylene)bis(2-methoxy-5,l-

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 

15 minutes. 

Example 147E 

dimethyl (L(4-fiuoropheny])imino]bis{methanediyl(6-methoxybenzene-3,l-

diyl)carbamoyl(2S)pyrroIidine-2,l-diyl[(2S)-3,3-dimethyl-l-oxobutane-l,2-diyl]})biscarbamate 

20 The product from Example 147D and (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic 

acid were processed using tlie method described in Example 41 to provide 250 mg (48%) of the title 

compound. !H NMR (400 MHz, DMSO-D6) 5 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 

25 H) 9.20 (br s, 2 H). 

215 



WO 2010/120935 PCT/US2010/031102 

0 / 

5 

Example 148 

methyl [(15)-l-{[(2J)-2-(5-{[({2-[(25)-l-{(2J)-2-[<methoxycaibonyl)aimtio]-3-

methylbutanoyl} pyrrolidin-2-ylj- l,3-benzoxazol-5-yl} methyl)(phenyl)amino3methyl} -1,3' 

benzoxazol-2-yl)pyrrolidin-3-yljcarbonyl }-2-methylpropyl]carbamate 

10 

Example 148AA 

4-(bromo methyl)-1 -chloro-2-nitrobenzene 

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 Na2S04, filtered, and concentrated in vacuo to give the title compound. 

To a solution of 4-chloro-3-nitrobenzaldehyde (10.0 g, 53.9 mmol) and aniline (2.34 mL, 25.7 

mmol) in ethanol (200 mL) was added acetic acid (7.35 mL, 128 mmol), followed by tlie portion-wise 

20 addition of sodium cyanoborohydride (4.84 g, 77 mmol). The resulting mixture was stirred at rt for 

2.5 lirs and concentrated to vacuo. The residue was partitioned between ethyl acetate and saturated 

aq. NaHCC>3, and the organic layer was dried over anhydrous Na2S04. 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 dichlorometliane to give 

25 the title compound (5.7 g, 85%). 

15 
Example 148BB 

N-(4-chloro-3-nitrobenzyl)aniline 
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Example 148C 

N,N-bis (4-chloro-3-nitrobenzyl)aniiine 

To a solution of product from Example 148A (4.0 g, 15.23 mmol) and the product from 

Example 14BB (7.63 g, 30.5 mmol) in DMF (150 mL) was added Hunig's base (8.0 mL, 45.7 mmol), 

5 and tlie resulting mixture was stirred al 90 °C overnight. The mixlure was cooled to rt and partitioned 

between CH2C12 and H20, and the organic layer was dried over anhydrous Na2S04. 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 ge! using a solvent gradient 0-5% methanol in dichloromethane to 

give the title compound. 

10 

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 

15 (10 mL) and H20 (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 wilh ethanol. The filtrate was concentrated in vacuo, and the 

residue was partitioned between CI-I2C12 and I-I20, and tlie organic layer was dried over anhydrous 

Na2SC>4. The drying agent was filtered off, and solvent was removed in vacuo lo give a crude product 

20 that was purified by column chromatography on silica gel using a solvent gradient 0-0.1% MeOH in 

CH2C12 to afford the title compound (0.259 gm, 99%). 

Example 148E 

25 (2S,2'S)-tert-butyl 2,2'-(5;5'-(phenylazanediyljbis(methylenc)bis(2-chloro-5.1-

phenylene))bis(a7.anediyl)bis(oxomcthylene)dipyrrolidine-l-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)-l-(tcrt-butoxycarbonyl)pyrrolidinc-2-carboxylic acid (0.723 g, 3.36 
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mmol) and l-[3-(dimethyIamino-propyl]-3-ethylcarbodiimide hydrochloride (2.57 g, 13.43 mmol). 

The resulting mixture was stirred at rt overnight, and then partitioned between ethyl acetate and IN 

aq. HCl. The organic layer was dried over anhydrous sodium sulphate, filtered, and concentrated in 

vacuo to give a crude product that was purified by column chromatography on silica gel using a 

5 solvent gradient of 0-2% MeOH in CH2C12 to afford the title compound (0.875 g, 85%). 

Example 148F 

(2S,2'S)-tert-bulyl 2,2'-(5.5'-(phenylazanediyl)bis(methylene)bis(benzo[d]oxazole-5,2-

10 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(I) 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 CH2C12 and H20, and the organic layer was dried over 

15 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 CH2C12 to give the title compound (0.150 g, 45%). 

20 Example 148G 

N,N-bis((2-((S)-pyrrolidin-2-yl)benzo[d]oxazol-5-yl)methyI)aniIine 

To a solution of tlie product from Example 148F (0.150 g, 0.216 mmol) in CH2C12 (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 mixlure was partitioned between CH2C12 and saturated aq. 

25 NaHCOs, and tlie organic layer was dried over anhydrous sodium sulphate, The drying agent was 

filtered off, and solvent was removed in vacuo to give a crade product that was purified by column 
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chromatography oil silica gel using a solvent gradient 0-14% MeOH in CH2CI2 to give the title 

compound (44.3 mg, 42%). 

Example 148H 

5 methyl [(15,)4^[(21Sv)-2-(5-(L({2-K25)4-{(25)-2~f(methoxycarbonyl)aminol-3-

methylbutanoyl}pyrrolidin-2-yl]-l,3-beiizoxazol-5-yl}methyl)(phenyl)amiiio]melhyl}-l,3-

benzoxazol-2-yl)pyrrolidm-l -yljcarbonyl} -2-methylpropyljcarbamate 

The product from Example 148G (0.019 g, 0.038 mmol) was subjected to the procedure 

described in Example 24E to give the title compound as a TFA salt (6 mg). [H NMR (500 MHz, 

10 DM.SO-D6) 5 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 (111, 2 H), 4.79 - 4.86 (m, 4 H), 5.12 (dd, 1 H), 5.16 (dd, 7=7.7, 3.1 Hz, 1 H), 6.58 (t, 7=7.2 

Hz, 1 H), 6.71 (d, 7=8.1 Hz, 2 H), 7.04 - 7.11 (m, 2 H), 7.28 (d, 7=8.5 Hz, 2 H), 7.32 -7.39 (in, 1 H), 

7.50 (s, 2 H), 7.56 - 7.64 (m, 2 H); MS m/z 808.3 (M+Hf. 

