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ANTI-VIRAL COMPOUNDS 

This application claims priority from U.S. Patent Application Serial No. 13/100,827 filed 

May 4, 2011, U.S. Provisional Application Serial No. 61/446,800 filed February 25, 2011, U.S. Patent 

5 Application Serial No. 12/964,027 filed December 9, 2010, and U.S. Patent Application Serial No. 

12/903,822 filed October 13. 2010, all of which are incorporated herein by reference in their 

entireties. 

FIELD 

10 The present invention relates to compounds effective in inhibiting replication of Hepatitis C 

virus ("HCV"). The present invention also relates to compositions comprising these compounds and 

methods of using these compounds to treat HCV infection. 

BACKGROUND 

15 HCV is an RNA virus belonging to the Hepacivirus genus in the Flaviviridae family. The 

enveloped HCV virion contains a positive stranded RNA genome encoding all known virus-specific 

proteins in a single, uninterrupted, open reading frame. The open reading frame comprises 

approximately 9500 nucleotides and encodes a single large polyprotein of about 3000 amino acids. 

The polyprotein comprises a core protein, envelope proteins El and E2, a membrane bound protein 

20 p7, and the non-structural proteins NS25 NS3, NS4A, NS4B, NS5A and NS5B. 

The nonstructural protein NS5A is a membrane-associated phosphoprotein present in basaliy 

phosphorylatcd and hyperpliosphorylatcd forms. It is a critical component of HCV replication and is 

believed to exert multiple functions at various stages of the viral life cycle. A full-length NS5A 

protein comprises three domains - namely, Domain I, Domain II, and Domain III. Domain I (residues 

25 1 to 213) contains a zinc-binding motif and an amphipathic N-terminal helix which can promote 

membrane association. Domain II (residues 250 to 342) has regulatory functions, such as interactions 

with protein kinase PKR and PI3K, as well as NS5B, and also contains the interferon sensitivity-

determining region. Domain III (residues 356 to 447) plays a role in infectious virion assembly, and 

can be modulated by phosphorylation within the domain. NS5A has been identified as a promising 

30 therapeutic target for treating HCV. 
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SUMMARY 

The present invention features compounds of Formulae I( IA, IB, Ic, ID, IE, IF and IG and 

pharmaceutically acceptable salts thereof These compounds and salts can inhibit the replication of 

HCV and therefore are useful for treating HCV infection. 

In one aspect, the present inventionprovid.es methyl {(2S,3,Ry 1 -[(2S}-2- {5-[(2i?,5.R)-1 -

{3,5 -difluoro-4- [4- (4-

fluorophenyI)piperidir:-l-yl]phenyl}-5-(6-fluoro-2-{(25)-l-[AL(methoxycarbonyl)-0-methyl-L-

threanyl]pvrroHdin-2-y!}-l#-beiizimidazol-5-yI)pyrrolidin-2-yl]-6-fiuoro4i?-benzimidazoI-2-

yl}pynoIidin-I-yl}-3-methoxy-l-oxobutaii-2-yi}carbamate 

In one aspect, the present invention provides a pharmaceutical composition 

comprising methyl {(25'3i?}-l-[(2S}-2-(5-[(2^35i?>l-

{3,5-dif]uorc-4"[4~(4-fluorophenyl)piperidin-l"yI]phenyl}-5-(6-fiuoro-2-{(2iS')-l-[A'r-

(raetlioxycarbonyI)-0-methyJ-L-threonyl]pyrrolidxn-2-yl}-lff-benzimidaz;oI-5-yl)pyn'olidirt-2-yl]-

6-fiuoro--lH-benz.imidazol-2-yl}pyrTolidm~l-yl3-3-methoxy-l-oxobutais-2-yl} carbamate. 

In one aspect, the present invention provides the use of the compound as defined 

above, or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for 

treating a patient infected with HCV. 

0 ^ ), or a pharmaceutically acceptable salt thereof. 
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The present invention also features compositions comprising the compounds or salts of the 

present invention. The compositions can also include additional therapeutic agents, such as HCV 

helicase inhibitors, HCV polymerase inhibitors, HCV protease inhibitors. HCV NS5A inhibitors, 

CD81 inhibitors, cyclophilin inhibitors, or internal ribosome entry site (IRES) inhibitors. 

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

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

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

the cells. 

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

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

comprise administering a compound or salt of the present invention, or a pharmaceutical composition 

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

virus in the patient. 

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

the manufacture of medicaments for the treatment of HCV infection. 

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

invention. 

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

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

indicating preferred embodiments of the invention, are given by way of illustration only, not 

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 

Tellinghuisen et al., NATURE 435:374-379 (2005), describes a crystal structure of the NS5A 

protein in which two NS5A monomers are packed as a dimer via contacts near the N-terminal ends of 

the molecules. W02006093867 postulates the use of the crystal structure of the NS5A protein in 

conjunction of computer modeling to design or select NS5A inhibitors. 

To improve interactions with the NS5A protein, many NS5A inhibitors have been designed to 

have dimeric or dimer-like structures. For instance, W02006133326 (BMS) describes compounds 
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with the formula: ; W02008144380 (BMS) 

dcpicts compounds with the formula: 

W02008021927(BMS) shows compounds 
(R5)s 

with the formula: 

KY 
H 

N \ 
^VN R3 

(R 

mj, H R2 
N W/u 

5 with the formula: 

R4 N-|^ 

; W02008021927 (BMS) describes compounds 

(R5!S 

\-x 

H X>'„ 
^\-N RS 

; and US20100068176 (BMS) 

// 
W 

shows compounds with the formula: 

^ % ), heteroaryls (e.g., » or 

wherein L is selected from aryls (e.g., 
•L 

), aliphatic groups (e.g., i // 

i . or l ), or a combination thereof (e.j 

\ / 
or 
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Certain modifications to the above formulae have also been provided. For instance, 

W02010065681 (Presidio) discloses the formula: , wherein B 

is Q or Q-Q, and each Q is independently selected from cycloalkyl, cycloalkenyl, heterocycle, aryl or 

heteroaryl, with the proviso that only one Q is a six member aromatic ring when B is Q-Q and with 

the proviso that if B is Q-Q , any Q is that is polycyclic is connected to the remainder of the molecule 

through only one cycle of the polycycle; W02010096777 (Presidio) describes a similar formula: 

, wherein B is W-W or W-X"-W, and wherein each W is 

optionally substituted aryl or heteroaryl, and X'' is selected from -0-, -S(0)k, -N(RN)- and -CRY; 

W0201G09i413 (Enanta) and US20100266543 (Enanta) show the formula: 

(R1)u 

'N 
10 v" '' , wherein A is substituted aryl, heteroaryl, heterocyclic, C3-

Cgcycloalkyl or Cj-Cgcycloalkenyl and is optionally substituted with selected substituents; and 

US20100221215 (Enanta) depicts the formula: 

D-A-T-jr 

, wherein A is selected from aryl, 

heteroaryl, heterocyclic, Cs-Cgcycloalkyl or Cs-Cgcycloalkenyl, each optionally substituted, D is 

15 absent or an optionally substituted aliphatic group, T is absent or an optionally substituted linear 

aliphatic group containing zero to eight carbons, E is absent or independently selected from optionally 

substituted aryl and. optionally substituted heteroaryl, and wherein one or two of D, E, and T are 

absent. 

Tables 1-4 compare the antiviral activities of different NS5A compounds. As demonstrated 

20 by these tables, several compounds that are generieally covered by W02010065681 (Presidio) 

W02010096777 (Presidio), W02010096462 (Enanla), US20100266543 (Enanta), W02010096462 
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(Enanta) and US20100266543 (Enanta) appear to have comparable or worse anti-HCV activities than 
the corresponding compounds described in the BMS applications W02010065681 (Presidio) 
W02010096777 (Presidio), W02010096462 (Enanta), US20I00266543 (Enanta), W02 010096462 
(Enanta) and US20100266543 (Enanta) also fail to identify any advantage of these compounds over 

5 those described in the BMS applications. 

^ // 'N 
— N ..-,k .N.. ,0. / 0 'I -r x 

7 n 0 (BMS-790052) employs a biphcnyl 
linker between the imidazole moieties. See W02008021927(BMS). The EC5o values of BMS-
790052 against different HCV genotypes were shown by Nettles et al., "BMS-790052 is a First-in-
class Potent Hepatitis C Virus (HCV) NS5A Inhibitor for Patients with Chronic HCV Infection: 

10 Results from a Proof-of-concept Study", 59th Annual Meeting of the American Association for the 
Study of Liver Diseases (Oct 31-Nov 1 2008, San Francisco, CA; 

www.natap.org/2008/AASLD/AASLD_06.hlm). Specifically, Nettles et ciL, observed that the EC5o 
values of BMS-790052 against HCV genotypes la lb, 3a, 4a and 5a were 0.05, 0.009, 0.127, 0.012, 
and 0.033 nM, respectively. See also Gao el al., NATURE 465:96-100 (2010). The compounds in 

15 Table 1 use different linkers between the imidazole moieties. Table 1 depicts the EC50 values of these 
compounds when tested using respective replicon assays in the presence of 5% (v/v) fetal bovine 
serum (FBS). As compared to BMS-790052, the replacement of the biphenyl linker with other linkers 
can significantly reduce the compounds' activities against various HCV genotypes. 

20 Table 1. BiDhenyl linker versus other linkers 

ECso (nM) 
la lb 2a 2b 3a 4a 5a 6a 

N — 

V~\ ) 
Q /J >J 

1,1 ,M„ ..O, K r- ° X 1 
(BMS-790052) 

see Nettles el al., supra 

N 1 

\ T N i 
—N A .N. > 

)=0 < >" N 

/°"\ / A 0 
0.12 0.03 16 0.09 1.5 0.03 0.05 0.5 

Jr° ,a 
r{ 'r MJ ' 
(isomer 1, in which the eyclohexanyl 

moiety has a different cis/trans 
configuration than isomer 2) 

0.71 0.06 9.0 0.4 2.3 0.04 0.08 0.5 

5 

http://www.natap.org/2008/AASLD/AASLD_06.hlm


WO 2012/051361 PCT/US2011/056045 

(isomer 2, in which the cyclohexany] 
moiety has a different cis/trans 
configuration than isomer 1) 

Table 2 compares compounds containing unsubstitutcd benzimidazole to those containing 
halo-substituted benzimidazole. Anti-viral activities were assessed using wild-type replicons (e.g., lb 
WT or la WT) as well as replicons containing specific NS5A mutations (e.g., lb L28T, lb Y93H, la 

5 L31V, la Y93C, la M28V, or la Q30E) in the absence of FBS. As compared to the rcfcrence 
compound, which contains mmibstituted benzimidazole, compounds containing substituted 
benzimidazole generally exhibited comparable or worse activities against many of these HCV viruses. 

Table 2. Unsubstituted. benzimidazole versus halo-substituted benzimidazole 

EC5(, (nM) 
lb 

WT 
lb 

L28T 
lb 

Y93H 
la 

WT 
la 

L31V 
la 

Y93C 
la 

M28V 
la 

Q30E 

0.01 2,7 0.9 0,09 36 40 1,0 40 

(reference compound) 

f \.>'V V' j 

y \ 0.003 1.8 0.5 0,14 109 26 2,4 1.19 

;• "V"x ; 
, '"Y ;r .• ~ '< •' \ 
.0 6-

0.004 4.3 2.4 0.26 5.5 34 1,8 59 

v j 
- ,, 

Vo 

0.005 >10 5.7 0.28 33 103 11.6 306 
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"F F ; 

\ -A / 
.W-'O ^ \ 

0.007 >i0 3.6 0.1 80 141 5.8 52 
N r 

.0 

The present invention surprisingly discovered that compounds with halo-substituted 

r /.• \\ /•"' 
W" s .... /-

o';:\. 
M 

a-.... .o °-
benzimidazole (e.g., ) can have better activity against certain 

HCV variants containing NS5A mutations (e.g., la L31V). Similar testing also showed that 

w" -N 

H N \ : I....-"' M"-
N" ' i -i ?4" — U" 

"N 

?•; ... " i,i H 

c \ h \ 
/ and '' , as compared to the 

reference compound in Table 2, exhibited significantly improved activity against the HCV la variant 

containing the NS5A mutation M28T. These improvements have not been described or suggested, in 

any of the above-mentioned BMS, Presidio or Enanta applications. Accordingly, the present 

invention features methods of using the compounds containing halo-substituted benzimidazole (e.g., 

r\ \>V N"""' 

F 

KV. / 

'"'N 
o- • 

4 N 
^ >° o,> V-o 

•O c.v °.. 
or " ) to treat HCV 

variants (e.g., 1 a M28T or 1 a L31V). These methods comprise administering an effective amount of 

such a compound to a patient infected with such a HCV variant (e.g., la M28T or laL31V). 

It was also found that when the phenyl linker between the benzimidazole moieties was 
H 
N. 

replaced with a pyrrolidinyl link (e.g., ^? ), the process chemistry to introduce halo 

substitutions to the benzimidazole moieties became extremely difficult. The above-mentioned BMS, 

Presidio and Enanta applications do not provide any enable disclosure that would, allow halo 
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substitutions on the benzimidazole moieties in a compound in which the phenyl linker is replaced with 
H 

Scheme XXIV and various Example of the present application (e.g., Examples 2.16, 

3.35-3.41, 3.46-3.53, 4.26-4.31, 4.37-4.40, 4.42-4.46, and 4.51-4.57) provide an enabling disclosure 

that allows such substitutions in compounds with substituted pyrrolidiny] linkers. 

Table 3 compares compounds with different linkers between the benzimidazole moieties. 

Anti-viral activities were determined using la and lb replicon assays, "HP" refers to human plasma. 

The compound containing the pyrrolidinyl linker showed significantly worse anti-HCV activities than 

US20100068176 (BMS), the pyridinyl linker ( ^—'/ ) or like 6-membered aromatic linkers are 

10 expected to provide similar or comparable anti-HCV activities. 

Table 3. Non-aromatic heterocyclic linker versus aromatic heterocyclic linker 

EC5o (nM, in the 
presence of 5% FBS) 

ECS0 (nM, in the 
presence of 5% FBS and 

40% HP) 
la lb la lb 

.->"N N-\ y--H N 
O -V o 

—\ o 0 > >250 >250 2500 -800!) >4500 

;L- Kl" 'N-': 

"'N o ^ 

b 

<0.32 <0.32 <3.2 <3.2 

i x—<;• 11 : *".• V0.... 
~ H N''" o 

M. . '•"••C 
O'-.v' T-H 

b • 

6.8 2.9 83 190 

- i >-

1.7 1.7 <3.2 6 

.,xx>y 
82 73 166 548 
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Table 4 further shows that when the phenyl linker is replaced with a pyrrolidinyl linker, the 

compound's activity against HCV can be significantly reduced. The compound in Table 4 contains a 

pyrrolidinyl linker and has EC5o values of over 200 nM. In comparison, BMS-790052, which 

contains a biphenyl linker, has EC5o values of no more than 0.2 nM. see Nettles el al., supra. 

5 Therefore, Tables 3 and 4 clearly demonstrate that the use of an unsubstituted pyrrolidinyl linker in a 

dimeric or dimer-like NS5A inhibitor can lead to poor anti-HCV activities. 
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Table 4. Non-aromatic heterocyclic linker versus aromatic heterocyclic linker 

EC5O (nM, in the 
presence of 5% FBS) 

ECSo (nM, in the 
presence of 5% FBS and 

40% HP) 
la lb la lb 

s N ^ O 

6-. 

290 320 1200 2400 

( \ // ^ 1 

r T * 
i 0 ° 

> 1000 10 > 10000 60 

It was unexpectedly discovered that when the nitrogen atom in the pyrrolidinyl linker is 

substituted with carbocyclc or heterocycle, the anti-vira] activities of the compound can be drastically 

5 improved. Table 5 shows the anti-HCV activities of compounds in which the pyrrolidinyl linker is 

substituted with substituted carbocycle or heterocycle. 

T able 5. Substituted pyrrolidinyl linker 

EC50 
(nM, in 

the 
presence 
of 40% 

HP) 

EC50 (nM, in the absence 
of HP) 

la lb 2a 2b 3a 4a 

1""% O 
I. ^%-MH 

•'-W H 1 : 

x >=Q OH , o.i 0.3 0.2 
< 

0.05 
< 

0.05 
< 

0.05 
'' fiH HN s-
CM Vo 

b 6 

(Example 109 of U.S. Patent Application Publication 
No. 2010/0317568) 
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I 
V HN—I NH o M a< 

(Example 163 of U.S. Patent Application Publication 
No. 2010/0317568) 

0.1 0,3 
< 

0.05 
< 

0.05 
< 

0.05 
< 

0.05 

ifi 

/Vy< vvy<x^ CV°^ 
\ / N \ / N \ j 
—N ^ ' N—' 

HN~>° K NH 

Mo y~ ~ \ 0M 
(Example 236 of U.S. Patent Application Publication 

No. 2010/0317568) 

0.3 0.8 

O 
T r888^—NH 

Cr < 
/ NH HN X °=< H /° °x 

(Example 245 of U.S. Patent Application Publication 
No. 2010/0317568) 

0.2 0.4 
< 

0.05 0.05 
< 

0.05 
< 

0.05 

cvWyCo-o 
N H ^ ' H N—1 

HNA° 0=CNH 
Mo y \ M 
(Example 251 of U.S. Patent Application Publication 

No. 2010/0317568) 

0.1 0.2 
< 

0.05 
< 

0.05 
< 

0.05 
< 

0.05 
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o 
~N" 

\ p\-—m 

O^v^'" o 
—N x ' N ' 

*1 < 
' NH HN x 

0=/ ') if) 

/ 0\ 
(Example 256 of U.S. Patent Application Publication 

No. 2010/0317568) 

0.2 0.2 
< 

0.05 
< 

0,05 
< 

0.05 0.05 

0 
HN—ft 1 ll)—"NH o-<3^ya> o 

—N *—i N.— 

°i_< 
NH HN X 

o=^ y=o 
J" \ 

(Example 257 of U.S. Patent Application Publication 
No. 2010/0317568) 

0.6 0.3 0.5 
< 

0,05 
< 

0.05 0.05 

O 
Xy-

HN~~X\\ I —NH o N * ' N—' yt° °i < 
/ NH HN \ °i. f 

(Example 258 of U.S. Patent Application Publication 
No. 2010/0317568) 

0.4 0.5 0.07 0.05 
< 

0.05 0,05 
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0 

™>° 
^ ̂  < 

(Example 271 of U.S. Patent Application Publication 
No. 2010/0317568) 

0.1 0.2 
< 

0,05 0.05 
< 

0.05 
< 

0.05 

fl ' 

yc °1 < 
/ NH HK N 

o>^0 /° \ 
(Example 302 of U.S. Patent Application Publication 

No. 2010/0317568) 

0.1 0.1 
< 

0.05 
< 

0.05 
< 

0.05 
< 

0,05 

*5;-!x 
:j v: 

r"1' '"v-*-""-:., ""'I' I w w — * 
^ r\ „ V"'\ o 

/ 1 0* ^ 

(Example 3.20 described below) 

0.5 0.6 
< 

0.05 
< 

0.05 
< 

0.05 
< 

0.05 

/ \ 
i > \ 

H;u' • H 

Y" 

O 

. H'"u 

0.1 0.2 
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(Example 4.3 described below) 

*Y'* 

:-r"" 
A. 

--N'" •- 'V; 
\ 1 / •' \ 1 ' s-'_" 

'W_(' •> ,/ 

' M \: 

;v.~/ \ o. 

(Example 4.25 described below) 

1.5 1.5 0.5 0.5 0.5 0.2 

x y 
ij J 

N-—,•/' ]| f'"" >—-N 
V' S ,Ji 4>>—S 

[••; ' \ / "" fvi' 
N ' ' -

/ \ 
;a*ii > ( 

N N \ 
N o' o"v . 

(Example 5.1 described below) 

0.1 0.2 
< 

0.05 
< 

0,05 
< 

0,05 
< 

0.05 

(Example 37 of U.S. Patent Application Publication 
No. 2010/0317568) 

0.2 0.1 
< 

0.05 
< 

0,05 
< 

0,05 
< 

0.05 
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/ 
O Q 

V-o o 
° lias not been shown It is noted that the anti-HCV activity of 

o»<-NH 

o 
HN 

to be better than that of 7 Q . 

Table 5 also demonstrates that additional halo substitution^) on the carbocycle/heterocycle 

substituents on the pyrrolidinyl linker can significantly improve the compounds' anti-HCV activities 

(e.g., compare Example 4.25 to Example 3.20 or Example 5.1). 

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

salts thereof, 

X is Cj-Ciocarbocycle or 3- to 12-membered heterocycle, and is optionally substituted with 

one or more RA or RF; 

L5 and L2 are each independently selected from bond; or Ci-Cgalkylene, C2-C6alkenylene or 

Cz-Cealkynylene, each of which is independently optionally substituted at each 

occurrence with one or more Ru 

L3 is bond or -Ls-K-Ls'-, wherein K is selected from bond, -0- -S-, -N(RB)-, -C(O)-, -

S(0)2- -S(O)-, -OS(O)-, -0S(0)2-, -S(0)20- -S(0)0-, -C(0)0~, -OC(O)- -

0C(0)0-, -C(0)N(RBK -N(RB)C(OK -N(RR)C(0)0-, -0C(0)N(RBK -N(RB)S(0)-, 

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

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

A and B are each independently Cs-C^carbocycle or 3- to 12-membered heterocycle, and are 

each independently optionally substituted with one or more RA; 

D is CrCi2carbocycle or 3- to 12-membered heterocycle, and is optionally substituted with 

one or more RA; or D is CrC^carbocycle or 3- to 12-membered heterocycle which is 

substituted with J and optionally substituted with one or more RA, where J is C?-

D 

Y—A—L-i—X—L2—B—Z 

wherein: 

15 
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Cucarbocycle or 3- to 12-membered heterocycle and is optionally substituted with one or 

more RA, or J is —SF5; or D is hydrogen or R.A; 

Y is selected from -T'-C(R1R2)N(R5)-T-RD! --T -LK-T-RDI or -

LK-E; 

5 R] 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 12-membered heterocycle which 

is optionally substituted with one or more RA; 

R3, R4, Re, 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 12-

10 membered carbocycle or heterocycle which is optionally substituted with one or more RA; 

Z is selected from -T'-C(RgR9)N(R,2)-T-RD, -T,-C(RioRn)C(R1;,R14)-T-RD, -LK-T-RD; or 
—Lie—E; 

Rs and R9 are cach independ.ently Rc, and R12 is Rn; or RH is Rc, and R9 and Ri2, taken 

together with the atoms to which they are attached, form a 3- to 12-membered heterocycle 

15 which is optionally substituted with one or more RA; 

Rio, Rn, R13, and Rw are each independently R<:; or R10 and R13 are each independently Rc, 

and Rji and R54, taken together with the atoms to which they are attached, form a 3- to 

12-membered carbocycle or hetcrocycle which is optionally substituted with one or more 

RA; 

20 T and T' are each independently selected at each occurrence from bond, -Ls- -Ls-M-Ls'-

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

occurrence from bond, 0 -, -S-, -N(RB)-, -C(O)-, -S(0)r~, ~~S(0)-, -OS(O)-, -

0S(0)2-, -S(0)20- -S(0)0-, -C(0)0, -OC(O)-, -0C(0)0-, -C(0)N(RR>-, -

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

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

N(RB)S02N(RB'H -N(RB)S(0)N(RB'K CrC12carbocycle or 3- to 12-membered 

heterocycle, and wherein said CrC]2carbocycle and 3- to 12-membered heterocycle are 

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

LK is independently selected at each occurrence from bond, -LS-N(RB)C(O)~Ls'- or -Ls-

30 C(0)N(RB)-Ls'-; or Ci-Cealkylene, C^-C^alkenylene or Cs-Qjalkynylene, each of which 

is independently optionally substituted at each occuiTence with one or more RL; or C3-

Ci2carbocycle or 3- to 12-membered heterocycle, each of which is independently 

optionally substituted at each occurrence with one or more RA; 

E is independently selected at each occuiTence from C3-C]2carbocycle or 3- to 12-membered 

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

more RA; 

16 



RD is each independently selected at each occuiTence from hydrogen or RA; 
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phosphono, thioxo, cyano, 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, can optionally form carbocycle or heterocycle; 

RB and Rp/ are each independently selected at each occurrence from hydrogen; or Ci-C^alkyl, 

C2-C6alkenyl or CyCgalkynyl, each of which is independently optionally substituted, at 

each occurrence with one or more substituents selected from halogen, hydroxy, mercapto, 

amino, carboxy, mtro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano or 3- to 6-

membered carbocycle or heterocycle; or 3- to 6-membered carbocycle or heterocycle; 

wherein each 3- to 6-membered carbocycle or heterocycle in RB or RB' 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-C6alkyl, C2-C6alkenyl, C2-C6a]kynyl, Ci-C'6ha]oalkyl, G-r 

Cehaloalkeny ! or Ci-Cghaloallcynyl; 

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

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

C6alkyl, Cj-Cealkenyl 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 or 3- to 6-membered carbocycle or heterocycle; or 3- to 6-membered carbocycle or 

heterocycle; wherein each 3- to 6-membercd carbocycle or heterocycle in Rc 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,-Chalky!, Ci-Gjalkenyl, C2-C6alkynyl, Q-

Ceihaloalkyl, Cs-Cghaloalkenyl or Cj-Cghaloalkynyl; 

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

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

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

N(RS)S(0)N(RS,RS")J -0S(0)-RS, -0S(0)r-Rs, -S(0)20Rs, -S(OPRs, -0C(0)0Rs, -

N(RS)C(0)0RS'! -0C(0)N(RSRS'), -N(Rs)S(0)-Rs', -S(0)N(RSRS'), -P(0)(ORS)2, or -

C(0)N(Rs)C(0)-Rs'; or CrCf,alkyl, C^-Cealkeiiyl or C^-C&alkynyl, each of which is 

independently optionally substituted at each occuiTence with one or more substituents 

selected from halogen, hydroxy, mercapto, ammo, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl or cyano; or Cs-Cgcarbocycle or 3- to 6-membered 

heterocycle, each of which is independently optionally substituted at each occuiTence 



with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, 
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Cs-Cealkynyl, CpCghaloalkyl, Ci-Cghaloalkenyl, Ci-Cghaloalkynyl, C(0)0Rs, or ~ 

N(RsRs'); 

RF is independently selected at each occuiTence from Cj-Cioalkyl, CVQoalkenyl or C2-

Cioalkynyl, each of which contains 0, 1, 2, 3, 4 or 5 heteroatoms selected from O, S or N 

and is independently optionally substituted with one or more RL; or -(RX-RY)Q-(R-X-RY')> 

wherein Q is 0, 1, 2, 3 or 4, and each Rx is independently O, S or N(R}>), wherein each RY 

is independently Ci-Cealkylene, C2-C6alkenylene or C2-Cr,alkynylene each of which is 

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

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

or cyano, and wherein each RY' is independently Ci-C6alkyl, Cn-C^alkenyl or C2-

G,alkynyl each of which is independently optionally substituted with one or more 

substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl or cyano; 

Ri. is independently selected at each occurrence from halogen, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano, -0-Rs, -S-Rs, -C(0)Rs, -0C(0)Rs, -C(0)0Rs, -N(R,sRs'), -

S(0)Rs, -S02RS, -C(0)N(RSRS') or -N(Rs)C(0)Rs'; 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, CpQalkyl, 

Cj-Cealkenyl, Cj-Cgalkynyl, Ci-Cghaloalkyl, C2-C6haloalkenyl or CrC^haloalkynyl; 

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

any atoms between the atoms to which they are attached, can optionally fonn carbocycle 

or heterocycle; 

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

Cealkylene, C2-C6alkenylene or C^-Cealkynylene, each of which is independently 

optionally substituted at each occuiTence with one or more RL; and 

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

Cgalkyl, C2-C6alkenyl or C2-C6alkynyl, each of which is independently optionally 

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

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

cyano, -0-CrC6alkyl, -O-C ] -C6alky lene-O-C 1 -Cgalky L or 3- to 6-membered 

carbocyclc or heterocycle; or 3- to 6-membered carbocycle or heterocycle; wherein each 

3- to 6-membered carbocycle or heterocycle in Rs, Rs' or Rs' is independently optionally 

substituted at each occurrencc with one or more substituents selected from halogen, 
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hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, 
r< r oivvi n r r. r.oiUm»i n. n. <M- r\._ 
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Cfihaloalkynyl. 

A and B preferably are independently selected from C5-C6carbocycle (e.g., phenyl), 5- to 6-

membered heterocycle (e.g., pyridinyl or tliiazolyl), or 8- to 12-membered bicycles such as 

\N2 
.w, 

w. 

i_/Zl""T^ 1"W2 *\X. w, 

,w4 

wK or , where Z\ is 

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

occuiTence 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 arc each independently 

optionally substituted with one or more RA. 

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

.w, 
'\v, UJ4 K 

Z3 YJn 

Wd 
Wfi 

or ZA W6 , and. is optionally substituted, with one or more RA; B is 

w, 

selected from Cs-Qcarbocycle, 5- to 6-membered heterocycle, w-, or 
/W4. 

w5 ^ 

wR , and is optionally substituted with one or more RA; where Zi, Z2, Z3, Z4, W'i, W2, 

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

H ), and is optionally substituted with one or more RA. Highly 
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preferably, both A and B are phenyl (e.g., both A and B are 

IN \ 

i-J \ 
and B is 

'). Also hiszhiy preferably. A 

X N 

; or A is and B is ; or A is 

is ' and B is 

substituted with one or more RA. 

Also preferably, A is N N , and A and B are substituted 

with one or more halogen, such as F or CI. It was surprisingly discovered that when A and/or B were 

K 
,.'r~ 

/ 
halo-substituted benzimidazole (e.g., A is """ '' and. B is 

compounds of Fonnula I (as well as compounds of Formula 1A, h, Ic, ID, 1-E, IF or IG described below, 

10 and compounds of each embodiment described thereunder) unexpectedly showed significantly 

improved pharmacokinetic properties, as compared to compounds with unsubstituted benzimidazole. 

The improvements in pharmacokinetics can be observed, for instance, as a greater total plasma level 

exposure, measured, as the area under the curve (AUC) over a 24 hour period following oral dosing in 

mouse (for examples see infra). It was also surprisingly discovered that these compounds with halo-

15 substituted benzimidazole unexpectedly displayed improved inhibitory activity against certain HCV 

genotype la variants (e.g., variants containing NS5A mutations L31M, Y93H, or Y93N). 

Accordingly, the present invention contemplates methods of using such compounds to treat HCV 

genotype la variant infection (e.g., L31M, Y93H, or Y93N la variant infection). These methods 

comprise administering such a compound to a patient having HCV genotype la variant (e.g., L31M, 

20 Y93H, or Y93N la variant). The present invention also contemplates the use of such compounds for 

the manufacture of a medicament for the treatment of genotype la variant infection (e.g., L31M, 

Y93H, or Y93N la variant infection). 

D preferably is selected from Q-Cecarbocycle, 5- to 6-membered heterocycle, or 6- to 12-

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

25 selected from Q-Chalky 1, Ci-Cealkenyl or Ca-Cgalkynyi, and is optionally substituted with one or 

more substituents selected from RL. More preferably, D is C5-C6carbocyclc (e.g., phenyl), 5- to 6-

membered heterocycle (e.g., pyridinyl, pyrimidinyl, thiazolyl), or 6- to 12-membered bicycles (e.g., 

indanyl, 4,5,6,7-tetrahydrobenzo[d]thiazolyl, bcnzo[d]thiazolyi, indazolyl, benzo[d][l,3]dioxol-5-yl), 

20 
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and is substituted with one or more R_M, where RM is halogen, nitro, oxo, phosphonoxy, phosphono, 

±L±W) \JX i pi ViVlUUJJ, in |/AiCxi 

RA. More preferably, D is phenyl, and is substituted with one or more RM, wherein RM is as defined 
RM RS 

RM. 1 ,/^N 

R|vj 

above. Highly preferably, D is or ; wherein RM is as defined above, and each 

RN is independently selected from RD and preferably is hydrogen. One or more RN can also preferably 

be halo such as F. 

D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted with one or 

more RA. More preferably D is pyridinyl, pyrimidinyl, or thiazolyl, and is substituted with one or 

RM 
RN RM 

RN- ^ -D D - ^ N 

more RM. Highly preferably, D is ^ ^ , or ^ , wherein RM 

10 is as defined above, and each RN is independently selected from Rr) and preferably is hydrogen. One 

or more R^ can also preferably be halo such as F. D is also preferably mdanyl, 4,5,6,7-

tetrahydrobenzo[d]thiazolyl, benzo[d]thiazolyl, or indazolyl, and is optionally substituted with one or 

more RA. More preferably D is mdanyl, 4,5,6,7-letrahydrobenzo[d]thiazolyl, benzo[d]thiazolyl, 

indazolyl, or benzo[d][l,3]dioxol-5-yl, and is substituted with one or more RM. Highly preferably, D 

15 is •"/w , , •/wu , , •~w , or , and is optionally substituted with 

one or more RM. 

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

phosphono, thioxo, cyano; or Ci-Cealkyi, C2-C6alkenyl or C2-Cfia]kynyl, each of which is 

independently optionally substituted at each occuiTence with one or more substituents selected from 

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

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

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

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

Cgalkyl, Cj-Qalkenyl, CrQalkynyl, Ci-Cghaloalkyl, C2-Cehaloalkenyl or Cj-Qhaloalkynyl. More 

25 preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or CpQalkyl, Cj^alkenyl or C2-

Cgalkynyl, each of which is independently optionally substituted at each occurrence with one or more 
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substituents selected from halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, RM is 
-o 1 Vx r1 io Anf i AnolU' onKf+ih tTftili m- mAra ouKofifiiOMl-c &v*rr*« 1"> «> 1 r\ 
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hydroxy, mercapto, amino or carboxy. 

Also preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

5 phosphono, thioxo, or cyano; or RM is -LS-RE> wherein Ls is a bond or Ci-Cfialkylene, and RE is -

N(RSRS'), -O-RS, -C(0)RS, -C(0)0RS, -C(0)N(RSRS'), -N(RS)C(0)RS', -N(RS)C(0)0RS', -

N(RS)S02R,S', -S02RS, -SRS, or -P(0)(0Rs)2, wherein Rs and Rs' can be, for example, each 

independently selected at each occurrence from (1) hydrogen or (2) Q-Cealkyl optionally substituted 

at each occurrence with one or more halogen, hydroxy, -O-Ci-Qalkyl or 3- to 6-membercd 

10 heterocycle; or RM is C;-Chalky 1, C2-C<$a]kenyl or Ci-Cealkynyl, each of which is independently 

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

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

RM is CrCgcarbocycle 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, 

15 mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cr,a!kyl, 

C2-C6alkenyl, Co-Cealkynyl, CrQJi.aloalkyl, Cj-Cghaloalkenyl, Co-Cehaloalkynyl, -C(0)0Rs, or -

N(RsRs'). More preferably, RM is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto, 

amino, carboxy, or Ci-Cr^alkyl (e.g., methyl, isopropyl, tert-butyl), C2-C<5alkenyl or C2-C6alkynyl, cach 

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

20 selected from halogen, hydroxy, mercapto, amino, cyano, or carboxy. For example RM is CF3, -

C(CF3)2-OH, -C(CH3)2-CN, -C(CH3)2-CH2OH, or -C(CH3)2-CH2NH2. Also preferably RM is -Lg-

RE where Ls is a bond and RE is ~-N(RsRs>), -O-Rs, -N(Rs)C(0)0Rs', -~N(RS)S02RS\ --S02Rs, or -

SRs. For example where Ls is a bond, RE is -N(Ci-C<5alkyl)2 (e.g., -NMe2); -N^i-Qalkylene-O-C;-

C6alkyl)2 (e.g. -N(CH2CH2OMe)2); -N^rCealkylXCrQalkyleiie-^) -CrC6alky!) (e.g. -

25 N(CH3XCH2CH2OMe));—O-Ci-Cealkyl (e.g., -O-Me, -O-Et, -O-isopropyl, -O-tert-bulyl, -O-iv 

hexyl); -0-Ci~C6haloalkyl (e.g., - OCF3, -OCH2CF3); -O-Ci-Cgalkylene-piperidine (e.g., -O-

CH2CH2-1 -piperidyl); -N(CrC6alkyl)C(0)0CrC6alkyl (e.g., -N(CH3XXO)0-€H2CH(CH3)2), -

N(Ci-Chalky 1)S02Cj-Cealky 1 (e.g., -N(CH3)S02CH3); -S02CrC6alkyl (e.g., -~S02Me); -SC)2Cr 

Cchaloalkyl (e.g., -S02CF3); or -S-Ci-Cehaloalky] (e.g., SCF3). Also preferably RM is -LS-RE where 

30 Ls is Ci-C6alkylene (e.g., ~CH2~, -C(CH3)2- -C(CH3)2-CH2-) and RE is -0-Rs, -C(0)0Rs, -

N(Rs)C(0)0Rs% or -P(0)(0Rs)2. For example RM is -CrC6alkylene-0-Rs (e.g., -C(CH3)2-CH2-

OMe); -CrC6alkylene-C(0)0Rs (e.g., -C(CH3)2-C(0)0Me); -CrC6alkylene-N(Rs)C(0)0Rs' (e.g., 

-C(CH3)2-CH2-NHC(0)0CH3); or -CrC6all<ylene-P(0)(0Rs)2 (e.g., -CH2-P(0)(0Et)2). Also more 

preferably RM is C3-C6carbocycle or 3- to 6-membered heterocycle, each of which is independently 

35 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 
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Cgalkyl, Cj-Cealkenyl, Cz-C^alkynyl, CrQhaloalkyl, Ci-Cchaloalkenyl, Ci-Cfjialoallcynyl, -
C(0)0Ry, or N(R$R$'). For example RM is cycloalkyi (e.g., cyciopropyl, 2,2-dichloro-l-
methylcycloprop-l-yl, eyclohexyl), phenyl, heterocyclyl (e.g., morpholin-4-yl, 1,1-
dioxidothiomorpholin-4-yl, 4-methylpiperazin-l-yl, 4-methoxycarbonylpiperazin-l-yl, pyrrolidin-1-

5 yl, piperidin-l-yl, 4-methylpiperidin-l-yl, 3,5-dimethylpiperidin-l-yl, 4,4-difluoropiperidin-l-yl, 
tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-yl). Highly preferably, RM 

is CrCr-,alkyl which is optionally substituted with one or more substituents selected from halogen, 
hydroxy, mercapto, amino or carboxy (e.g., tert-butyl, CF;;), 

More preferably, D is Cs-Cficarbocycle, 5- to 6-membered heterocycle or 6- to 12-membered 
10 bicycle and is substituted with J and optionally substituted with one or more RA, wherein J is Cr 

Cecarbocycle, 3- to 6-membered heterocycle or 6- to 12-membered bicycle and is optionally 
substituted with one or more RA- Preferably, J is substituted with a CrQcarbocycle or 3- to 6-
membered heterocycle, wherein said CrCccarbocycle or 3- to 6-membered heterocycle is 
independently optionally substituted with one or more substituents selected from halogen, hydroxy, 

15 mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-CgalkyL 
Cj-Csalkenyl, C2-C6alkynyl, Ci-Cghaloalkyl, Cs-Cehaloalkenyl, Cj-C/haloalkynyl, C(0)0Rs or -
N(RsRs'), and J can also be optionally substituted with one or more RA. Also preferably, D is C5-
C6carbocycle or 5- to 6-membered heterocycle and is substituted with J and optionally substituted 
with one or more RA, and J is Cj-Qcarbocycle or 3- to 6-membered. heterocycle and is optionally 

20 substituted with one or more RA, and preferably, J is at least substituted with a C5-C6carbocycle or 3-
to 6-membered heterocycle which is independently optionally substituted with one or more 
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl, cyano, Ci-Cgalkyl, Q-Cf.alkenyl. C2-C6alkynyl, Cj-Cehaloalkyl, C2-
C6haloalkenyl, C2-C<5haloalkyiiyl, C(0)0Rs or -N(RSRS')- Also preferably, D is C5-C6carbocycle or 

25 5- to 6-membered heterocycle and is substituted with J and optionally substituted with one or more 
RA, and J is 6- to 12-membered bicycle (e.g., a 7- to 12-membered fused, bridged or spiro bicycle 
comprising a nitrogen ring atom through which J is covalently attached to D) and is optionally 
substituted with one or more RA- More preferably, D is phenyl and is substituted with J and 
optionally substituted with one or more RA, and J is CrQcarbocycle, 3- to 6-membered heterocycle 

30 or 6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably J is at 
least substituted with a Cs-Qcarbocycle or 3- to 6-membercd heterocycle which is independently 
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto, 
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Q-Qalkyl, C2-
C6alkenyl, C2-C6alkynyl, C;-C6haloalkyl, C2-C6haloalkenyl, C2-Cchaloalkynyl, C(0)0Rs or -
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N(RsRs'). Highly preferably, D is , wherein each RN is independently selected from 

RD and preferably is hydrogen or halogen, and J is Cj-Cecarbocycle, 3- to 6-membered heterocycle or 

6- to ] 2-membered bicycle and. is optionally substituted with one or more RA, and preferably J is at 

least substituted with a Cj-Cgcarbocycle or 3- to 6-membered heterocycle which is independently 

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

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

Qalkenyl, Cn-C^alkynyl, Ci-CehaloalkyI, &-Q;haloalkenyI, Cj-Cehaloalkynyl, C(0)0Rs or -

and preferably is hydrogen or halogen, and J is CrG,carbocycle or 3- to 6-membered heterocycle and 

10 is substituted with a CrCgcarbocycle or 3- to 6-membered heterocycle which is independently 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-C^alky!, Co-

C6ai"kenyl, C2-Cfialkyny1, C)-C6haIoalkyl, C2-C6haloalkeny.l, Cv-Cghaloalkynyl, C(0)0Rs or -

N(RsRs'), and J can also be optionally substituted with one or more RA. Also preferably, D is , 

15 and J is Q-Cficarbocycle or 3- to 6-membcred heterocycle and is optionally substituted with one or 

more RA, and preferably J is at least substituted with a Cs-Cecarbocycle or 3- to 6-membered 

heterocycle which is independently optionally substituted with one or more substituents selected from 

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

cyano, Q-Qalkyl, C2-C6alkenyl, C2-C6al.kynyl, Ct-Cghaloalkyl, Ca-Cghaloalkenyl, C2-C<5haloalkynyl, 

20 C(G)ORs or -N(RsRs")-

It was surprisingly discovered that when D contains a halo-substituted carbocycle or 

heterocycle (e.g., a halo-substituted 5-6 membered carbocycle or heterocycle directly linked to X), the 

compound of Formula I (as well as compounds of Formula 1A, IB, lr, ID, IE, IF or ic described below, 

and compounds of each embodiment described thereunder) can exhibit significantly improved 

25 inhibitory activity against HCV genotypes 2a, 2b, 3a or 4a and/or improved pharmacokinetic 

properties. Therefore, the present invention contemplates methods of using such compounds to treat 

HCV genotype 2a, 2b, 3a or 4a infection. These methods comprise administering such a compound to 

N(RsRs'). Also preferably, D is , wherein each RN is independently selected from RD 

24 



WO 2012/051361 PCT/US2011/056045 

a patient having HCV genotype 2a, 2b, 3a or 4a. The present invention also contemplates the use of 

such compounds for the manufacture of a medicament for the treatment of HCV genotypes 2a, 2b, 

j RN RN" T 'RN 
or 4a. Suitable D for this purpose can be, for instance, or as 

described above, wherein at least one RN is halo such as fluorine. Specific examples of suitable D 

RN Y RN RN 
include, but are not limited to, 

RM I 

and , wherein RN, RM and J are as described above. 

X preferably is Cs-Cecarbocycle, 5- to 6-membered heterocycle, or 6- to 12-membered 

bicycles, and is optionally substituted with one or more RA or RF. X can also be Cf-Cfxarbocycle or 

5- to 6-membered heterocycle which is optionally substituted with one or more RA or RF, wherein two 

adjacent RA on X, taken together with the ring atoms to which they are attached, optionally form a 5-

to 6-membered carbocycle or heterocycle. Also preferably, X is X4 , wherein X5 is 

C(H) or preferably N and is directly appended to -L3-D; X4 is C2-C4alkylene, C2-C4alkenylene or C2-

C4alkynylene, each of which optionally contains one or two heteroatoms selected from O, S or N; and 

X is optionally substituted with one or more RA or RF, and two adjacent RA on X, taken together with 

the ring atoms to which they are attached, can optionally form a 5- to 6-membered carbocycle or 

heterocycle. In addition, X can be , wherein Xq is C and is 

directly linked to -L^-D, X4 is C2-C4alkylene, C2-C4alkenylene or C2-C4alkynylene each of which 
25 



WO 2012/051361 

optionally contains one or two heteroatoms selected from O, S or N, and X is optionally substituted 

with one or more RA or Rp, and two adjacent RA on X, taken together with the ring atoms to winch 

they are attached, optionally form a 5- to 6-membered carbocycle or heterocycle. Moreover, X can be 

^ ^ wherein N is directly linked to L3-D, X4 is C2-C4alkylene, C2-C4alkenylene or C2-

C4alkynylene each of which optionally contains one or two heteroatoms selected from O, S or N, and 

X is optionally substituted with one or more RA or Rp, and two adjacent RA on X, taken together with 

the ring atoms to which they are attached, optionally form a 5- to 6-membered carbocycle or 

heterocycle. 

10 

For instance, X can be 

X3. 

X-,—X-] 

Xa 

x2=x2 

X3. 

X-f~X2 

x3. 

\\ // x2 x2 

I 
XV ffV W 

X1 X-i X-| X2 X2 X2 X2 X2 /-yr X-| X-] wherein X] is 

independently selected at each occuiTence from CH2, O, S or NH, X2 is independently selected at each 

occurrence from CH or N, X3 is N and is directly linked to -L3-D, and X3' is C and is directly linked 

to -L3-D; and X is optionally substituted with one or more RA or RF, and two adjacent RA on X, taken 

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

4 W i 
-X, 

X, 

15 carbocycle or heterocycle. For another example, X is 
AW 

,Xi 

Xf 
-X2 

JVW 

,x 
vAAA/^ 

MM MM MM 
x •2^ /X2 X •2-v., 

r 
.X, 

Y x. xf 
I II 

X,^xrX2 
Y 'Y\ ^ 

Xo 

4? 

'2^ /X1 
X2 

N^X3V\ M-i II •NA M^N 
X •2^. -X2 

x2 , xi , x2 or x2 , wherein Xj is independently selected at 

each occurrence from CH2, O, S or NH, X2 is independently selected at each occurrence from CH or 

N, X3 is N and is directly linked to -L3-D, and X3' is C and is directly linked to -L3-D; and wherein 

20 X is optionally substituted with one or more RA or Rp, and two adjacent RA on X, taken together with 

i 
My^X2 ^ 

x2 or *2 
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the ring atoms to which they are attached, optionally form a 5- to 6-membered carbocycle or 
"U At r/O p. 
ilV IV.i \J\sy wC. 

Highly preferably, X is , wherein X3 is C(H) 
or N and is directly linked, to -L?-D, X3' is C and is directly linked, to -L3-D, and wherein X is 
optionally substituted with one or more RA or R>, and two adjacent RA on X, taken together with the 
ring atoms to which they are attached, optionally form a 5- to 6-membered carbocycle or heterocycle. 
More preferably, X3 is N. 

Non-limiting examples of X include: 

^—NH N—NH 

*0* ^ ̂  
v\£»v 

N—/ 

\\ // 
N—N HN—NH 

o-
4 

y\ *rV 
S HN—NH HN —NH 

-O 
W; f^y 

^—NH —S 

\A^V* 

v\ w 
N—O 

I 

X 
N—S 

V\ h-\% 
-o —s 

rN 

""N 
\ 

HN 
«<tv> >ft-> ft 

N^s \_J 
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wherein " -> " indicates the covalcnt attachment to -L—D. Each X can be optionally substituted with 
one or more RA or Rp, and two adjacent RA on X, taken together with the ring atoms to which they are 
attached, optionally form a 5- to 6-membered carbocycle or heterocycle. 

Non-limiting examples of preferred X include the following pyrrolidine rings, each of which 
is optionally substituted with one or more RA or RF: 

As shown, the relative stereochemistry at the 2- and 5-positions of the above pyrrolidine ring may be 
either cis or trans. The stereochemistries of optional substituents RA at the 3- or 4-positions of the 
pyrrolidine may vary relative to any substituent at any other position on the pyrrolidine ring. 
Depending on the particular substituents attached to the pyrrolidine, the stereochemistry at any carbon 
may be either (R) or (S). 

Non-limiting examples of preferred X also include the following pyrrole, triazole or 
thiomorpholine rings, each of which is optionally substituted with one or more RA or RF: 
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, i . , I 
Br' 

$ 
'\ * 

Br' 

, i . , i . 
N-N 

Br 

•/ N A ,A u' S" S' J x 

As shown, the relative stereochemistry at the 3- and 5-positions of the thiomorpholine ring may be 

either cis or trans. Depending on the particular substituents attached to the thiomorpholine, the 

5 stereochemistry at any carbon may be either (R) or (S). 

Also preferably, X is wherein X; is N and is directly linked 

to -Lj-D, and X is optionally substituted with one or more RA or RF. Preferably, RF is Ci-Qoalkyl, 

C2-C;oalkenyl or C2-Cioalkynyl, each of which contains 0, 1, 2, 3, 4 or 5 heteroatoms selected from O, 

S or N and is independently optionally substituted with one or more substituents selected from 

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

cyano. Also preferably, Rp is C;-Cioalkyl, CVCioalkeny! or C2-Cioalkynyl, each of which contains 0, 

1, 2, 3, 4 or 5 O and is independently optionally substituted with one or more RL. Also preferably, RF 

is -(R.X-RY)Q-(RX-RY'X wherein Q is 0, 1, 2, 3 or 4; each Rx is independently O, S or N(Ro); each RY 

is independently Cj-Qalkylene, C2-C<5alkenylene or C2-C6alkynylenc each of which is independently 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; and each RY' is 

independently Ci-Cealkyl, C2-C6alkenyl or C2-QalkyTiyl each of which is independently optionally 

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

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano. Preferably, each Rx is O. More 

20 preferably, X is optionally substituted with one or more RA or RF, each RF is independently selected 

from Ci-Cjoalkyl, C2-C?oalkenyl or C2-Cioalkynyl, each of which contains 0, 1, 2 or 3 O and is 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano. Also 

preferably, X is optionally substituted with one or more RA or RF, each RF is independently selected 

25 from -(0-CrC6alkylene)Q-(0-CrC6alkyl), wherein Q preferably is 0, 1, 2 or 3. 

Li and L2 are preferably independently bond or Q-Cgalkylene, L3 is preferably selected from 

bond, Cj-Qalkylene or -C(O)-, and L5, L2, and L3 are each independently optionally substituted with 

one or more Rf_. More preferably, L-, L2 and L:i are each independently bond or CrQ,alkylene (e.g., -
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CH2- or -CH2CH2-), and arc cach independently optionally substituted with one or more RL. Highly 

preferably, Lj, L? and. L-3 are bond. 

Y is preferably selected from -~Lg~-C(R]R2)N(R5)-T-Rn> -Ls-C(R3R4)C(R6R7)-T-RD, -G-

C(RIR2)N(R5)-T-RDI -G-C(R3R4)C(R^R7)~T"-RD! -N(RB)C(0)C(RIR2)N(R5)-T-RDI 

N(RB)C(0)C(R3R4)C(R6R7)-T-RD, -C(0)N(RB)C(R1R2)NCR5>-T-RDJ -C(0)N(RB)C(R3R4)C(RfiR7h-

T-RD, -N(RB)C(0)-LS-E, or -C(0)N(RB)-Ls-E. G is C'5-Cficarbocycje or 5- to 6-membered 

i N K t , rl , ;N HN^N 

KJH \~~\K, 
heterocycle, such as v—N , N—' , ^ or ^ , and is optionally 

substituted with one or more RA (e.g., one or more chloro or bromo). E preferably is a 7- to 12-

J *y° 
membered bicycle (such as z2c-"u , wherein U is independently selected at each occuiTence from 

-(CH2)- or -(NH)-; V and Z2o are each independently selected from CrC4aIkylene, C2-C4alkenylenc or 

C2-C4alkynylene, in which at least one carbon atom can be independently optionally replaced, with O, 

S or N), and is independently optionally substituted with one or more RA. More preferably, R] is Rc, 

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

heterocycle or 6- to 12-membered bicycle (e.g., ^ 

,p-
i i Y ; or 

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

halo (e.g., tluoro), Ci-Cf.alkyl (e.g., methyl), or C2-C6alkenyl (e.g., allyl)); and R3 and. Rg are each 

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

to 6-membered carbocycle/heterocycle or 6- to 12-membered bicycle (e.g., or ) 

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., allyl)). 
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Y can also be selected from -M-C(RIR2)N(R5)-C(0)-LY'-M-RD, -M-C(R]R2)N(R5)-LY'-
S-I'_T) T /"VD T> YWD A r-tCW T ' TWf' D I rYP D \Wrt) \ T ' A/P D ?,/T ivi -±v|), "ivx .IVJJ, i-s v->\ ±v LY J-vj. iM), iVi • 

C(R3R4)C(R6R7)-C(0)-LY'-M'-RD, -M-C(R,R4)C(R6R7)-LV'-M'-RD, -LS^"C(R^R4)C(R6R7>-C(0)-

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

N(RE)C(0)-, M' preferably is bond, -C(0)N(RB)- -N(RB)CfO)-, -N(RB)C(0)0-! 

N(RB)C(0)N(RB')- -N(RB)S(0)- or -N(RB)S(0)2-, and LY' preferably is Ci-Cealkylene which is 

optionally substituted with one or more R|.. Ly', for example, is a Ci-Cgalkylene such as, but not 

j % ^ 

limited to, ^ , , or 1 ; and the optional R.L is a 

substituent such as, but not limited to phenyl, -SMe, or methoxy. Any stereochemistry at a carbon 

10 within the group LY" can be either (R) or (S). More preferably, R] is Rc, and. R2 and R5, taken 

together with the atoms to which they are attached, form a 5- to 6-membered heterocycle or 6- to 12-

-N-

membered bicycle (e.g., or ) which is optionally substituted with one or 

more RA (e.g., one or more hydroxy); 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-membered carbocycle/heterocycle 

15 or 6-to 12-membered bicycle (e.g., or ) which is optionally substituted with 

one or more RA. 

Also preferably, Y is selected from -N(RB)CCM:(R1R2)N(R5)-C(0)-LY'~N(RBX:(0)0-RDs -

N(RB)CO-C(RIR2)N(R5)-C(0)-LY,-N(RB)C(0)-RD, -N(RB)CO €i;RrR2)N(R5)<;(0)-L,Y-

N(RB)S(0)2~RD, -N(RB)C0"C(R1R2)N(R5)-C(0)-Ly,-N(RBRB')-RD, -N(RB)CO-C(R1R2)N(R5)-

20 C(0)-LY'-0-~RD! -N(RB)C0-C(RIR2)N(R5)-C(0)-LY-RD, -N (RB)CO-C(RI RJ)N (RS)-RD, -LS-

C(R1R2)N(R5)-C(0)-LY'-N(RB)C(0)0-RD, -Ls-C(RiR2)N(R5)~C(0HJy)-N(RB)C(0)-RD, -Ls-

C(R1R2)N(R5)-C(0)-LY^N(RB)S(0)2-RD, -LS-C(R1R2)N(R,)-C(0)-LY'-N(RBRB')-RD, -LS-

C(R1R2)N(R5>-C(0)-LyJ-0-RD, "-LS-C(RIR2)N(R5)-C(0)-LY'-RD, -LS-C(R1R2)N(R5)-RD, -

N(RB)C0-C(R3R,)C(R6R7)-C(0)-LY'-N(RB)C(0)0-RD, -'N(RB)C0-C(R3R4)C(R6R7)-C(0)-LY'-

25 N(RB)C(0)-RD, "-N(RB)C0-C(R3R4)C(R,R7)-€(0)-LY-N(RB)S(0)2-RD! -N(RB)CO-

C(RBR4)C(R6R7)-C(0)-LY'-N(RBRB')-RD, -N(RB)C0-C(R3R,)C(R6R7)-C(0)-LY'-0--RD, 

N(RU)C0-C(R3R4.)C(R6R7)-C(0)-LY'-RD, -N(RB)CO-C(R3R4)C(R6R7>-RD, -LS-C(R3R4)C(R6R7)-

C(0)-LY'-N(RB)C(0)0-RD, -Ls-C(R3R4)C(R6R7)-Ct0>-LY,~-N(RB)C(0)-RD, -Ls-

C(R3R4)C(R6R7)-CXO)-LY>-N(RB)S(0)2-RD, -LS-C(R3R4)C(R6R7)-C(0)-LY-N(RBRB'>-RD, -LS-
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C(R3R4)C(R6R7)-C(0)-LY'-0-RD, -LS-C(R3R4)C(R6R7>-C(0>-LY,-RD, or -Ls-C(R3R4)C(R6R7)-
D urlvM-rtm T > O C' ^ ^ ,U ,+ rx,-l ^ T> D A\L)> vviiuOiii X^Y pi viviciui) 10 ^ps-^auvj iviiv vvnivii AS uptiuxxcixx^ auuouvuiwi witxi uixv vx xiiuxv xvj , AM 

may be Rc, and R2 and R5, taken together with the atoms to which they are attached, may form a 5- to 

-N-

6-membered heterocycle or 6- to 12-membered bicycle (e.g., or ) which is 

5 optionally substituted with one or more RA; and R; and Rr, 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-membcred 

V carbocycle/heterocycle or 6- to 12-membercd bicycle (e.g., or ) which is 

optionally substituted with one or more RA. 

Highly preferably, Y is selected from -N(RB")C0™~€(RIR2)N(R5)-C(0)-LY-N(RB")C(0)-

LS-RE or -C(RlR2)N(R5)-C(0)-LY-N(Rii")C(0)-Ls-RE, or Y is -G C(RIR2)N(R5)-C(0)~LY 

N(RB")C(0)-LS-RE, wherein Ly is Ci-C^alkylene optionally substituted with one or more RL, and 

RB" is each independently RB. RB" and. R; are each preferably hydrogen or C]-Chalky], and R2 and 

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

-N-

heterocycle or 6- to 12-membered bicycle (e.g., or ) which is optionally 

15 substituted with one or more RA (such as, but not limited to hydroxy, halo (e.g., fluoro), CrC6alkyl 

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

more RL such as a Cs-Qcarbocycle or 3- to 6-membered heterocycle which is independently 

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

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

20 Cgalkenyl, C^-Cgalkynyl, Ci-Cghaloalkyi, Ci-Qhaloalkenyl or (VQhaloalkynyl. Highly preferably, 

Ly is a C]-Cfialkylene such as, but not limited to, 

A x 

A Jh. A 
A , or 

(stereochemistry at a carbon within the group LY can be either (R) or (S)), LY is 

independently optionally substituted with one or more RL (e.g., one or more phenyl or methoxy), G 
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hrVi 
* i] '' preferably is N— , RB" is hydrogen; -C(RIR2)N(R5)- is ; Ls is a bond; and RE is 

N 

methoxy. 

•N- f I, 
i HN ' 

R --T y R^T 
Non-limiting examples of preferred Y include: D D 

N- f y0] 
HN 
"> 

*V' 'N' \ // 
I HN-\ 

Rrr-J > 

N 
HN-

•N- f > 
HN- ' 

^ Rn-^1" 

HO. 

O 

HO. OH 

0 O 0 O 

HN- HN- HN- HN- HN-

R r 
O .0 .0 

HN- HN-
Rr Rr 

HN-^ 

RD 

F« 

Rr 

o 

HN-

RD' 

B, 

Rr 

0 

HN-

CV CV 
i HNO I HN--. 

R -T D , RD , 'V> s r^D 5 or 

wherein T and RD are as defined herein. T, for example, can be -Ls-M-Ls'-M'-Ls''- where Ls is a 

A. /V A. 
bond; M is C(O); Ls' is Ci-Cgalkylene such as, but not limited to, , 

A. ^ ̂  

-T -T 
HN^/ 

, or 1 , where Ls' is independently optionally substituted with one or more Ri,; RL is 
a substituent such as, but not limited to phenyl or methoxy; M' is -NHC(O)- or -NMeC(O)-; and 
Ls" is a bond. Any stereochemistry at a carbon within the group Ls' can be either (R) or (S). RD, for 

example is methoxy. T-RD includes, but is not limited to: 

'°YNY -°YNY "O 
O 
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H O N >L YpC°"V" ° 
I SMe 

°Ywr^° -°Y^° 
°",OT °^o-o 

T-RD may also include certain stereochemical configurations; thus T-RD includes, but is not limited 

VA -y» 
o H 

H 

O 
0 

SMe 

° 
rS S-^O' 
0 , H and 

H 

'°YN- O 
O 

H 
O' 

Non-limiting examples of preferred Y also include: 

,(X M 

u fNJ 
H I HN-\ 

6 ^ 

•N' fj/ 
H I HN-\ Y»xy o Av 

HT^° "" ' I 
•N- A 

H i HN-A 
-CX .N 

H 
O 

H \ 

o 
H 

O 
N V"- ° HN-

, or 

0 

H 
X) N-

It 
1 H"-i 

r o 

.0 

H -°YN 

o 

HN-

O 

o-

o 
N 

'Y„ ° 
° If0 

HN-

O 
*N 

H '°VN v"o TH ° 
o 

H 

HN-

O 
'N 

O 

V^HNi Y" 
H 

N 
H ! HN^y 

o 

o 

H 
,0 N T (-o . 

^HN^ A o 

, or *o-

10 Z is preferably selected, from -LS-C(RSR9)N(RJ2)-T-RD, -Ls-C(RioR!])C(Ri3Ri4)-T-RD, -

G-C(RsR9)N(Ri2XT-RD? -G-C(R10R„)C(RI3R14)-T-RDS -N(RB)CfO)C(RsR9)N(R12)-T-RD; -
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N(RB)C(0)C(RIORII)C(RI5RI4)-T-RD, -C(0)N(RB)C(R8R9)N(RI2)-T-RD, 
rYrttWP-VYp ...P ,.WP..p. wo., irvrv\ i . c ^ r/n^T/D \ r r; n ;„ n i iV|j, «-•& >—> ^ v\Wi,Vlvi3/"ijS V-' i» «-o~ 

/n n\ 
N . N 

HN- // 

or Cgcarbocycle or 5- to 6-membered heterocycle, such as 

HN-N 

, and is optionally substituted with one or more RA (e.g., one or more chloro or bromo). 

V 

i 

E preferably is a 8- to 12-membered bicycle (such as ^20"^ , wherein U is independently 

selected at each occurrence from -(CH?,)- or -(NH)-; and V and Z2o are each independently selected 

from Ci-C4alkylenc, C2-C4alkenylene or C2-C4alkynylene, in which at least one carbon atom is 

independently optionally replaced with O, S or N), and is independently optionally substitiited with 

one or more RA. More preferably, Rg is Rc, and. R9 and R]2, taken together with the atoms to which 

they are attached, form a 5- to 6-membered heterocycle or 6- to 12-membered bicycle (e.g., 

HVVH 

SJ-+ 9-/ VH xp 
or 

-N—5 —N-^.2 \ 

.or )) which is optionally substituted 

with one or more RA (such as, but not limited to hydroxy, halo (e.g., fluoro), Ci-Qalkyl (e.g., methyl), 

or C2-C6alkenyl (e.g., allyl)); and. R10 and R]3 are each independently Rc, and Rn and R]4, taken 

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

or 6- to 12-membered. bicycle (e.g., or ) which is optionally substituted with 

one or more RA (such as, but not limited to hydroxy, halo (e.g., fluoro), Cj-Chalky 1 (e.g., methyl), or 

Cj-Cgalkenyl (e.g., allyl)). 

Z can also be selected from -M-C(RSR9)N(RI2)-C(0)-LY'-M'-RD, -M-C(R8R9)N(R12HLY'-

M'-RD, -Ls-C(R8R9)N(Ri2)-C(0)-LY'-~-M'-RD, -LS-C(R8R9)N(R12)-LY'-M'-RD, -M-

C(R,oRii)C(RI3R]4)-C(0)-LY'-M,-RD, -M-C'(RioRi,)C(Ri3R]4)-LY'--M'-RD, -Ls-
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C(RIORII)C(RI3RI4)-C(0)-LY'-M'-RD, or -Ls-C(R10Ri])C(Ri3Ri4)-LY'-M'-RD, wherein M 
nrA-fW-jhkr ic hrvnrl nr _MYT? ,,\rYr»Y_ N/1- nr^f^hK; it- hnnfl _r/TV\l\UP „ \_ _ 

N(RB)C(0)-, -N(RB)C(0)0-, N(RB)C(0)N(RB'K -N(RB)S(0)- or -N(RB)S(0)2-, and LY' 

preferably is Ci-Qalkylene which is independently optionally substituted with one or more RL. LY', 

/ x Y* Y* for example, is a C]-C6alkylene such as, but not limited to, , 

A X ^ ̂  

, or I ; and the optional RL is a snbstituent such as, but not limited to phenyl, -

SMe, or methoxy. Any stereochemistry at a carbon within the group Ly' can be either (R) or (S). 

More preferably, R? is Rc, and R9 and R12, taken together with the atoms to which they are attached, 

form a 5- to 6-membered hctcrocycle or 6- to 12-membered bicycle (e.g., or 

10 ) which is optionally substituted with one or more RA (e.g., one or more hydroxy); and 

Rio and Ri? are each independently Rc, and Rn and R^, taken together with the atoms to which they 

are attached, form a 5- to 6-membcred carbocycle/heterocycle or 6- to 12-membered bicycle (e.g., 

or ' *• ) which is optionally substituted, with one or more RA. 

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

15 -~N(RB)C0-C(R,R9)N(R[2)"C(0)-LY'-N(RB)C(0)-RD, -N(RB)C0-C(RgR9)N(R12)-C(0)-LY'-

N(RB)S(0)2-RD, -N(RB)C0-C(R8R9)N(RS2)-C(0)-LY'-N(RBRB,)-RD, -N(R0)CO-C(RSR9)N(RS2)-

C(0)-LY'-0-RD! -N(RB)C0-C(RSR9)N(R12)-C(0)-LY'-RD, -N(RB)CO-C;(R,R9)N(R12)-RD, •-'LS-

C(R8R9)N(RI2)-C(0)-LY'~N(RB)C(0)0-RD, ~LS-C(RSR9)N(R12)-C(0>-LY!-N(RB)C(0)-RD, -LS-

C(R,R9)N(R12)-C(0)-LY'-N(RB)S(0)2-RD; -LS-C(R8R9)N(R12)-C(0)-LY'-N(RBRB')-RD! -LS-

20 C(RgR9)N(R12)-C(0)-LY'-0-RD, -LS-C(R8R9)N(R12)-C(0)-LY'-RD, -LS-C(R8R9)N(RI2>-RD, -

N(RB)CO~-C(R,ORII)C(RI3RI4)-<^(0)-LY'-~N(RB)C(0)0--RD, -N(RB)CO-C(R10R!I)C(R13RI4)-C(O)-

LY'-N(RB)C(0)-RD, -N(Rn)CO"C(R10R„)C(R13R,4)-C(O)-LY'-N(RB)S(O)2-RD, -N(RB)CO-

C(RIORII)C(R13R14)-C(0)-LY'-N(RBRB,)-RD! -N(RB)CO-C(R10Rn)C(Ri3Ri4)-C(OVLY^O~-RD! -

N(RB)CO-C(Ri0Rn)C(R13R14)-C(O)-LY'-RD, -N(RB)CO-C(R50Rn)C(Ri3R,4>-RD, -Ls-

25 C(R10R11)C(R)3RI4)-C(O)-LY-N(RB)C(O)O"RD, -Ls-C(Ri0Rn)C(R]3R34)-C(O)-LY'-N(RB)C(O)-
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RD, -LS-C(R1ORI,)C(R13R,4)-C(0)-LY,-N(RB)S(0)2-RD, -U-C(RioRn)C(Rl}Rl4)-C(0)-LY'-

NCRBRBVRD, -Ls-C(RioRn)C(R13Ri4)-C(0)-L¥'-0-RD! -Ls-C(R1oRn)C(Ri5Ri4)-C(0)-LY'-RIi, or 

-LS-C(RIORI])C(RI3RI4)-RD, wherein LY' preferably is CrCsalkylene which is independently 

optionally substituted with one or more RL. Rs may be Rc, and R9 and R12, taken together with the 

5 atoms to which they are attached, may form a 5- to 6-membered heterocycle or 6- to 12-membered 

-N 

bicycle (e.g., or ^ ) which is optionally substituted with one or more RA; and 

Rio and R13 may be each independently R<-:, and R?i and Ri-, taken together with the atoms to which 

they are attached, may form a 5- to 6-membered carbocycle/heterocycle or 6- to 12-membered bicycle 

V (e.g., or ^ ) which is optionally substituted with one or more RA. 

10 Highly preferably, Z is selected from -N(RB")C0-C(RSR9)N(R12)-C(0)-LY-N(RB")C(0)-

LS-RE or -C(R8R9)N(RI2)-C(0)-LY-N(RB")C(0)-LS-RR, or Z is -G-C(RSR9)N(R12VC(0>-LY-

N(Rn")C(0)-Ls—RE, wherein LY is Ci-Ceal'kylene optionally substituted with one or more RL, and 

RB" is each independently RB. RB" and Rg 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 

N-

15 heterocycle or 6- to 12-membered bicycle (e.g., ^ or ) which is optionally 

substituted with one or more RA (such as, but not limited to hydroxy, halo (e.g., fluoro), C|-C6alkyl 

(e.g., methyl), or C2-C6alkenyl (e.g., allyl)). Preferably, LY is Q-Cealkylene substituted with one or 

more Rr. such as a C3~C6carbocycle or 3- to 6-membered heterocycle which is independently 

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

20 amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-C<$alkyl, C2-

Ctfalkenyl, C2-C6alkynyl, Q-Cehaloalkyl, Cj-Cshaloalkenyl or CVQhaloalkynyl. Highly preferably, 

A 

LY is a C,-Qalkylene such as, but not limited to, or 

(stereochemistry at a carbon within the group Ly can be either (R) or (S)); LY is 

independently optionally substituted with one or more RL (e.g., one or more phenyl or methoxy); G 
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H 
V§ V-' - ->—I 2. M 

M " 5 T preferably is N ; Rn" is hydrogen; CfRgRgjNfR^)- is •~w ; Ls is a bond; and RE is 

mcihoxy. 

& V V c'Yv" N 
Non-limiting examples of prefen'ed Z include: 

H 

-NH | /-NH 
T~~Rn < T^R D 

*"vQ »'\-Q N>-O \\ / N \\ // ^ \\ / N \\ / N 
/-NH 1 !' I /—NH I /-NH 1 

"< T^Rn ^ T-RD ^ T-RD ^ T^RD 

PH pw HO 
CX / \ Ck / \ Ov f\ CL l\ O ^ v-^ ^ V'^ s %-'(3 v 7 N 7 N 7 N 7 N 7 N 

V-NH | V-NH I NH | V-NH | V-NH I 
RD RD RD ' RD T RC 

R p p p 

0, / \ !J CX / \ Ov / \ Ov FA O >"'V^ >""V >""V -N 
V--NH | V--NH | V-NH I V--NH I V-NH | 
1 T-RD 1 T-RO 1 T-RO * T~~RD * T-RD 

7—S ^ /—O Ck / \ Qs I \ Qs / \ Ck / \ O N 

7 4* "N 
V-NH | V-NH | V-NH [ V--NH | V-NH I 
1 T-R 1 T-R * T-^R * T^R \ T-~~p D, D, D, KD, or KD 

wherein T and RD are as defined herein. T, for example, can be ~-Ls~M---Ls' M'-Ls"- where Ls is a 

bond; M is C(O); Ls' is Ci-Cgalkylene such as, but not limited to, , 

10 , or i , where Ls' is independently optionally substituted, with one or more Rr.; the 

optional Rr. is a substituent such as, but not limited to phenyl or methoxy; M' is -NHC(O)- or -

NMeC(0}-; and Ls" is a bond. Any stereochemistry at a carbon within the group .Ls' can be either 

/°TNV' "° 
(R) or (S). RD, for example is methoxy. T-RD includes, but is not limited to: ^ 
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IA/VV 

*7* H I 
W ! r\ ki L .0. ,N. .AN_ U onn> 'I J u 

JVW 

H I 
K f Js. 