15 

rrN^ -O 
IN I <>v< NY° 

Example 149 

Af-(methoxycarbonyl)-3-metliyl-L-valyl-A'~(4-{[{4-[(£^-2-{(25,)-l-[iV-(methoxycarbonyl)-3-methyl-L 

valyl]pyrroHdin-2-yI}ethenyl]benzyl}(pbenyl)amino]methyl}phenyl)-L-prolinamide 

20 Example 149A 

methyl 4-((diellioxyphosphoryl)methyl)benzoate 

A solution of methyl 4-(bromomethyl)benzoate (12.5 g, 54.6 mmol) in Diethyl phosphite (20 

mL, 114 mmol) was heated al 150 °C for 2 hours. After cooling, the solution was concentrated under 

vacuum. Purification by cliromatography (silica gel, 0-2% methanol in dichlorometliane) afforded tlie 

25 title compound. MS (ESI) m/z 287 (M+H)+. 

Example 149B 

(S,E)-tert-butyl 2-(4~(methoxycarboiiyl)styryl)pyrrolidine-l-carboxylate 

To a solution of tlie product of Example 149A (4.02 g, 14.05 mmol) dissolved in THF (50 

30 ml,) and cooled to -78 °C was added litliium bis(fime!hylsilyl)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 
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solution of (S)-tert-butyl 2-formylpyrroiidine-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 

5 purified by chromatography (silica gel, 10-50% EtOAc in hexanes) to afford 2.05 g (62%) of tlie title 

compound. MS (ESI) m/z 332 (M+H)+. 

Example 149C 

(S.E)-tert-butyl 2-(4-(hy droxyme thy l)styryl)pyrrolidine-l-carboxy late 

10 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 

dichlorometliane, 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 tlie reaction reached room temperature it was 

maintained at this temperature for an additional 1 hour. The solution had acetone (1 mL) added then 

1.5 EtOAc added to it and the mixture extracted with aqueous sodium potassium tartrate solution. The 

organic extract was then dried, filtered, and concentrated lo afford 0.9 g (98%) of tlie title compound. 

MS (ESI) m/z 304 (M+H)+. 

Example 149D 

20 (S,E)-tert-butyl 2-(4-(bromomethyl)styryl)pyrrolidine-l-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 

25 title compound, m/z 368 (M+Ii)+. 

NO' 

Example 149E 

(S,E)-lerl-bulyl 2-(4-(((4-iiilrobenzyl)(pheiiyl)amiiio)melhyl)styryl)pyrrolidine-l-carboxylate 

30 To a solution of tlie 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, tlie solution had 

dichlorometliane added to it and the mixture extracted with water. The organic extract was then dried, 
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15 

filtered, concentrated and purified by chromatography (silica gel, 0-2% methanol in dichlorometliane) 

to afford 0.85 g (56%) of tlie title compound. MS (ESQ m/z 514 (M+H)+. 

CXT 
5 Example 149F 

(S,E)-lert-butyl 2-(4-(((4-aminobenzyl)(plienyl)amino)metliyl)styryl)pyrrolidine-l-carboxylate 

To a solution of tlie 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 bismuthfDI) chloride (1.47 g, 4.67 mmol) was added 

followed by tlie portionwise addition of sodium borohydride (943 mg, 24.92 mmol) and warming tlie 

10 solution to room temperature for 20 minutes. The methanol was added and die solid removed by 

filtration, the filtrate concentrated to an oil, which was redissolved witli 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)4. 

WNAI O nMaJ< O O O O 

Example 149G 

(S)-tert-butyl 2-(4-(((4-((E)-2-((S)-l-(teri-buioxycarbonyl)pyrrolidin-2-

yl)vinyi)benzyl)(phenyi)amino)methyl)phenylcarbamoyl)pyrroiidine-l-carboxylate 

The product from Example 149F (700 mg, 1.45 mmol) and (S)-l-(tert-

20 butoxycarbonyi)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. lE NMR (500 MHz, DMSO-

D6) § ppm 9.92 (s, IH), 7.52 (d, 7^8.41-Iz, 2H), 7.34 (cl 7=7,9Hz, 2H), 7.18 (m, 4H), 7.07 (m, 2H), 

6.64 (d, 7=8.1 Iiz, 2H), 6.55 (t, 7=7.7Hz, IH), 6.31 (d, 7=15.6Hz, IH), 6.14 (dd, 7=15.5, 6.5Hz, IH), 

4.63 (s, 2H), 4.60 (s, 211), 4.22 (m, IH), 4.17 (m, IH), 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-((E)-2-((S)-pyrrolidin-2-yl)vinyl)benzyl)amiiio)methyl)phenyI)pyrrolidine-2-

carboxamide 
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To a solution of the product of Example 149G (50 mg, 0.073 mmol) dissolved in 

dichlorometliane (0.3 mL) was added trifiuoroacetic acid (2.7 mL) and the resultant solution stirred at 

room temperature for 20 minutes. The solution was then concentrated under vacuum, the residue 

dissolved in a chloroform/isopropanol mixture and extracted with aqueous sodium bicarbonate, the 

5 organic solution was then dried, filtered, and concentrated Lo afford the title compound, m/z 481 

(M+Hf. 

Example 1491 

AKmethoxycarbonyl)~3-methyl-L-vaIyl~AH4-{[{4-[(^-2-{(2,S>H;VKmeaioxycarboiiyl)-3-methyl-L-

10 valyl]pyrrolidm-2-yl}ethenyljbenzyl}(plienyl)ainiiio]methyl}phenyl)-L-proliiiamide 

The product from Example 349H (35 mg, 0.73 inmol) and (S)-2-(methoxycarbonylamino)-

3,3-dimethylbutanoic acid (33.1 mg, 0.175 mmol) were processed using tlie method described in 

Example 43 to afford 33 mg (55%) of tlie title compound, NMR (500 MHz, DMSO-D6) 8 ppm 

9.98 (s, IH), 7.50 (d, /=8.4Hz, 2H), 7.28 (d, /=8.3Hz, 2H), 7.17 (m,4H), 7.06 (m, 3H), 6.63 (m, 2H), 

15 6.55 (^ 3=1.3Hz, 1H), 6.37 (d, 7=15.7Hz, IH), 6.22 (m, IH), 6.17 (dd, J-16.0, 6.3Hz, IH), 4.63 

(m,lH), 4.61 (s, 2H), 4.58 (s, 2H), 4.42 (m, IH), 4.19 (m, 2H), 3.77 (m, IH), 3.70 (m, IH), 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). 

20 Example 150 

di[(3.S')-telrahydrofuran-3-yl] (25,2'5)-2,2'-[(phenylimino)bis(methanediylbenzene-4,1 -

diyicarbamoyl)]dipyrrolidine-l-carboxylate 

The product of Example ID (25 mg, 0.050 mmol), and (S)-2,5-dioxopyrrolidin-l-yl 

tetrahydrofuran-3-yI carbonate (25.3 mg, 0.111 mmol) were dissolved in dichloromethane (3 mL) 

25 then added Hunig's base (0.026 mL, 0.151 mmol) and slirred 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 dichloromethanc) to afford 28 mg (77%) of the title compound. [H NMR (500 

MHz, DMSO-D6) 8 ppm: 9.96 (s, 2H), 7.48 (d, J=8.4 Hz, 4H), 7.17 (d, .1=8.1 Hz, 4H), 7.06 (t, J=8.0 

30 Hz, 2H), 6.64 (d, J-8.4 Hz, 2H), 6.55 (t, J=7.3 Hz, IH), 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, 89, 90, 92, 95, 96, 98, 99, 101, 102, 103, 104, 105, 106, 110, 113, 

114, 115, 116, 117, 119, 120, 121, 123, 124, 125, 127, 128, 131, 132, 133, 136, 137, 138, 142, 143, 

5 and 145 showed an EC50 of less than 1 nM in HCV lb-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 lOnM in HCV lb-

Con-1 replicon assay; tlie 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 lb-Con-1 

10 replicon assay; and tlie title compounds of Examples 29, 30, 32, 68, 97, 1.44, 147, and 148 showed an 

EC50 of from 100 nM to 250 nM in HCV lb-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 tlie 

poliovirus IRES instead of the HCV IRES, and HuH-7 cells were used to support the replication of 

15 the replicon. 

The following compounds were similarly prepared according to the above-described Schemes 

and Examples: 
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5 Moreover, the following compounds of Formula I can be similarly prepared according to the 

present invention, 
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D 

•2 z 
I 

wherein A is selected from Table la, B is selected from Table lb, D is selected from Tablet 2, Y and 

Z are each independently selected from Table 3, and A, B, and D are each independently optionally 

5 substituted with one or more RA, and wherein X, Lb L2, Ls and RA are as described above. Preferably, 

X is N, Li and L2 are each independently Q-Cealkylene (e.g., -(CH2)-), and L? is a bond, wherein Li 

and L2 are each independently optionally substituted witli one or more substituents selected from 

halogen, Rr, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, ~C(0)0Rs, nitre, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano, and RT. Rs, and Rs' are as defined above. 
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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 die 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 la-H77 and the other 

derived from genotype lb-Con 1, obtained from University of Texas Medical Branch (Galveston, TX) 

5 and Apath, LLC (St. Louis, MO), respectively. The replicon constructs can be bicistronic subgenomic 

replicons. The genotype la replicon construct contains NS3-NS5B coding region derived from die 

H77 strain of HCV (la-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 

10 containing tlie NS3-NS5B coding region with addition of adaptive mutations E1202G, K1691R, 

K2040R and S22041. The lb-Con 1 replicon construct is identical to the la-H77 replicon, except that 

HCV 5' UTR, 3' UTR, and the NS3-NS5B coding region are derived from the lb-Conl strain, and 

tlie adaptive mutations are K1609E, K1846T and Y3005C. In addition, the lb-Conl replicon 

construct contains a poliovirus IRES between tlie HCV IRES and the luciferase gene. Replicon cell 

15 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 

20 cells can be seeded into 96 well plates at a density of 5000 cells per well in 100 \x\ 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 tlie medium containing 5% FBS. Medium with the inhibitor is added to die overnight cell 

culture plates already containing 100 \x\ of DMEM with 5% FBS. In assays measuring inhibitory 

25 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 [d of Passive Lysis buffer (Promega) 

can be added to each well, and then the plates are incubated for 15 minutes widi rocking to lyse die 

cells. Luciferin solution (100 |il, Promega) can be added to each well, and luciferase activity can be 

30 measured with a Victor II Iuminometer (Perkin-Elmer). The percent inhibition of HCV R.NA 

replication can be calculated for each compound concentration and tlie EC50 value can be calculated 

using nonlinear regression curve fitting to the 4-panamesef logistic equation and GraphPad Prism 4 

software. Using the above-described assays or similar cell-based replicon assays, representative 

compounds of the present invention showed significantly inhibitory activities against HCV 

35 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 IA, IB or Ic). 

In addition, the present, invention features pharmaceutical compositions comprising 

5 pharmaceutical^ acceptable sails, solvates, or prodrugs of the compounds of tlie invention. Without 

limitation, pharmaceutical^ acceptable salts can be zwitterions or derived from pharmaceutical^ 

acceptable inorganic or organic acids or bases. Preferably, a pharmaceutical^ acceptable salt retains 

the biological effectiveness of the free acid or base of tlie compound without undue toxicity, irritation, 

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

10 biologically or otherwise undesirable. 

Hie present invention further features pharmaceutical compositions comprising a compound 

of the invention (or a salt solvate or prodrug thereof) and another therapeutic agent. By way of 

illustration not limitation, these other therapeutic agents can be selected from antiviral agents (e.g., 

anti-HIV agents, anti-HBV agents, or other anti-HCV agents such as HCV protease inhibitors, HCV 

15 polymerase inhibitors, HCV helicase inhibitors, IRES inhibitors or NS5A inhibitors), anti-bacterial 

agents, anti-fungal agents, immunomodulators, anti-cancer or chemothcrapcutic 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, ^-interferon, pegylated interferon-a, pegylaled interferon-lambda, 

20 ribavirin, viramidine, R-5158, nitazoxanide, amantadine, Debio-025, NIM-811, R7128, R1626, 