0 
O 

O 

SMe 

°YN^r "° 
° ' V 

,or 

-°Y V -o 
"O" . T-RD may also include certain stereochemical configurations; thus T-RD includes, 

H i H 
H XL .0. 
-V0- 0 I^Y " r-'HY "'HI A^° yH° 

Hi H 
but is not limited to: 

YV 
0 

SMe 

^HV 
and 

O 
H 
N„ .0. 

O 

Non-limiting examples of preferred Z also include: 

01" -N-A-NH S H 
o 

O -N-
/-NH I H 

< /vNva 0 T'H Y 
vO' o 

r V- -\\ / N 
U NH H 

- FHY-o 

A NH I H 
^ FHNYa 

sO 0 
H 

O. 

y-NH 

"W- . 
7 N 

O 

H 
r"N v-O-"X 

V 
y 
•NH H 

N. .CX 
PHY o 

0. 

y^NH 
V -7 N 

H 
N. ,CX °" YHX 

'0'l> 0 

H 
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°y 
^-NH 

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

C(0)0-Ls'-, -C(0)-Ls'-N(RB)C(0)-LS'-C(0)-Ls'-N(RB)C(0)0-Ls"-, -N(RB)C(0)-Ls-

N(RB)C(0)-LS'H -N(RB)C(0)-LS'—"N(RB)C(OX>-Ls"- or -N(RB)C(0)-Ls'—N(RB)-LS"-. 

Preferably, T is independently selected at each occurrence from -C(0)-L.s'-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 ^(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(O); Ls' is C\-

/i X 
Cf,aikylene (e.g., ), where Ls' is independently optionally substituted with Rr; the optional 

RT is a substituent selected from -Ci-C^alky!, -Ci-C^alkenyl, --C]-Chalky 1-OH, -CrCcalkyl-O-Cr 

Cfialkyl, 3- to 6-membered heterocycle (e.g., tetrahydrofuranyl), or CrCfiCarbocyclyl (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, -Cj-Qalkyl (e.g., methyl), -O-Cj-Cfialkyl (e.g., methoxy, tert-butoxy), methoxymethyl, or 

~~N(CrC6alkyl)2 (e.g., -NMe2). 

T-Rj> can be, without limitation, 

'0 

H 

-V 
0 

OH 

'0 
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,0 
Y 
0 

o 
H •°YN' 

0 , 
OH 

~0 

H 

-Y o 
"OH OH 

•°YaY^0 
0 - ~o' 

V 
O 

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 C\-

A X 
Cgalkylene (e.g., ) where Ls is independently optionally substituted with Rr; the optional 

RT is a substituent selected from -€i-Chalky 1, -Ci-C6alkyi-OH, -Cs-Ccalkyi-O-CrQalkyl, or a Cr 

C6carbocyclyl (e.g., phenyl, cyclohexyl). RD, for example is -OH; -0C(0)Me; -NH(Ci-C<5alk.yl) 

(e.g., -NHMe, -NHEt); -N(Ci-Cfialkyl)2 (e.g., -~NMe2, -NEI2); a 3- to 10-membered heterocyclyl 

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

substituted with one or more halogen, oxo; CrQocarbocycle (e.g., cyclopentyl) optionally substituted 

with -OH; -Q-Cfialkyl (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: 
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stereochemistry at a carbon within the group T-RD can be either (R) or (S). 

For each compound of Formula I, 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-Chalkyisnc, Cj-Cfialkenylene, C2-

5 Cgalkynylene, Cs-Ciocarbocycle or 3- to 10-mcmbcrcd hctcrocycle, each of which is independently 

optionally substituted at cach occuiTcncc with one or more substituents selected from halogen, RTi-

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

formyl or cyano, wherein Rx, RB, Rs, RS', LS and Ls' are as defined above. 

For Formula I as well as Formulae 1A, 1B, L- ID, h, h or IG described below, including each 

10 and every embodiment described, thereunder, RA preferably is halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano; or Ci-Cgalkyl, C2-Gjalkenyl or C2-

Cealkynyl, each of which is independently optionally substituted at each occurrence with one or more 

substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl or cyano; or Cs-Cgcarbocycle or 3- to 6-membered heterocycle, each of 

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

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

thioxo, formyl, cyano, Ci~C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Ci-C6haloalkyl, C2-C<shaloalkenyl or 

C2-C6haloalkynyl; 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)RSs -LA-S02RB, 1.,, C(0)N(RsRs"L LA N(Rs)C'(OiRs", -LA-

20 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-OS(0)2-Rs, -LA-S(0)20Rs, -LA-S(0)0Rs, -LA-

OC(Q)ORs, -LA-N(RS)C(0)0RS\ "LA^OC(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, CrC6alkylene, C2-C6allcenylene or C2-C6alkynylcne. 

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

25 phosphonoxy, phosphono, thioxo, cyano; or Ci-Cgalkyl, C2-C6alkenyl or C2-Cfialkynyl, 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-Qcarbocycle or 3- to 6-membered heterocyclc, each of which is independently 

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

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

Cealkyl, Ci-Qalkenyl, C2-C(;alkynyl, Ci-Qhaloalkyl, C2-C6haloalkenyl or C2-C6haloalkynyl. 

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

phosphonoxy, phosphono, thioxo, cyano; or Ch-C^alky!, C2-C6al'kenyl or Cs-Qjalkynyl, each of which 



is independently optionally substituted at each occuiTence with one or more substituents selected from 
tisilnfrpn h\;Hrrww rnATVOr\1 A nmmn carWiv*; nifrA AVA nlincnliAnnv*; r>Vi AcrvliAn A tta t A V A fArmwl AT ISAIAIJA KSA 

cyano. 
Ls, Ls' and Ls" preferably are each independently selected at each occuiTence from bond; or 

Q-Cealkylene, C2-C6alkenylene or C2-C6alkynylene. 
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-Lj- and -B-L2-, can be the same or different. In some instances, Y-A-L3- is identical to Z-
B-L2--. In some other instances, Y-A—Li- is different from Z-B-L2-. 

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

HTVI heterocycle (e.g., phenyl such as \=/ ), and are each independently optionally substituted 
with one or more RA. X is 5- or 6-membered carbocycle or heterocycle or 6- to 12-membered bicycle 

(e.g., \ < or ' J , wherein X3 is N and is directly linked to -L3-D) and is 
optionally substituted with one or more RA. Specific examples of X are described hereinabove. D is 
C.5-C(;carbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with 
one or more RAs or is substituted with J and optionally substituted with one or more RA, wherein J is 
CrCgcarbocycie, 3- to 6-membered heterocycle or 6- to 12-membered bicycle and is optionally 
substituted with one or more RA. Preferably, J is substituted with a CrCf,carbocyclc or 3- to 6-
membered. heterocycle which is independently optionally substituted with one or more substituents 
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, 
thioxo, formyl, cyano, Cj-Ccalkyl, C2-C6alkenyl, Cj^Cealkynyl, CrC6haloalkyl, C2-C6haloalkenyl, C2-
C^haloalkyiiyl, C(0)0Rs or -N(RsRs'), and J can also be optionally substituted with one or more RA. 

RM RK 
RNS X .RN 

Preferably, D is or •/v>/u , wherein RM and RN are as defined above. Also 
j 

preferably, D is or •JV>/V , wherein J and RN are as defined above. L, and L2 are each 
independently bond or Ci-Cfialkylene, and L3 is bond, Ci-Cftalkylene or -C(O)-, and Lj, L2, and L;( arc 
each independently optionally substituted with one or more RL. Preferably, Lh L2, and L3 are bond. 
Y is -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 -
N(RB)C(0)C(R8R9)N(RI2)-T-RD> or -N(RB;)C(0)C(R1oRi,)C(R;3R;4)-T^RD. Ri is Rc, and R2 and Rs, 
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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; RS and Rg are each 

independently Rc, and R* and R?, taken together with the atoms to which they arc 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 R9 and R12, 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 Rio and R13 are each independently Rc, and Rn 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. T is 

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

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

Cealkylene (e.g., -CI-I2- or ^ ̂  ) and optionally substituted with one or more substituents 

selected from RL. T can also be, without limitation, selected 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, at least one of Y 

vK A -V* 
LY O 

15 and Z is, or both Y and Z are independently, \---J , wherein non-limiting 

examples of RD include (1) -0-Ci-C6alkyl, -O-C^-Cgalkenyl, O C2-C6alkynyl, Ci-Qalkyl, C2-

Cealkenyl or C2-C<5alkynyl, each of which is independently optionally substituted at each occuiTence 

with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl, cyano, Q-Cftcarbocycle or 3- to 6-membered heterocycle; 

20 or (2) 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-C6alkyl, 

C2-Ccalkenyl, C2-C6alkynyl, CrGjhaloalkyl, Cj-Cfihaloalkenyl or CVQhaloalkynyl; and 11011-limiting 

examples of LY' include Ci-Cgalkylene optionally substituted with halogen, hydroxy, mercapto, 

25 amino, carboxy, phosphonoxy, -O-Ci-Qallcyl, --O-^-Qalkenyl, -0-~C2-C(,alkynyl, or 3- to 6-
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membered carbocycle or heterocycle, said 3- to 6-membercd carbocycle or heterocycle being 

optionally substituted with i c oa>l o/vf 1 rs rrr*i y K i vu wj to nv^iii Jiaiv^i iy ^u\*A.y ? iiivi vctjjtu, 

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

Qalkenyl, C2-C6alkynyl, CpCJialoalkyl, C2-C6haloalkenyl or Cj-Cehaloalkynyl. 

and. is optionally 

substituted with one or more RA; B is 3 or " H , and is optionally 

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

CHi; and Z2 is independently selected at each occurrence from N or CH. Preferably, A is 

H 
N-

K 
10 such as F or CI. When A and/or B are halo-substituted benzimidazole (e.g., A is 

p ^ H 

and B is ' N ), the compounds of this embodiment can have significantly improved 

pharmacokinetic properties as well as improved inhibitory activity against certain HCV genotype la 

mutants, as compared to the same compounds but with unsubstituted benzimidazole. X is 5- or 6-

membered carbocycle or heterocycle or 6- to 12-membered. bicycle (e.g., 

I 

X, 

or 

15 ^^ , wherein X3 is N and is directly linked, to -L3-D) and is optionally substituted with one 

or more RA. Specific examples of X are described hereinabove. D is Cs-Cgcarbocycle or 5- to 6-

membered heterocyclc (e.g., phenyl), and is optionally substituted with one or more RA, or is 

substituted with J and optionally substituted with one or more RA, wherein I is Cs-Cecarbocycle, 3- to 

6-membered heterocycle or 6- to 12-membered bicycle and is optionally substituted with one or more 

20 RA. Preferably, J is substituted with a Cj-Cecarbocycle or 3- to 6-membered heterocycle which is 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C[-C6alkyl, 

C2-Csalkenyl, CrCgalkynyl, Ci -Cfhaloalky I, C2-C6haloaIkcnyl, C2-C6haloalkynyl, C(0)0Rs or -

N(RsRs'), and. J can also be optionally substituted with one or more RA. Preferably, D is 
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•uw or ,yv>ar , wherein and R.\- are as defined above. Also preferably, D is 
j 

or , wherein J and RN are as defined, above. Lj and L2 are each independently 

bond or Ci-Cgalkylene, and L3 is bond, CpC^alkylene or -C(O)-, and Ls, L2, and L3 arc each 

independently optionally substituted with one or more RL. Preferably, Li, L2, and L3 are bond. Y is -

LS-C(R1R2)N(R5)-T-RD or -Ls-C(R3R4)C(RfiR7)-T-RD, and Z is -Ls-C(RsR9)N(Ri2)-T-RD or -Ls-

C(RioRii)C(Ri3Ri4)-T-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; RA 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-membcrcd carbocyclic or heterocyclic ring 

(e.g., a ) which is optionally substituted with one or more RA. Rg is Rc, and Ry and. R12, 

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; and Rio and R13 are each 

independently Rc. and Rn 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 

15 with one or more RA. T is preferably independently selected at cach 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 CrQalkylene (e.g., -CH2-) and optionally substituted with one or more substituents 

selected from RL. T can also be, without limitation, selected from -C(O) LY'-W~~, -C(0)-Ly'-0-

Ls"-, -C(0)-LY'~N(RB)-LS"--, or -C(0)-LY'--N(RB)S(0)2~LS"-. In some cases, at least one of Y 
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^ ft 
u 

and Z is, or both Y and Z are independently, , wherein non-limiting 

examples of RD include (1) -O-Ci-Cgalkyl, -O-CVQalkenyl, -O-Ci-Cealkynyl, Ci-C^alky!, C2-

Cgalkeiiyl 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, 

5 phosphonoxy, phosphono, thioxo, formyl, cyano, Cs-Cgcarbocycle or 3- to 6-membered heterocycle; 

or (2) CrCtfCarbocycle or 3- to 6-membered heterocycle each of which is independently optionally 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, 

C2-C<;alkeiiyl, C2-C6alkynyl, Q-Qhaloaikyl, C2-C,shaloalkenyl or Ci-Cghaloalkynyl; and non-limiting 

10 examples of Ly' include Ci-Cgalkylene optionally substituted with halogen, hydroxy, mercapto, 

amino, carboxy, phosphonoxy, -0™Ci-C6alkyl, -O-Cs-Cealkenyl, --0 Ci-Csalkynyl, or 3- to 6-

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

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, C.2-

15 Cealkenyl, C2-C6alkynyl, Ci-Cfihaloalkyl, C2-C6haloalkenyl or Cz-C^haloalkynyl. 

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 independently phenyl, such as \=/ )5 and 

are each independently optionally substituted with one or more RA. X is 5- or 6-membered carbocycle 
kAA/V v/XAy 

or heterocycle or 6- to 12-membered bicycle (e.g., > ' or * J , wherein X3 is N 

20 and is directly linked to -L3-D) and is optionally substituted with one or more RA. Specific examples 

of X are described hereinabove. D can be, for example, Cs-Cgcarbocycle or 5- to 6-membered 

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

and optionally substituted with one or more RA, wherein I is Ci-Cecarbocycle, 3- to 6-mcmbered 

heterocycle or 6- to 12-membered bicycle and is optionally substituted with one or more RA. 

25 Preferably, J is substituted with a Cj-Cecarboeycle or 3- to 6-membercd heterocycle which is 

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

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

C2-Cf,alkenyl, C2-C6alkynyl, CrC6haloalkyl, Cj-Cshaloalkenyl, C2-C6haloalkynyl, C(0)0Rs or -

N(RsRs'), and J can also be optionally substituted with 011c or more RA. Preferably, D is 
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or ^ wherein RM and RN are as defined above. Also preferably, D is 
j 

or ov,w ; wherein J and RN are as defined above. L, and L2 are each mdepcndenily 

bond or CrQaJkylene, and L3 is bond, CrC6a!kylene or -C(O)-, and Lt, L2. and L3 are each 

independently optionally substituted with one or more RL. Preferably, Lj, L2, and L;, are bond. Y is -

G-C(RIR2)N(R5)-T-RD or -G-C(R3R4)C(R^R7)-T-RD, and Z is -CJ-C(R8R9)N(R12)-T-RI) or -G-

C(R,oRii)C(Ri3Ri4)-T-RD. G is independently C5-Cccarbocycle or 5- to 6-membcred heterocycle, 

sucii as "" N or N , ana is independently optionally substituted with one or more RA. 

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; 

R5 and Rg 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. Rs is Rc, and R9 and Rt2, 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; and Rio and R73 are each independently Rc, and Rn and 

Ri4, 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. T is 

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

Ly'--N(RB)C(0)C)-LS'"LY' is each independently Ls' and, preferably, is each independently Q-
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Cgalkylene (e.g., -CH2- or ^ ̂  ) and optionally substituted with one or more substituents 
selected from RL. T can also be, without limitation, selected from -C(0)-LY'-W'-, -C(0)-Ly'-0-
Ls"-, -C(0)~LY'~N(RB)--LS"-, or -C(0)-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, 01 

, wherein non-limiting examples of RD include (1) -O-CpCcalkyl, -O-
Cj-Cfialkenyl, -O-Ci-Qalkynyl, CrCgalkyl, Cj-Cealkenyl or Ci-Cealkynyl, each of which is 
independently optionally substituted at each occurrence with one or more substituents selected from 
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, 
cyano, C^-Cccarbocycle or 3- to 6-membered heterocycle; or (2) C3~C6carbocycle or 3- to 6-membered 

10 heterocycle each of which is independently optionally substituted at each occuiTence with one or more 
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 
phosphono, thioxo, formyl, cyano, C.-Qalkyl, C2-Cr>alkeny], C2-C<5aikynyl, CrQhaloalkyl, C?.-
Celialoalkenyl or C2-C6haloalkynyl; and non-limiting examples of LY' include CrCfialkylene 
optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, -O-Q-

15 Cealkyl, -O-Co-Qalkenyl, -O-Co-Q.alkynyl, or 3- to 6-membered carbocycle or heterocycle, said 3-
to 6-membered carbocycle or heterocycle being optionally substituted with one or more substituents 
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, 
thioxo, formyl, cyano, Q-Cgalkyl, C2-Qalkenyl, Cs-C^aikynyl, CrQhaloalkyl, C2-C6haloaikenyl or 
C2-Cfihaloalkynyl. 

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

r-O" heterocycle (e.g., A and B are each independently phenyl, such as \=/ *), and are each 
independently optionally substituted with one or more RA- X is 5- or 6-membered carbocycle or 

JVW1 v/vro 

% 
heterocycle or 6- to 12-membered bicycle (e.g., \ ' or y—'J , wherein X3 is N and 
is directly linked to -L3-D) and is optionally substituted with one or more RA. Specific examples of 

25 X are described hereinabove. D can be, for example, Cy-Cecarbocycle or 5- to 6-membered 
heterocycle (e.g., phenyl), and is optionally substituted with one or more RA, or is substituted with J 
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and optionally substituted with one or more RA, wherein J is C3-C<5carbocycle, 3- to 6-membercd 

10 

15 

20 

hctcrocyclc or 6- to 12-mcmbcrcd bicyclc and is optionally substituted with one or more RA-

Preferably, J is substituted with a C3-Cecarbocycle or 3- to 6-membered heterocycle which is 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-C6alkyl, 

Cj-Csalkenvl, Co-Cealkynyl, CrQhaloalkyl, C2-Celialoalkenyl, C2-Qhaloalkynyls C(0)0Rs or -

N(RRRS'), and J can also be optionally substituted with one or more RA. Preferably, D is 

or , wherein J and RN are as defined above. Li and L2 are each independently 

bond or Ci-Cgalkylene, and L3 is bond, Cj-Cfialkyiene or -C(O)-, and Lj, L2, and L3 arc each 

independently optionally substituted with one or more RL. Preferably, L], L2, and L3 are bond. Y is -

N(RR)C(0)C(RIR2)N(R5)-T-RD or -N(RB)C(0)C(R3I^)CfR6R7VT-RD5 and. Z is -G-C(RSR.9)N(R12)-

T-RD or -G-C(R^Rii)C(Ri3Ri4)-T-RD; or Y is -0-C(RsR2)N(R5)-T-RD or -G-C(R3R4)C(R6R7)-T-

RD, and Z is -M(RB)C(0)C(RsR9)N(R12)-T-RD or -N(RB)C(O)C(R10Ru)C(R13R14)-T-RD. R; 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 R^ 

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. Rs 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 (e.g., ) which is optionally 

substituted with one or more RA; and Ri0 and R]3 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 
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heterocyclic ring (e.g., ) which is optionally substituted with one or more RA. G is 

Hi 
independently Cs-Cecarbocycle or 5- to 6-membered hcterocycle, such as —N or N 

is independently optionally substituted with one or more RA. T is preferably independently 

selected at each occuiTence 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 each independently Cj-Cgalkylene (e.g., -CH2- or 

) and optionally substituted with one or more substituents selected from RL. T can also be, 

without limitation, selected from -C(0)-LY'-LS"-, -C (O )-L Y' -O -~L s5' -C(0)-LY'-N(RB)~LS"-, 

VM5 Rr 
N' Lv' O 

or --C(0)~LY>-N(RB)S(0)2-LS"- In some cases, Y is 

A 
as described above, 

NH 

s^-

and Z is 

o ^ N^^RD 

N' LY' O 

,vN 
HN 

or 

o H 

N' Lv' O 

as described above. In some 

NH 

other cases, Y is 
H P 

O ^ 
^N^^Rr 

N' LY' O 

1 /,N 

HN 

or 

O H 
^N-^-Rr 

N LY' O 

as described above 

O H ^-RD ^ A - •• A-NX LY' 6 

and Z is ^J as described above. 

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

such as H (e.g., 

or 

), and R 
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is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as * <C=/>~ ). 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 occuiTence from N or CH. 

10 

X is 5- or 6-membered carbocycle or heterocycle or 6- to 12-membered bicyclc (e.g., 

X, 

or , wherein X? is N and is directly linked to -L3-D) and. is optionally substituted with 

one or more RA. Specific examples of X are described hereinabove. D is Cs-Cscarbocycle or 5- to 6-

membei'ed heterocycle (e.g., phenyl), and is optionally substituted with one or more RA, or is 

substituted with J and optionally substituted with one or more RA, wherein J is CrCgcarbocyclc, 3- to 

6-membered heterocycle or 6- to 12-membered bicyclc and is optionally substituted with one or more 

RA. Preferably, J is substituted with a CrQcarbocycle or 3- to 6-membered heterocycle which is 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CrCcalkyl, 

C2-Qalkenyl. C2-C6alkynyl, CpCghaloalkyl, C2-Qhaloalkenyl, C2-C6haloalkynyl, C(0)0Rg or -

N(RsRs'), and J can also be optionally substituted with one or more RA. Preferably, D is 

Rr, 

.RN 

Rff T RN 
15 or , wherein RM and RN are as defined above. Also preferably, D is 

j 

or , wherein J and RN are as defined above. L, and L2 are each independently 

bond or Q-Qalkylene, and L3 is bond, C3-C6alkylene or -C(O)-, and L], L2, and L3 are each 

independently optionally substituted with one or more RL. Preferably, Lu L2, and L3 are bond. When 

A is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as ' \=/ Y is -

20 N(RB)C(0)C(R1R2)N(R5)-T~RD) ~N(RB)C(0)C(R3R4)C(R6R7)-T-Ru? -G-C(R,R2)N(R5)-T-RD or -

G-C(R;,R4)C(R6R7)-T-RD, and Z is -LS-C(R8R9)N(R12)-T-RD or -LS-C(RI0R,I)C(R13R-14)-T-RD. 

When B is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as ' \=/ 13), Y is -Ls-

C(RIR2)N(R5>-T-RD or -LS-C(R3R4)C(R6R7VT-RD; and Z is ~N(RB)C(0)C(RSR9)N(R12)-T-RD, -
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N(RB)C(OX^(RIORII)C(R13RI4)-T-RD, -G-C(R8R9)N(RI2)-T-RD or -G~C(R10R,I)C(R,3R34)-T-RD. 

R. ig T? - taken together with the atoms to which they are attached form a 5- to 6-

V 
membered heterocyclic ring (e.g., a ) which is optionally substituted with one or more RA; 

R3 and Re are each independently Rc, and R4 and R?, taken together with the atoms to which they are 

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

optionally substituted with one or more RA. Rg is Rc:, and R9 and R12, taken together with the atoms to 

which they are attached, fonn a 5- to 6-membered heterocyclic ring (e.g., ) which is 

optionally substituted with one or more RA; and Rio and RI3 are each independently Rc, and Rn and 

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

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

n n 
independently CrCccarbocycle or 5- to 6-membered heterocycle, such as —N or N 

and is independently optionally substituted with one or more RA. T is preferably independently 

selected at each occuiTence 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 each independently Ci-C6alkylene (e.g., -CH2- or 

) and optionally substituted with one or more substituents selected from RL. T can also be, 

without limitation, selected 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 

t KI P O M \-N~f V _-.Rr 

heterocycle (e.g., phenyl such as '), Y is 

"LY ^r" 
V O 

NH 
H 

-N- Rr 
Lv' v O 

01" as described above, and Z is 
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o H 

n 

as described above. In some other cases when B is 5- or 6-membered 

carbocycle or heterocycle (e.g., phenyl as 

\ NH 

i I ' 

described above, and Z is 
w 

or 

as described above. 

The present invention also features compounds of Formulae I, IA, IB, IC and ID as described 

herein (including each embodiment described hereunder) and pharmaceutically acceptable salts 

thereof, wherein: 

D is CrCjjcarbocycle or 3- to 12-membered heterocycle, and is optionally substituted with 

one or more RA; or D is Cs-C^carbocycle or 3- to 12-membered heterocycle which is 

substituted with J and optionally substituted with one or more RA, where J is Qr 

Ciscarbocycle or 3- to 15-membered heterocycle (e.g., a 3- to 6-membered monocycle, a 

6- to 12-membered fused, bridged or spiro bicycle, a 10- to 15-memberd tricycle 

containing fused, bridged or spiro rings, or a 13- to 15-membered carbocycle or 

heterocycle) and is optionally substituted with one or more RA, or J is -SF5; or D is 

hydrogen or RA; 

RA is independently selected at each occuiTence from halogen, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano, or --LB-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, can optionally form carbocycle or heterocyclc; 

LR is independently selected at each occurrence from Ls; or Ci-CioaLkylene, C2-CioaIkenylene 

or Cs-Cioalkynylene, each of which optionally has 1, 2, 3, 4 or 5 carbon atoms 

independently replaced with O, S or N(RB), and each of said C]-Chalkylene, Co-

Cioalkenylcne or C2-Cioalkynylene being independently optionally substituted with one or 

more RL; 

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

C(0)0Rs, -N(RSRS'), -S((3)Rs, -S02Rs, -C(0)N(RsRs'X -N(Rs)C(0)Rs', -
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N(Rs)C(0)N(Rs'Rs"), -N(Rs)S02Rs', -S02N(RsRs')> -N(Rs)S02N(Rs'Rs"), -

N(Rs)S(0)N(Rs'Rs")5 --OS(O) Rs, GS(0)2--RS, -S(0)20RS, S(0)0Rs, 0C(0)0R^ • 

N(Rs)C(0)0Rs\ ~0C(0)N(RsRs'), -N(Rs)S(0>-Rs\ -S(0)N(RsRs'), -P(0)(0Rs)2, 

=C(RsRs'), or -C(0)N(Rs)C(0)-Rs'; or CrC6alkyI, C2-C6alkenyl or C2-C6alkynyl, each 

5 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:,-Ci2carbocycle or 3- to 12-membered 

heterocycle; or C;-Ci2carbocycle or 3- to 12-membered heterocycle (e.g., 7- to 12-

membered carbocyclc or heterocyclc), each of which is independently optionally 

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

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

cyano, trimethylsilyl, CpQalkyl, C2-C6alkenyl, CrCealkynyl, CrCGhaloai.ky], C2-

C6haloalkenyl, C2-C6haloalkynyl, -0-Rs, -S-Rs, -C(0)Rs, -C(0)0Rs, or -N(RSRS')-

RL is independently selected at each occurrence from halogen, nitro, oxo, phosphonoxy, 

15 phosphono, thioxo, cyano, -~0~~RR, -S-Rs, ™C(0)Rs, -OC(G)Rs, -C(0)GRs, -N^Rs'), -

S(0)Rs, -S02RS, -C(0)N(RSRS') or -N^XXCORs'; or C3-C12carbocycIe or 3- to 12-

membered heterocycle (e.g., Q-Qcarbocycle 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, 

20 phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cgalkyl, C2-C6alkenyl, C2-C6alkynyl, 

Cj-Cehaloalkyl, Cr-Cehaloalkenyl or C2-C6haloalkynyl; wherein two adjacent RL, taken 

together with the atoms to which they are attached and any atoms between the atoms to 

which they are attached, can optionally fonn carbocycle or heterocycle. 

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

25 heterocycle (preferably, A and B are each independently phenyl such as * \=} ^), and are each 

independently optionally substituted with one or more RA (preferably, A and B are each independently 

substituted with at least one halo such as F). X is 5- or 6-membered carbocycle or heterocycle or 6- to 

W 12-membered bicycle (preferably, X is \ ' , wherein X3 is N and is directly linked to -L3-

D), and is optionally substituted with one or more RA. D is a C5-C<scarbocycle or 5- to 6-membered 

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

is C3-C6carbocycle, 3- to 6-membered heterocycle, 6- to 12-membered bicycle, 10- to 15-membered 

tricycle, or 13- to 15-membered carbocycle/heterocycle, and J is optionally substituted with one or 

more RA. Preferably, J is substituted with a CrQcarbocvcle, 3- to 6-membered heterocycle, 6- to 12-
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membered. bicycle or 7- to 12-membered carbocycle/heterocycle, which is independently optionally 

ci iKci 11 nt unfh nnA QT -n^Qr^ ^vilDstiiuciits sclcclcci from \ 1 y li sloven livcixoxy mcrctipto SITI1T1C 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CrQalkyl, C2-C<>alkenyl, C2-

C6alkynyl, CrCghaloalkyl, Cj-Cghaloalkenyl, C2~Cehaloalkynyl, -C(0)0Rs or -N(RsRs')> or (2) 

5 trimethylsilyl, -O-Rg, -S-Rs, -C(0)Rs; and J can also be optionally substituted with one or more RA. 

RK 

Preferably, D is or ; wherein J is as defined, above, and. each RN is 

independently selected from RD and preferably is hydrogen or halo such as F. L] and L2 arc each 

independently bond or Cj-Cealkylene, and L3 is bond, Q-Cealkylene or -C(O)-, and Li, L2, and L3 are 

each independently optionally substituted with one or more RL. Preferably, L:, L2, and L3 are bond. 

10 Y is -N(RB)C(0)C(R1RZ)N(R5)-T-RD, -N(RB)C(0)C(R3R,.)C(R6R7)-T-RD, -G-C(R,R2)N(R5)-T-RD 

or -G-C(R3R4)C(R6R7)-T-RD. Z IS ^N(RB)C(0)C(RSR9)N(R!2)~T-RD, 

N(RB)C(0)C(R1oRn)C(R]3R]4)-T-RD, -G-C(R8R9)N(R12)-T-RD or -CJ-C(R10RIi)C(RI3Ri4)-T-RD. 

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

-N-^5 \_ --N-
V 

membered heterocyclic ring (e.g., ) or 6- to 12-membered bicycle (e.g., ) 

15 which is optionally substituted with one or more RA; R3 and Re are each independently Rc, and R4 and 

R7, taken together with the atoms to which they are attached, fonn a 5- to 6-membered carbocyclic or 

V heterocyclic ring (e.g., ) or 6- to 12-membered bicycle which is optionally substituted 

with one or more RA. Rg is Rc; and R9 and R12, taken together with the atoms to which they are 

attached, form a 5- to 6-membered heterocyclic ring (e.g., ) or 6- to 12-membered bicycle 

-N—| 

20 (e.g., ) which is optionally substituted with one or more RA; and Rio and RI3 are each 

independently Rc, and Rn and R-,4, taken together with the atoms to which they are attached, form a 
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5- to 6-membered carbocyclic or heterocyclic ring (e.g., ) or 6- to 12-membered bicycle 
which is optionally substituted with one or more RA. G is independently Cs-Cgcarbocycle or 5- to 6-

n r\\ 
membered heterocycle, such as 1—N or N—' , and is independently 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 Lg' and, preferably, 

A x 
is each independently Cj-Cealkylene (e.g., -CH2- or \ ) and optionally substituted with one or 
more substituents selected from RL. T can also be, without limitation, selected from -C(0)-LY'-LS',~ 
, -€(0)-LY'-O-LS"- ~C(O)-Ly'-N(RB)-LS"- , or -C(0)-LY'-N(RB)S(0)2-Ls"-. In some cases, Y 

\-H 1 
~LV' 

IS 

N LY O 

described above, and Z is 

as 

H P O H 
-R 

• II 
-N Y O 

01" 

as described above. 

In another embodiment, A is 

substituted with one or more RA; B is ^ or 
substituted with one or more RA. Z\ is independently selected at each occurrence from O, S, NH or 
CH?.; and Z? is independently selected at each occurrence from N or CH. Preferably, A and B are each 

independently substituted with at least one halo such as F. Also preferably, A is N 
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fCO-1 
H 

B is , and A and B are substituted with one or more halogen, such as F or CI. When 
ri F 

A and/or B are halo-substituted benzimidazole (e.g., A is and B is 

r H 
.-•N 

1 ), the compounds of this embodiment can have significantly improved 

pharmacokinetic properties as well as improved inhibitory activity against certain HCV genotype la 

5 mutants, as compared to the same compounds but with unsubstituted benzimidazole. X is 5- or 6-

membered carbocycle or heterocycle or 6- to 12-membered bicyclc (preferably, X is , 

wherein X3 is N and is directly linked to -L-—D), and is optionally substituted with one or more RA. D 

is a Cs-Cgcarbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is substituted with J and 

optionally substituted with one or more RA. J is Cs-Cficarbocyclc, 3- to 6-membered heterocycle, 6- to 

10 12-membered bicycle, 10- to 15-membered tricycle or 13- to 15-membered carbocycle/heterocycle, 

and J is optionally substituted with one or more RA. Preferably, J is substituted with a C3-

Qcarbocycle, 3- to 6-membered heterocycle, 6- to 12-membered bicycle or 7- to 12-membered 

carbocycle/heterocycle, which is independently optionally substituted with one or more substituents 

selected from (1) halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, 

15 thioxo, formyl, cyano, Ci-Cealkyl, C2-C6alkenyl, Ci-C^alkynyl, Ci-Cehaloalkyl, Ci-Qhaloalkenyl, C2-

C6haioalkynyl, -C(0)0Rs or -N(RSRS!), or (2) trimethylsilyi, -O-Rg, -S-Rs, or -C(0)Rs; and. J can 

wherein J is as defined above, and each RN is independently selected from RD and preferably is 

hydrogen or halo such as F. Ls and L2 are each independently bond or Ci-C^alkylene, and L-; is bond, 

20 Ci-Cfialkylene or -C(O)-, and L-,, L2, and L3 are each independently optionally substituted with one or 

more RL. Preferably, Ls, L2, and. L3 are bond. Y is -Ls-C(RiR2)N(R5)-T-RD or -Ls-

C(R3R4)C(R6R7y-T-RD. Z is -Ls-C(R8R9)N(R12)-T-RD or ~Ls-C(R]0Rn)C(R13R14)-T-RD. R, is Rc; 

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

j 

also be optionally substituted with one or more RA. Preferably, D is 
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^ \ -N-

heterocyclic ring (e.g., ^ ) or 6- to 12-membered bicycle (e.g., ^ ) which is 

optionally substituted with one or more RA; R? and Rr, are each independently Rc, and Ri and R7, 

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

heterocyclic ring (e.g., ) or 6- to 12-membered bicycle which is optionally substituted 

with one or more RA. Rg is R<;; and R9 and Rj2, taken together with the atoms to which they are 

V attached, fonn a 5- to 6-membered heterocyclic ring (e.g., ^ ) or 6- to 12-membered bicycle 

(e.g., ^ ) which is optionally substituted with one or more RA; and Rio and R]3 arc each 

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

V 5- to 6-membered carbocyclic or heterocyclic ring (e.g., ) or 6- to 12-membered. bicycle 

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 

A JK 

independently Ls' and, preferably, is each independently G-Cf,aikylene (e.g., -CH2- or ^ ̂  ) 

and optionally substituted with one or more substituents selected from RL. T can also be, without 

limitation, selected from -C(0)-LY'-LS"-, -CfOVLY'-O-Ls"-, -C(0)-LY'-N(RB)-Ls"--f or -

O H 
/N^RD 

Ly' 

C(0)-Ly,-N(Rri)S(0)2-hs"-. In some cases, Y and Z are independently 
o n 
A. -N Lv O 

N LY O 

01" , wherein non-limiting examples of RD include (1) -O-Q-Cgalkyl, -O-C2-

Cc,alkenyl, -O-Ci-Qalkynyl, Q-Qalkyl, C^-Qalkenyl or Ci-Cgalkynyl, each of which is 
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independently optionally substituted at each occuiTence with one or more substituents selected from 

10 

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

cyano, Cj-Cficarbocycle or 3- to 6-membered heterocycle; or (2) C^-Cgcarbocycle or 3- to 6-membered 

heterocycle each of which is independently optionally substituted, at each occurrence with one or more 

substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl, cyano, CrQalkyl, C2-C6alkeny], Cj-QaSkynyl, CrC6haloa]kyl, C2-

Cehaloalkenyl or C2-C6haloalkynyl; and non-limiting examples of LY' include Ci-CV,alkyleiie 

optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, -0--Cr 

Qalkyl, -0-C2-C6alkenyl, -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, 

thioxo, formyl, cyano, CrCfjalkyl, C2-Ccalkenyl, Cj-Cealkynyl, CrCghaloalkyl, C2-C<5haloalkenyl or 

Cn-Cghaloalkynyl. 