R4048, T-1106, PSI-7851, PF-00868554, ANA-598, IDX184, IDX102,1DX375, GS-9190, VCH-759, 

VCH-916, MK-3281, BCX-4678, MK-3281, VBY708, ANA598, GL59728, GL60667, BMS-790052, 

BMS-791325, BMS-650032, GS-9132, ACH-1095, AP-II005, A-831, A-689, AZD2836, telaprevir, 

boceprevir, ITMN-191, BI-201335, VBY-376, VX-500 (Vertex), PIIX-B, ACH-1625, EDX136, 

25 IDX31.6, VX-813 (Vertex), SCH 900518 (Schering-Plough), TMC-435 (Tibotec), ITMN-191 

(Intermune, Roche), MK-7009 (Merck), IDX-PI (Novartis), BI-201335 (Boehringer Ingclhcim), 

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 

30 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 tlie present invention comprises one 

35 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, IA, IB or Ic (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, 

5 CD81 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 tlie 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 

10 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, L-870812, S-1360, enfuvirtide, T-1249, or other HIV 

protease, reverse transcriptase, integrase or fusion inhibitors. Any other desirable antiviral agents can 

15 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 pharmaceutical^ 

acceptable carrier or excipient. Non-limiting examples of suitable pharmaceutical^ acceptable 

carriers/excipients include sugars (e.g., lactose, glucose or sucrose), starches (e.g., com starch or 

20 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. 

25 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 tlie present invention can be formulated based on their 

routes of administration using methods well known in tlie art. For example, a sterile injectable 

30 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 polyetiiylene 

glycols which are solid at ordinary temperatures but liquid at tlie rectal temperature and will therefore 

melt in the rectum and release the drugs. Solid dosage forms for oral administration can be capsules, 

35 tablets, pills, powders or granules. In such solid dosage forms, die 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 

5 include pharmaceutical 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 tlie 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 

10 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., 19B0). 

Any compound described herein, or a pharmaceutically acceptable salt thereof, can be used to 

prepared pharmaceutical compositions of the present invention. 

15 The present invention further features methods of using the compounds of tlie 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 tlie 

cells. As used herein, "inhibiting" means significantly reducing, or abolishing, the activity being 

20 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 tlie present invention may inhibit one or more HCV subtypes. Examples 

of HCV subtypes that are amenable to tlie present invention include, but are not be limited to, HCV 

25 genotypes 1, 2, 3, 4, 5 and 6, including HCV genotypes la, lb, 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 lb. In still another embodiment, a compound or compounds of the present invention (or 

30 salts, solvates or prodrugs thereof) are used to inhibit tlie replication of both HCV genotypes la and 

lb. 

The present invention also features methods of using tlie compounds of tlie 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 

35 or prodrug thereof), or a pharmaceutical composition comprising tlie 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, tlie term 

"treating" refers to reversing, alleviating, inhibiting tlie 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, tlie methods comprise 

5 administering a therapeutic effective amount of two or more compounds of tlie present invention (or 

salts, solvates or prodrugs thereof), or a pharmaceutical composition comprising the same, to an HCV 

patient, thereby reducing tlie HCV viral level in the blood or liver of the patient. 

A compound of tlie 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, 

10 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 

15 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 suhmultiples thereof to make up tlie 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 tlie patient. The amount of tlie active 

20 ingredient, or the active ingredients that are combined, to produce a single dosage form may vary 

depending upon die 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 die 

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 die 

25 particular disease undergoing therapy. 

The present invention further features methods of using tlie 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 

30 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 tlie present invention can also be isotopieally substituted. Preferred 

isotopic substitution include substitutions with stable or nonradioactive isotopes such as deuterium, 
13C, 15N or 180. 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 tlie drug. In one example, at 

5 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 tlie 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 

10 exchanging protons with deuterium or by synthesizing tlie molecule with enriched or substituted 

starting materials. Other methods known in the art can also be used for isotopic substitutions. 

The foregoing description of tlie present invention provides illustration and description, but is 

not intended to be exliaustive or to limit die invention to the precise one disclosed. Modifications and 

variations are possible in light of the above teachings or may be acquired from practice of the 

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

equivalents. 
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What is claimed is: 

1. A compound of Formula I, or a pharmaceutically acceptable salt thereof, 

D 

L3 

/A-L-X-L2-B^ 
Y Z 

J 

wherein: 
A and B are each independently C3-Ciocarbocycle or 3- to 10-membered heterocycle, and are each 

independently optionally substituted with one or more RA; 
D is C3-Ciocarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with one or 

more RA; or D is RD; 

X is N; 
Li and L2 are each independently selected from a bond; or CrC6alkylene, C2-C6alkenylene, or C2-

C6alkynylene, each of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-RS, -S-Rs, -N(RSRS'), -0C(0)RS, -
C(0)ORS, nitro, oxo, phosphonoxy, phosphono, thioxo, fonnyl or cyano; 

L3 is bond; 
Y is selected from -T!-C(R1R2)N(R5)-T-RD, -T'-C(R3R4)C(R6R7)-T-RD, -LK-T-RD, or ~LK-E; 

Ri and R2 are each independently Rc, and R5 is RB; or Ri is Rc, and R2 and R5, 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; 

R3, R4, R6, and R7 are each independently Rc; or R3 and R6 are each independently Rc, and R4 and 

R7, 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; 

Z is selected from -T'-C(R8R9)N(R,2)-T~RD, -T,^(R]ORII)C(R13R14)-T-~RD, -LK-T-RD, or -

LK-E; 
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Rg and R9 are each independently Rc, and R12 is RB; or R8 is Rc, and R9 and R12, 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; 

R)o, Rii, Ri?, and R^ are each independently Rc; or Rio and R13 are each independently Rc, 

5 and Ru and R14. 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; 

LK is independently selected at each occurrence from a bond; -N(RB)C(0)-LS-: -

C(0)N(RB)-LS-; or Ci-Ccalkylene, Co-Ce-alkenylene, C2-C6alkynylene, C3-C]ocarbocycle 

10 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 -0-RS, -S-

Rs, -N(RsRs'), -0C(0)Rs, -C(0)0RS, nitro, oxo, phosphonoxy, phosphono, thioxo, 

formyl or cyano; 

E is independently selected at each occurrence from C3-Ciocarbocycle or 3- to 10-membered 

1.5 heterocycle, and is independently optionally substituted at each occurrence with one or 

more RA; 

7' and T" are each independently selected at each occurrence from a bond, -Ls-, -Ls-M-Ls'-, 

-Ls-M-Ls,-M'-Ls,,~, wherein M and M' are cach independently selected at each 

occurrence from a bond, -0-, -S-, ~-N(R3}-, -C(0)-~, -S(0)2-t --S(O)-, -OS(O)--, -

20 - 0S(0)2-, -S(0)20-, -S(0)0-, -C(0)0- -0C(0}-, -0C<0)0-, -~C(0)N(RBK -

N(RB)C(OK -N(RB)C(0)0-, --0C(0)N(RB)-, -N(RB)S(0)-, -N(RB)S(0}2-, -

S(0)N(RBK -S(0)2N(RB)-, -C(0)N(RB)C(0)-, -N(RB)C(0)N(RB,K 

N(RB)SQ2N(RB'K "NfRB'jSfOiNfRB1)--, C3-Ci0carbocydc, or 3- to 30-merabered 

heterocycle, and wherein said Cs-Ciocarbocycle and 3- to 10-membered heterocycle are 

25 each independently optionally substituted at each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano. -LA, or -LQ-RE, 

wherein two adjacent RA, taken together with tlie atoms to which (hey are attached and 

any atoms between tlie atoms to which they are attached, optionally form a CV 

30 Ciocarbocycle or 3- to 10-membered heterocycle; 

RB and RB' are each independently selected at each occurrence from hydrogen or R?; 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl. cyano, or RF; 

RD is each independently selected at each occurrence from RA; 
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RE is independently selected at each occurrence from ~0-Rs, -S-Rs, -C(0)Rs. -0C(0)Rs, -

C(Q)ORs, -N(RSRS'), -S(0)Rs, -~S02RS, -C(0)N(RsRs')> ~-N(Rs)C(0)Rs', -

N(Rs)C(0)N(Rs'Rs"), -N(R,s)SOzR.s\ -S02N(RsR.s'), -N(Rs)S02N(Rs'Rs"), -

N(Rs)S(0)N(Rs'Rs"), -0S(0)-Rs, -OS(0)2-Rs, -S(0)20Rs, -S(0)0Rs, -0C(0)0Rs, -

5 N(Rs)C(0)0Rs', -OCfO)N(RsRs'). -N(Rs)S(0)-Rs\ -S(0)N(RsRs'), -C(0)N(Rs)C(0)-

Rs\ C-.-Ciocarhocyclyl, or 3- to 10-inembered heterocyclyl, wherein said C3-

Ciocarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally 

substituted at each occurrence with one or more subslituents selected from halogen, RT, -

O-Rs, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono, oxo, 

10 thioxo, formyl or cyano; 

Rr is independently selected at each occurrence from Ci-Cgalkyl, CVCgalkenyl, CVCsalkynyl, 

(VC^carbocyclyl, C3-C6carbocyclylC1-C6alkyl. 3- to 6-membered heterocyclyl or (3- or 

6-membered heterocyclyl)Ci-C6allcyl, cach of which is independently optionally 

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

15 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl 

or cyano; 

LA is independently selected at each occurrence from Ci-Cgalkyl, C2-C()aikenyi, or C2-

C6alkynyl, each of which is independently optionally substituted at cach occurrence with 

one or more subslituents selected from halogen, Rx, -0-Rs, -S-Rs, -N(RSRS'), -

20 0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; 

L$, Ls' and Ls" are each independently selected at each occurrence from a bond; or Ci-

Cealkylene, (VCgalkenylene, or C2-Ce,alkynylene, each of which is independently 

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

halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

25 phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from CrQ,aikyl, C2-Cealkenyl, C2-Cealkynyl, 

C^-Cficarbocyciyl, C.rCfiCarbocyclylCi-Csalkyl, 3- to 6-membered heterocyclyl, or (3- or 

6-membered heterocyclyl)C]-Cf,alkyl, each of which is independently optionally 

30 substituted at each occurrence with one or more substituents selected from halogen, Rp, -

O-RB, -S-RB, -N(RBRB'), -0C(0)RB, -~C(0)0RB, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano. 

2. A compound of Formula L or a pharmaceutically acceptable salt thereof, 
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D 

L3 

A—L--X—U—B. 
Y Z 

I 

wherein: 

A and B are each independently phenyl, and are each independently optionally substituted 

5 with one or more RA; 

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

one or more RA; or D is selected from Cj-Cgalkyl, CVQalkenyl or Qz-Cealkynyl, and is 

optionally substituted with one or more substituents selected from halogen, RT, -O-Rs, -

S-Rs, -N(RsRs'). -0C(0)Rs, ~C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, 

10 formyl or cyano; 

X is N; 

Li and L2 are -(CH2)-, and are each independently optionally substituted with one or more 

substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RsRs'), --OC(0)Rs, -

C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, tliioxo, formyl or cyano; 

15 L? is bond; 

Y is selected from ~N(RB)C(0)C(RiRi)N(R$}-T-RD or -N(RB)C(0)C(R5R4)C(R6R7}-T-RD; 

Ri is Rc, and R2 and R5, 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; 

R3 and R6 are each independently Rc, and R4 and R?, taken together with the atoms to which 

20 they are attached, form a 3- to 8-membered carbocyclic or heterocyclic ring which is 

optionally substituted with one or more RA; 

Z is scIcctcd from -N(RB)C(0)C(R8R9)N(R12)~T-RD or -N(RB)C(O)C(R10R[I)C(RI3RJ4)-T-

RD; 
R8 is Rc, and R9 and RI2, taken together with tlie atoms to which they are attached, form a 3-

25 to 8-membered heterocyclic ring which is optionally substituted with one or more RA; 

R;o and R13 are each independently Rc, and Ru and R14, taken together with tlie atoms to 

which diey 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, -Ls-, -Ls-M-Ls'-, -Lg-

30 M~LS'-M'-LS"- wherein M and M' are each independently selected at each occurrence 

from a bond, -O- -S-, -N(RBK -C(O)- -S(0)2-, -S(O)-, -OS(O)- -0S(0)2- -

S(0)2G- -S(0)0~, -C(0)0-, -OC(O)- -OC(0)0- -C(G)N(R3K -N(RB)C(0)-, -
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N(Rs)C(0)0-, -OCCO)N(RB)-, -N(RB)S(OK -N(RB)S(0)2-, -S(0)N(RB)-, -