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

pharmaceutically acceptable salts thereof. 

Rn'-T 

D 

L3 

A—L-i-X—U 

O Rc 12 

T—Rn' 

R Rr 
NB 

IA 

wherein: 

20 RNS is each independently selected from RB; 

RC' is each independently selected, from Rc; 

RD' is each independently selected from RD; 

R2 and R5, taken together with the atoms to which they are attached, form a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 

25 R9 and R;2, taken together with the atoms to which they are attached, form a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 

A, B, D, X, L;, L2, L;,, T, RA, RB, RC, and. RD are as described, above in Formula 1. 

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

membered heterocycle, and are cach independently optionally substituted with one or more RA. More 

30 preferably, at least one of A and B is phenyl (e.g., '), and is optionally substituted, with 
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one or more RA. Highly preferably, both A and B are each independently phenyl (e.g., \==/ ), 
and are each independently optionally substituted with one or more RA. 

D preferably is selected from Cs-Qcarbocycle, 5- to 6-membered heterocycle, or 8- to 12-
membered bicycles, and is optionally substituted with one or more RA- D can also be preferably 
selected from Ci-Qalkyl, C2-Ccalkenyl or Cj-Cealkynyl, and is optionally substituted with one or 
more RL. More preferably, D is Cs-Cecarbocyclc, 5- to 6-membered heterocycle, or 6- to 12-
membered bicycles, and is substituted with one or more RM, where RM is halogen, nitro, oxo, 
phosphonoxy, phosphono, thioxo, cyano, or -LS-RR. 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 

Rs, 

Rs 

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 Rr) and preferably is hydrogen. One or 
more R* can also preferably be halo such as F. 

D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted with one or 
more RA. More preferably D is pyridinyl, pyrimidinyl, or thiazolyl, and is substituted with one or 

RM Rn 
RN KM R^„ 

N 

RN- Y 'RN RN' Y "RN SY RN 
more RM. Highly preferably, D is , or , wherein RM 

is as defined, above, and each RN is independently selected from RD and preferably is hydrogen. One 
or more RN can also preferably be halo such as F. D is also preferably indanyl, 4,5,6,7-
tetrahydrobenzo[d]thiazolyl, benzo[d]thiazolyl, or indazolyl, and is optionally substituted with one or 
more RfV More preferably D is indanyl, 4,5,6,7-tetrahydrobenzo[d.]thiazolyl, benzofdjthiazolyl, 
indazolyl, or benzo[d][l,3]dioxol-5-yl, and is substituted with one or more RM- Highly preferably, D 

} or ^ and is optionally substituted with 
one or more RM. 

Preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 
phosphono, thioxo, cyano; or C]-C6alkyl, C2-Ccalkenyl or C2-C<5alkynyl, 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 
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cyano; or C3-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, Ci-

Qalkyl, C2-C6alkenyl, C2-C6alkynyl, CrC6haloalkyl, C2-C6haloalkenyl or C2-C6haloalkynyl. More 

5 preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or CrCealkyl, C2-Qaikenyl or C2-

Cealkynyl, 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 

CrQ.alkyl which is independently optionally substituted with one or more substituents selected from 

halogen, hydroxy, mercapto, amino or carboxy. 

10 Also preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, or cyano; or RM is -LS-RE, wherein Ls is a bond or Ci-Qalkylene, and RE is -

N(RgRg'), -0-Rs, -C(0)Rs, -C(0)0Rs, -C(0)N(RsRs'), -N(Rs)C(0)Rs', -N(Rs)C(0)0Rs\ -

N(RS)S02RS', -S02RS, -SRS, or -P(0)(0Rs)2f wherein Rs and Rs' can be, for example, each 

independently selected at each occurrence from (1) hydrogen or (2) Ci-Cgalkyl optionally substituted 

15 at each occuiTence with one or more halogen, hydroxy, -O-C j -Chalky! or 3- to 6-membered 

heterocycle; or RM is Ci-C6alkyl, C2-C6alk.enyl or Q-Ccalkynyl, 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 

RM is CrCecarbocycle or 3- to 6-membered heterocycle, each of which is independently optionally 

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

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

Cs-Cgalkenyl, C2-Cfia]kynyl, Ci-C6haloalkyl, C2-C6haioaIkenyl, C^-Cehaioalkynyl, -C(0)0R.s, or -

N(RsRs'). More preferably, RM is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto, 

amino, carboxy, or Cj-Qalkyl (e.g., methyl, isopropyl, tert-butyl), CrCgalkenyl or Co-Qalkynyl, each 

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

selected from halogen, hydroxy, mercapto, amino, cyano, or carboxy. For example RM is CF3, -

C(CF3)2-OH, -C(CH3)2-CN, -C(CH3)2-CH2OH, or -C(CH3)2-CH2NH2. Also preferably RM is -LS-

RE where Ls is a bond and RE is -N(RSRS-), -0-Rs, -N(Rs)C(0)0Rs\ -N(Rs)S02Rs', -S02Rs, or -

SRs. For example where Ls is a bond, RE is -N(Ci-C6alkyl)2 (e.g., ~NMe2); --N(Cj-C6alky 1 ene-O-C,-

30 Cgalkyl)?. (e.g. -N(CH2CH2OMe)2); -N(CrC6alkyl)(Ci-C6aikylene-0-CrC6alkyl) (e.g. 

N(CH3)(CH2CH2OMe));-—0-CrCsalkyl (e.g., -O-Me, -O-Et, -O-isopropyl, -O-tert-butyl, -O-n-

hexyl); -O-Cj-Cghaloalkyl (e.g., - OCF3, -OCH2CF3); -O-Ci-Cealkylene-pipericiine (e.g., -0-

CH2CH2-1 -piperidy 1); ~N(CrC6alkyl)C(0)0CrC6alkyl (e.g., -N(CH3)C(0)0-CH2CH(CH3)2), -

N(CrC6all<yl)S02CrC6alkyl (e.g., -N(CH3)S02CH3); -S02Ci-C6alkyl (e.g., -S02Me); -S02Cr 

35 Cshaloalkyl (e.g., -S02CF3); or -S-Ci-C^haloalkyl (e.g., SCF3). Also preferably RM is -LS-RE where 

Ls is C]-C6alkylene (e.g., -CH*-, -C(CH3)2- -C(CH3)2-€H2-) and RE is -0-Rs, ~C(0)0Rs, -
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N(Rs)C(0)0Rs\ or -P(0)(0Rs)2. For example RM is -C,-C6alkylene-0-Rs (e.g., -C(CH3)2-CH2-

OMe); -Ci-C6alkylene-C(0)0RS (e.g., -C(CH3)2-C(0)0Me); -Ci-C6alky!ene~N(Rs)C(0)0P.s' (e.g., 

-C(CH3)2-CH2-NHC(0)0CH3); or-C1-C6a]kylene-P(0)(ORS)2 (e.g., -CH2-P(0)(0Et)2). Also more 

preferably RM is CrC6carbocycle or 3- to 6-membered heterocycle, each of which is independently 

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

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

Cgalkyl, Cs-Cgalkenyl, C2-C<$alkynyl, C]-Cfjialoalkyl, Cj-Cghaloalkeny 1, C2-Cf,haloalkynyl, -

C(0)0Rs, or -N(RsRs')- For example RM is cycloalkyl (e.g., cyclopropyl, 2,2-dichloro-l-

methy Icy cloprop-1 -yl, cyclohcxyl), phenyl, heterocyclyl (e.g., morpholin-4-yl, 1,1-

10 dioxidothiomorpholin.-4-yl, 4-melhylpiperazm-1 -yl, 4-methoxycarbonylpiperazin-l-yl, pyrrolidin-1-

yl, piperidin-l-yl, 4-methylpiperidin-l-yl, 3,5-dimethylpi.peridin-l-yl, 4,4-difluoropiperidin-l-yl, 

tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-yl). Highly preferably, RM 

is CrQalkyl which is independently optionally substituted with one or more substituents selected 

from halogen, hydroxy, mercapto, amino or carboxy (e.g., tert-butyl, CF3). 

15 More preferably, D is Cs-Cgcarbocycle, 5- to 6-membered heterocycle or 6- to 12-membered 

bicycle and is substituted with J and optionally substituted with one or more RA, wherein J is C3-

Cccarbocycle, 3- to 6-membered heterocycle or 6- to 12-membcred bicycle and is optionally 

substituted with one or more RA. Preferably, J is substituted with a CrQcarbocycle or 3- to 6-

membered heterocycle, wherein said Q-Cficarbocycle or 3- to 6-membered heterocycle is 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-C^alkyl, 

Q-Qalkenyl, C2-Cfialkynyl, Ci-Cghaloalkyl, Cj-Cehaloalkenyi, C2-C6haloarkynyl5 C(0)0Rs or -

N(RsRs'), and J can also be optionally substituted with one or more RA. Also preferably, D is C5-

Cecarbocycle or 5- to 6-membered heterocycle and is substituted with J and optionally substituted 

25 with one or more RA, and J is Cs-Cgcarbocycle or 3- to 6-membered heterocycle and is optionally 

substituted with one or more RA, and preferably, J is at least substituted with a CrQcarbocycle or 3-

to 6-membered heterocycle which is independently optionally substituted with one or more 

substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl, cyano, Ci-C6alkyl, C2-C6alkenyl, Q-Cgalkynyl, Q-Cehaloalkyl, C2-

30 Cghaloalkenyl, Q-Cghaloalkynyl, C(0)0Rs or -N(RsRs'). Also preferably, D is Cj-Qcarbocycle or 

5- to 6-membered heterocycle and is substituted with J and optionally substituted with one or more 

RA, and J is 6- to 12-membered bicycle (e.g., a 7- to 12-membered fused, bridged or spiro bicycle 

comprising a nitrogen ring atom through which J is covalently attached to D) and is optionally 

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

35 optionally substituted with one or more RA, and J is C3-C6carbocycle, 3- to 6-membered. heterocycle 

or 6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably J is at 
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least substituted with a C3-Cecarbocycle or 3- to 6-membered heterocycle which is independently 

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

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

C6alkenyl, C2-C6alkynyl, CrC6haloalkyl, C2-C6haloalkenyl, C2-C6haloalkynyl, C(Q)ORs or -

r RN 
5 N(RsRs'). Highly preferably, D is , wherein each RN is independently selected from 

Rn and preferably is hydrogen or halogen, and J is C3-C6carbocycle, 3- to 6-membered heterocycle or 

6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably J is at 

least substituted with a CrC6carbocycle or 3- to 6-membered heterocycle which is independently 

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

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

Qalkenyl, C2-C6alkynyl, CrQhaloalkyl, C2-Qhaloalkenyl, C2-Qhaloalkynyl, C(0)0Rs or -

RN j RN 
N(RsRs')- Also preferably, D is , wherein each RN is independently selected from RD 

and preferably is hydrogen or halogen, and J is C.-rQcarbocycle or 3- to 6-membered hetcrocycle and 

is substituted with a Cs-Cgcarbocycle or 3- to 6-membered heterocycle which is independently 

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

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

C6alkenyl, Cj-QjaikynyL CrC6haloalkyl, C2-C6haloaIkenyl, C2-C6haloalkynyj, C(0)0Rs or -

N(RS1V)> J can also be optionally substituted with one or more RA. Also preferably, D is 

and J is CrCgcarbocyele or 3- to 6-membered hetcrocycle and is optionally substituted with one or 

20 more RA, and preferably J is at least substituted with a CrCgcarbocycle or 3- to 6-membered 

heterocycle which is independently optionally substituted with one or more substituents selected from 

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

cyano, Ci-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, CpQhaloalkyl, C2-C6haloalkenyl, C2-C6haloalkynyl, 

C(0)0Rs or -N(RsRs'). 
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X preferably is Cs-Cecarbocyele, 5- to 6-membered heterocycle, or 6- to 12-membered 

T 
v, 3 ' ** * 'W 

bicycles (e.g., \ ' or ^—'J , wherein X3 is N and is directly linked to -L3-D), and 

is optionally substituted with one or more RA or RF. Non-limiting examples of X are described 

hereinabove. 

Ls and L2 are preferably independently bond or Ci-Cealkylene, L_, is preferably selected from 

bond, Ci-C6a]kylene or -C(O)-, and Li, L2, and L3 are each independently optionally substituted with 

one or more RL. More preferably, Li, L2 and L3 arc each independently bond or CrCgalkylene (e.g., -

CH2- or -CH2CH2~), and are each independently optionally substituted with one or more RL. Highly 

preferably, Lt, L2 and L3 are bond. 

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

-N-

membered heterocycle or 6- to 12-membered bicycle (e.g., ^ or ), which is 

optionally substituted with one or more RA. 

R9 and R12, taken together with the atoms to which they are attached, preferably fonn a 5- to 

-N-

6-membered. heterocycle or 6-to 12-membered bicycle (e.g., or ), which is 

15 optionally substituted with one or more RA. 

-T-RD' can be, without limitation, independently selected at each occuiTence from ~C(0)~ 

LYS -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''-R3y, -N(RB)C(0)-LY'—N(RR)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 

^ .A 

20 Ci-C6alkylene (e.g., -CH2- or ^ ̂  ) and optionally substituted with one or more substituents 

selected from RL. Preferably, -T-R.D' is independently selected at each occuiTence from -C(0)-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(0)-LY'-N(RB)C(0)0-Ls' -RD\ 

Highly preferably, -T-Ro' is independently selected at each occurrence from -C(0)-LY'-N(RB)C(0)-

25 RD' or -C(0)-LY'-N(RB)C(0)0-RD\ wherein Ly' preferably is each independently Q-Csalkylene 

(e.g., -CH2- or ^ ) and optionally substituted with one or more substituents selected from RL. 
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RNT! and Rc' are preferably hydrogen, and RD' preferably is independently selected at each 

occuiTence from R.p. More preferably, RD' is independently selected at each occurrencc from C;-

Cealkyl, 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, 

5 nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C.rQjCarbocyde or 3- to 6-membered 

heterocycle; or CrCecarbocycle 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-

Cgalkyl, C2-C6alkenyl, C^-Cealkynyl, CrCshaloalkyl, C2-C6haloalkeny1 or Cj-Cshaloalkynyl. 

10 RA preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano; or Ci-Cgalkyl, C2-C6alkenyl or Ci-Qalkynyl, each of which is 

independently optionally substituted, at each occuiTence with one or more substituents selected from 

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

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

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

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

Cgalkyl, C2-C6alkenyl, C^-C^alkyiiyl, Ci-Cchaloalkyl, Cj-Cfihaloalkenyl or Cj-Cehaloalkynyl; or -LA-

O-Rs, -LA-S-RS, -LA-C(0)RS! -LA-0C(0)RS, -LA-C(0)0R& -LA N(RSRS'), -LA-S(0)Rs, -LA-

S02Rs, -LA-C(O)N(RSRS')> ~LA~N(RS)C(O)RS', HLA-N(Rs)C(0)N(Rs'Rs"X -LA-N(Rs)S02Rs% -

20 LA-S02N(RSRS'), -LA-N(RS)S02N(RS5RS"), -LA-N(RS)S(0)N(RS'RS'*X -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, Ci-Cealkylene, C2-C6alkenylene or C2-C6alkynylene. 

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

25 phosphonoxy, phosphono, thioxo, cyano; or Ci-Cealkyl, C2-C(salkenyl or Ci-Cr.alkynyl. 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 selected from halogen, 

30 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

Cgalkyl, C2-Cf,alkenyl, C2-Cfialkynyl, Ci-Cghaloalkyl, C2-Qhaloalkenyl or CrQhaloalkynyl. 

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

phosphonoxy, phosphono, thioxo, cyano; or Ci-Cealkyl, C2-Cfialkenyl or Cj-Cgalkynyl, each of which 

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

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

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

Oi-O,a[ky!ene5 Cj-Cgalkenylene or C^-Cg.aJ.kyn.y J.ene. 

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

In one embodiment of this aspect, A and B are each independently phenyl, and are each 

5 independently optionally substituted with one or more RA.; D is phenyl, and is optionally substituted 

with one or more RA, or is substituted with J and optionally substituted with one or more RA, wherein 

J is CrQjcarbocycle, 3- to 6-membered heterocycle or 6- to 12-membered bicycle and is optionally 

substituted with one or more RA. Preferably, J is substituted with a C3-C6carbocycle or 3- to 6-

membered heterocycle which is independently optionally substituted with one or more substituents 

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

thioxo, formyl, cyano, CpCcalkyl, Cs-Ctalkenyl, C2-C6aikynyl5 Ci-Cchaloalkyl, Cj-Qhaloalkenyl, C2-

Qhaloalkynyk C(0)0Rs or -N(RsRg'), and J can also be optionally substituted with one or more RA. 

15 independently bond or CrCcalkylene, and L;> is bond, Ci-Qalkylene or -C(O)-, and L,, L2, and L3 arc 

each independently optionally substituted with one or more RL. Preferably, Li, L2, and L3 are bond. -

T-RD' is independently selected at each occuiTence from -C(0)-LY'-N(RB)C(0)-LS"-RD' or -C(O)-

LY'~N(RB)C(0)0-LS"-RD\ wherein LY' is Ci-Cfialkyleiie (e.g., -CH2-) and optionally substituted 

with one or more substituents selected from Rf., and Ls" preferably is bond. -T-RD' can also be, 

20 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'- Preferably, R2 and R5, taken together with the atoms 

Preferably, D is or -A-f^ , wherein RM and RN are as defined above. Also 
j 

preferably, D is or i/u>A/ , wherein J and RN are as defined above. L] and L2 are each 

to which they are attached, form which is optionally substituted with one or more RA; R9 

and R12, taken together with the atoms to which they are attached, fonn 

optionally substituted with one or more RA. 

which is 

67 



WO 2012/051361 PCT/US2011/056045 

In another embodiment of this aspect, A and B are each independently phenyl (e.g., 

^ ^ ^), and. are each independently optionally substituted with one or more RA (preferably, A 

and. B are each independently substituted with at least one halo such as F). X is 

wherein X3 is N and is directly linked, to -~Lr-D, and X is optionally substituted with one or more RA 

or Rp. D is phenyl, and is substituted with J and optionally substituted with one or more RA. J is C3-

Cgcarbocycle, 3- to 6-membered heterocycle, 6- to 12-membered bicycle, 10- to 15-membered 

tricycle or 13- to 15-membered carbocycle/lieterocycle, and J is optionally substituted with one or 

more RA. Preferably, J is substituted with a CrQcarbocycle, 3- to 6-membered heterocycle, 6- to 12-

membered. bicycle or 7- to 12-membered carbocycle/heterocycle, which is independently optionally 

substituted, with one or more substituents selected from (1) halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cj-0,alkyl, Ci-Csalkeny!, C2-

Cealkynyl, Ci-Cshaloatkyl, C2-Cfihaloalkenyl, CrCfihakjalkyiiyl, -C(0)0Rs or -MRsRs'X or (2) 

trimethylsilyl, -O-Rs, -S-Rs or -C(0)Rs; and J can also be optionally substituted with one or more 

RN 

RA. Preferably. D is or , wherein J is as defined above, and each RN is 

15 independently selected from RD and preferably is hydrogen or halo such as F. Li and Lo are each 

independently bond or Q-Ccallcylene, and L3 is bond, Cj-Chalky lene or -C(O)-, and L;, Lo, and L3 are 

each independently optionally substituted with one or more RL. Preferably, Lu L2, and L3 are bond. -

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,''-R[.)', wherein Ly" is Ci-C6alkylene (e.g., -CH2-) and optionally substituted 

20 with one or more substituents selected, from RL, 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(RO)S(0)2~LS"-RD'. R2 and R5, taken together with the atoms to which 

they are attached, form a 5- to 6-membered heterocyclic ring (e.g., ) or 6- to 12 

membered bicycle (e.g., ) which is optionally substituted with one or more RA; and Rc> and 

25 R12, taken together with the atoms to which they are attached, fonn a 5- to 6-membered heterocyclic 
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) which is optionally 

-N~^> v. 
I" \s 

ring (e.g., ) or 6- to 12-membered bicycle (e.g., 

substituted with one or more RA-

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

pharmaceutically acceptable salts thereof; 

Rn'~T T—Rr/ 

wherein: 

Rc' is each independently selected from Rc; 

RD' is each independently selected from RD; 

R2 and R.5, taken together with the atoms to which they are attached, fonn a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 

Rg and R12, taken together with the atoms to which they are attached, form a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 

A, B, D, X, Li, L2, L3, T, RA, RC, and RD are as described above in Formula I. 

In this aspect, A and. B preferably are independently selected from 8- to 12-membered 

bicycles such as 

wfVl, 
Xf* 

W3 3 

^W4, w5 v 

Wp 

-z2 
% 

-Z4 or 

Z2- ^W4, 
w. 

24 we where Zj is independently selected at each occurrence from O, S, NH or CH2, 

Z2 is independently selected at each occuiTence from N or CH, Z3 is independently selected at each 

occurrence from N or CH, Z4 is independently selected at each occuiTence from O, S, NH or CH2, and 

Wb W9, W.i, W4, W5 and W6 are each independently selected at each occuiTence from CH or N. A 

and B are each independently optionally substituted with one or more RA. 
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,w. 
Wo 

More preferably, A is selected from 

Wc 

w5 or * VX wB and is 

/wt w2 

optionally substituted with one or more RA; B is selected from w3 Z3 or 

w. z2 

ws Z-1 , and ivS optionally substituted with one or more RA, where Z]? Z2, Z.3, Z4, Wh W2, 

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

(e.g., H ), wherein A' and B' are independently selected from 

Cs-Cecarbocycle or 5- to 6-mernbered heterocycle, and A and B are independently optionally 

substituted, with one or more RA. 

More preferably, A is N ?,Bis^ , and A and B are substituted 

with one or more halogen, such as F or CI. When A and/or B are halo-substituted benzimidazole 

H . c p 

rJLJ 
(e.g., A is ^ """ and B is ' N ), the compounds of Formula IB can have 

significantly improved pharmacokinetic properties as well as improved inhibitory activity against 

H 
„,.-N 

/ 
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certain HCV genotype la mutants, as compared to the same compounds but with unsubstituted. 

benzimidazole. 

D preferably is selected from Cs-Cecarbocycle, 5- to 6-membered heterocycle, or 6- to 12-

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

selected from CrQalkyl, Cj-^alkenyl or Ci-C^alky nyl, and is optionally substituted with one or 

more substituents selected from RL. More preferably, D is C5-C6carbocycle, 5- to 6-membered 

heterocycle, or 6- to 12-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 

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

RD and preferably is hydrogen. One or more RN can also preferably be halo such as F. 

D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted, with one or 

more RA. More preferably D is pyridinyl, pyrimidinyl, or thiazolyl, and is substituted with one or 

RM Rt, 

RN ;N 

RM' y -RN ^ ̂  S^RN 
more RM. Highly preferably, D is , IAAA' , or , wherein RM 

is as defined above, and each RN IS independently selected from Rn and preferably is hydrogen. One 

or more R>; can also preferably be halo such as F. D is also preferably indanyl, 4,5,6,7-

tetrahydrobenzo[d]thiazolyl, benzo[d]tbiazolyl, or indazolyl, and is optionally substituted with one or 

more RA. More preferably D is indanyl, 4,5,6,7-tetrahydrobenzo[d]thiazolyl, benzo{d]thiazolyl, 

indazolyl, or benzo[dj[1,3]dioxol-5-yl, and is substituted with one or more RM- Highly preferably, D 

is IAA*/ ? ,AAA/ 5 ; ? ^ or .AAA/ _ is optionally substituted with 

one or more RM-

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

phosphono, thioxo, cyano; or CrQalkyl, C2-Qalkenyl or Ci-Cf.alkynyl, each of which is 

independently optionally substituted at each occuiTence with one or more substituents selected from 

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

cyano; or CrQcarbocyclc or 3- to 6-mcmbered heterocycle, each of which is independently 
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optionally substituted at each occuiTence with one or more substituents selected from halogen, 

hydroxy, mercapto, ammo, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formvl, cyano, Cp 

Cgalkyl, C2-C6alkenyl, C2-C<salkynyl, Ci-Cfihaloalkyl, CVCfihaloalkenyl or CrCghaloalkynyl. More 

preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or CrQalkyl, C2-C6alkenyl or C2-

5 CfiaJkynyl, each of which is independently optionally substituted at each occuiTence with one or more 

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

CpQalkyl which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy. 

Also preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

10 phosphono, thioxo, or cyano; or RM is -LS-RR, wherein Ls is a bond or Ci-Ccalkylene, and RS; is -

N(RsRs'), -0-RS, -C(0)RS, -C(0)0RS, -C(0)N(RSRS'), -N(Rs)C(0)Rs\ -N(RS)C(0)0RS', -

N(Rs)S02Rs', -S02RS, -SRS, or -P(0)(0Rs)2, wherein Rs and Rs' can be, for example, each 

independently selected at each occurrence from (1) hydrogen or (2) Ci-CGalkyl optionally substituted 

at each occurrence with one or more halogen, hydroxy, -O--C1-Chalky 1 or 3- to 6-membered 

15 heterocycle; or RM is Ci-Cealkyl, C2-C6alkenyl or Q-Qalkynyl, 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 

R.M is Ci-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently optionally 

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

20 mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CrQalkyl, 

C2-Csalkeny], C2-C<5alkynyl, CrQhaloalkyl, CVCehaloalkenyl, Cj-Cfibaloaikynyl -C(0)0Rs, or -

N(RsRs')- More preferably, RM is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto, 

amino, carboxy, or CrC6alk.yl (e.g., methyl, isopropyl, tert-butyl), C2-C6alkenyl or C2-C6alkynyl, each 

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

25 selected from halogen, hydroxy, mercapto, amino, cyano, or carboxy. For example RM is CF3, -

C(CF3)2-OH, -C(CH3)2-CN, -C(CH3)2-CH2OH, or -C(CH3)2-CH2NH2. Also preferably RM is -LS-

RE where Ls is a bond and RE is -N(RsRs'), -0-Rs, -N(Rs)C(0)0Rs\ -N(Rs)S02Rs\ -S02Rs, or -

SRs- For example where Ls is a bond, RE is -N(Ci-C6alkyl)2 (e.g., -NMe2); -N(C1 -Chalkylene-O-C 1 -

C6alkyl)2 (e.g. -N(CH2CH2OMe)2); -N(CrC6alkyl)(Ci-C6all<ylene-0-CrC6alkyl) (e.g. 

30 N(CH3)(CH2CH2OMe));—O-Ci-Cgalkyl (e.g., -O-Me, -O-Et, -O-isopropyl, -O-tert-butyi, -O-n-

hexyl); -O-Ci-Cghaloalkyl (e.g., - OCF3. ---OCH2CF3); -O-Ci-Cealkylene-piperidine (e.g., -O-

CH2CH2-1 -piperidyl); -N(C,-C6alkyl)C(0)0CrC6alkyl (e.g., -N(CH3)C(0)0-CH2CH(CH3)2), -

N(CrC6alkyl)S02C,-C6alkyl (e.g., -N(CH3)S02CH3); -S02C,-C6alkyl (e.g., -S02Me); -S02Cr 

Cghaloalkyl (e.g., -S02CF3); or -S-Ci-Cghaloalkyl (e.g., SCF3). Also preferably RM is -LS-RE where 

35 LR is C5-Chalkylene (e.g., -CH2- -C(CH3)2-, --C(CH3)2-CH2-) and RE is -O-Rs, -C(0)0Rs, -

N(Rs)C(G)ORs\ or -P(0)(0Rs)2. For example RM is -CrCgalkylene-O-Rs (e.g., --C(CH3)2-CH2-
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OMe); -Ci-C6alkylene-C(0)0RS (e.g., -C(CH3)2-C(O)0Me); -C1-C6alkylene-N(Rs)C(0)0Rs' (e.g., 
m'nxs \ r-xs wup/A\nru n n D/r\vr\D •* ~ r-u D/AVAD^ \ AI^ vy v_u " >w] i \^-xx2 x \y^/ /VJOV/ IIIUIV 

preferably RM is 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, 

5 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C\-

Cfialkyl, C2-C6alkenyl, C2-Cf;alkynyl, Ci-Cehaloalkyl, Cj-Qhaloalkenyl, C^-Cghaloalkynyl, -

C(0)0Rs, or -N(RsRs'). For example RM is cycloalkyl (e.g., cyciopropyl, 2,2-dichloro-l-

methylcycloprop-1 -yl, cy clohexyl), phenyl, hetcrocyclyl (e.g., morpholin-4-yl, 1,1-

dioxidothiomoipholin-4-y 1, 4-mcthylpiperazin-1 -yl, 4-methoxycarbonyIpiperazin-1 -yl, pyrrolidi.n-1 -

10 yl, piperidin-1 -y 1, 4-methylpiperid.in-1 -yl, 3,5-dimethyIpiperidin-1 -yl, 4,4-difluoropiperidin-1 -y 1, 

tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-yl). Highly preferably, RM 

is Ci-Cfialkyi which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy (e.g., tert-butyl, CF3). 

More preferably, D is Cs-Cecarbocycle, 5- to 6-membcrcd heterocycle or 6- to 12-membered 

15 bicycle and is substituted with J and optionally substituted with one or more RA, wherein J is C3-

Cecarbocycle, 3- to 6-membered heterocycle or 6- to 12-membered bicycle and is optionally 

substituted with one or more RA. Preferably, J is substituted with a CrQcarbocycle or 3- to 6-

membered heterocycle, wherein said C3-C(;carboeycle or 3- to 6-membered heterocycle is 

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

20 mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CrQalkyl, 

Cn-Cfialkenyl, C2-C6alkynyl, Ci-Qhaloalkyl, C2-Cshaloalkenyl, Cx-Cghaloalkynyl, C(0)0Rg or -

N(RsRs'), and J can also be optionally substituted with one or more RA. Also preferably, D is C5-

Cecarbocycle or 5- to 6-membered heterocycle and is substituted with J and optionally substituted 

with one or more RA, and J is CrQcarbocycle or 3- to 6-membered heterocycle and is optionally 

25 substituted with one or more RA, and preferably, J is at least substituted with a C:,-C6carbocycle or 3-

to 6-membered heterocycle which is independently optionally substituted with one or more 

substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl, cyano, Ci-Cealkyl, C2-Cgalkenyl, C2-C<5alkynyl, Q-Cghaloalkyl, C2-

Qhaloalkenyl, C2-C<5haloalkynyl, C(0)0Rs or -N(RsRs'). Also preferably, D is Cs-Cgcarbocycle or 

30 5- to 6-membered heterocyclc and is substituted with J and optionally substituted with one or more 

RA, and J is 6- to 12-membered bicycle (e.g., a 7- to 12-membered fused, bridged or spiro bicycle 

comprising a nitrogen ring atom through which J is covalently attached to D) and is optionally 

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

optionally substituted with one or more RA, and J is Cs-Qjcarbocycle, 3- to 6-membered heterocycle 

35 or 6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably .1 is at 

least substituted with a C3-Cecarbocycle or 3- to 6-membered heterocycle which is independently 
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optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto, 
~ ~ ^ rxv*U ̂  UT r *s\x * * +"U 4 ^ -T^^xrl AxrrmA O ^TU-vrl 

CIJX1JXJU, UUUVM), XXXUU* UAU, jJUU&pXXUXXVJA}' , P XXU L>pXXV>rXXU? UIXUAV;, XVJXXXi^X, ^CUiV, \s\-\^t}ClLL\.y X, V^2"* 

Cgalkenyl, Cj-Cealkynyl, Q-Cghaloalkyl, Cj-Ce.haloalkeiiyl, C2-C6haloaIkynyl, C(0)0Rs or -
j 

RM- X .RN 

RN | RN 

N(RsRs'). Highly preferably, D is , wherein each RN is independently selected from 

5 RD and preferably is hydrogen or halogen, and J is C3-C6carbocycle, 3- to 6-membered heterocycle or 

6- to 12-membered bicycle and is optionally substituted with one or more RA, and. preferably J is at 

least substituted with a CrCecarbocycle or 3- to 6-membered. hetcrocycle which is independently 

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

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

10 Cealkenyl, C2-C6alkynyl, Ci-Cghaloalkyl, C2-C6haloalkenyl, C2-C6haloalkynyl, C(Q)ORs or -

RN j RN 
N(RsRs'). Also preferably, D is •yv^ , wherein each RN is independently selected from R.D 

and preferably is hydrogen or halogen, and J is CrCgcarbocycle or 3- to 6-membered heterocycle and 

is substituted with a Q-Cgcarbocycle or 3- to 6-membered heterocycle which is independently 

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

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

Cealkenyl, Q-Cgalkynyl, Ci-Cghaloalkyl, C2-Cchaloalkenyl, C2-C6haloalkynyi, C(0)0R$ or -

N(RsRs')> and J can also be optionally substituted with one or more RA. Also preferably, D is 

and J is CyCecarbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or 

more RA, and preferably J is at least substituted with a Q-Cgcarbocycle or 3- to 6-membered 

20 heterocycle which is independently optionally substituted with one or more substituents selected from 

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

cyano, Cj-Qalkyl, C2-C6alkenyl, C2-C6alkynyl, CrCghaloalkyl, CrQhaloalkenyl, C2-C6haloalkynyl, 

CfO)ORB or -N(RsRs'). 

X preferably is Cs-Cecarbocycle, 5- to 6-membered heterocycle, or 6- to 12-membered 
JV\J 

A-
25 bicycles (e.g., ^ > or v—tJ , wherein X3 is N and. is directly linked, to -L3-D), and 
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is optionally substituted with one or more RA or Rp. Non-limiting examples of X are described 

heremabov e. 

Li and L2 are preferably independently bond or Ci-C^.alkylene, L3 is preferably selected from 

bond, Cj-Cealkylene or -C(O)-, and L,, L2, and L3 are each independently optionally substituted with 

one or more RL. More preferably, L,, L2 and L3 are each independently bond or C[-Chalkylene (e.g., -

CUr- or -CH2CH2-), and are each independently optionally substituted, with one or more RL. Highly 

preferably, L]} L? and L3 are bond. 

R2 and R5, taken together with the atoms to which they are attached, preferably fonn a 5- to 6-

-N-

membered heterocycle or 6- to 12-membered bicycle (e.g., ^ or ) which is 

10 optionally substituted with one or more RA. R9 and R12, taken together with the atoms to which they 

are attached, preferably form a 5- to 6-membered heterocycle or 6- to 12-membered bicycle (e.g., 

-N- „ 

or ) which is optionally substituted with one or more RA. 

-T-Rn' can be, without limitation, independently selected at each occuiTence 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', -

15 N(RB)C(0)-LY'-N(RB)C(0)-LS"-RD'5 -N(RB)C(0)-LY'—N(RB)C(OP-LS"-RD,S or ~N(RB)C(0>-

LY'—N(RB)-LS"~RD', wherein LY' is each independently Ls' and, preferably, is each independently 

Ci-Cgalkylene (e.g., -CH2- or ^ ̂  ) and optionally substituted with one or more substituents 

selected from RL. Preferably, -T-RD' is independently selected at each occurrence from -C(0)-LY'-

M'~LS"-RD' or -N(RB)C(0)-LY,-M'-LS,,-R);)\ More preferably, -T-RD' is independently selected 

20 at each occuiTence from -C(0)-LY'-N(RB)C(0)-LS"-RD' or -C(0)-LY5-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(R-B)C(0)0-RD', wherein LY' preferably is each independently CrCealkylene 

(e.g., -CH.?- or ) and optionally substituted with one or more substituents selected from RL. 

Rc' is preferably hydrogen, and RD' preferably is independently selected at each occurrence 

25 from RE. More preferably, Rn' is independently selected at each occurrence from Ci-Cgalkyl, C2-

Cealkenyl or C2-Ccalkynyl, 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, CrCgcarbocycle or 3- to 6-membered heterocycle; 
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or C3-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, Ci-Qalkyl, 

C2-C6alkenyl, Cj-Qalkynyl, Q-Cehaloalkyl, C2-C6haloalkenyl or Co-Cghaloalkynyl. 

5 RA preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano; or Cj-Cgalkyl, C2-Qalk.en.yl or Co-Csalkynyl, each of which is 

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

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

cyano; or C3-C6carbocycle or 3- to 6-membered heterocycle, each of which is independently 

10 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, CrQhaloalkyl, C2-C6haloalkenyl or Oz-Cghaloalkynyl; 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-

S02RS, -LA-C(0)N(RSRS'), -LA-N(RS)C(0)RS'( -LA-N(RS)C(0)N(RS'RS"X -LA-N(RS)S02RS', -

15 LA-S02N(RSRS'), -LA-N(RS)S02N(RS'RS")5 -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, Ci-Cealkylenc, Ci-Cealkenylene or C2-C6allcyny]ene. 

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

20 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 Cj-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, 

25 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

Qalkyl, C2-Cfiajkenyl, Ca-Qalkynyl, CrC6haloalkyL C2-C<shaloalkcnyl or C2-Qhaloalkynyl. 

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

phosphonoxy, phosphono, thioxo, cyano; or Ci-Qalkyl, C2-Q,alkeny] or Ci-Cgalkynyl, each of which 

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

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

cyano. 

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

Ci-Cgalkyienc, QrCealkenylene or C2-C6alkynylene. 

A and B can be the same or different. Likewise, L] and L2 can be the same or different. 
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In one embodiment of this aspect, A is , and. is 

optionally substituted, with one or more RA; B is ^ or " H , and is 

optionally substituted with one or more RA; and D is Q-C^carbocycle or 5- to 6-membered 

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

and optionally substituted with one ox more RA, wherein J is CQCccarbocycie, 3- to 6-membered 

heterocycle or 6- to 12-membered bicycle and is optionally substituted with one or more RA. 

Preferably, J is substituted with a C.rCgcarbocycle or 3- to 6-membered heterocycle which is 

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

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

Cj-Cealfcenyl, C2-C6alkynyl, Ci-CehaloalkyI, Cj-Cghaloalkenyl, C2-Cfihaloalkynyl, C(0)0R§ or -

N(RSRS"), and J can also be optionally substituted with one or more RA. Preferably, D is 

KM RM 

•RN 

or , wherein RM and RN are as defined above. Also preferably, D is 
j 

or , wherein J and RN are as defined above. Zi is independently selected at 

each occurrence from O, S, NH or CH-2; and Z-> is independently selected at each occurrence from N 

or CH. Preferably, A is \i"" B is $ , and. A and B arc substituted with 

one or more halogen, such as F or CI. When A and/or B are halo-substituted benzimidazole (e.g., A is 

..F 

J..4 
"V" Y 

L ,/4 K 
f' and B is ' H ), the compounds of this embodiment can have 

significantly improved pharmacokinetic properties as well as improved inhibitory activity against 

certain HCV genotype la mutants, as compared to the same compounds but with unsubstituted 

benzimidazole. Li and L2 are each independently bond or CpQalkylene, and L-, is bond, Cp 

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

more Rr,. Preferably, Li, L2, and L3 are bond. -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', wherein Ly' is Cp 
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10 

20 

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

and Ly'' preferably is bond. —T-RD' can also be, without limitation, selected from —C(0)~Ly'—L^''— 

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'. 

with one or more RA (e.g., halogen); B is H and is optionally substituted, with one 

or more RA (e.g., halogen); and D is C5-Qcarbocycle or 5- to 6-membered heterocycle (e.g., phenyl), 

and is optionally substituted with one or more RA, or is substituted, with j' and optionally substituted 

with one or more RA, wherein J is C3-Cgcarbocycle, 3- to 6-membered heterocycle or 6- to 12-

membered bicycle and is optionally substituted with one or more RA. Preferably, J is substituted with 

a C3-Cc,carbocycle or 3- to 6-membered heterocycle which is independently optionally substituted 

with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy. nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl, cyano, C.-Qalkyl, C;rCcalkenyl, C2-C<5alkynyl, Cr 

Cehaloalkyl, CrCghaloalkenyl, C2-C<shaloalkynyl, C(0)QRs or -N(RSRS'), and J can also be 

, wherein J and RN are as 

F 

A 
defined above. When A and/or B are halo-substituted benzimidazole (e.g., A is 

F. & 

and B is ), the compounds of this embodiment can have significantly improved 

pharmacokinetic properties as well as improved inhibitory activity against certain HCV genotype la 

mutants, as compared to the same compounds but with unsubstituted benzimidazole. Lj and L2 are 

each independently bond or Cj-Qalkylene, and L3 is bond, Ci-Cealkylene or -C(0)~, and L-, L2, and 

L;, are each independently optionally substituted with one or more RL. Preferably, Lu L2, and Li are 

bond. -T-RD' is independently selected at each occurrence from -C(0)-LY'-N(RB)C(0)-LS"-RD' or 
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-C(0)-LY'-N(RB)C(0)0-LS"-RD', wherein LY' is Ci-C<jalky]ene (e.g., -CH2-) and optionally 
.TM+U n^1 T> T " Jr. T T> > 

LJUUOU tU L^U Willi UJl«w VJ1 L11KJS <y S U UO U t U <wi 1 O^lV^Ol^U. 11VJ111 lN-Ls CUlVi -L>S [jlViW aui^ 10 L/VJlill. —1 "i\0 UCU1 

also be, without limitation, selected from -C(0)-LY'-LS"-R.D\ -C(0)-LY,-0-LS" -RD', -C(0)-LV'-
N(RB)-LS"-RD', or -C(0)-LY'-N(RB)S(0)2-LS"-RD\ R? and R5, taken together with the atoms to 

5 which they are attached, preferably form a 5- to 6-membered heterocycle or 6- to 12-membered 

15 

bicycle (e.g., '"L or ) which is optionally substituted with one or more RA. Kg 
and. R12, taken together with the atoms to which they are attached, preferably form a 5- to 6-membered 

heterocycle or 6- to 12-membered bicycle (e.g., ^ or -7- ) which is optionally 
substituted with one or more RA. More preferably, R2 and R5, taken together with the atoms to which 

10 they are attached, form which is optionally substituted with one or more RA; R9 and R, 

which is optionally taken together with the atoms to which they are attached, form 
substituted with one or more RA. 

K" 
N" 

In still another embodiment of this aspect, A is H and. optionally substituted 
with one or more RA (preferably, A is substituted with at least one halogen such as F); B is 

H , and is optionally substituted with one or more RA (preferably, B is substituted 

20 

with at least one halogen such as F). X is 

Xc 

wherein X3 is N and is directly linked to -
L3-D, and X is optionally substituted with one or more RA or RF. D is phenyl, and is substituted with 
J and optionally substituted with one or more RA. J is CrCgcarbocycle, 3- to 6-membered 
heterocycle, 6- to 12-membered bicycle, 10- to 15-membered tricycle or 13- to 15-membered 
carbocycle/lieterocycle, and J is optionally substituted with one or more RA. Preferably, J is 

substituted with a Q-Cgcarbocycle, 3- to 6-membered. heterocycle, 6- to 12-membered bicycle or 7- to 
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12-membered carbocyclc/heterocycle, which is independently optionally substituted, with one or more 

substituents selected from (1) halogen, hydroxy, mercapto, 8.1111110, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl, cyano, Q-Ccalkyl, C2-C6alkenyl, Q-Cgalkynyl, C]-C6haloalkyl, C2-

Cghaloalkenyl, QrCghakmlkynyh -C(0)0Rs or -N(RsRs'), or (2) triiiietliylsilyl, -0-Rs, -S-Rs or -

5 C(0)Rs; and J can also be optionally substituted with one or more RA. Preferably, D is 

10 

15 

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

RD and preferably is hydrogen or halo such as F. Lr and L2 are cach independently bond or Ci~ 

Cgalkylenc, and L3 is bond, C-rC6alkyIene or -C(O)-, and L], L2, and L3 are each independently 

optionally substituted, with one or more RL. Preferably, Ls, L2, and L3 are 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-Cfialkylene (e.g., -CH2-) and optionally substituted with 

one or more substituents selected from RL, and Ls" preferably is bond. -T-RD' can also be, without 

limitation, selected from -CXOHV-LS'-RD', -C(0)-LYJ-0-LS"-R.D\ -C(0)-LY-N(RB)-LS'-

RD', or ~-C(0)-LY'-N(Rn)S(0)2-Ls''--RD\ R2 and R5, taken together with the atoms to which they are 

attached, preferably form a 5- to 6-membered heterocycle or 6- to 12-membered bicycle (e.g., 

or ) which is optionally substituted with one or more RA. R9 and RJ2, taken 

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

-N-^5 V—-N-

6-to 12-membered bicycle (e.g., or ) which is optionally substituted with one 

or more RA. More preferably, R2 and R5> taken together with the atoms to which they are attached, 

20 form which is optionally substituted with one or more RA; R9 and RI2, taken together 

with the atoms to which they are attached., form 

or more RA. 

which is optionally substituted with one 
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The present invention unexpectedly found that a compound according to this aspect of the 

invention (preferably a compound of Formula I3 or a pharmaceuiical 1 y acceptable salt thereof, 

wherein A is B is ^ S and A and B are independently optionally 

substituted with one or more RA such as one or more halo) showed significantly improved activities 

5 against different HCV genotypes and variants. For instance, when tested against HCV replicons of 

different genotypes in stable cell lines (in the presence of 5% FBS), and as compared to Example 37 

of U.S. Patent Application Publication No. 2010/0317568, the EC50 values of the compounds of 

Examples 3.48, 3.52, 4.38, and 5.1 were at least about 6-fold less than that of Example 37 against 

genotype la, at least about 3-fold less against genotype 3a, at least about 50-fold less against genotype 

10 6a, and significantly less against genotype 2a. In addition, when tested against HCV genotype la 

replicons containing certain NS5A mutations in transient transfection assays, and as compared to 

Example 37 of U.S. Patent Application Publication No. 2010/0317568, the EC50 values of the 

compounds of Examples 3.48, 3.52, 4.38, and 5.1 were at least about 130-fold less than that of 

Example 37 against the L31V variant, at least about 7,500 fold less against the M28T variant, at least 

15 about 80-fold less against the M28V variant, at least about 500-fold less against the Q30E variant, at 

least about 300-fold less against the Q30R variant, at least about 800-fold less against the Y93C 

variant, at least about 1,500-fold less against the Y93H variant, and significantly less against the 

Q30H variant. Likewise, when tested against HCV genotype lb replicons containing certain NS5A 

mutations in transient transfection assays, and as compared to Example 37 of U.S. Patent Application 

20 Publication No. 2010/0317568, the EC50 value of the compound of Example 5.1 was at least about 10-

fold less than that of Example 37 against the Y93H variant. 

Accordingly, the present invention features methods of treating different HCV genotype or 

variant infection. The methods comprise administering a compound of Formula IB, or a 

pharmaceutically acceptable salt thereof, to a patient infected with HCV genotype la, lb, 2a, 2b, 3a, 
H 
N 

25 4a, 5a or 6a, or infected with one of the variants described above. Preferably, A is N 
H 
N s 

B is ^ , and A and B are independently optionally substituted with one or more RA 

such as one or more halo. Other compounds described in this aspect of the invention or any 

embodiment thereunder, as well as the title compounds in the Examples described below, may also be 

used. In one embodiment, the patient being treated is infected with HCV genotype 1, such as la. In 

30 another embodiment, the patient being treated is infected with HCV genotype 2, such as 2a. In still 

another embodiment, the patient being treated is infected with HCV genotype 3, such as 3a. In 

another embodiment, the patient being treated is infected with HCV genotype 4, such as 4a. In a 
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further embodiment, the patient being treated is infected with HCV genotype 5, such as 5a. In yet 
another embodiment, the patient being treated is infected with HCV genotype 6, such as 6a. 

In yet another aspect, the present invention further features compounds of Formula lc and 
pharmaceutically acceptable salts thereof. 

Rn,_T 

wherein: 

RNB is RR; 
Rc' is each independently selected from Rc; 
Rn' is each independently selected from Rn; 
Ro and R5, taken together with the atoms to which they are attached, form a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 
R<) and R]2, taken together with the atoms to which they are attached, form a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 
A, B, D, X, L,, L2, L3, T, RA, RB, RC, and. RD are as described above in Formula I. 
In this aspect, A preferably is C5-C6carbocycle or 5- to 6-membered heterocycle, and is 

optionally substituted with one or more RA; and B preferably is 8- to 12-membered bicycle (such as 

Wo 

w. 

-Zi Wc 

or 

•Z2 

'Zt ), and is optionally substituted with one or more 
RA. Z, is O, S, NH or CH2; Z2 is N or CH; Z3 is N or CH; Z4 is O, S, NH or CH2; and W,, W2, W3, 
W4, W5 and Wg are each independently selected from CH or N. 

or more RA, where Zu Z2, Z3, Z4, W!; W2, W3, W4, W5, Wg are as defined above. Preferably, Z3 is N 

Zi 

/> 
and Z4 is NH. For instance, B can be 

/ 
(e.g., ) or 

82 



WO 2012/051361 PCT/US2011/056045 

), and is optionally substituted 
with one or more RA. 

membered heterocycle; and R is H (e.g., """ H ), wherein B' is selected 
from C5-C<5carbocycle or 5- to 6-mcmbered heterocycle. A and B are independently optionally 
substituted with one or more RA. 

D preferably is selected from C5-C6carbocycle, 5- to 6-membcrcd heterocyclc, or 6- to 12-
membered bicycles, and is optionally substituted with one or more RA. D can also be preferably 
selected from Q-Cgalkyl, Cj-Qaikenyl or C2-C6alkynyl, and is optionally substituted with one or 
more substituents selected from RL. More preferably, D is Cs-Qcarbocycle, 5- to 6-membered 
heterocycle, or 6- to 12-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 

, wherein RM is as defined above, and each RN is independently selected from 
R{) and preferably is hydrogen. One or more RN can also preferably be halo such as F. 

D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted, with one or 
more RA. More preferably D is pyridinyl, pyrimidinyl, or thiazolyl, and is substituted with one or 

RM RM 

RNY^N N^N 
RNJ^RN RN^Y^RN ST RN 

more RM- Highly preferably, D is , or , wherein RM 

is as defined above, and each RN is independently selected from RD and preferably is hydrogen. One 
or more RN can also preferably be halo such as F. D is also preferably indanyl, 4,5,6,7-
tetrahydrobenzo[d]tliiazolyl, benzo[d]thiazolyl, or indazolyl, and is optionally substituted with one or 
more RA. More preferably D is indanyl, 4,5,6,7-tetrahydrobenzo[d.]thiazolyl, benzo[d]thiazolyl, 
indazolyl, or benzo[d][l,3]dioxol-5-yl, and is substituted with one or more RM. Highly preferably, D 
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AA r\ Vs r 9 

is , or , and is optionally substituted with 

one or more RM-

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

phosphono, thioxo, cyano; or G-Cealkyl, C2-C.6alkenyl or C2-C6alkynyl, each of which is 

5 independently optionally substituted at each occuiTence with one or more substituents selected from 

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

cyano; or Cj-Cecarbocycle or 3- to 6-membered hctcrocycle, 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-

10 Cgalkyl, Cs-Cealkenyl, CrQalkynyl, Ci-C<$haloalkyl, Cz-Cehaloalkenyl or Co-C^haloalkynyl. More 

preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or Ci-C6alkyl, 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 

Ci-Cealkyl which is optionally substituted with one or more substituents selected from halogen, 

15 hydroxy, mercapto, amino or carboxy. 

Also preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, or cyano; or RM is -LS-RE, wherein Ls is a bond or C;-G,alkyiene, and RK is -

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

N(RS)S02RS', -S02RS, -SRS, or -P(0)(0Rs)2, wherein Rs and Rs' can be, for example, each 

20 independently selected at each occurrence from (1) hydrogen or (2) Cj-C6alkyl optionally substituted 

at each occurrence with one or more halogen, hydroxy, -O-Ci-Chalky! or 3- to 6-mcrabered 

heterocycle; or RM is CpCealkyl, C2-C<5alkenyl or Q-Qalkynyl, each of which is independently 

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

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

25 RM is CrQcarbocycle 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-Qalkyl, 

C2-C(5alkenyl, C2-Q,alkynyl, Q-Cghaloalkyl, C2-C6haloalkenyl, CrCfihaloalkynyl, -C(0)0Rs, or -

N(RsRs'). More preferably, RM is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto, 

30 amino, carboxy, or Cj-Cealkyl (e.g., methyl, isopropyl, tert-butyl), C2-Qalkenyl or C2-C6alkynyl, each 

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

selected from halogen, hydroxy, mercapto, amino, cyano, or carboxy. For example RM is CF3, -

C(CF3)2-OH, -C(CH3)2-CN, -O(CH02-CH2OH, or -C(CH3)2-CH2NH2. Also preferably RM is -Ls-
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RE where Ls is a bond and RE is -N(RsRs0, -O-Rs, -N(Rs)C(0)0Rs\ -N(Rs)S02Rs\ -S02Rs, or -

' SRy. For example where U is a bond, Ra is N(Ci- C6aikyl)2 (e.g., -NMe2); -N(Cj C6alkylene-0-Cr 

C6alkyl)2 (e.g. -N(CH2CH2OMe)2); ~N(CrC6alkyl)(CrC6alkyiene-0-CrC6alkyl) (e.g. -

N(CH3)(CH2CH2OMe));—0-CrC6alkyl (e.g., -O-Me, -O-Et, -O-isopropyl, -~0-terl-butyl5 O-n-

5 hexyl); -0-Ci-C6haloa]kyl (e.g., - OCF3, -OCH2CF3); -O-Ci-Cgalltylene-piperidine (e.g., -O-

CH2CH2-1 -piperidyl); -N(C1-C6alkyl)C(0)0CrC6alkyl (e.g., -N(CH3)C(0)0-CH2CH(CH3)2), -

N(CrC6alkyl)S02CrC6alkyl (e.g., -N(CH3)S02CH3); -S02C,-C6alkyl (e.g., -S02Me); -S02Cr 

Cfihaloalkyl (e.g., -S02CF3); or ~-S-Cj-C6h aloaSlcyl (e.g., SCFi). Also preferably RM is -LS-RE where 

Ls is C,-C6a]kylene (e.g., -CH2~~, --C(CH3)2- -C(CH3)2-CH2-) and RE is -0-Rs, -C(0)0Rs, -

10 N(Rs)C(0)0Rs', or -P(0)(ORs)2. For example RM is -CrC6alkylene-0-Rs (e.g., -C(CH3)2-CH2-

OMe); -Ci-C6alkylenc-C(0)0Rg (e.g., ~~C;(CH3)2-C(0)0Me); -CrCfiajkylene-N(RR)C(0)0Rs' (e.g., 

-C(CH3)2-CH2-NHC(0)0CH3); or -C1~C6alkylene-P(OXORs)2 (e.g., -CH, P(0)(0Et)2). Also more 

preferably RM is QrQcarbocycle or 3- to 6-membered heterocycle, each of which is independently 

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

15 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy], cyano, Q-

Cfialkyl, C2-Cfialkenyl, C2-Cfialkynyl, Q-Qhaloalkyl, C2-C6ha]oa]kenyl, C2-C6haloalkynyl, -

C(0)0Rs, or -N(RsRs')- For example RM is cycloalkyl (e.g., cyclopropyl, 2,2-dichloro-l-

methylcycloprop-1-yl, cyclohexyl), phenyl, heterocyclyl (e.g., morpholin-4-yl, 1,1-

dioxidothiomoipholin-4-yl, 4-methyipiperazin-l-yl, 4-methoxycarbonylpiperazin-l-yl, pyrrolidin-1-

20 yl, piperidin-l-yl, 4-melhylpiperidin-l-yl, 3,5-dimethylpiperidin-l-yl, 4,4-difluoropiperidin-l-yl, 

tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-yl). Highly preferably, RM 

is C]-C6a]kyl which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy (e.g., lert-butyl, CF;,). 

More preferably, D is Cs-Cgcarbocycle, 5- to 6-membered heterocycle or 6- to 12-membered 

25 bicycle and is substituted with J and. optionally substituted with one or more RA, wherein J is Cs-

Cficarbocycle, 3- to 6-membcrcd heterocycle or 6- to 12-membered bicycle and is optionally 

substituted, with one or more RA. Preferably, J is substituted with a Q-Cficarbocycle or 3- to 6-

membered. heterocycle, wherein said CrCecarbocycle or 3- to 6-membered heterocycle is 

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

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

C2-Cflalken>i, Cs-Cgaikynyk CrCfihaloalkyl, CrCehaloalkenyl, C2-Cfihaloalkynyl, C(0)0Rs or -

N(RsRs'), and J can also be optionally substituted with one or more RA. Also preferably, D is C5-

Cficarbocycle or 5- to 6-membered heterocycle and is substituted with J and. optionally substituted 

with one or more RA: and J is C;.-C<scarbocycle or 3- to 6-membered heterocycle and is optionally 

35 substituted, with one or more RA, and preferably, J is at least substituted with a Cs-Cecarbocycle or 3-

to 6-membered heterocycle which is independently optionally substituted with one or more 
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substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 
{Xrrn-wl M.OHA .oll-iA .olVom-1 T1-_r ,•> lUmxrl H. -P ,1-, o 1<"\o lVwl P.-jjixv.yojjjjv/iiv, w j v^o""Vs ^(juiiwiij i, x-./ ^0""V *V '' w I w "5 ^ i 

Cghaloalkenyl, C2-C6haloalkynyl, C(0)0Rg or -N(RsRs')- Also preferably, D is Cj-Cficarbocycle or 

5- to 6-membered heterocycle and is substituted with J and optionally substituted with one or more 

5 RA, and J is 6- to 12-membered bicycle (e.g., a 7- to 12-membered fused, bridged or spiro bicycle 

comprising a nitrogen ring atom through which J is c-ovalcntly attached to D) and is optionally 

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

optionally substituted with one or more RA, and J is Ca-Qcarbocycle, 3- to 6-membered heterocycle 

or 6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably J is at 

10 least substituted with a Cj-C^carbocycle or 3- to 6-membered heterocycle which is independently 

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

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

Cgalkenyl, C2-Gjalkynyl, Ci-Cehaioalkyl, Cj-Qhaloalkenyl, Ci-Cghaloalkynyl, C(0)0Rs or -

RN j RN 

N(Rslls'). Highly preferably, D is , wherein each RN- is independently selected from 

15 RD and preferably is hydrogen or halogen, and J is Cs-Qcarbocycle, 3- to 6-membered heterocycle or 

6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably J is at 

least substituted with a Cj-Cscarbocycle or 3- to 6-membered heterocycle which is independently 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-C6alkyl, C2-

20 Ccalkenyl, Cj-Cealkynyl, Q-Cehaloalkyl, QrCchaloalkenyl, Cj-Qihaloalkynyl, C(0)0Rs or -

RN j RN 

N(RSRS'). Also preferably, D is , wherein each RN is independently selected from RD 

and preferably is hydrogen or halogen, and J is CrCecarbocyclc or 3- to 6-membered heterocycle and 

is substituted with a CrCccarbocycle or 3- to 6-membered heterocycle which is independently 

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

25 amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CpQalkyi, C2-

Cisalkenyl, C2-Cfialkynyl, Ci-Cr>haloalkyl, C2-C(;lialoalkenyl, C2-C6haloalkynyl, C(0)GRs or -

N(RsRs')> and J can also be optionally substituted with one or more RA. Also preferably, D is 
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X, 

and J is Cs-Cgcarbocyclc or 3- lo 6-membered heterocycle and is optionally substituted with one or 

more RA, and preferably J is at least substituted with a C 3 - C <5 c ar b o c y c! e or 3- to 6-membered 

heterocycle which is independently optionally substituted with one or more substituents selected from 

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

cyano, Ci-CealkyI, C2-C6alkenyl, Ci-Cealkynyl, Ci-Qhaloalkyl, CrCehaloalkenyl, C2-Co,haloalkynyl, 

C(0)0Rs or-N(RsRs'). 

X preferably is Cj-Cgcarbocycle, 5- to 6-membered heterocycle, or 6- to 12-membered 

* W bicycles (e.g., \ 1 or * " , wherein X3 is N and is directly linked to -L3-D), and 

is optionally substituted with one or more RA or R>. Non-limiting examples of X are described 

10 hereinabove. 

Lj and L2 are preferably independently bond or Ci-Cealkylcne, L3 is preferably selected from 

bond, Cj-Cgalkylene or -C(O)-, and Lh L2, and L3 are each independently optionally substituted with 

one or more RL. More preferably, Lh L2 and L3 arc each independently bond or Ci-CXalkylcnc (e.g., -

CH2- or -CH2.CH2 ), and are each independently optionally substituted with one or more Rr.. Highly 

15 preferably, L<, L2 and L3 are bond. L] and L2 can be the same or different. 

R2 and R5, taken together with the atoms to winch they are attached, preferably form a 5- to 6-

-N 
V 

membered heterocycle or 6- to 12-membered bicycle (e.g., '*• or ^ ) 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 6-membered heterocycle or 6- to 12-membered bicycle (e.g., 

-N-

20 or ) which is optionally substituted with one or more RA. 

-T-RD' can be, without limitation, independently selected, at each occurrence from -C(O)-

LY'-RD\ -C(0)0-LY'-RD', -C(0)-LY,-N(RB)C(0)-LS"-RD', -C(0)-LV'-N(RB)C(0)0-LS"-RD', -

N(Rn)C(0)"LY^N(RB)C(0)-Ls"-"RD', -N(RB)C(0)-LYS—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 

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

selected from RL. Preferably, -T-RD' is independently selected at each occuiTence from -C(0)~LY'~ 

M'-IV-RD" or -N(RB)C(0)-LY'-M'-LS',-RD'. More preferably, -T-RD' is independently selected 
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at each occuiTence from -C(0)-LY,-N(RB)C(0)-LS,'--RD' or -C(0)-LY,-N(RB)C(0)0-LS,,---RL/. 

Highly preferably, -T-R.j>' 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 cach independently Q-Cfialkylene 

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

5 RNB and Rc' are preferably hydrogen, and RD' preferably is independently selected at each 

occurrence from Rp,. More preferably, RD' is independently selected at each occurrence from Ci-

Qalkyl, C2-C6alkenyl or Q-Cealkynyl, each of which is independently optionally substituted at each 

occuiTence with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, 

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cj-Qcarbocycle or 3- to 6-mernbercd. 

10 heterocycle; or Cr Cocarbocycle 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-

Cf,alkyl, C2-Cf,a]kenyl, C2-C(,alkynyl, Ci-Qhaloalkyl, C2-C6haloalkenyl or Cj-Qhaloalkynyl. 

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

15 phosphono, thioxo, cyano; or Ci-Cealkyl, C2-C6alkenyl or C2-Cfjalkynyl, each of which is 

independently optionaliy substituted, at each occuiTence with one or more substituents selected from 

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

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

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

20 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

Csalkyl, C2-C6aikenyl, C2-Cfialkynyl, Cj-Cfihaioalkyi, C2-C6haloalkenyl or C2-C<;haloalkyiiyl; or -LA-

0-Rs, -U-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')5 -LA-N(RS)S02N(RS'RS"), -LA-N(RS)S(0)N(RS'RS"), -LA-OS(O>~RS, -LA-

25 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(C))N(RS)C(0)-RS\ wherein LA 

is bond, Ci-Cgalkylene, C2-C6alkenylene or C2-C6alkynylene. 

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

phosphonoxy, phosphono, thioxo, cyano; or CrQalkyi, C2-C6aikenyl or C2-C6alkynyl, each of which 

30 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 CrCecarbocycle or 3- to 6-mcmbered 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-

35 Cfialkyl, C2-C6alkenyl, C2-C6alkynyl, Ci-Cfihaloalkyl, C2-C6haloalkenyl or Cj-C^haloalkynyl. 
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Highly preferably, RA is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, tiiio? OA v, cyano; or CrC&alkyl, C2-Gjalkenyl or Ci-Cealkynyj, 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 cach occurrence from bond; or 

Ci-Cealkylene, CrGalkcrvylene or C-rGalkynyiene. 

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

•Zi 

RA; and B is and is optionally substituted with one or 

more RA, wherein Z: is O, S. NH or CH2; and Z2 is N or CH. D is G-Gcarbocycle or 5- to 6-

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

substituted with J and optionally substituted with one or more RA, wherein J is G-Gcarbocycle, 3- to 

6-membered heterocycle or 6- to 12-membered bicycle and is optionally substituted with one or more 

RA. Preferably, J is substituted with a Q-GjCarbocycle or 3- to 6-membered heterocycle which is 

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

mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, fonnyl, cyano, CrQ^alkyl, 

Ci-Cgalkenyl, CrCgalkynyl, CVCehaloaikyl, G-G'naloalkenyl, Ci-Gbaloaikynyl. C(0)0Rs or -

N(RSR.S'), and J can also be optionally substituted with one or more RA- Preferably, D is 

RN" T 
^ or , wherein RM and RN are as defined above. Also preferably, D is 

j 

or ^ wherein J and RN are as defined above. L; and L2 are each independently 

bond or C-rGsalkylene, and L3 is bond, CrCcalkylene or -C(O)-, and LI? L2, and L3 are each 

independently optionally substituted with one or more RL. Preferably, L-(, L2J and L3 are bond. -T-

Rr)' 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', wherein LY' is Cj-C6alkylene (e.g., -CH2-) and optionally substituted 

with one or more substituents selected from RL, 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'. Preferably, R2 and Rs, taken together with the atoms 
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. .. -N-_ £ v $ 
to which they are attached, form which is optionally substituted with one or more RA; Rg 

and R12, taken together with the atoms to which they arc attached, form. 

optionally substituted with one or more RA. 

In another embodiment of this aspect, A is phenyl (e.g., ^ ^)? and is optionally 

5 substituted with one or more RA (preferably, A is substituted with at least one halogen such as F); and 

"N 
B is H , and is optionally substituted, with one or more R.A (preferably, B is 

•vv> 

y\-
substituted with at least one halogen such as F). X is \ ' , wherein X3 is N and is directly 

linked to -L3-D, and X is optionally substituted with one or more RA or Rp. D is phenyl, and is 

substituted with J and optionally substituted with one or more RA. J is Cs-Cgcarbocycle, 3- to 6-

10 membered heterocycle, 6- to 12-membered. bicyclc, 10- to 15-membered tricycle or 13- to 15-

membered carbocycle/heterocycle, and J is optionally substituted with one or more RA. Preferably, J 

is substituted with a Cj-Cgcarbocycle, 3- to 6-membered heterocycle, 6- to 12-membered bicycle or 7-

to 12-membered carbocycle/heterocycle, which is independently optionally substituted with one or 

more substituents selected from (1) halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

15 phosphonoxy, phosphono, thioxo, formyl, cyano, Q-Cealkyl, CrCealkenyl, C2-C<5alkynyl, Ci-

C(ihaloalkyl, CyCyJialoalkenyl, Cj-Cfihaloalkyiiy], -C(0)0Rs or -N(RsRs')> or (2) trimethylsilyl, -G-

Rs, -S-Rs or -C(0)Rs; and J can also be optionally substituted with one or more RA. Preferably, D is 

RM 

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

RD and preferably is hydrogen or halo such as F. Li and L2 are each independently bond, or C\-

20 Qalkylene, and L3 is bond, Ci-Qalkylene or -C(O)-, and L], L2, and L3 are each independently 

optionally substituted with one or more RL. Preferably, Lj, L2, and L3 are bond. -T-RD' is 

independently selected at each occuiTence from -C(0)-LY'--N(RB)C(0)-LS"-RD' or -C(0)-LY'-

N(RB)C(0)0-LS"-RD', wherein Ly' is CpQalkylene (e.g., -CH2-) and optionally substituted with 

one or more substituents selected from RL, and Ls" preferably is bond. -T-RD' can also be, without 
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limitation, selected from -C(0)-LY'-LS"-RD\ -C(0)-LY,-~0--LS,,-RD', -C(0)-LY'-N(RB)-LS"-

RJ>\ or -C(0)-LY"-N(RBJS(0)2-L.S"'-RD'- Preferably, Ro and R5, taken togeiher with the atoms lo 

which they are attached, form a 5- to 6-membered heterocyclic ring (e.g., ^ ) or 6- to 12-

-N-

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, fonn a 5- to 6-membered heterocyclic 

v -N-r \/ 
ring (e.g., "*• ) or 6- to 12-membered bicyclc (e.g., ) which is optionally 

substituted with one or more RA. 

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

pharmaceutically acceptable salts thereof. 

D 

wherein: 

Gi and G2 are each independently selected from Cs-C^carbocycle or 5- to 6-membered 

heterocycle, and are each independently optionally substituted with one or more RA; 

Rc' is each independently selected from Rc; 

RD' is each independently selected from RD; 

R2 and R5, taken together with the atoms to which they are attached, form a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 

R9 and R12, taken together with the atoms to which they are attached, form a 3- to 12-

membered heterocycle which is optionally substituted with one or more RA; 

A, B, D, X, Li, L2, L3, T, RA, RC, and RD are as described above in Formula I. 

In this aspect, A and B preferably are independently selected from C.5-C6carbocycle or 5- to 6-

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

R9 f?12 
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one or more RA. Highly preferably, both A and B are each independently phenyl (e.g., 
and are each independently optionally substituted, with one or more RA. 

D preferably is selected from Cs-Cgcarbocycle, 5- to 6-membered heterocycle, or 8- to 12-
membered bicycles, and is optionally substituted with one or more RA. D can also be preferably 
selected from Ci-Qalkyl, C2-C6alkenyl or C2-C(;alkynyl, and is optionally substituted with one or 
more RL. More preferably, D is C5-C6carbocycle, 5- to 6-membered heterocycle, or 6- to 12-
mcmbered 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. 

RN-

Highly preferably, D is or 

, wherein RM is as defined above, and each RN is independently selected from RD and 
preferably is hydrogen. One or more RN can also preferably be halo such as F. 

D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted with one or 
more RA. More preferably D is pyridinyl, pyrimidinyl, or thiazolyl, and is substituted with one or 

RM R* 
RN- Rn 

:N 

-R N 
' Nf\j j . i \N j I \N j 

more RM. Highly preferably, D is ^ ^ , or ^ , wherein RM 

is as defined above, and each RN is independently selected from RD and preferably is hydrogen. One 
or more RN can also preferably be halo such as F. D is also preferably indanyl, 4,5,6,7-
tetrahydrobenzo[d]thiazolyl, benzo[d]thiazolyl, or indazolyl, and. is optionally substituted with one or 
more RA. More preferably D is indanyl, 4,5,6,7-tetrahydrobenzo[d]thiazolyl, benzo[d]thiazolyl, 
indazolyl, or benzo[d][l,3]dioxol-5-yl, and is substituted with one or more RM. Highly preferably, D 

/~- O 

%AA/V 

one or more R 
, or , and is optionally substituted with 
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Preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

pllUSjJilUHO, UiiUXU, oyclilU, Oi -\^6<zi&yi9 Ul ^2w,^6a-s-s^yiiyi-9 cavil ui wiii^ii 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 

5 cyano; or CVC^carbocyc-le 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, mcrcapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

Cgalkyl, Co-Q.alkenyl, C2-C6alkynyl, Q-Qhaloalkyi, C2-C($haloalkenyl or C2-C<5haloalkynyl. More 

preferably, RM is halogen, hydroxy, mercapto, amino, carboxy; or Cj-Cealkyl, C2-C<$alkenyl or C2-

10 Cgalkynyl, each of which is independently optionally substituted at each occuiTence with one or more 

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

CpCf.alky] which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy. 