S(0)2N(RBK -C(0)N(RB)C(0)-, -N(RB)C(0)N(RB')-5 ~NfRB)S02N(RE!K -

N(RB)S(0)N(RB')-, CrCiocarbocycle, or 3- to 10-membered heterocycle, and wherein 

said C3-Ciocajbocycle and 3- to 10-membered heterocycle are each independently 

5 optionally substituted al each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl cyano, -LA, or -LS-RE; 

RB and RB' are each independently selected al each occurrence from hydrogen or RF; 

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

10 amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or RF; 

RD is each independently selected at each occurrence from RA; 

RE is independently selected at each occurrence from -0-Rs, -S-Rs, -C(0)Rs, -0C(0)Rs, -

C(0)ORS, ~N(RsRs'), -S(0)RS, -SOZRS, ~C(0)N(RSRS'), -N(RS)C(0)RS\ -

NfRs)C(0)N(Rs'Rs"), -N(RS)S02RS\ -S02N(RSRS'), -N(RS)S02N(RS'RS"), -

15 N(R9)S(0)N(RS'RS"), -0S(0)-Rs, -OS(0)2-RS, -S(0)20RS, -S(0)0RS, -0C(0)0RS, -

N(Rs)C(0)ORs\ -0C(0)N(RsRs'), -N(RS)S(0)-RS\ ~S(0)N(RSRS!), -C(0)N(RS)C(0)-

Rg', C3-C;ocarbocyc]yL or 3- to 10-membered heterocyclyl, wherein said C3-

Ci0carbocyclyl and 3- to 10-membered hetcrocyclyl are cach independently optionally 

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

20 O-RB, -S-RB, -NCRBRB'), -QC(.0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano; 

RF is independenth' selected al each occurrence from CrC5alkyi, C2-C6alkenyl, C2-C6aEcynyi, 

C-s-Cecai-bocyciyl, C3-C6carbocycly 1C;-Cgalky 1, 3- to 6-membered heterocyclyl or (3- or 

6-membered heterocyclyOCj-Cealkyl, each of which is independently optionally 

25 substituted at each occurrence wife one or more substituents selected from halogen. 

hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl 

or cyano; 

LA is independently selected at each occurrence from C;-C6alkyl, C2-C6alkenyl, or C2-

Q,alkynyl, each of which is independently optionally substituted at each occurrence with 

30 one or more substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RsRs'), -

OC(0)Rs, -C(0)0RS, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano: 

Ls, Ls' and Ls" are each independently selected at each occurrence from a bond; or Cr 

Cgalkylene, GrCgalkenjdene. or Cj-Cgalkynylene, each of which is independently 

optionally substituted at each occurrence with one or more substituents selected from 
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halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)0Rs, nilro, phosphonoxy, 

phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected al each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from C]-C6alkyl, C2-C6alkenyl, Ci-Csalkynyl, 

5 C3-C(5carbocyclyl, C3-C0carbocyclylCi-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or 

6-membered heterocyclyl)CrC6a]kyl. each of which is independently optionally 

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

0-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, oxo. phosphonoxy, phosphono, 

thioxo, formyl or cyano. 

10 
3. The compound or salt of claim 2, wherein: 

T is independently selected at each occurrence from -C(0)-Ls'-M'-Ls"- or -N(RB)C(0)-

Ls'-M'-Ls"-; and 

Ls' is independently C]-Chalkylene, and is independently optionally substituted at each 

15 occurrence with one or more substituents selected from halogen, RT, -O-RS, -S-RS, -

N(RSRS!), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or 

cyano. 

4. The compound or salt of claim 2, wherein: 

20 Y is -N(RB)C(0)C(RIR2)N(R5>-T-RD; 

Z is -N(RB)0(0)C(RgR9)N(R12)-T-RD; 

T is independently selected at each occurrence from-C(0)-Ls'-M'-Ls"-; and 

D is C5-C6carbocycle, 5- to 6-membered heterocycle, or 6- to 10-membered bicycles, and is 

substituted with one or more RM, where RM is halogen, nitro, oxo, phosphonoxy, 

25 phosphono, thioxo, cyano, or -LS-RE. 

5. The compound or salt of claim 4, wherein T is independently selected at each occurrence 

from -C(0)-LS'-N(RB)C(0)-LS5 or -C(0)-Ls'-N(RB)C(0)0-Ls"-. 

30 6. Hie compound or salt of claim 4, wherein RA is halogen, hydroxy, mercapto, amino, carboxy, 

nitro, oxo, phosphonoxy, phosphono, thioxo, cyano; or Ci-C6alkyl, C2-C6alkenyl or Q-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, tliioxo, formyl or cyano; or Cs-Cgcarbocycle or 3- to 6-membered heterocycle, each of 

35 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, 

tliioxo, formyl, cyano, Ci-C^alkyl, C2-C6alkenyl, C2-Cealkynyl, Ci-Cr>haloalkyl, Cj-C^aloalkenyl or 

Ci-Cfihaloalkynyl. 

5 

7. A compound of Formula I, or a pharmaceutically acceptable salt thereof, 

D 

1-3 

^A—Li-x—U— 

wherein: 

10 A is 

H 
N 
H , Zj is independently selected al each occurrencc from O, S, NF1 or 

CH2, Z2 is independently selected at each occurrencc from N or CH, wherein A and B are 

each independently optionally substituted with one or more RA; 

D is C3-C]ocarbocycle or 3- to 10-membered heterocycle, and is optionally substituted with 

15 one or more RA; or D is selected from Cj-Cgalkyl, CrCgalkenyl or C2-Q,alkynyl, and is 

optionally substituted with one or more substituents selected from halogen, RT, -0-Rs, -

S-Rs, -N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, tliioxo, 

formyl or cyano; 

X is N; 

20 Li and L2 are -CCH2)-. and arc each independently optionally substituted with one or more 

substituents selected from halogen, RT, -0-Rs, -S-Rs, -N(RSRS'), -0C(0)Rs, -

C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, tliioxo, formyl or cyano; 

L3 is bond; 

Y is selected from-C(RiR2)N(R5)-T-RD or -C(R3R4)C(R6R7)-T-RD, 

25 Ri is Rc, and R3 and R5, 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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R, and R6 are each independently Rc, and R4 and R7, 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; 

Z is selected from -C(RER9)N(RL2)-T-RD or ^(R10Rii)C(Ri3Ru)-T--RD; 

5 Rg is Rc, and R9 and RI2, 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; 

Ri0 and RI3 are each independently Rc, and Ru and R]4, 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; 

10 T is each independently selected at each occurrence from a bond, -Ls-, -LS~M-LS'-, -Ls-

M-Ls'-M'-Ls"-, wherein M and M' are each independently selected at each occurrence 

from a bond, -O-, -S-, -N(RB}-, -C(0)~ -S(0)2-, -S(O)-, -OS(O)-, -OSfOr-, -

S(0)20-, -5(0)0-, ~C(0)0-, -OC(OK -OC(0)0~, -C(0)N(RBK ~N(RB)C{0)-, -

N(RB)C(0)0~, -OC(0)N(RBK -N(RB)S(OK -N(RB)S(0)2~, -S(0)N(RB}- -

15 S(0)2N(RBK ~C(0)N(RB)C(0)~ -NfRB)C(P)N(RB'}~ -N(RB)S02N(RB'K -

N(RB)S(0)N(RB')-, C3-Ciocarbocycle, or 3- to 10-membered heterocycle, and wherein 

said C3-Ciocarbocycle and 3- to 10-membered heterocycle are each independently 

optionally substituted at each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

20 carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, -LA, or -LS-RE; 

RB and RB' are each independently selected at each occurrence from hydrogen or R?; 

Rc is independently selected al each occurrence from hydrogen, halogen, hydroxy, mercapto, 

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, or RF; 

RD is each independently selected at each occurrence from RA; 
25 RE is independently selected at each occurrence from -0-Rs, -S-Rs, -C(0)Rs, -0C(0)Rs, -

CfO)ORs, ~N(RSRS'), -S(0)Rs, -S02Rs, -C(0)N(RsRs'), -N(Rs)C(0)Rs', -

NCRsJCfONfRs'Rs"), -N(Rs)S02Rs\ -S02N(RsRs'), -N(Rs)S02N(Rs'Rs"), -

N(Rs)S(0)N(Rs'Rs"), -0S(0)-RSJ -OS(0)2-RS, -S(0)20RS, -S(0)0RS, -OC(0)OR.S, -

N(Rs)C(0)0Rs\ -OCCONCRsRs'), -N(Rs)S(0)-Rs\ -S(0)N(RsRs'), -C(0)N(Rs)C(0)-

30 Rs', C3-Ciocarbocyclyl, or 3- to 10-membered heterocyclyl, wherein said C3-

Ciocarbocyclyl and 3- to 10-membered heterocyclyl are each independently optionally 

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

O-RB, -S-RB, -N(RBRB')> -0C(0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano; 
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Rp is independently selected at each occurrence from CrC6alkyI. CVCgalkenyl, C2-C6alkyiiyl, 

C3-C6carbocyclyi. CB-CscarbocyclylCi-C^alkyl. 3- to 6-membered heterocyclyl or (3- or 

6-membered heterocyciyl)Cj-C6aIkyl, each of which is independently optionally 

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

5 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl 

or cyano; 

LA is independently selected at each occurrence from CrQalkyl. CVCcalkenyl. or C2-

C6alkynyl, each of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -

10 0C(0)Rs, -C(Q)ORs, nitro, phosphonoxy, phosphono, oxo, thioxo, formyl or cyano; 

Ls, Ls' and Ls,! are each independently selected at each occurrence from a bond; or Ci-

C6alkylene, CVC6aIkenylene, or 02-06aIkynylene, each of which is independently 

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

halogen, RTJ -O-RS, -S-RS, --N(RSRS'). -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, 

15 phosphono, oxo, thioxo, formyl or cyano; 

Rs, Rs! and Rs" are each independently selected at each occurrcncc from hydrogen or RT; 

RT is independently selected at each occurence from CrC6alkyl, C2-C6alkenyl, C2-C6alkynyl, 

C3-C6carbocyclyl, C3-C6carbocyclylCi-C6alkyl, 3- to 6-mcmbered heterocyclyl, or (3- or 

6-membered heterocyclyl)Ci-C6alkyl, each of which is independently optionally 

20 substituted at each occurrence with one or more substituents selected from halogen, Rp, -

0-RB, -S-RB, N(RBRB'X 0C(0)RB, -C(0)0RB; nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano. 

8. The compound or salt of claim 7, wherein: 

25 Z, is NH, and l.,L is N; 

T is independently selected at each occurrence from -C(O)-Ls'-M-Ls'' - or -N(RB)C(0)-

Ls'-M'-Ls"-; and 

Ls' is independently Cj-C6alkylene, and is independently optionally substituted at each 

occurrence with one or more substituents selected from halogen. RT, -0-Rs, -S-Rs, -

30 N(RsRs'), -0C(0)Rs, -C(0)0Rs, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or 

cyano. 

9, The compound or salt of claim 7, wherein: 

Z, is NH, and Z2 is N; 

35 Y is -C(RIR2)N(R5)-T-RD; 
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Zis-C(RSR9)N(R12)-T-RD; 

T is independently selected at each occurrence from -C(0)-Ls'-M'-Ls"-; and 

D is Cs-Cgcarbocyde, 5- to 6-membered heterocycle, or 6- lo 10-membered bicycles, and is 

substituted with one or more RM, where RM is halogen, nitro, oxo, phosphonoxy, 

5 phosphono, thioxo, cyano, or-Ls-RE-

10. The compound or salt of claim 9, wherein T is independently selected at each occurrence 

from -C(0)-LS'-N(RB)C(0)-LS' or -C(0)-LS'-N(RB)C(0)0-LS' 

10 11. Hie compound or salt of claim 9, wherein RA is halogen, hydroxy, mercapto, amino, carboxy, 

nitro, oxo, phosphonoxy. phosphono, thioxo, cyano; or CrC6alkyI, C2-C6alkenyl or C2-C6alkynyl, 

each of which is independently optionally substituted at each occurrence with one or more 

subslituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, tliioxo, formyl or cyano: or Ca-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, 

tliioxo, formyl. cyano, Cj-Cealkyl, C2-C6alkenyl, Ci-Cealkynyl, Cj-Cshaloalkyl, C2-C6haloalkenyI or 

CVCshaloalkynyl. 