Also preferably, RM is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

15 phosphono, thioxo, or cyano; or RM is -LS-R.1;, wherein Ls is a bond or Ci-Ccalkylene, and RE is -

N(RsRs'), -O-RS, -C(0)RS, -C(0)0Rs, -C(0)N(RSRS'), -N(Rs)CfO)Rs\ -N(Rs)C(0)0Rs\ -

N(RS)S02RS', -S02RS, -SR«, or -P(0)(0RS)2; wherein Rs and Rs' can be, for example, each 

independently selected at each occurrence from (1) hydrogen or (2) Cj-Qalkyl optionally substituted 

at each occurrence with one or more halogen, hydroxy, -0-Q-Chalky! or 3- to 6-membered 

20 heterocycle; or RM is C;-C6alkyl, C2-Cf,alkenyl or C2-C6alkynyl, each of which is independently 

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

hydroxy, mcrcapto, ammo, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; or 

RM is CrCecarbocycle or 3- to 6-membered heterocycle, each of which is independently optionally 

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

25 mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Q-Cgalkyl, 

C^-Qalkenyl, CrCealkynyl, Ci-Cehaloalkyl, C2-C6haloalkeny1, C2-C6haloa]kynyl, -C(0)0Rs, or -

N(RsRs')- More preferably, RM is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto, 

amino, carboxy, or C,-C6alkyl (e.g., methyl, isopropyl, tert-butyl), C2-C6alkenyl or CrQalkynyl, each 

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

30 selected from halogen, hydroxy, mercapto, amino, cyano, or carboxy. For example RM is CF3, -

C(CF3)2-OH, -C(CH3)2-CN, -C(CH3)2-CH2OH, or -C(CH3)2-CH2NH2. Also preferably RM is -LS-

RE where Ls is a bond and RE is -N(RSRS'X -O-Rs, -N(Rs)C(0)0Rs', -N(Rs)S02Rs', -S02Rs, or -

SR§. For example where Ls is a bond, RE is -NfCi-Qalkyljj (e.g., -NMe2); -N (C i-Chalky lene-O-Ci-

C6alkyl)2 (e.g. ~N(CH2CH2OMe)2); -N(CrC6alkyl)(CrC6aikyiene-0-C,-C6alkyl) (e.g. -

35 N(CH3)(CH2CH20Me));—O-Ci-Cgalkyl (e.g., -O-Me, -O-Et, -O-isopropyl, -O-lerl-butyl, -O-n-

hexyl); -O-CVCghaloalkyl (e.g., - OCF3, -OCH2CF3); -O-CrCfialkylene-piperidine (e.g., -O-
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CH2CH.2-1 -piperidyl); -N(CK«alkyl)C(0)0C,-C6alkyl (e.g., -N(CH3)C(0)0"CH2CH(CH3)2), -
\ 1 //~X .11 1 \ ri t*~\ /*~n /~~\ .11 1 / . "XI T NO PN /""*T "T N O ^ .111/. o /~\ li .I" \ f"i \ LN^i-^gaiJi.yijiiv.^v.-i-'^ea-iKyi (e.g., —(v_.ra3^)ov_^2*——aw^r^a-i-K-yi (e.g., —aw2.Lv.1e); —aw2M-

Cfihaloalkyl (e.g., ~S02CF3); or -S-Ci-Cfihaloaikyl (e.g., SCF3). Also preferably RM is -Ls-RE where 

Ls is Ci-Cealkylcne (e.g., -CH2- -C(CH3)2- -C(CH3)2-CH2-) and RE is -0-Rs, -C(0)0Rs, -

5 N(Rs)C(0)0Rs>, or -P(0)(0Rs)2- For example RM is -CrCgalkylene-O-Rs (e.g., -C(CH3)2-CH2-

OMe); -CrC6a!kylene-C(0)0Rs (e.g., -~€(CB3)2-C(0)0Me); -CrC6alkylene-N(Rs)C(0)0Rs' (e.g., 

-C(CH3)2-CH2-NHC(0)0CH3); or -CrC6alkylene-P(0)(0Rs)2 (e.g., -CH2-P(0)(0Et)2). Also more 

preferably RM is 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, 

10 hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cr 

Qalkyl, C2-Ce,alkenyl, C2-C6alkynyl, C]-Cfihaloalkyl, C2-Cghaloalkenyl, C2-Cfihaloalkynyl, -

C(0)0Rs, or -N(RsR,s')- For example RM is cycloalkyl (e.g., cyclopropyl, 2,2-dichloro-l-

mcthylcycloprop-l-yl, cyclohexyl), phenyl, heterocyclyl (e.g., morpholin-4-yl, 1,1-

dioxid.othiomorpholin-4-yl, 4-methylpiperazin-1 -y 1, 4-methoxycarbonyIpiperazin-1 -yl, pyiTolidin-1 -

15 yl, piperidin-l-yl, 4-methylpiperidin-l -yl, 3,5-d.imethylpiperidin-l-yl, 4,4-difluoropiperidin-l-yl, 

tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-yl). Highly preferably, RM 

is Cj-C^alkyl which is optionally substituted with one or more substituents selected from halogen, 

hydroxy, mercapto, amino or carboxy (e.g., tert-butyl, CF3). 

More preferably, D is C5-C<;carbocyele, 5- to 6-membered heterocycle or 6- to 12-membered 

20 bicycle and is substituted with J and optionally substituted with one or more RA, wherein J is C3-

Cecarbocycle, 3- to 6-membered heterocycle or 6- to 12-membered. bicycle and is optionally 

substituted with one or more RA. Preferably, J is substituted with a C3-Cficarb0cycle or 3- to 6-

membered heterocycle, wherein said CrCecarbocycle or 3- to 6-membered heterocycle is 

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

25 mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, 

CrCcalkenyl, C2-Cealkyiiyl, C] -Cfihaloalkyl, C2-C6haloalkenyl, C2-Cfihaloalkynyl, C(0)0Rs or -

N(RsRs'), and J can also be optionally substituted with one or more RA. Also preferably, D is Cr 

Cficarbocycle or 5- to 6-membered heterocycle and is substituted with J and optionally substituted 

with one or more RA, and J is Cs-Cecarbocycle or 3- to 6-membered heterocycle and is optionally 

30 substituted with one or more RA, and preferably, j is at least substituted with a C3-Cf,carbocycle or 3-

to 6-membered heterocycle which is independently optionally substituted with one or more 

substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, 

phosphono, thioxo, formyl, cyano, Cj-Qalkyl, C2-C6alkenyl, C2-C6alkynyl, Ci-Cfihaloalkyl, C2-

Cchaloalkenyl, Co-Cehaloalkynyl, C(0)0Rs or -N(RsRs'). Also preferably, D is Cs-Cgcarbocycle or 

35 5- to 6-membered heterocycle and is substituted with j and optionally substituted, with one or more 

RA, and J is 6- to 12-membered bicyclc (e.g., a 7- to 12-membered fused, bridged or spiro bicyclc 

94 



WO 2012/051361 PCT/US2011/056045 

comprising a nitrogen ring atom through which J is covalently attached to D) and is optionally 

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

optionally substituted with one or more RA, and J is Ci-Cgcarbocycle, 3- to 6-membered heterocycle 

or 6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably J is at 

least substituted with a Q-Cccarbocyclc or 3- to 6-membered heterocycle which is independently 

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

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyi, cyano, Ci-Qaikyl, C2-

Cealkenyl, Cs-Qalkynyl, Ci-Cehaloalkyl, C2-C6haloaIkenyl, C2-C<shaloalkynyl, C(0)0Rs or -

RN | RN 

N(RsRs'). Highly preferably, D is , wherein each RN is independently selected from 

10 RD and preferably is hydrogen or halogen, and J is Cj-Cf.carbocycle, 3- to 6-membered heterocycle or 

6- to 12-membered bicycle and is optionally substituted with one or more RA, and preferably J is at 

least substituted with a C^-Cscarbocyclc or 3- to 6-membered heterocycle which is independently 

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

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

15 Qalkcnyl, C2-Cfialkynyl, Cj-Cehaloalkyl, C^-Cfihaloalkenyl, C2-Q,haloalkynyl, C(0)0Rs or -

RN T RN 

N(RSRS'). Also preferably, D is , wherein each RN is independently selected from RD 

and preferably is hydrogen or halogen, and J is Q-Cficarbocycle or 3- to 6-membered heterocycle and 

is substituted with a C:,-C"<;carbocycle or 3- to 6-membered heterocyclc which is independently 

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

20 amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-C^alky 1, C2-

Cealkenyi, C2-Cf,alkynyl, Ci-Qhaloalkyl, C2-Cfihaloalkenyl, C2-C6haloal.kynyl, C(0)0Rs or -

N(RsRs'), and J can also be optionally substituted with one or more RA. Also preferably, D is 

and J is Cj-C6carbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or 

more RA, and preferably J is at least substituted with a Cn-Cftcarbocycle or 3- to 6-membered 

25 heterocycle which is independently optionally substituted with one or more substituents selected from 

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, 
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cyano, Ci-C6alkyl, C2-C6alkenyl, Ci-Cr.alkyiryl, Ci-C&haloalkyl, Ci-Cchaloalkenyl, Cj-Cghaloalkynyl, 
M/TI r> ^ 

Ul —JN^.IVSJVS ). 

X preferably is Cj-Cgcarbocycle, 5- to 6-membered heterocycle, or 6- to 12-membered 

bicycles (e.g., > ' or * J , wherein X3 is N and is directly linked to -Lr-D), and 
5 is optionally substituted with one or more RA or RF. Non-limiting examples of X are described 

hereinabove. 
Lj and L2 are preferably independently bond or Ci-Chalky lene, L3 is preferably selected from 

bond, Ci-Csalkylene or -C(O)--, and Li, L2, and L? are each independently optionally substituted with 
one or more RL. More preferably, L;, L2 and L3 arc each independently bond or Ci-Caalkylcne (e.g., -

10 CH2- or -CH2CH2-), and are each independently optionally substituted with one or more RL. Highly 
preferably, L], L2 and Li are bond. 

R2 and Rs taken together with the atoms to which they are attached, preferably form a 5- to 6-

H H 
N. , , ,N 

optionally substituted with one or more RA. 

n n\ 
Gi and G? preferably are each independently selected from 1 N ? N 

* N HN-N 

HH\ \—VK. 
^ or ^ , and are each independently optionally substituted with one or more 

H 
,N, 

20 RA (e.g., one or more chloro or bromo). More preferably, G] is N—u (including any tautomer 
NH 

thereof), and G2 is N (including any tautomer thereof), and each Gj and G2 is independently 
optionally substituted with one or more RA (e.g., one or more chloro or bromo). 
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-T-RD' can be, without limitation, independently selected at each occuiTence from ~C(0)-

Ly'- -C(G)0-LY ' -RD'- -C(0)-LY'-N(RB)C(0)-Lg"-RD', -<^(0)-LY'-N(RB)C(0)0-LS,,-RD') -

N(RB)C(0)-LY'-N(RB)C(0)-LS"-RD', -N(RB)C(0)-LV'—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 

5 Ci-Cgalkyjene (e.g., -CH2- or ^ ) and optionally substituted with one or more substituents 

selected from RL. Preferably, -T-RD' is independently selected at each occurrence from -C(0)-LY-

M'-LS"-RD' or -N(RB)C(0)-LY'-M'-LS"-RD\ More preferably, -T-RD' is independently selected 

al each occurrence from -C(0)-LY'-N(RB)C(0)-LS"-RD' or -C(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)-

10 RD' or —C(O) LY'--N(RB)C(0)0-RD', wherein LY' preferably is each independently CrQalkylene 

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

Rc' is preferably hydrogen, and Rfy preferably is independently selected at each occurrence 

from Rn. More preferably, RD' is independently selected at each occurrence from CrC6alkyi, C2-

C6alkenyl or C2-Cfialkyny], each of which is independently optionally substituted at each occurrencc 

15 with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl, cyano, C3-C6cai-bocycle or 3- to 6-mcmbered heterocycle; 

or CVQcarbocycle 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-Cealkyl, 

20 C2-Cfialkenyl, C2-Cfialkynyl, CrCfihaloalkyi, Cj-Cghaloaikenyl or C2-C6haloalkynyl. 

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

phosphono, thioxo, cyano; or CpCealkyl, C2~C6alkenyl or C^.-QalkynyL each of which is 

independently optionally substituted al each occurrence with one or more substituents selected from 

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

25 cyano; or Q.-Qcarbocycie or 3- to 6-membered heterocycle, each of which is independently 

optionally substituted al each occuiTence with one or more substituents selected from halogen, 

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

C6alkyl, C2-C6alkenyl, C2-C6alkynyl, CrC6haloalkyl, C2-Cfihaloalkenyl or C2-C6haloalkynyl; or -LA-

O—R§, -LA-S~Rs, -LA-C(0)RS, -LA-0C(0)RS, -LA-C(0)0RS> -LA-N(RSRS'), -LA-S(0)RS, -LA-

30 S02RS, -LA-C(0)N(RSRS'), -LA-N(RS)C(0)RS\ -LA-N(RS)C(0)N(RSVRS'!), -LA-N(RS)S02RS', -

LA-S02N(RSRS')! -LA-N(RS)S02N(RS'RS"), ••-LA--N(RS)S(0)N(RS'RS'')> -LA~OS(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-
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0C(0)N(RsRs'), -LA-N(RS)S(0)-RS,J -LA-S(0)N(RSRS>) or -LA-C(0)N(Rs)C(0)-Rs', wherein LA 

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

phosphonoxy, phosphono, thioxo, cyano; or Ci-Cealkyl, C2-C6alkenyl or C^-Qalkynyl, cach of which 

5 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 Ca-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, Cr 

10 Qalkyl, Cj-Qalkenyl, C^-Qalkynyl, Q-Cfihaloalkyl, CyCr-haloalkenyl or C2-C6ha]oalkynyl. 

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

phosphonoxy, phosphono, thioxo, cyano; or Ci-C6alkyl, C2-C6alkenyl or C2-Cf,alkynyl, 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, fonnyl or 

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

CpCfialkylene, C2-C<;alkenylenc or C2~C<5alkynylene. 

A and B can be the same or different. Likewise, L3 and L2 can be the same or different. 

In one embodiment of this aspect, A and B are each independently phenyl, and arc each 

20 independently optionally substituted with one or more RA; D is phenyl, and is independently 

optionally substituted with one or more RA, or is substituted with J and optionally substituted with one 

or more RA, wherein J is Q-Cgcarbocycle, 3- to 6-membered heterocycle or 6- to 12-membered 

bicycle and is optionally substituted with one or more RA. Preferably, J is substituted with a Cr 

Cc,carbocycle or 3- to 6-membered heterocycle which is independently optionally substituted with one 

25 or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, 

phosphonoxy, phosphono, thioxo, formyl, cyano, CrQalky], O-Qalkenyl, Ci-Cgalkynyl, Q-

Cehaloalkyl, C2-C6haloalkenyl, Cj-Cfihaloalkynyl, C(0)0Rg or -N(RsRs'), and J can also be 

(j2 is independently optionally substituted with one or more RA (e.g., one or more chloro or bromo). 

:. t. . .. .1 .m ..i . ^n. \ ... , v— r*. i « uonu, LCLIC UI ^2~^6&il^ynyienc. 

15 cyano. 

optionally substituted with one or more RA; and Gi is N-

M fi— 

N-—J , G2 is N , and each Gi and 

30 Preferably, D is or , wherein RM and R^ are as defined above. Also 
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j 

1 

preferably, D is or , wherein J and RN are as defined above. Li and L2 are each 

independently bond or Cj-C^alkylene, and Lj is bond, Ci-Cgalkylene or -C(O)-, and Li, Lo, and L? arc 

each independently optionally substituted with one or more RL. Preferably, LJ} L2, and L3 are bond. -

T-RD' is independently selected at each occurrence from -C(0)-LY'-N(RB)C(0)-LS"-RD' or €(0>-

5 LY'-N(RB)C(0)0-LS"-RD'J wherein Ly' is Ct-Qalkylene (e.g., -CH2-) and optionally substituted 

with one or more substituents selected from RL, and Ls" preferably is bond. T-Rr/ 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'- Preferably, R2 and R5, token together with the atoms 

to which they are attached, form which is optionally substituted with one or more RA; R9 

optionally substituted with one or more RA. 

In another embodiment of this aspect, A and B are each independently phenyl (e.g., 

and B are each independently substituted with at least one halogen such as F). X is 

15 wherein X3 is N and is directly linked to -L3-D, and X is optionaljy substituted with one or more RA 

or RF. D is phenyl, and is substituted with I and optionally substituted with one or more RA. J is C-,-

Qcarbocycle, 3- to 6-membered heterocycle, 6- to 12-membered bicycle, 1.0- to 15-membered 

tricycle or 13- to 15-membered carbocycle/lieterocycle, and J is optionally substituted with one or 

more RA. Preferably, J is substituted with a C3-C6carbocycle, 3- to 6-membered. heterocycle, 6- to 12-

20 membered bicycle or 7- to 12-membered carbocycle/heterocycle, which is independently optionally 

substituted with one or more substituents selected from (1) halogen, hydroxy, mercapto, amino, 

carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cj-Cfialkyl, C2-C^ilkenyl, C2-

Cgalkynyl, Q-Cfihaloalkyl, C2-C6haloalkenyl, C2-C6haloalkynyl! -C(0)0Rs or ~-N(RsRs'), or (2) 

trimethylsilyl, -O-Rs, -S-Rs or -C(0)Rs; and J can also be optionally substituted with one or more 

10 and R]2> taken together with the atoms to which they are attached., 

), and. are each independently optionally substituted with one or more RA (preferably, A 
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J Rs 
RA. Preferably, D is i/v>/v or , wherein J is as defined above, and each R>; is 

H 
,N. 

\\ 
independently selected from Rn> and preferably is hydrogen or halo such as F. Gi is N—' , 02 is 

N , and each Gi and G2 is independently optionally substituted with one or more RA (e.g., 

one or more chloro or bromo). L, and L2 are each independently bond or Cr Chalky lenc, and L% is 

bond, C«-Chalky lene or -C(O)-, and L]s L2, and L3 are each independently optionally substituted with 

one or more RL. Preferably, L1; L2, and L3 are bond. -T-R0' is independently selected at each 

occurrence from -C(0)"LY>-N(RB)C(0)-LS"-'RD> or -C(O)-L Y'-N(R8)C(O)O-LM" -RD', wherein 

LY' is CrCfialkyiene (e.g., -CH2-) and optionally substituted with one or more substituents selected 

from RL, and Ls" preferably is bond. -T-RD' can also be, without limitation, selected from -C(O)-

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

N-^,5 \ -N-

to 6-membered heterocyclic ring (e.g., ) or 6- to 12-membered bicycle (e.g., ^ ) 

which is optionally substituted with one or more RA; R9 and Ri2, taken together with the atoms to 

which they are attached, form a 5- to 6-membered heterocyclic ring (e.g., 

-N-^| 

15 membered bicycle (e.g., ) which is optionally substituted with one or more RA. 

In another aspect, the present invention features compounds having Formula IE and 

pharmaceutically acceptable salts thereof, 

D 

L3 
I 

Y~A—L1—X—L2—B—Z 

IF. 
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wherein: 

X is 4- to 8-membered hctcrocyclc, and is optionally substituted witn one or more RA; 

L3 and L2 are each independently selected from bond or Q-Qalkylene which is independently 

optionally substituted at each occurrence with one or more halo, hydroxy, -O-Q-Cfialkyl, 

5 or -O-Ci -Cfihaloalkyl; 

L] is bond or CpQalkylene; 

wrwV2v > IA X.f~* 
A and B are each independently phenyl, pyridinyl, thiazolyl, or w3 3 where Z\ 

is independently selected at each occurrence from O, S, NH or CH^, Z3 is independently 

selected at each occurrence from N or CH, and W-,, W2, and W3 are each independently 

10 selected at each occurrence from CH or N; A and B arc cach independently optionally 

substituted with one or more RA-

D is C6-Ciocarbocycle or 5- to 12-membered heterocycle, each of which is optionally 

substituted with one or more RM; 

Y is -T'-C(R1R2)N(R5)-T-RD; 

15 Z is -T'-C(RgR,)N(Ri2)-T-RD; 

Ri is hydrogen, Cj-Cealkyl, CpCehaioalkyl, or 3- to 6-membered carbocycle or heterocycle, 

wherein each said 3- to 6-mcmbered carbocycle or hetcrocycle is independently 

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

halogen, CrC6alkyl, C]-Cfihaloalkyl, -0-Ci-C6alkyl or -0-CrQ,haloalkyl; 

20 R2 and Rs are cach independently hydrogen, CrC6alkyl, Q-Cfihaloalkyl, or 3- to 6-membered 

carbocycle or heterocycle, wherein each said 3- to 6-membcrcd carbocycle or heterocycle 

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

selected from halogen, Ci-Cealkyl, C5-Cfihaloalkyl -0-Ci-C6alkyl or -O-Ci-Cghaloalkyl; 

or R2 and R5, taken together with the atoms to which they are attached, form a 3- to 12-

25 membered heterocycle which is optionally substituted, with one or more RA (e.g., 1, 2, 3, 

or 4 RA); 

is hydrogen, Ci-C6alkyl, Ci-C6haloalkyl, or 3- to 6-membered carbocycle or heterocycle, 

wherein each said 3- to 6-membered carbocycle or heterocycle is independently 

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

30 halogen, C]-C6alkyl, Ci-Cglialoalkyl, -O-Q-Cfialkyl or -O-Ci-Cfihaloalkyl; 

R9 and R[2 are each independently hydrogen, Cj-Cfialkyl, Ci-C6haloalkyi5 or 3- to 6-

membered carbocycle or heterocycle, wherein each said 3- to 6-membered carbocycle or 

heterocycle is independently optionally substituted at each occurrence with one or more 

substituents selected from halogen, Cj-Cgalkyl, Q-Cchaloalkyl. -O-Ci-Cgalkyl or -O-Ci-

101 



Cebaloalkyl; or R9 and. R12, taken together with the atoms to which they are attached, form 

a 3- to ! 2-membercd hctcrocyclc which is optionally substituted with one or more 

(e.g., 1, 2, 3, or 4 RA); 

T is independently selected at each occuiTence from bond or -C(0)-Lg'-; 

T is independently selected at each occurrence from bond, -C(0)N(RB)-, --N(RB)C(0)-, or 

3- to 12-membered heterocycle, wherein said 3- to 12-mcmbered heterocycle is 

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

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

RA is independently selected at each occurrence from halogen, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano, or -Lg-RE; 

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

which is independently optionally substituted at each occuiTence with one or more 

substituents selected from halogen or 3- to 6-membered carbocycle or heterocycle; or 3-

to 6-membered carbocycle or heterocyclc; wherein each 3- to 6-membered carbocycle or 

heterocycle in RB or RB' is independently optionally substituted, at cach occurrence with 

one or more substituents selected from halogen, hydroxy, CrC6alkyl, Ci-CGhaloalkyl, -

O-C] -C6alkyl, or - O-C'i -Cfihaloalkyl; 

RE is independently selected at each occuiTence from -O R,s, -S-Rs, -C(0)Rs, -0C(0)Rs, -

C(0)0Rs, -N(RSRS'), 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'X -N(Rs)S02N(Rs'RK,!), -

N(Rs)S(0)N(Rs'Rs")> -0S(0)-RSJ -0S(0)2-RS, -S(0)20RS, -S(0)0RS, -0C(0)0Rs, -

N(Rs)C(0)0Rs,J -0C(0)N(RsRs>), •N(Rs)S(0)-Rs'5 -S(0)N(RsRs'), -C(0)N(Rs)C(0) 

Rs', or -C(RsRs'); or Ci-Qalkyl, C2-Qalkenyl or C2-C<5alkynyl, 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-Ci2carbocycle or 3- to 12-membered. 

heterocycle, each of which is independently optionally substituted at each occurrence 

with one or more substituents selected from halogen, hydroxy, mercapto, ammo, carboxy, 

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CrC6alkyl, C2-C6a]kenyl, 

C2-C(5all<ynyi, Ci-Qhaloalkyl, C2-C6haloalkenyl or C2-C6haloalkynyl; 

RL is independently selected, at each occuiTence from halogen, nitro, oxo, phosphonoxy, 

phosphono, thioxo, cyano, -0-Rs, -S-Rs, -C(0)Rs, -0C(0)Rs, -C(0)0Rs, -N(RsRs')» ~ 

S(0)Rs, -S02RS, -C(0)N(RsRs')» or -N(Rs)C(0)Rs'; or CrC12carbocycle or 3- to 12-

membered heterocycle, each of which is independently optionally substituted at each 

occurrence with one or more substituents selected from halogen, hydroxy, mercapto, 
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amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Q-Cealkyl, 

K^2~K-'6(i-i&viiy i, i, v^pv^guaiucu.k.yi, \_.2~^6iitUocuis.c;iiy i vi *> 

Ls is independently selected at each occurrence from bond; or CpQalkylene, C2-

Cealkenylene or C2-C6alkynylene, each independently optionally substituted with 

5 halogen; 

Ls' is independently selected at each occurrence from bond; or C1-Chalky lene, C2-

O.aikersvlene or C2-C<5alkynylene, each of which is independently optionally substituted 

at each occuiTence with one or more RL; 

Rs, Rs' and Rs" are each independently selected at each occurrence from hydrogen; Q-

10 Cfialkyl, Co-Qalkenyl or Cj-Ccalkynyi, each of which is independently optionally 

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

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

cyano, -O-Ci-Cgalkyl, -O-Ci-Cghaloalkyl, or 3- to 12-membered carbocycle or 

heterocycle; or 3- to 12-membered carbocycle or heterocycle; wherein each 3- to 12-

15 membered carbocycle or heterocycle in Rs , Rs' or Rs" is independently optionally 

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

hydroxy, mcrcapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, 

cyano, C:-Cfialkyl, Cj-Qalkenyl, C2-Qalkynyl, Ci-C^haioaikyl. Cj^Qhaloalkenyl or C2-

Cghaloalkynyl; 

20 RM is independently selected at each occurrence from: 

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

thioxo, cyano, SF5, -N(RSRS'), -O-Rs, -0C(0)Rs, ~0C(0)0RS; -0C(0)N(RSRS'), -

C(0)Rs, -C(0)0Rs, -C(0)N(RsRs'), -N(Rs)C(0)Rs', -N(Rs)C(0)0Rs', -

N(Rs)S02Rs'f -S(0)Rs, -S02RS, -S(0)N(RsRs'), -SRS, -Si(Rs)3, or -P(0)(0RS)2; 

25 Ci-Coalkyl, Ci-Cgalkenyl or Ci-Cealkynyl, each of which is independently optionally 

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

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

formyl, cyano, -N(RSRS'), -O-Rs, -0C(0)Rs, -0C(0)0Rs, ~0C(0)N(RsRs'), -

C(0)Rs, -C(0)0Rs, -C(0)N(RsRs')? -N(Rs)C(0)Rs', -N(Rs)C(0)0Rs', -

30 N(Rs)S02Rs', -S(0)RS, -S02RS, -S(0)N(RSRS'), "SRS, or -P(0)(0RS)2; or 

O2, wherein Ch is a Cs-C^carbocycle or 3- to 12-membered heterocycle, each of which is 

independently optionally substituted at each occurrence with one or more RQZ, and 

each RQ2 is independently selected from halogen, hydroxy, mercapto, amino, carboxy, 

nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, CpQalkyl, C2-

35 Cgalkenyl, C2-C<;alkynyl, Ci-Cehaloalkyl, C2-Cchaloalkenyl, C2-C<;lialoalkynyl, -O-

Rs, -C(0)0RS, -C(0)RS, -N(RSRS'X or -L 4-G3; 
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L,i is a bond, Ci-Cealkylene, C2-Ccalkenylene, C2-C6alkynylene, -S-, -N(RB)-, -C(0)~. 
o/r%\ n//-\\ /~\/r\\r*\ f~s\ r\r^rr\\r\ r/A\M/rj \ \T/n \/~vr\\ 

-0{KJ)2~ -0^-> ~ 

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

S(0)2N(RB)-, -N(RB)C(0)N(R!3')- -N(RB)S02N(RB')- or -N(RB)S(0)N(RB'}-; 

G3 is a C_rC]2carbocycle or 3- lo 12-membered heterocycle, and is optionally substituted with 

one or more RQ:,; and 

RG;. is each independently, at each occurrence, halogen, -CrQalkyl, -C(0)Q-Chalky 1, -Q-

CcJialoalkyl, -O-Ci-Cgalkyl. O Ci-Cfihaloalkyl, Ci-Ctcarbocycle, or 3- to 6-membered 

heterocycle. 

As described hereinabove for compounds of Formula IK A and B are each phenyl, pyridinyl, 

wf 

-thiazolyl, or w3 3 where Z\ is independently selected at each occurrence from O, S, 

NH or CH2, Z3 is independently selected at each occuiTence from N or CH, and W,, W2, and W3 are 

each independently selected at each occuiTence from CH or N; A and B are each independently 

optionally substituted with one or more RA. 

thiazolyl (e.g., 

optionally substituted with one or more RA. 

Preferably, B is selected 

. KL-J^ 

), pyridinyl (e.g. 

thiazolyl (e.g., " ), or * ~~z3 (e.g., 

is optionally substituted with one or more RA-

H ), and 

Highly preferably, both A and B are phenyl (e.g., both A and B are '); or A is 

f/—N« 1 / V-i 
X 

and B is =/ ; or A is and B is ; or A is 

\ /""? A . ? \ 
N ; or A is N 
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; wherein each A and B is independently optionally is \=/ and B is 

substituted with one or more RA. 

In certain embodiments of this aspect of the invention, A and B are substituted by one or 

more RA, wherein each RA is independently selected from halogen (e.g., fluoro, chloro), LS-RE (where 

Ls is bond and RB is -CrCca!kyl (e.g., methyl), -O-Rs (e.g., -0-Ci-C6alkyl, -OCH3), or ~Ci-C6alkyl 

optionally substituted with one or more halogen (e.g., -CF?)), or Ls Rp. (where Ls is Ci-Qalkylene 

and RE is -O-Rs (e.g., -C<-Cgalkyl-O-C i -Cgalkyl, -CH2OCH3)). For example, in certain 

As described hereinabove for compounds of Formula IE D is Cc-Ciocarbocycle or 3- to 12-

membered heterocycle optionally substituted by one or more RM. Preferably, D is Q-Cioaryl (e.g., 

phenyl, naphthyl, indanyl), or 5- to 10-membered heteroaryl (pyridinyl, thiazolyl, 4,5,6,7-

tetrahydrobenzo[d]thiazolyl, benzo[d]thiazolyl, indazolyl, benzo[d][l,3]dioxol-5-yl), and D is 

substituted with one or more RM- For example, in certain embodiments D is preferably phenyl 

substituted by one or more RM, wherein each R.M is independently halogen (e.g., fluoro, chloro, 

bromo); CrC6alky] (e.g., tert-butyl); Cs-C6alkyl substituted with one or more halogen, (e.g., CF3); -O-
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Rs such as -0-Ci-C6alkyl (e.g., -O-CH2CH3); or -O-Ci-Cealkyl substituted at each occurrence with 
i... 1 / - S~^T? r~\ r~< TT /^TTP \ r\ r* if_ .1 f ^ _ r\ nni \. r\ Uiio ui iiiOic lictiugcii (e.g., ™u-^n2^nr2j UJ —v.^—^ri2^x*X2Wv^i.i3^, —v^— 

Rs (e.g., -O-Ci-Qalkyi, such as -O-CH?) substituted with 3- to 12-membered heterocycle (e.g., 3-

ethyloxetan-3-yl, 1,3-dioxolan-4-yl); -O-Rs where Rs is an optionally substituted 3- to 12-membered 

5 carbocycle or heterocycle (e.g., cyclopentyl, cyclohexyl, phenyl, l,3-dioxan-5-yl); -N(Rs)C(0)Rs' 

wherein Rs and Rs' are each independently Ci-Qalkyl (e.g., -N(t-Bu)C(0)Me); SF5; -SO2RS wherein 

Rs is Ci-C6alkyl (e.g., ~-S02lv1e); or Ca-C^carbocycle (e.g., cyclopropyl, cyclohexyl, phenyl). 

In certain embodiments of this aspect of the invention, D is preferably phenyl or pyridyl and 

is substituted by one or more RM where one RM is G2. In ccrtain embodiments where D is phenyl or 

10 pyridyl, D is substituted by G2, G2 is 3- to 12-mcmbered heterocycle (e.g., pyridinyl, piperidinyl, 

pyrrolidinyl, a/.etidinyl, oxazolyl) and is optionally substituted with one or more halogen (e.g., fluoro, 

chloro), hydroxy, oxo, cyano, Ci-C6alkyl (e.g., methyl), C2-C<5alkenyl, C2-C6alkynyl, Ci-Cfihaloalkyl 

(e.g., CF3), Cj-Cghaloalkenyl, C2-C6haloalkynyl, -0-CrC6allcy] (e.g., -O-CH3), -C(0)0Rs (e.g., -

C(0)0CH3), -C(0)Rs (e.g., -C(0)CH3), or ~~N(RSRS'); and D is further optionally substituted by one 

15 or more RM where RM is halogen (e.g., fluoro, chloro), CrQalkyl (e.g., methyl), Ci-CfihaioalkyI (e.g., 

CF5), or -O-Ci-Qalkyl (e.g., -C-CH?). In certain other embodiments D is phenyl or pyridyl and G2 

is, for example, a monocyclic 3-8 membered carbocycle or monocyclic 4-8 membered heterocycle 

substituted with L4-G3 and optionally substituted with one or more RG2 wherein L4, G;, and RG2 arc as 

defined herein. L4, for example is a bond, a CrC6 alkylene (e.g., -CH2- - CH2CH2-, -CH2CH2CH2-, 

20 etc.), -0-, or -S(0)2- G3 is for example a C3-Ci2carbocycle optionally substituted with one or more 

Iv-Gj• RG2 and RG5 are each independently at each occurrence halogen, -C(0)CrC6alkyl, -CrQalkyi, 

"v/ -Q-Qhaloalkyl, -O-Q-Csalkyl, or -O-Ci-Cfihaloalkyl. Jn certain embodiments G2 is ^ 

o N y 

wherein ^ is a monocyclic 4-8 membered nitrogen-containing heterocycle (e.g., azetidinyl, 

pyrrolidinyl, piperidinyl, piperazinyi) attached to the parent molecular moiety through a nitrogen atom 

25 and substituted with one or two L4-G3 and optionally substituted with one or more RG2- Thus, in 

G3 

6 o 
certain embodiments where L4 is a bond G2 is ^ , where ^ is optionally substituted with 

G3 

6 N y 

RG2 and G, is optionally substituted with RG.V Thus, ^ can be, for example, 3-phenyiazelidin-
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1 -yl, 3-phenylpyrrolidin-l -yl, 4-plienylpiperazin-l-yl, 4-phenylpiperidin-l-yl, 4-phenyl-3,6-
dihydropyridin-i (2H)-yl, 4,4-diphenylpiperidm-l -yl, 4-aceiyi-4-plienyipiperidin-l -yl, 4-(4-
methoxyphenyl)piperidin-1 -yl, 4-(4-fluorophenyl)piperidiii-1 -yl, or 3-plienylpiperidin-1 -yl, and 
wherein D can be further optionally substituted with one or more RM (e.g., fluoro, chloro, methyl, 
methoxy). 

In certain other embodiments of this aspect of the invention, L4 is a C]-C6 alkylene, -O-, or -

/N /N 

S(0)2- and. G2 is , where ^ is as defined above and. is optionally substituted with RG2 

/N 

and. G;, is as defined above and is optionally substituted with RQ?. Thus, can be, for example, 
4-tosylpiperazin-l-yl, 4-phenoxypiperidin-l-yl, 3-phenoxypyrrolidin-l-yl, 4-benzylpiperidin-l-yl, 4-

10 phenethylpiperid.in-1-yl, or 3-phenylpropyl)piperidin-l-yl. 

In certain other embodiments of this aspect of the invention, D is phenyl or pyridyl, D is 
substituted by 02 and G2 is a spiro, bridged, or fused bicyclic carbocycle or heterocycle optionally 
substituted with L4-G3 and one or more RQ2, wherein D is optionally substituted with one or more RM 

and RM, L4, G3, and RC,2 are as defined herein. In certain embodiments G2 is ^ 
N ^ 

zN 

15 wherein'^1' is a spiro, bridged, or fused bicyclic nitrogen-containing heterocycle (e.g., 3-
azabicyclo[3.2.0]hept-3-yl, 2-azabicyclo[2.2.2]oct-2-yj, 6-azaspiro[2.5]oct-6-yl, octahydro-2H-
isoindol-2-yl, 3-azaspiro[5.5]undec-3-yl, l,3-dihydro-2H-isoindol-2-yl, l,4-dioxa-8-azaspiro[4.5]dec-
8-yl) attached to the parent molecular moiety through a nitrogen atom and optionally substituted with 
G3 and one or more RG2. Thus, G?_ is 3-azabicyclo[3.2.0]hept-3-yL 2-azabicyclo[2.2.2]oct-2-yl, 6-

20 azaspiro[2.5]oct-6-yl, oetahydro-2H-isoindol-2-yl, 3-azaspiro[5.5]undec-3-yl, 1,3-dihydro-2H-
isoindol-2-yl, or l,4-dioxa-8-azaspiro[4.5]dec-8-yl; L4 is a bond and D is optionally substituted with 
one or more RM (e.g., fluoro, chloro, methyl, methoxy). 
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In certain embodiments of this aspect of the invention, D is wherein RM is as defined 
above in connection with Formula IE, and D is optionally substituted by one or more additional RM. 