20 12. A compound of Formula I, or a pharmaceutically acceptable salt thereof, • 

D 

Y/A-L-X-L2-B^ z 
I 

wherein: 

A is , Z| is selected from O, S, NH or CI12, Z2 is 

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

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

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

one or more RA; or D is selected from C;-C6alkyl, C2-C6alkenyl or C2-C6alkyny!. and is 

optionally substituted with one or more substituents selected from halogen, Rx, -O-Rs, -
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S-Rs, -N(RSRS'), -0C(0)Rs, -C(0)ORS, nitro. phosphonoxy, phosphono, oxo, thioxo, 

formyl or cyano; 

X is N; 

Li and L2 are -(CIi2)-, and are each independently optionally substituted with one or more 

subslituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RsRs'), -0C(0)Rs, -

C(0)0Rs, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano: 

L5 is bond; 

Y is selected from -€fR,R2)N(R5)-T-RD or -C(R3R4)C(R6R7)-T-RD, 

Ri is Rc, and R2 and R5, 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; 

R3 and R<;, are each independently Rc, and R4 and R7, 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; 

Z is selected from -N(RB)C(0)C(R8R9)N(R12>-T-RD or -N(RB)C(G)C(R10Rii)C(RBRi4)-T--

RD; 
RS is Rc, and R9 and R>2, 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; 

Rio and RJ3 are each independently Rc, and Rn and R14, 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, -Ls-, -Ls-M-Ls'-, -Ls-

M-Ls'-M'-Ls"-, wherein M and M' are each independently selected at each occurrence 

from a bond, -O-, -S-, -N(RB}-, -CfO)-, -S(0}2--, -S(O)-, -OSfGK -0S(0)2- -

S(0)20- -S(0)0-, -C(0)0- -OC(O)-, -0C(0)0-, -C(0)N(RBK -N(R3)CfO'K -

N(RB)C(0)0-, -OC(0)N(RB)- —NfRB)S(0)—, -N(RB)S(0)2~, -S(0)N(RB)~, -

S(0)2N(RB)-, -CfO)N (RB )C( OK -N(RB)C(0)N(RB'K -N(RB)S02N(RB'K -

N(RB)S(0)N(RB')-, CrCjocarbocycle, or 3- to 10-membered heterocycle, and wherein 

said C3-Ciocarbocycle and 3- to 10-membered heterocycle are each independently 

optionally substituted al each occurrence with one or more RA; 

RA is independently selected at each occurrence from halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, -LA, or -LS-RE; 

RB and RB? are each independently selected at each occurrence from hydrogen or Rp; 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, tliioxo, formyl, cyano, or RF; 

RD is each independently selected at each occurrence from RA; 
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RE is independently selected at each occurrence from -O-Rs, -S-Rs, -C(0)Rs, ~0C(0)Rs, -

CfO)ORs, -N(RsRs'X -S(0)Rs, -SOjRs, -C(0)N(RsRs'), -N(Rs)C(0)Rs\ -

N(Rs)C(0)N(Rs'Rs"), -N(RS)S02RS\ -S02N(RSRS'), -N(RS)S02N(RS'RS"), -

N(Rs)S(0)N(Rs'Rs"), -0S(0)-Rs, -0S(0)2~RS, -S(0)20Rs, -S(0)0Rs, -0C(0)0Rs, -

N(Rs)C(0)0Rs'5 ~0C(0)N(RSRS5), -N(RS)S(0)-RS', -S(0)N(RsRs'), ~C(0)N(RS)C(0)-

Rs\ C3-Ciocarbocyclyl, or 3- lo 10-membered heterocyclyl, wherein said C3-

Ciacarbocvciyl and 3- to 10-membered heterocyclyl are each independently optionally 

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

0-R», -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, phosphonoxy, phosphono, oxo, 

thioxo, formyl or cyano; 

RF is independently selected at each occurrence from Ci-Q,alkyl, C2-C6alkenyl, CVCfialkynyl, 

C3-C6carbocyclyl, C3-C6carbocyclylCi-C6alkyL 3- Jo 6-membered heterocyclyl or (3- or 

6-membered heterocyclyOCrCgalkyl, 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, tliioxo, formyl 

or cyano; 

LA is independently selected at each occurrence from Ci-C6alkyl, (VCealkenyl, or CV 

C6alkynyl, cach of which is independently optionally substituted at each occurrence with 

one or more substituents selected from halogen, RT, -O-Rs, -S-Rs, -N(RSRS'), -

0C(0)Rs, -€(0)0Rs, nitro, phosphonoxy, phosphono, oxo, tliioxo, formyl or cyano; 

Ls, Ly' and Ls" are each independently selected at each occurrence from a bond; or Cr 

C6alkylene, C2-Cc,alkenylene, or Ci-Cgalkynylene, each of which is independently 

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

halogen, RT, ~0-Rs, - S Rs, -NORsRs'), -OC(G)Rs, -C(0)0Rs, nitro, phosphonoxy, 

phosphono, oxo, tiiioxo, formyl or cyano; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen or RT; 

RT is independently selected at each occurrence from CrCo.aikyi, Cj-Cfialkenyl, C2-Cfialkynyl, 

Q-Cficarbocyclyl, Cc,-C6carbocyclylCi-C6alkyL 3- lo 6-membered heterocyclyl, or (3- or 

6-membered helerocyclyOCpCgalkyl, each of which is independently optionally 

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

O-RB, -S-RB, -N(RBRB'), -0C(0)RB, -C(0)0RB, nitro, oxo, phosphonoxy, phosphono, 

thioxo, formyl or cyano. 

The compound or salt of claim 12, wherein: 

Zi is NH, and Z? is N; 
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amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CrC6alkyl, C2-C6alkenyl, 

C2-C6alkynyl, CpQhaloalkyl, C2-C6haloalkenyl or C2-C6haloalkynyl. 

17. A pharmaceutical composition comprising a compound or salt of claim 1. 

18. The pharmaceutical composition of claim 17, further comprising a HCV protease inhibitor,, a 

HCV polymerase inhibitor, or another anti-HCV agent. 

19. Use of a compound or salt of claim 1, in the manufacture of a medicament for treating HCV 

infection. 

20. A process of making a compound of claim 1, comprising the step of: 

coupling a compound of Formula II 

n w 

NBj 

n 

to a compound of Formula III 

wherein Q is halo, and A, D, Li, L3, and Y are as defined in claim 1. 
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