RM 

For instance, where D is , RM can be fluoro, chloro, tert-butyl, -O-CH2CH3, -O-CF3, -O-
CH2CHF2, -0-CH2CH20CH3J -O-CE2-(3-ethyloxelan-3-y 1), -0-CH2-d,3-dioxolan-4-yl), -O-

5 cyclopentyl, -O-cycIohexyJ, -O-phenyl, -0-(l,3-dioxan-5-yi), cyclopropyl, cyclohexyl, phenyl, SF5, 
-S02Me, or -N(t-Bu)C(0)Me and D can be optionally substituted, by one or more additional RM 

selected from the group consisting of halogen (e.g., fluoro, chloro) and Ci-Cgalkyl (e.g., methyl). 

In certain embodiments, D is •yv>A/ wherein RM is fluoro, chloro, tert-butyl, -O-CH2CH3, -
O-CF,, -0-CH2CHF2? -0-€H2CH20CH3, SF5, -S02Me, or -N(t-Bu)C(0)Mc and D is optionally 

10 substituted by one or more additional RM selected from the group consisting of halogen (e.g., fluoro, 
chloro) andCi-Cgalkyl (e.g., methyl). 

In certain embodiments, D is •~^-r wherein RM is cyclopropyl, cyclohexyl, or phenyl and D 
is optionally substituted by one or more additional RM selected from the group consisting of halogen 
(e.g., fluoro, chloro) and Ci-Cgalkyl (e.g., methyl). 

15 In certain embodiments, D is wherein RM is -0-CH2-(3-ethyloxetan-3-yl), -0-C.H2-
(l,3-dioxolan-4-yl), -O cyclopentyl. -O-cyclohexyl, -O-phenyl, or -0-(l,3-d.ioxan-5-yl) and D is 
optionally substituted by one or more additional RM selected from the group consisting of halogen 
(e.g., fluoro, chloro) and CpQalkyl (e.g., methyl). 
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In ceitain embodiments, D is wherein Go is pyridinyl (e.g., pyridin-2-yl), piperidin-1-
yl, 4,4-dimethylpiperidin-l-yl, 4,4-difluoropiperidin-l-yl, 2,6-dimethylpiperidin-l-yl, 4-(propan-2-
yl)piperidin-l-yl, 4-fluoropiperidin-l-yl, 3,5-dimethylpiperidin-l-yl, 4-(lrifluorometh.yl)piperidin-l-
y'i, 4-methylpipcridin-l-yl, 4-teit-butylpiperidin-l-yl, 2-oxopiperidin-l-yl, 3,3-dimethylazetidin-l-yl, 
or oxazolyl (e.g., l,3-oxazol-2-yl) and D is optionally substituted by one or more additional RM 

selected from the group consisting of halogen (e.g., fluoro, chloro) and Ci-C6alkyl (e.g., methyl). 

In another embodiment of this aspect of the invention, D is wherein Gi is N, 

Gs 
L4 
I 

zN ^ N 
C-H, or C-RM; GI is ^ , wherein ^ is a monocyclic 4-8 membered nitrogen-containing 
heterocycle (e.g., azetidinyl, pyrrolidinyl, piperidinyl) attached lo the parent molecular moiety 
through a nitrogen atom and substituted by L4-G3 and optionally substituted with one or more RGI; L4 

is a bond, Ci-Ce alkylene, -0- or -S(0)2-; G3 is ary] (e.g., phenyl), cycloalkyl (e.g., cyclohexyl), or 
heterocycle (e.g., Ihienyl) wherein each G3 is optionally substituted with one or more RG3; RGI and RG3 
at each occurrence arc each independently halogen, -C(0)Ci-C6alkyI, -CrQalkyl, -Ci-Cahaloalkyl, -
0~CrC6alkyl, or -O-CpCfhaloalkyl; g is 0, 1,2, or 3; and RM is as defined above in connection with 

G3 

(R(Vl)g 

Formula IE. In one group of compounds according to this embodiment, D is "vU- , wherein 
G3 is phenyl optionally substituted with one or two Res; g is 0, 1, or 2; RM is each independently 

P 
fluoro, chloro, methyl, methoxy, trifluorometliyl, or trifluoromethoxy; and ^ and RGS are as 
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defmed above. In a further subgroup of compounds of this embodiment, D is 

wherein Ch is phenyl optionaljy substituted with one or two RG;<; RMI is each independently hydrogen, 

fluoro, chloro, or methyl; and RG2 is an optional substituent as described herein. In another group of 

compounds according to this embodiment, D is , wherein L4 is CpQ, alkylene, -O- , or -

5 S(0)2-; O3 is phenyl optionally substituted with one or two RGS; g is 0, 1, or 2; RM is each 

/N 
independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and ^ and 

RG3 are as defined above. 

-<RM)g 

In yet another embodiment of this aspect of the invention, D is wherein Gi is 

zN ^ N 
N, C-H, or C-RM; G2 is ^ , wherein ^ is a spiro, bridged, or fused bicyclic nitrogen-

10 containing heterocycle (e.g., 3-azabicyclo[3.2.0]hept-3-yl, 2-azabicyclo[2.2.2]oct-2-yl, 6-

azaspiro[2.5]oct-6-yl, octahydro-2H-isoindol-2-yl, 3-azaspiro[5.5]undec-3-yl, l,3-dihydro-2H-

isoindol-2-yl, l,4-dioxa-8-azaspiro[4.5]dec-8-yl) attached to the parent molecular moiety through a 

nitrogen atom and optionally substituted, with L4-G3 and one or more R(-2; L4 is a bond, Ci-Cg 

alkyiene, -O-, or -S(0)2-; G3 is aiyl (e.g., phenyl), cycloalkyl (e.g., cyclohexyl), or heterocycle (e.g., 

15 thienyl) wherein each G; is optionally substituted with one or more R«; Rrl2 and RGS at each 

occuiTence are each independently halogen, -C(0)Ci-C6alkyl, -Cj-Qalkyl, -Q-Cfihaloalkyl, -O-Cp 

Cfiallcyl, or -O-Ci-Cehaloalkyl; g is 0, 1, 2, or 3; and RM is as defined above in connection with 
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(RM)C 

Fonmila IR. In one group of compounds according to this embodiment, D is wherein g 

is 0, 1, or 2; RM is each independently fluoro, chloro, methyl, methoxy, trifluoromcthyl, or 

/C\ 1 7 N y 

trifluoromethoxy; and ^ is as defined above. In a further subgroup of compounds D is 

RM-, 

wherein RMi is each independently hydrogen, fluoro, chloro, or methyl, and 

5 ^ is as defined above (e.g., 3-azabicyclo[3.2.0]hept-3-yl, octahydro-2H-isoindol-2-yl, 2-

azabicyclo[2.2.2]oct-2-yl, 6-azaspiro[2.5]oet-6-yl, 3-azaspiro[5.5]undec-3-yl, l,3-dihyd.ro-2H-

isoindol-2-yl, l,4-dioxa-8-azaspiro[4.5]dec-8-yl). 

In still another embodiment of this aspect of the invention, D is 

Rr 

, wherein 

np 
N y 

^ is a monocyclic 4-8 membered nitrogen-containing heterocycle (e.g., azelidinyl, 

10 pyriolidiiiyl, piperidinyl) substituted with one or more RQ2, wherein RQ2 at each occurrence is each 

independently halogen, -C(0)C]-Cealkyl, -Ci-C6alkyl, -Ci-Cehaloalkyl, -O-Ci-Cgaikyl, or OCr 

Cfihaloalkyl; and RM is each independently halogen, -Ci-Csalkyl, -Ci-Qhaloaikyl, -0~€j-C6alkyl, or 

/N 

-O-Ci-Cghaloalkyl. In one group of compounds according to this embodiment, ^ is 

azetidinyl, pyrrolidinyl, or piperidinyl substituted with one or two R02, wherein RG2 at each occuiTence 

15 is each independently methyl, ethyl, isopropyl, tert-butyl, fluoro, chloro, or trifluoromethyl; and RM is 
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H32 

J 
I ' 

each, independently fluoro, chloro, or methyl. For example ^ is 4,4-dimethylpiperidin-l-yl, 

4,4-difluoropiperidin-l -yl, 2,6-dimethylpiperidin-l-yl, 4-(propan-2-yl)piperidin-l -yl, 4-

fluoropiperidin-l-yl, 3,5-dimethylpiperidin-l -yl, 4-(trifluoromethyl)piperidin-!.-yl, 4-methylpiperidin-

1-yl, 4-tert-butylpiperidin-l-yl, 2-oxopiperidin-l-yl, or 3,3-dimcthylazetidin-l-yI. 

For compounds of Formula IE 

D 
i 
L-3 

Y'A^brX^LlB^Z 

attachment of X to the remainder of the molecule can be conveniently depicted by the abbreviated 

structural Formula X', wherein the groups attached to X maintain the same relative spatial orientation 

10 as drawn in Formula IH It is understood that in subsequent depictions of the variable group X., the 

substituents of X will retain the same relative positions and orientation as in Formula IE and Formula 

X'. 

20 

X" 

Compounds of Formula IK include those where the variable X is selected from the group 

15 consisting of X-1, X-2, X-3, and X-4 wherein X-1, X-2, X-3, and X-4 retain the same orientation as 

structure X' relative to the remainder of the molecule; wherein the presence of ="=r= in X-1, X-2, and. 

X-3 represents single or double bonds, Xj is Ci-C2alkylene or C2alkenylene, X2 and X3 are each Ci-

C2alkylene or C2alkenyiene, and X4 is CrC2 alkylene. 

X, \ 
X, 

/ 
X3 

N- I 

vy 
X-1 X-2 X-3 X-4 

In accordance with the foregoing description, in certain embodiments of this aspect of the 

invention, X is pyrrolyl and is attached to the remainder of the molecule as shown in Formula 
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^ A 
\I 

XA: A . In certain embodiments, X is pyrrolidinyl and is attached to the remainder of the 

molecule as shown in Formula XB: B . Embodiments according to Formula XB may exist 
•AAA/ s»VW 

X X in cis (XBi) or trans (Xn2) forms: B1 82 . Chiral carbon atoms in 

XB, XB], and XB2 may have either the (R) or (S) absolute stereochemistry. 

In yet another embodiment of this aspect of the invention, X is pyrrolyl and is attached to the 
s/WV 

remainder of the molecule as shown in Formulae XCi or XC2: ^C1 

In certain embodiments, X is pyrrolidinyl and is attached to the remainder of the molecule as shown 

X X in Formulae XD1 or Xn2: 01 02 . Embodiments according to 

Formulae Xm or XD2 may exist m cis or trans forms and chiral carbon atoms in XD] and. XD2 may have 

either the (R) or (S) absolute stereochemistry. In certain embodiments, X is azetidinyl and is attached 

to the remainder of the molecule as shown in Formulae X^ or X.E2: 

E2 . Chiral carbon atoms in X£! and XE2 may independently have 

either the (R) or (S) absolute stereochemistry. 

In certain preferred embodiments of this aspect of the invention, X is XA, XB, XBi, XR2, X(->, 

or XC2 and Lu L2, and L3 are each a bond. In certain other embodiments, X is Xo-,, XD2, XE1, or XE2 

and L], L2, and L3 are each a bond. In another embodiment, X is XEI and Li and L2 are each 

methylene (i.e. -CH?-), and L3 is a bond. 
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In compounds of Formula I.£, Y is~-T'~C(RjR2)N(Rs)-T-RD and Z is -P-QRgRgjNfRiij-T-
f T?_. oro of Aaf-1-1/ ivy, ^ ctxisu. AS.JJ cvx^ etc* uviii 

Preferably Ri, R2, R5, Rg, R9-. and R12 are each independently hydrogen; Ci-C<-,alkyl; or 3- to 6-

membered carbocycle or heterocycle, wherein each 3- to 6-membered carbocycle or heterocycle is 

independently optionally substituted at cach occurrence with one or more substituents selected from 

halogen or Q-Chalky 1; wherein R? and R5, taken together with the atoms to which they are attached, 

optionally form a 3- to 12-membered heterocycle which is substituted with 0, 1,2, 3, or 4 RA, and Rg 

and R)2 taken together with the atoms to which they are attached, optionally form a 3- to 12-

membered heterocycle which is substituted with 0, 1, 2, 3, or 4 RA wherein RA is as defined herein. 

In certain embodiments of this aspect of the invention, R5 is hydrogen and. R2 and R5, taken 

together with the atoms to which they are attached fonn a 3- to 12-membered heterocycle (e.g., 

9-1 XC ̂  p 
-NO V—-NO -N.—? V-—-N-

) substituted with 0, 1, 2, 3, or 4 RA wherein 

RA is halogen (e.g., fluoro, chloro); cyano; LS-RE where Ls is a single bond and fin is C,-Chalky] (e.g., 

methyl, ethyl), -O-Ci-Qalkyl (e.g., methoxy), or -0--CrO,haloalkyl (e.g., trifluoromethoxy); or Ls-

H , H 

u OH RE where Ls is a double bond and RE is =C(RsRs') (e.g., H , 3). In a preferred 

embodiment R2 and R$, taken together with the atoms to which they are attached form a pyrrolidine 

-N-

ring (i.e., ) substituted with 0 or 1. RA wherein RA is fluoro, methoxy, methyl, ethyl, or 

cyano. In another preferred embodiment R2 and. R5, taken together with the atoms to which they are 

N-
V attached form a pyrrolidine ring (i.e., ). 

In certain other embodiments of this aspect of the invention, Rg is hydrogen and Rg and R]2, 

taken together with the atoms to which they are attached fonn a 3- to 12-membered heterocycle (e.g., 
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y-T v f v-i-9^ v1J 
i~ nr nr <- Aftw /uw • or 

t x > w , w , C 5 V-NO V—-NO V—-NO \ 

) substituted with 0, 1, 2, 3, or 4 

RA wherein RA is halogen (e.g., fluoro, chloro); cyano; LS-RE where Ls is a single bond and Rp. is Cr 

Cftalkyl (e.g., methyl, ethyl), -O- CpCrjalkyl (e.g., methoxy), or -0-Ci-C6haIoalkyi (e.g., 

H > /H =< M 
u OH trifluoromethoxy); or LS-RE where Ls is a double bond and RE is =C(RsRs') (e.g., H , 3). 

In a preferred embodiment, R9 and R|2, taken together with the atoms to which they are attached, fonn 

V a pyrrolidine ring (i.e., a ) substituted with 0 or 1 RA wherein RA is fluoro, methoxy, 

methyl, ethyl, or cyano. In another preferred embodiment R9 and R]2, taken together with the atoms 

-N-

to which they are attached form a pyrrolidine ring (i.e., ). 

10 As used, herein, a chiral carbon in any rings formed by joining R2 and R5 or R9 and R12 may 

possess either (R) or (S) stereochemistry. A pyrrolidine ring (i.e., ) formed from either R 

N-

and R5 or R9 and. R,2 preferably possesses the (S) stereochemistry (i.e., ^ ). 

In this aspect of the invention, T' is independently selected at each occurrence from a bond,™ 

C(0)N(RB)- -N(RB)C(0)- or 3- to 12-membered heterocycle, and. wherein said 3- to 12-membered 

heterocycle is each independently optionally substituted at each occuiTence with one or more RA? and 

RA and RB are as described herein. In particular, where T is -C(0)N(RB)-, RB can be hydrogen (i.e., 

T is -C(0)N(H)-). In certain embodiments, T is imidazolyl (i.e., —N , N— ) optionally 

substituted at each occurrence with one or more RA wherein RA is halogen (e.g., fluoro, chloro), Cr 
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Cfialkyl (e.g., methyl, ethyl), or Ci-Cehaloalkyl (e.g., trifluoromethy]). Tn certain embodiments, T' is 

n r\\ 
imidazolyl (i.e., 1—N , N—' ). 

This aspect of the invention contemplates particular combinations of A with Y and B with Z. 
Non-limiting examples of preferred Y when A is Cs-Qscarbocycle (e.g., phenyl) or 5- lo 6-membered 

5 heterocycle (e.g., pyridinyl or thiazolyl) and prefen-ed Z when B is Cs-Cocarbocycle (e.g., phenyl) or 

HN —\ 
R > 5- to 6-membered hctcrocyclc (e.g., pyridinyl or thiazolyl) include: D 

-N- fV 
I HN—\ 

Rn-T V Rr 
HN -T y R r 

N HV" 
y Rn y 

HO 

•N- f 
| HN 

RD"""T r 

O 
N \ 

HN-

HO, OH 

O .0 

HN-
N \ "N 
i HNO I 

KD 

0 

HN-

R P 
O .0 

HN-
Ro" 

B. 

10 RD 

Rr 

I HNO I 
/ Rn^T 

O o o 

.0 

HN-^y 

o 

Rr 

o 

HN-

0 

HN-
Rr 

HN-y 

HN- HN-
Rr , or 

wherein T and Rn are as defined herein. 
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B, 

D 
examples of preferred Y, where T' is a bond, include: D 

jr\ 
V 

-T 

MeQ 

Rr 

MeQ 

Rr 

NC 

Rr R 

RD"" ' RD > 

-T 

N' 1 N / / 

Rr 

Rr wherein T and. RD are as defined herein, 

examples of preferred Z, where T' is a bond, include: 
OMe DMe .C N 

v-cS 
\ N 

I 
T^r-, 

V' N 
T-

V N V° V" 
"Rr 

V"V V" 
•RD 

V'V r 
•Rr "Rr 

V' 'H 
T-

wherein T and RD are as defined herein. 
T at each occuiTence is independently a bond or -C(0)-Ls'~, wherein Ls' is as defined 

10 herein. Ls' includes, but is not limited, to, J X 
A >, 

or 
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1 , where IV is optionally substituted with one or more RL; and RL is a substituent such as, 

but not limited to carbocycle (e.g., cyclohexyl, cyclopentyl, cyclobutyl, cyclopropyl, phenyl), 

methoxy, or heterocycle (e.g., tetrabydrofurany 1, tetrahy dropy rany 1). 

Rx> is hydrogen or RA wherein RA is as defined herein. Thus RD includes, but is not limited to, 

RA wherein RA is L§-RE, and Ls and RE arc as defined herein. Thus RD includes, but is not limited to, 

LS-RE wherein Ls is a bond and RE is -JN(RSRS')5 -N(Rs)C(0)Rs'1 -N(Rs)C(0)N(Rs'Rs"), -

N(Rs)S02Rs\ — N(Rs)S02N(Rs,Rs,,)f -N(Rs)S(0)N(Rs'Rs"), -N(Rs)C(0)0Rs', or ~N(Rs)S(0)-

Rs'; or CrCi2carbocycle or 3- to 12-membered heterocyclc, each of which is independently optionally 

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

CrCealkyl, Ca-Cgalkenyl, C?-Qa]kynyi, or Ci-C()haloalkyl. 

In one embodiment of this aspect of the invention, RD is LS-RE wherein Ls is a bond and RE is 

-N(Rs)C(0)0Rs' or 3- to 12-membered heterocycle (e.g., pyrrolidine, piperidine, azepanyl) wherein 

Rs and Rs' are as defined herein. For example RD is preferably LS-RK wherein Ls is a bond and Rn is 

-N(H)C(0)0Me. 

Thus according to the foregoing description T-RD includes, but is not limited to: 

. and 

*0 

T-RD may also include particular stereochemical 
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r\ M 

configurations; thus T-RD includes, but is not limited to: 0 

VVW s/WV 

e I H 
.0^ J .0. .N. Y o 

o 
o H 

0 

SMe 

,O^N. 

O 

H 

'Y 
O H 

O 

*0' 

O 

-°YKA ^ ̂  
R° o 

H ON 

o 

O 

etc. 
According to this aspect of the invention, non-limiting examples of preferred Y when A is C?-

C(,carbocycle (e.g., phenyl) or 5- to 6-membered heterocycle (e.g., pyridinyl or thiazolyl) and 
preferred Z when B is Cs-Cccarbocycle (e.g., phenyl) or 5- to 6-membered heterocycle (e.g., pyridinyl 
or thiazolyl) include: 

H 
XX ,N 

0 
O 

HU 
> 

N 
"N" \ // 

H I HN-
y 

o H 
O 

•N' fj? 
H I HN-\ 

YHA ^ 
H 

H -v 
o 

N- X) 
HN-A 

o 
o 

y 

o 

H 

-Y o 

HN-

O 

O 

H 
.0^ .N 

HN-

O 
O 
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O 
IM \ 

H f HN-
X). .N-Y- 0 

0 o-

O 
IM \ 

H I HNO 
M_ k IN^° 

•D 

H HN-

-V-o 

o o 
'N 

H I HNO 
.0. "NW -°YNH^O ' 

0 o 

o 

, and 

H -°YN 

o 
AH,i 

vo-

Non-lirniting examples of preferred Y when A is !; optionally substituted 

include: with one or more RA as described herein, and Y-A is N •/ •°YN 

o 
o 

H 
.0.. .N 

•/ 
O 

0 

H i 
*/ 

o 
•o 

H 

Y o 

N^/ 

0 

fl° 

H 'V 7' -°YNHA ° V 
H 

.0. .N 
i 

0 
O 

H 'N' ^ 

Y„. -

*0' 

H Y y 

-V»>Ao 

H 
,0. .N 

i 

o Y i:>r ^ 
H N 

o 
*/ 

MeO 

,0. ,N. Y • 0 
o 

MeO 

„ y 

-V": o 
O 

'N' ^ H N 

Y J 0 
o H 

H "N' y 

"V o 
0 

H N -°YN' 0 

o 

*/ 
H N 

'/ 

Y 
0 
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-°YN- O H -°YN 

o 
o 

H •°YN 
o 

o 

H 

'V 
y 

o 
o 

H 
,0^ .N 

O 
O 

H N 

•/ /°YN' -O 
o 

u 

'a -N-. -O 
o ,, "OMe 

^ , and 

H "N" ^ •°YN' O 

H 
OMe 

Non-limiling examples of preferred Z where B is N optionally substituted with 

one or more RA as described herein, and B-Z is 
/™z 

N include: 
O 
A^N.,0 

V' 
O' 

Y°-
O 

Y 
o 

H 
.N O. 
"HY o 

T N' 
o 

*o 

Y°x 

o 

o 

V"Y « O\NY°' 

V 
H 
N. .0. 

Y'HY 
0 

O' 

V41 
N H 

.N. /O. 
0 -HY 

O 

V4 
H 
N„ .0. 

^-HY 

V 
H 

XHX 

V 
cr x,^Ya 

OMe 

V N \ 

OMe 

0 K!Y 
o 

V 
N H 

cr xN Ya 
H 0 
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W 
N H 

0 ^Ya 

V N 

0 6?Ya 
o 

V 

W 
a 

H 
N. .0 \ 

o 

\ -cO 
a o„ 

o 

a 
H 
N. .0. V V 

0 0 
H 
fsL .0. 

0' 

MeO 
O 

H 
NL .0, 

MeO 
, and H 

O 

vv> 
O' 

H 

cNy 

a 
H 

,N O. 
•'u Y o 

Xf ; H 

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

5 pharmaceutically acceptable salts thereof: 

D 

A—X—B. 
Y Z 

I,-

wherein: 

X is 
* 

, wherein X is optionally substituted with one or more 

10 R< 
H 

A is 

B is ? "N or \ 

more RA; and 
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Y, Z, RA, and D are as described hereinabove (e.g., Y, Z, RA, and. D as described, for Formula 
T T T T T T T \ •s i*A> *€> 'D? JJJ aOiy as uwwiuui iui runuum lyj. 

In one embodiment of this aspect of the invention, X is ; A is 

:, wherein A is optionally substituted with one or more RA; B is 

N 

/H' R J" 
N , wherein B is optionally substituted with one or more RA; Y is D 

B F^ MeO, 

Rr 

MeO NC 

Rr Rr Rr 

RD' 

Crx, 
Rr or ; Z is 

--T 

V" "N 
T-

Rr 

N 
—-T 

RD 

F F 

r» 
'Rr 'Rr 'Rr 

or 

V' "N 
T^R 

D; and D, RA, T and RD are as defined hereinabove (e.g., as described for Formula I, IA, IB, 

10 Ic, ID or In, preferably as described for Formula IE). 

In another embodiment according to this aspect of the invention, A or B are optionally 

substituted with one or more substituents selected from: RA wherem RA is each independently halogen 

(e.g., fluoro, chloro); LS-RE where Ls is a single bond, and RE is -Ci-Gsalkyl (e.g., methyl), -O-Rs 

(e.g., -0-Ci-C6alkyl, -OCH3), or -CrChalky 1 optionally substituted with one or more halogen (e.g., --

15 CF3); or LS-RE where Ls is a CVCfialkylene and RR is -O-Rs (e.g., -Ci-C(,alkyl-0-Ci-C($alkyl, -

CH2OCH3). This embodiment includes compounds where A and. B are both substituted by one RA: 

compounds where A and B are both substituted, by zero RA; compounds where A is substituted by one 
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RA and B is substituted by zero RA; and compounds where A is substituted by zero RA and B is 

or A is 

and B is 

"N ; or A is N""" ? and B is 
In a further embodiment of this aspect of the invention, T-RD is independently selected at 

H T H T 
/Oy^0 /Oy^o 

each occurrence from the group consisting of ^ , O , 

H 
-0. .N 

0 
'O 

O lj | Q 
o 0 

SMe 

H 
-CL ,N 

O 
O -°YNY -O 

and 

/0YN>^ "O 
; wherein compounds having (S) stereochemistry (e.g., ^ ) are 

prefeiTed and wherein D is as defined hereinabove. 
in another embodiment, this aspect of the invention features compound of Formula IF and 

pharmaceutically acceptable salts thereof, wherein: 
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y"*. ^ >-"<? 

X. is or 

substituted with one or more RA; B is \ 

; A is N' 

-X 
wherein A is optionally 

, wherein B is optionally substituted with one or 
B. 

1 N / 
Rr 

B 

Rr 

MeQ, MeO. 

^N. C, 

more RA; Y is "D , 

""b-# Xx, CD. 
N- '/ 
-T 

Rr Rr Rr 

1 
Rr or Rr ; Z is 

Rr 

-N- t*jl 
I HN—\ 

'T V R r 

.0 

HN-
Rr 

^ Rr 

fN^N 
| HN- 11 

-T 
•N- Gr HN-A 

Rr -J y 

, or ; and. D, RA, T and RD are as defined hereinabove. A 
particular subgroup according to this embodiment includes compounds where A is 

H 
N 

\ 
or N R 

N 

^-T 
; Y is ; Z is 

N. 

mA "N- f 1} 
.0 

Rr -T > „ Rn-1 

HN-

H 
.0. .N 

or ; T-RD is each independently 

H 
.0. .N 

O 

<\J^n H T /°YN 
o T .oyN 1 I 

0 

0 

H 
,0. _N. 

O 

'0 
o 

~0' 
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H 
,0^ ̂ N, 

H 
O 

Hi H u /uyNY^o /°YN 
o A o /0YN J 0 

, or ^ ; and D is as defined 

hereinabove. 

In yet another embodiment, this aspect of the invention features compounds of Formula IF and 

pharmaceutically acceptable salts thereof, wherein: X is 

>£ •N- f J? 
HN—\ | 

v R ^-T > R each ^ ; Y and Z are each independently D , D each 

: A and B are 

Rr 

•N- f> 
| HN 

-T 

•N- f > 
HN-

.0 O 

HN- HN-
^ Rn^1 ^ Rn—'T 

, or ; and D, T and RJ: 

are as defined hereinabove. A particular subgroup according to this embodiment includes compounds 

where T-RD is each independently selected from 

O 

, or ; and D is as defined hereinabove. 

According to each of the foregoing embodiments and description of this aspect of the 

invention of Formula IF are groups and subgroups of compounds having particular values for D. 

Included in each of the foregoing embodiments are groups and subgroups of compounds with the 

following particular values for D: 
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In certain groups of compounds according to Formula IF and the foregoing embodiments and 
R, 

description of this aspect of the invention, D is , where RM is fluoro, chloro, tert-butyl, -O-

CH2CH3, -0-CF3, -0-CH2CHF2, -0-CH2CH20CH3, -0~CH2-(3-elhyloxetan-3-yl), -0-CH2-(l53-

dioxolan-4-yl), -O-cyclopentyl, -O-cyclohexyl, -O-phenyl, -€>-(! ,3-dioxan-5-yl), cyclopropyl, 

cyclohexyl, phenyl, SF5, -S02Me, or -N(t-Bu)C(0)Me and D is optionally substituted by one or more 

additional RM, selected from the group consisting of halogen (e.g., fluoro, chloro) or CrCcalkyl (e.g., 

methyl). 

In other groups of compounds according Formula IF and the foregoing embodiments and 

description of this aspect of the invention, D is wherein G2 is pyridinyl (e.g., pyridin-2-yi), 

10 piperidin-l-yl, 4,4-dimethylpiperidin-l-yl, 4,4-difluoropiperidin-l-yl, 2,6-dimethylpiperidin-l-yl, 4-

(propan-2-yl)pipcridin-l-yl, 4-fluoropiperidin-l-yl, 3,5-dimethylpiperidin-l-yl, 4-

(trifluoromethyl)piperidin-1 -yl, 4-methylpiperid.in-1 -y 1, 4-tert-butylpiperidin-1 -yl, 2-oxopiperidin-1 -

y], 3,3-dimethylazetidin-l-yl, or oxazolyl (e.g., l,3-oxazol-2-yl) and D is optionally substituted by one 

or more additional RM selected from the group consisting of halogen (e.g., fluoro, chloro), or C\-

15 C6alkyl (e.g., methyl). In particular- according to these groups are compounds where D is 

; G2 is piperidin-l-yl, 4,4-dimethylpiperidin-l-yl, 4,4-d.ifluoropipcridin-l-yi, 2,6-

dimethylpiperidin-l-yl, 4-(propan-2-y!)piperidin-l-yl, 4-fluoropiperidin-l-yl, 3,5-dimethylpiperidin-

l-yl 4-(lrifluoromethyl)piperidin-l-yl, 4-methylpiperid.in-l-yl, 4-tert-butylpiperidin-1-yl, 2-

oxopiperidin-l-yl, or 3,3-dimethylazetidin-l-yl; and RMI is each independently hydrogen, fluoro, 

20 chloro, or methyl. 

In other groups of compounds according Formula IF and the foregoing embodiments and 
9>2 

' -(RM)g 

description of this aspect of the invention, D is wherein Gi is N, C-H, or C-RM; G2 is 
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/N /N 

^ , wherein ^ , RM, and g arc as defined hereinabove. In particular according to these 
groups, RM is each independently fluoro, chloro, methyl, methoxy, irifluoromelhyl, or 

N 
trifluoromethoxy; g is 0, 1, or 2; and is as defined hereinabove. In further subgroups L4 is a 

zN 

bond; Go is ^ ; RM is each independently fluoro, chloro, methyl, methoxy, Irifluoromelhyl, or 

N 
trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups, ^ is 3-phenylazetidin-l-yl, 3-
phenylpyrrolidin-l-yl, 4-phenylpiperazin-l-yl, 4-phenylpipend.in-l-yl, 4-phenyl-3,6-d.ihydropyridin-
1 (2H)-yl, 4,4-diphenyIpiperidin-1 -y 1, 4-acety 1-4-phenylpiperidin-1 -yl, 4-(4-methoxypheny^piperidin-
l-yl, 4-(4-fluorophenyI)piperidin-l-yl, or 3-phenyIpiperidin-1-yl; RM is each independently fluoro, 
chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, I, or 2. In other subgroups 

zN 

L4 is Ci-Cg alkylene, -0-, or -S(0)2-; G? is ; RM is each independently fluoro, chloro, 
methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups, 

4-tosylpiperazin-l -yl, 4-phenoxypiperidm-l -yl, 3-phenoxypyrrolidin-l -yl, 4-
benzyIpiperidin-1 -y 1, 4-phenethylpiperidin-1 -yl, or 3-phenylpropyl)piperidin-l-yl; RM is each 
independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 
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2. In further subgroups of compounds D is , wherein G;< is phenyl optionally substituted 

with one or two RG3; g is 0. 1. or 2: R™ is each independently fluoro, chloro, methvl. methoxy. 

Q 
w./ 

trifluoromethyl, or trifluoromethoxy; and ^ and RG3 are as defined above. In other groups of 

/3 

"(RM)9 

compounds D is , wherein L4 is CpC6 alkylene, -O-, or S(0)2-; Gi is phenyl optionally 

5 substituted with one or two Rc,;,; g is 0, 1, or 2; RM is each independently fluoro, chloro, methyl, 

N 
methoxy, trifluoromethyl, or trifluoromethoxy; and ^ and RGS are as defined above. In further 

G3 

subgroups of compounds D is wherein G3 is phenyl optionally substituted with one 

or two RG3 as defined hereinabove; RMI is each independently hydrogen, fluoro, chloro, or methyl; 

and RG2 is an optional substituent, as described above, selected from the group consisting of-C(0)Ci-

10 Cgalkyl, -Ci-C&alkyk -Ci-Cghaloalkyl, --O-CrQalkyl, and -O-Cj-Cghaloalkyl. 

In other gimps of compounds according Formula IF and the foregoing embodiments and 

P2 

description of this aspect of the invention, D is 

"(Rw)g 

wherein Gi is N, C-H, or C-RM; G2 is 
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/N ' IM 

^ , wherein ^ , RM, and g are as defined hereinabove. In particular according to these 
subgroups, RM is each independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or 

N 
trifluoromethoxy; g is 0, 1, or 2; and ^ is 3-azabicyclo[3.2.0]hept-3-yl, 2-azabicyclo[2.2.2]oct-
2-yl, 6-azaspiro[2.5]oct-6-yl, octahydro-2H-isoindoI-2-yl, 3-azaspiro[5.5]undec-3-yl, l,3-dihydro-2H-
isoindol-2-yl, or l,4-dioxa-8-'azaspiro[4.5]dec-8-yl. In further subgroups of compounds D is 

wherein g is 0, 1, or 2; R.M is each independently fluoro, chloro, methyl, methoxy, 

N y 

trifluoromethyl, or trifluoromethoxy; and ^ is as defined above. In further subgroups of 

compounds D is wherein RMI is cach mdependently hydrogen, fluoro, chloro, or 

/N 

methyl and is as defined above (e.g., 3-azabicyclo[3.2.0]hept-3-yl, octahydro-2H-isoindol-2-
:0 yL 2-azabicyclo[2.2.2]oct-2-yi, 6-azaspiro[2.5]oct-6-yl, 3-azaspiro[5.5]undec-3-yl, l,3-dihydro-2H-

isoindol-2-yl, l,4-dioxa-8-azaspiro[4.5]dec-8-yl). 
In other groups of compounds according Formula IF and the foregoing embodiments and 

'RM 
^~>RG2 

N J 
description of this aspect of the invention, D is , wherein ^ is a monocyclic 
4-8 membered nitrogen-containing heterocycle (e.g., azetidinyl, pyrrolidinyl, piperidinyl) substituted 

15 with one or more RGS, wherein RG2 at each occiurence is each independently halogen, -C(0)Cr 
CVdkyl, -Ci-Coalky], --Ci-Cfihaloalkyl, -O-Ci-Cgallcyl, or -O-Ci-Cehaloalkyl; and RM is each 

130 



WO 2012/051361 PCT/US2011/056045 

independently halogen, -CVCfialkyl, -CrQhaloalkyl, -O-Cj-Cgalkyl, or -O -Ci-Cfihaloalkyl. In each 

( 
N y 

group of compounds according to the foregoing embodiments ^ is azetidinyl, pyrrolidinyl, 

or piperidinyl substituted with one or two RG2, wherein RG2 at each occurrence is each methyl, ethyl, 

isopropyl, tert-butyl, fluoro, chloro, or trifluoromethyl; and RM is each independently fluoro, chloro, 

N J 
5 or methyl. For example is 4,4-dimethylpiperidin-l-yl, 4,4-difluoropiperidin-l-yl, 2,6-

dimethylpiperidin-l-yl, 4-(propan-2-yl)piperidin-l-yl, 4-fluoropiperidin-l-yl, 3,5-dimethylpiperidin-

1 -yl, 4-(trifluoromethyl)piperidin-l-yl, 4-methylpipcridin-l-yl, 4-tert-butylpiperidin-1-yl, 2-

oxopiperidin-1 -yl, or 3,3-dimethylazetidin-1 -yl. 

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

10 pharmaceutically acceptable salts thereof, 

D 
i 

15 

20 

V 
-A—X-

IG 

wherein: 

X is , wherein X is optionally substituted 

with one or more RA 

\ 
A is N 

more RA; 

, wherein B is optional iy substituted with one or 

more RA; and 

Y, Z, RA, and D are as described hereinabove (e.g., as described for Formula I, IA, IB, Ic, ID. 1E 

or IF, preferably as described for Formula IE). 
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In one embodiment, this aspect of the invention features compounds of Formula IG and 

pharmaceutically acceptable salts thereof, wherein: X is 
>y\X> 

v 1 
, or 

\—C 
\=/ ; A is N hC or s , wherein A is optionally substituted with 

one RA; B is ^ or ^ ^ , wherein B is optionally substituted with one RA; 

5 RA is halogen (e.g., fluoro, chloro); LS-RE where Ls is a single bond and RE is -CrCealkyl (e.g., 

methyl), -O-Rs (e.g., -O-Cj-Cealkyl, -OCH3), or -C]-Ccalkyl optionally substituted with one or 

more halogen (e.g., -CF;,); or LS-RE where Ls is a Cj-Cealkylene and RE is -O-Rs (e.g., ~C 1-Chalky 1-

B. 

O-Ci-Cealkyl, -CH2OCH3); Y and Z are each independently 

Fy MeO, MeO h-; 

RD' Rr 

Rr Rr Rr 

y "i 
-T 

O3-* 
Rr Rr Rr 

'N- <^11 
| HN ' 

-T A 

10 RD 

N„ 

N \ // 
HN- ' 

•N- f r 
HN- ' 

O 

P RD^T ^ Rn—T ^ Rr 

O 

HN-
Rr T-Ro is each independently 

H 

-Y o 
o 

HN-

H •°YN 
o 

or 

'O 
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H n M •o 
O 

H 
.0. .N 

0 

-0 

H 
-O. -N. - T v 

o 

"O' 

o •-0 .0. A 
0 

^ > u A 
, or /-A ; and D is as defined hereinabove. 

In another embodiment, this aspect of the invention features compounds of Formula lo and 

pharmaceutically acceptable salts thereof, wherein X is ; A is N 

5 wherein A is optionally substituted with one RA; B is * N , wherein B is optionally 

substituted with one RA; RA is halogen (e.g., fluoro, chloro); LS-RE where Ls is a single bond and RE 

is -Ci-C6alkyl (e.g., methyl), -O-Rs (e.g., -O-Ci-Qalkyl, -OCH3), or -Ci-C6alkyl optionally 

substituted with one or more halogen (e.g., ~CF3); or LS-RE where Ls is a Ci-Qalkylene and RE is -

O-Rs (e.g., -Ci-Cgalkyl-O-Ci-Cfialkyl, -CH2OCH3); Y and Z are each independently 

F>. F. MeO, MeQ 

1 N / 

.0 RD" Rr Rr Ri ^-T 
or • T-RI: 

is each independently 

, or 
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H I 'T' ^ tl L • s r AHJC0 
, wherein compounds having (S) stereochemistry (e.g., ) are 

particularly contemplated; and D is as defined, hereinabove. This subgroup includes compounds 

where A and B are both substituted by one RA; compounds where A and B are both substituted by 

zero RA; compounds where A is substituted by one RA and B is substituted by zero RA; and. 

compounds where A is substituted by zero RA and B is substituted by one RA. In particular, according 

; or A is N ? and B is 

According to each of the foregoing embodiments and description of this aspect of the 

10 invention of Formula IG are groups and subgroups of compounds having particular values for D. 

Included in each of the foregoing embodiments are groups and subgroups of compounds with the 

following particular values for D: 

Groups of compounds according to this aspect of the invention include compounds where D 

is Ce-Cjoaryl (e.g., phenyl, naphthyl, indanyl), or 5- to 10-membered heteroaryl (pyridinyl, thiazolyl, 

15 4,5,6,7-tetrahydrobenzo[d]thiazolyl, bcnzo[d]thiay,olyl, indazolyl, benzo[d.][l,3]dioxol-5-yl), and D is 

substituted, with one or more RM. Particular subgroups according to this aspect and these 

embodiments include compounds wherein RM is halogen (e.g., fluoro, chloro, bromo); Ci-C^alky! 

(e.g., tert-butyl); Cj-Cealkyl substituted with one or more halogen (e.g., CF:,); -O-C;-Chalky! (e.g., -

O-CH2CH3); ~-0-CrO,a!kyl substituted at each occurrence with one or more halogen (e.g., -0-CF3, 

20 -0-CH2CHF2) or -0-CrCfialkyl K)-CH2CH2OCH3); -0-CrC6aikyl (e.g., -0-CH2) substituted 

with an optionally substituted 3- to 12-membered heterocycle (e.g., 3-ethyloxetan-3-yl, 1,3-dioxolan-

4-yl); -O-Rs where Rs is an optionally substituted 3- to 12-membered carbocycle or heterocycle (e.g., 

cyclopentyl, cyclohexyl, phenyl, l,3-dioxan-5-yl); -N(Rs)C(0)Rs' wherein Rs and Rs' are each 

independently Ci-Cgalltyl (e.g., -N(t-Bu)C(0)Me); SF5; ~-S02Rs wherein Rs is C]-Cfia]kyl (e.g., -

25 S02Me); or Cs-Cncarbocycle (e.g., cyclopropyl, cyclohexyl, phenyl). Other subgroups according to 

this embodiment include compounds wherein D is phenyl substituted by G2 and optionally substituted 

by one or more RM, wherein G2 is a 3- to 12-membered heterocycle (e.g., pyridinyl, piperidinyl, 

pyrrolidinyl, azetidinyl, oxazolyl) wherein the heterocycle is optionally substituted with one or more 

substituents selected from halogen, hydroxy, oxo, cyano, Ci-Cealkyl (e.g., methyl), C2-C6alkenyl, C2-
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Cf^lkynyl, Cs-Cchaloalkyl (e.g., CF3), C2-C6lialoalkenyl, CrCehaloalkynyl, -0-Ci-C6alkyl (e.g., -O-
nrT \ / s~\\ s~\r> ( . .. /~^ / r~\\I \ ~ __ T \ \T/"n T~1 >\ T /"^ . 1"y s. 
^113^5 (e.g., —Ks\\j)K^ri2j, "-"iN^i\.«$i\.s ui 1^4—VJ3, IN-M lo iiaiu^u 

(e.g., fluoro, chloro), alkyl (e.g., methyl), haloalkyl (e.g., CF3), or -0-C,-Qalkyl (e.g., ~0-~CH3); and 

L4, G3, RS, and Rs' are as defined hereinabove. 

5 In certain groups of compounds according to Formula IQ and the foregoing embodiments and 

description of this aspect of the invention, D is , where RM is fluoro, chloro, tert-butyl, -O-

CH2CH3> -0-CF3, -O-CH2CHF2, -O-CH2CH2OCH3, -0~CH2-(3-ethyloxetan-3-yl), -0-CH2-(l,3-

dioxolan-4-yl), -O-cyclopentyl, -O-cyclohexyl, -O-phenyi, -0-(l,3-dioxan-5-yl), cyclopropyl, 

cyclohexyl, phenyl, SF5, -S02Me, or -N(t-Bu)C(0)Me and D is optionally substituted by one or more 

10 additional RM, selected from the group consisting of halogen (e.g., fluoro, chloro) or Ci-Qalkyl (e.g., 

methyl). 

In other groups of compounds according Formula IG and the foregoing embodiments and 

description of this aspect of the invention, D is ^ wherein G2 is pyridinyl (e.g., pyridin-2-yl), 

piperidin-l-yl, 4,4-dimethylpiperidin-l-yl, 4,4-difluoropiperidin-i-yl, 2,6-dimethylpiperidin-l-yl, 4-

15 (propan-2-yl)piperidin-l-yl, 4-fluoropiperidin-l-yl, 3,5-dimethylpiperidin-l-yl, 4-

(trifluoromethyl)piperidin-1 -yl, 4-methylpipcndin-1 -yl, 4-tert-butylpiperidin-1 -yl, 2-oxopiperidin-1 -

yl, 3,3-dimethylazetidin-l -yl, or oxazolyl (e.g., l,3-oxazol-2-yl) and D is optionally substituted by one 

or more additional RM selected from the group consisting of halogen (e.g., fluoro, chloro), or C\-

C6a]kyi (e.g., methyl). In particular according to these groups are compounds where D is 

20 ; G2 is piperidin-l-yl, 4,4-dimethylpiperidin-l-yl, 4,4-difluoropiperidin-l-yl, 2,6-

dimethylpiperidin-l-yl, 4-(propan-2-yl)piperidin-l-yl, 4-fluoropiperidin-l-yl, 3,5-dimethylpiperidin-

1 -yl, 4-(trifluoromethy])piperidin-l -yl, 4-rnethylpiperid.in-l-yl, 4-tert-butylpiperidin-l-yl, 2-

oxopiperidin-l-yl, or 3,3-dimethylazetidin-l-yl; and RMI is each independently hydrogen, fluoro, 

chloro, or methyl. 
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In other groups of compounds according Formula IG and the foregoing embodiments and. 
G-

"(RM) 

description of this aspect of the invention, D is wherein Gi is N, C-H, or C-RM; G2 is 

GQ GQ 

L4 L4 

H ^ N 
, wherein , RM, and g are as defined hereinabove. In particular according to these 

groups, RM is each independently fluoro, chloro, methyl, methoxy, trifluoromethyl. or 

G3 

\* L4 

/N 

5 trifluoromethoxy; g is 0, 1, or 2; and is as defined hereinabove. In further subgroups L4 is 

G, 

zN 

bond.; G2 is ^ ; RM is cach independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or 

Gc, 

/N 

trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups, ^ is 3-phenylazetidin-l-yl, 3-

phenylpyiTolidin-1 -yl, 4-phenylpiperazin-l-yl, 4-phenylpiperidin-l-yl, 4-phenyl-3,6-dihycLropyridin-

l(2H)-yl, 4,4-diphenylpiperidin-l-yl, 4-acetyl-4-phenyIpiperidin-1 -yl, 4-(4-methoxyphenyl)piperidin-

10 1 -yl, 4-(4-fluorophenyl)piperidin-l-yl, or 3-phenylpiperidin-l-yl; RM is each independently fluoro, 

chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 2. In other subgroups 

G3 

L4 

ZN 

L4 is C\-C(, alkylene, -O-, or -S(0)2-; G2 is ^ ; RM is each independently fluoro, chloro, 

methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups, 

Gs 
I7 i-4 

N 
is 4-tosylpiperazin-l -yl, 4-phenoxypiperidin-l-yl, 3-phenoxypyrrolidin-I -yl, 4-
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benzylpiperidin-1 -yl, 4-plienethylpiperidin-1 -yl, or 3-phenylpropyl)piperidin-l -yI; RM is each 
independently fluoro, chloro, methyl, methoxy, trifluoromethyl. or trifluoromethoxy; and g is 0. I. or 

^3 

2. In further subgroups of compounds D is , wherein Gj is phenyl optionally substituted 
with one or two RG<; g is 0, 1, or 2; RM is each independently fluoro, chloro, methyl, methoxy, 

trifluoromethyl, or trifluoromethoxy; and ^ and RGS are as defined above. In other groups of 

(RM)9 

compounds D is , wherein L4 is CrC6 alkylene, -O- or ~S(0)2 G3 is phenyl optionally 
substituted with one or two Res; g is 0, 1, or 2; RM is each independently fluoro, chloro, methyl, 

/N 
methoxy, trifluoromethyl, or trifluoromethoxy; and ^ and RG;I are as defined above. In further 

G3 

subgroups of compounds D is wherein Gj is phenyl optionally substituted with one 
or two RG3 as defined hereinabove; RMI is each independently hydrogen, fluoro, chloro, or methyl; 
and RG2 is an optional substituent, as described above, selected from the group consisting of-C(0)Cr 
Cf,alkyl, -Ci-C6alkyl, -Ci-Cfihaloalkyl, -O-Ci-Cgalkyl, and -0-Ci-C6haloalkyl. 

In other groups of compounds according Formula IG and the foregoing embodiments and 

description of this aspect of the invention, D is 

-(Rn 

wherein G> is N, C-H, or C-RM; GI is 
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IN H ./ */ , wherein ^ , RM, and g are as defined hereinabove. In particular according to these 

subgroups, RM is each independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or 

N 
trifluoromethoxy; g is 0, 1, or 2; and ^ is 3-azabicyclo[3.2.0]hept-3-yl, 2-azabicyclo[2.2.2]oct-
2-yl, 6-azaspiro[2.5]oct-6-yl. octahydro-2H-isoindol-"2-yl, 3-azaspiro[5.5]undec-3-yl, 1,3-dihydro-2H-
isoindo3-2-yl, or l,4-dioxa-8-azaspiro[4.5]dec-8-yl. In further subgroups of compounds D is 

(RM)C 

wherein g is 0, 1, or 2; RM is each independently fluoro, chloro, methyl, methoxy, 

/N 

trifluoromethyl, or trifluoromethoxy; and ^ is as defined above. In further subgroups of 

compounds D is wherein RMI is each independently hydrogen, fluoro, chloro, or 

N 
methyl and is as defined above (e.g., 3-a2abicyelo[3.2.0]hepl-3-yl, octahydro-2H-isoindol-2-
yl, 2-azabicyclo[2.2.2]ocl-2-yl, 6-azaspiro[2.5Joct-6-yl, 3-azaspiro[5.5]undec-3-yl, l,3-dihydro-2H-
isoindol-2-yl, l,4-dioxa-8-azaspiro[4.5]dec~8-yl). 

In other groups of compounds according Fonnula IG and the foregoing embodiments and 
.RG? 

^~^RG2 

description of this aspect of the invention, D is Xw , wherein ^ is a monocyclic 
4-8 membered nitrogen-containing heterocycle (e.g., azetidinyl, pyrrolidinyl, piperidinyl) substituted 
with one or more RG2, wherein RG2 at each occurrence is each independently halogen, -C(0)Cr 

C^alkyl, --CrCftalkyl, -CpCchaloalkyl, -O-CrChalky 1, or -0--Cs-C6haloaIkyl; and RM is each 
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independently halogen, -Ci-Qalkyl, -Ci-Cfihaloalkyl, -O-Ci-Cgalkyl, or -O-Ci-Cchaloaikyl. In each 

f ; -
/N 

group of compounds according to the foregoing embodiments ^ is azetidinyl, pyrrolidinyl, 

or piperidinyl substituted with one or two R<;2, wherein RQ2 at each occuiTence is each methyl, ethyl, 

isopropyl, tert-butyl, fluoro, chloro, or trifluoromethyl; and RM is each independently fluoro, chloro, 

^~>RG2 

N ' 
5 or methyl. For example ^ is 4,4-dimethylpiperidin-l-yl, 4,4-diflu.oropiperid.in-l-yl, 2,6-

dimethylpiperidin-l-yl, 4-(propan-2-yl)piperidin-l -yl, 4-fluoropiperidin-l -yl, 3,5-dimethylpiperidin-

1-yl, 4-(trifhioromethyl)piperidin-l -yl, 4-methylpiperidin-l -yl, 4-tcrt-butylpiperid.in-l-yl, 2-

oxopiperidin-l-yl, or 3,3-dimethylazetidin-i-yl. 

The present invention also features compounds of Formulae IE, IF and IG as described herein 

10 (including each embodiment described hereunder) and pharmaceutically acceptable salts thereof, 

wherein: 

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

C(O)0Rs, -N(RsRs'), -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'), -N(RS)S02N(RS'RS"), -

15 N(R<i)S(0)N(Rs'Rs',X -OS(O) Rs, --0S(0)2-RS! -S(0)20Rs, ~S(0)0Rs, -0C(0)0Rs, -

N(Rs)C(0)0Rs', -OC(0)N(RsRs'), -N(Rs)S(0)-Rs') -S(0)N(RsRs'), -P(0)(0Rs)2! 

^C(RsRs'), or -C(0)N(Rs)C(0)-Rs'; or Ci-Cealkyl, C^-Cealkenyl 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, 

20 phosphonoxy, phosphono, thioxo, formyl or cyano; or CrCi2carbocycle or 3- to 12-

membered heterocycle, each of which is independently optionally substituted at each 

occuiTence with one or more substituents selected, from halogen, hydroxy, mercapto, 

amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, 

trimethylsilyl, Ci-Cealkyi, C2-Q,alkenyl, C2-C6allcynyl, Ci-Cfihaloalkyl, Q-Cehaloalkenyl, 

25 C2-C6haloalkynyl, -G-Rs, -S-Rs, -C(0)Rs, ~C(0)0Rs, or -N(RSRS'). 

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

particular compound, a salt of a compound may be advantageous due to one or more of the salt's 

physical properties, such as enhanced phannaceutical 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 

30 purification of the compound. 

139 



WO 2012/051361 

Where a salt is intended to be administered to a patient, the salt preferably is pharmaceutically 

acceptable. Phanriaceutioally acceptable salts include, but are not limited to, acid addition salts, base 

addition salts, and alkali metal salts. 

Pharmaceutically acceptable acid addition salts may be prepared from inorganic or organic 

5 acids. Examples of suitable inorganic acids include, but are not limited to, hydrochloric, 

hydrobromic, hydroionic, nitric, carbonic, sulfuric, and phosphoric acid. Examples of suitable 

organic acids include, but are not limited to, aliphatic, cycloaliphatic, aromatic, araliphatic, 

heterocyclyl, carboxylic, and sulfonic classes of organic acids. Specific examples of suitable organic 

acids include acetate, trifluoroacetatc, formate, propionate, succinate, glycolate, gluconate, 

10 digluconate, lactate, rrialate, tartaric acid, citrate, ascorbate, glucuronate, maleate, fumarate, pyruvate, 

aspartate, glutamate, benzoate, anthraniiic acid, mesylate, stearate, salicylate, p-hydroxybenzoate, 

phenylacetate, mandelale, embonate (pamoate), methanesulfonate, ethanesulfonate, benzcnesulfonate, 

pantothenate, toluenesulfonate, 2-hydroxyethanesulfbnate, sufanilate, cyclohexylaminosulfonate, 

algenic acid, b-hydroxybutyric acid, galactarate, galacluronate, adipate, alginate, bisulfate, butyrate, 

15 camphoratc, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoate, 

glycerophosphate, hemisulfate, heptanoate, hexanoale, nicotinate, 2-naphthalesulfonate, oxalate, 

palmoate, pectinate, persul.fate, 3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and 

undecanoate. 

Pharmaceutically acceptable base addition salts include, but are not limited to, metallic salts 

20 and organic salts. Non-limiting examples of suitable metallic salts include alkali metal (group Ia) 

salts, alkaline earth metal (group Ha) salts, and other pharmaceutically acceptable metal salts. Such 

salts may be made, without limitation, from aluminum, calcium, lithium, magnesium, potassium, 

sodium, or zinc. Non-limiting examples of suitable organic salts can be made from tertiary amines 

and quaternary amine, such as tromethamine, diethylamine, N,N'-dibenzylethylenediamine, 

25 chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine (N-mcthylglucamine), and 

procaine. Basic nitrogen-containing groups can be quaternized with agents such as alkyl halides (e.g., 

methyl, ethyl, propyl, butyl, decyl, latxryl, myristyl, and stearyl chlorides/bromides/iodides), dialkyl 

sulfates (e.g., dimethyl, diethyl, dibuytl, and diamyi sulfates), aralkyl halides (e.g., benzyl and 

phenethyl bromides), and others. 

30 The compounds or salts of the present invention may exist in the form of solvates, such as 

with water (i.e., hydrates), or with organic solvents (e.g., with methanol, ethanol or acetonitrile to 

form, respectively, methanolate, ethanolate or acetonitrilate). 

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

Some prodrugs are aliphatic or aromatic esters derived from acidic groups on tlie compounds of the 

35 invention. Others are aliphatic or aromatic esters of hydroxyl or amino groups on the compounds of 

the invention. Phosphate prodrugs of hydroxy] groups are preferred prodrugs. 
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The compounds of the invention may comprise asymmetrically substituted, carbon atoms 

known as chiral centers. These compound's may exist without limitation as single stereoisomers 

(e.g., single enantiomers or single diastereomer), mixtures of stereoisomers (e.g. a mixture of 

cnantiomers or diaslereomers), or racemic mixtures. Compounds identified herein as single 

5 stereoisomers are meant to describe compounds that are present in a form that is substantially free 

from other stereoisomers (e.g., substantially free from other enantiomers or diaslereomers). By 

"substantially free," it means that at least 80% of the compound, in a composition is the described 

stereoisomer; preferably, at least 90% of the compound in a composition is the described 

stereoisomer; and more preferably, at least 95%, 96%, 97%, 98% or 99% of the compound in a 

10 composition is the described stereoisomer. Where the stereochemistry of a chiral carbon is not 

specified in the chemical structure of a compound, the chemical structure is intended to encompass 

compounds containing either stereoisomer of the chiral center. 

Individual stereoisomers of the compounds of this invention can be prepared using a variety 

of methods known in the ait. These methods include, but are not limited to, stereospecific synthesis, 

15 chromatographic separation of diaslereomers, chromatographic resolution of enantiomers, conversion 

of enantiomers in an enantiomeric mixture to diaslereomers followed by chromatographically 

separation of the diaslereomers and regeneration of the individual enantiomers, and enzymatic 

resolution. 

Stereospecific synthesis typically involves the use of appropriate optically pure 

20 (enantiomerically pure) or substantial optically pure materials and synthetic reactions that do not 

cause racemization or inversion of stereochemistry at the chiral centers. Mixtures of stereoisomers of 

compounds, including racemic mixtures, resulting from a synthetic reaction may be separated, for 

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 

25 resins, many of which are commercially available. In a non-limiting example, racemale is placed, in 

solution and loaded onto the column containing a chiral stationary phase. Enantiomers can then be 

separated by HPLC. 

Resolution of enantiomers can also be accomplished by converting enantiomers in a mixture 

to diaslereomers by reaction with chiral auxiliaries. The resulting diaslereomers can be separated by 

30 column chromatography or crystallization/re-crystallizalion. This technique is useful when the 

compounds to be separated contain a carboxyl, amino or hydroxyl group that will form a salt or 

covalent bond with the chiral auxiliary. Non-limiting examples of suitable chiral auxiliaries include 

chirally pure amino acids, organic carboxylic acids or organosulfonic acids. Once the diaslereomers 

are separated by chromatography, the individual enantiomers can be regenerated. Frequently, the 

35 chiral auxiliary can be recovered and used again. 
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Enzymes, such as esterases, phosphatases or lipases, can be useful for the resolution of 

derivatives oi enantioiricj's in an enaiitioriicnc mixture, For example, an ester derivative of a carboxyl 

group in the compounds to be separated can be treated with an enzyme which selectively hydrolyzes 

only one of the enantiomers in the mixture. The resulting enantiomerically pure acid can then be 

5 separated from the unhydrolyzed ester. 

Alternatively, salts of enantiomers in a mixture can be prepared using any suitable method 

known in the art, including treatment of the carboxylic acid with a suitable optically pure base such as 

alkaloids or phenethylamine, followed by precipitation or crystallization/re-crystallization of the 

enantiomerically pure salts. Methods suitable for the resolution/separation of a mixture of 

10 stereoisomers, including racemic mixtures, can be found in ENANTIOMERS, RACEMATES, AND 

RESOLUTIONS (Jacques el al., 1981, John Wiley and Sons, New York, NY). 

A compound of this invention may possess one or more unsaturated carbon-carbon double 

bonds. All double bond isomers, such as the cis (Z) and trans (E) isomers, and mixtures thereof are 

intended to be encompassed within the scope of a recited compound unless otherwise specified. In 

15 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 fonns. 

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. 

20 The invention encompasses each conformational isomer of these compounds and mixtures thereof. 

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

encompasses each zwitterionic form of these compounds and mixtures thereof. 

The compounds of the present invention are generally described herein using standard 

nomenclature. For a recited compound having asymmetric center(s), it should be understood that all 

25 of the stereoisomers of the compound and mixtures thereof are encompassed in the present invention 

unless otherwise specified. Non-limiting examples of stereoisomers include enantiomers, 

diastereomers, and cis-transisomers. Where a recited compound exists in various tautomeric forms, 

the compound is intended to encompass all tautomeric forms. Certain compounds arc described 

herein using genera] formulas that include variables (e.g., A, B, D, X, Li, L2, Lj, Y, Z, T, RA or RB>). 

30 Unless otherwise specified, each variable within such a formula is defined independently of any other 

variable, and any variable that occurs more than one time in a formula is defined independently at 

each occurrence. If moieties are described as being "independently" selected from a group, each 

moiety is selected independently from the other. Each moiety therefore can be identical to or different 

from the other moiety or moieties. 

35 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 the maximum number of carbon atoms in the moiety. Thus, for 
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example, "Ci-Cc,atkyi" refers to an alky! substituent containing from 1 to 6 carbon atoms. Illustrating 

further, L^-Cficycjoaikyl means a saturated hydrocarbyi ring containing from 3 to 6 carbon nng 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: 

5 carbocyclyl and alkyl. Thus, for example, CrQcarbocyclylCpCftalkyl refers to a Cj-Cecarbocyclyl 

appended to the parent molecular moiety through a Ci-Cgalkyl group. 

Unless otherwise specified, when a linking element links two other elements in a depicted 

chemical structure, the leftmost-describcd component of the linking element is bound to the left 

element in the d.epicted structure, and the rightmost-described component of the linking clement is 

10 bound to the right element in the depicted structure. To illustrate, if the chemical structure is -LS~M-

I,s'- and. M is -N(RB)S(0)-, then the chemical structure is -Ls-N(RB)S(0)-lV-

If a linking element in a depicted structure is a bond, then the element left to the linking 

element is joined directly to the element right to the linking element via a covalent bond. For 

example, if a chemical structure is depicted as -Lg-M-Ls'- and M is selected as bond, then the 

15 chemical structure will be -Ls~ Ls'-. If two or more adjacent linking elements in a depicted structure 

are bonds, then the element left to these linking elements is joined directly to the element right to 

these linking elements via a covalent bond. For instance, if a chemical structure is depicted as -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 

20 bonds, then the chemical structure will be -Ls-Ls"-. 

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 

25 number of non-hydrogen radicals, that moiety may be either unsubstituted, or substituted by up to that 

particular number of non-hydrogen radicals or by up to the maximum number of substitutable 

positions on the moiety, whichever is less. Thus, for example, if a moiety is described as a 

heterocycle optionally substituted with up to three non-hydrogen radicals, then any heterocycle with 

less than three substitutable positions will be optionally substituted by up to only as many non-

30 hydrogen radicals as the heterocycle has substitutable positions. To illustrate, tetrazolyl (which has 

only one substitutable position) will be optionally substituted with up to one non-hydrogen radical. 

To illustrate further, if an amino nitrogen is described as being optionally substituted with up to two 

non-hydrogen radicals, then a primary amino nitrogen will be optionally substituted, with up to two 

non-hydrogen radicals, whereas a secondary amino nitrogen will be optionally substituted with up to 

35 only one non-hydrogen radical. 
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Where a moiety is substituted with oxo or thioxo, it means that the moiety contains a carbon 

atom covaienuy uonueu to ai icasi two hydrogens (e.g., CII2), and the two hydrogen radicals arc 

substituted with oxo or thioxo to form OO or C=S, respectively. 

The term "alkenyl" means a straight or branched hydrocarbyl chain containing one or more 

5 double bonds. Each carbon-carbon double bond may have either cis or trans geometry within the 

alkenyl moiety, relative to groups substituted on the double bond carbons. Non-limiting examples of 

alkenyl groups include ethenyl (vinyl), 2-propenyl. 3-propenyl, 1,4-pentadienyl, 1,4-butadienyl, 

1-butenyl, 2-butenyl, and 3-butenyl. 

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

10 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—1CH2—, 

-CH2-C(H)-C(H)-CH2~ -C(H)=C(H)-CH(CH3)- and -CH2-C(H)=C(H)-CH(CH2CH3)-. 

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-

15 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-, -

CH2CH2CH2-, -CH2CH2CH2CH2-, and -CH2CH("CH0CHr. 

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

20 triple bonds. Non-limiting examples of alkynyl include ethynyl, 1-propynyl, 2-propynyl, 3-propynyl, 

decynyl, l-butynyl, 2-butynyl, and. 3-butynyl. 

The term "alkynylene" refers to a divalent unsaturated hydrocarbon group which may be 

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

groups include, by way of example, —C=C— —OC—CH2—, —C=C—C H2—CH2—, 

25 -CH2-OC-CH2- -C=C-CH(CH3)- and -CH2-€-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 

(e.g., "aryl") ring system containing zero heteroatom ring atom. "Ring atoms" or "ring members" are 

the atoms bound together to fonn the ring or rings. A carbocyclyl may be, without limitation, a single 

30 ring, two fused rings, or bridged or spiro rings. A substituted carbocyclyl may have either cis or trans 

geometry. Representative examples of carbocyclyl groups include, but are not limited to, 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl, 

cyclopentadienyl, cyclohexadienyl, adamantyl, decahydro-naphthalenyl, octahydro-indenyl, 

cyclohexenyl, phenyl, naphthyl, indanyl, 1,2,3,4-tetrahydro-naphthyl, indenyl, isoindenyl, decalinyl, 

35 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 
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elements in a depicted chemical structure (such as A in Formula I), the carbocycle group can be 

attached to the two other elements through any two substitutable ring atoms, Likewise, where a 

carbocycle group is a trivalent moiety linking three other elements in a depicted chemical structure 

(such as X in Formula I), the carbocycle group can be attached to the three other elements through any 

5 three substitutable ring atoms, respectively. 

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

moiety through an alkylene group. For instance, CrCgcarbocyclylCi-Cealkyl refers to a Cr 

Cecarbocyclyl group appended to the parent molecular moiety through CpQalkylenc. 

The term "cycloalkenyl" refers to a non-aromatic, partially unsaturated carbocyclyl moiety 

10 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. 

15 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 with independently selected 

halogen radicals. Non-limiting examples of CpCehaloalkyl include chloromethyl, 1-bromoethyl, 

fluoromethyl, difluoromethyl, trifluoromethyl, and 1,1,1 -ti'ifluoroethyl. It should be recognized that if 

20 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 

25 heteroatom (i.e., nitrogen, oxygen or sulfur), with the remaining ring atoms being independently 

selected from the group consisting of carbon, nitrogen, oxygen and sulfur. A heterocycle may be, 

without limitation, a single ring, two fused rings, or bridged or spiro rings. A heterocycle group can 

be linked to the parent molecular moiety via any substitutable carbon or nitrogen atom(s) in the group. 

Where a heterocycle group is a divalent moiety that links two other elements in a depicted chemical 

30 structure (such as A in Formula I), the heterocycle group can be attached to the two other elements 

through any two substitutable ring atoms. Likewise, where a heterocycle group is a trivalent moiety 

that links three other elements in a depicted chemical structure (such as X in Formula I), the 

heterocycle group can be attached to the three other elements through any three substitutable ring 

atoms, respectively. 

35 A heterocyclyl may be, without limitation, a monocycle which contains a single ring. Non-

limiting examples of monocycles include furanyl, dihydrofuranyl, tetrahydrofuranyl, pyrrolyl, 
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isopyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl, isoimidazolyl, imidazolinyl, imidazolidinyl, 

pyrazolyl, pyrazolinyl, pyrazolidinyl, tnazolyl, tetrazolyi, dithiolyl, oxatlnolyi, oxazolyl, isoxazolyl, 

thiazolyl, isothiazolyl, Ihiazolinyl, isolhiazolinyl, thiazolidinyl, isothiazolidinyl, thiodiazolyl, 

oxathiazolyi, oxadiazolyl (including 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl (also known as "azoximyl"), 

5 1,2,5-oxad.iazolyl (also known as "furazanyl"), and 1,3,4-oxadiazolyl), oxatriazolyl (including 1,2,3,4-

oxatriazolyl and 1,2,3,5-oxatriazolyl), dioxazolyl (including 1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-

dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, pyranyl (including 1,2-pyranyl and 1,4-pyranyl), 

dihydropyranyl, pyridinyl, piperidinyl, diazinyl (including pyridazinyl (also known as "1,2-diazinyl"), 

pyrimidinyl (also known as "1,3-diazinyl"), and pyrazinyl (also known as "1,4-diazinyl")), 

10 piperazinyi, triazmyl (including s-triazinyl (also known as "1,3,5-triazinyl"), as-triazinyl (also known 

1,2,4-triazinyl), and v-triazinyl (also known as "1,2,3-triazinyl), oxazinyl (including 1,2,3-oxazinyl, 

1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as "pentoxazolyl"), 1,2,6-oxazinyl, and 1,4-oxazinyl), 

isoxaziny] (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 

15 1,3,5,2-oxadiazinyl), morpholinyl, azcpinyl, oxepinyi, thiepinyl, thiomorpholinyl, and diazepinyl. 

A heterocyclyl may also be, without limitation, a bicycle containing two fused rings, such as, 

for example, naphthyridinyl (including [1,8] napbthyridmyl, and [1,6] naphthyridinyl), 

thiazolpyrimidinyl, thienopyrimidinyl, pyrimidopyrimidinyl, pyridopyrimidinyl, pyrazolopyrimidinyl, 

indolizinyl, pyrindinyl, pyranopyrrolyl, 4H-quinolizinyl, purinyl, pyridopyridinyl (including 

20 pyrido[3,4-b]-pyrid.inyl, pyrido[3,2-b]-pyridinyl, and pyrido[4,3-b]-pyridinyl), pyridopyrimidine, and 

pteiidinyl. Other non-limiting examples of fused-ring heterocycles includc benzo-fused 

heterocyclyls, such as mdolyl, isoindolyl, indoleninyl (also known as "pseudoindolyl"), isoindazoly] 

(also known as "benzpyrazolyl" or indazolyl), benzazinyl (including quinolinyl (also known as "1-

benzazinyl") and isoquinolinyl (also known as '^-benzazinyl")), benzimidazolyl, phthalazinyl, 

25 quinoxalinyl, benzodiazinyl (including cinnolinyl (also known as "1,2-benzodiazinyP') and 

quinazolinyl (also known as "1,3-benzodiazinyr)), benzopyranyl (including "chromenyl" and 

"isochromenyl"), benzothiopyranyl (also known as "thiochromenyl"), benzoxazolyl, indoxazinyl (also 

known as "benzisoxazolyl"), anthranilyl, bcnzodioxolyl, benzodioxanyl, benzoxadiazolyl, 

benzofuranyi (also known as "coumaronyl''), isobenzofuranyl, benzothienyi (also known as 

30 "benzothiophenvr, "thionaphthenyl", and "benzothiofuranyl"), isobenzothienyl (also known as 

"isobenzothiophenyl", "isothionaphthenyr, and "isobenzothiofuranyl"), benzothiazolyl, 4,5,6,7-

tetrahydrobenzo[d]thiazoIyl, benzothiadiazolyl, benzimidazolyl, benzotriazolyl, benzoxazinyl 

(including 1,3,2-benzoxazinyl, 1,4,2-benzoxazinyl, 2,3,1-benzoxazinyl, and 3,1,4-benzoxazinyl), 

benzisoxazinyl (including 1,2-benzisoxazinyl and 1,4-benzisoxazinyl), and tetrahydroisoquinolinyl. 

35 A heterocyclyl may also be, without limitation, a spiro ring system, such as, for example, 1,4-

dioxa-8-azaspiro[4.5]decanyl. 
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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 hctcroatoni(s) in a heterocyclyl may or may 

not be quatemized, and may or may not be oxidized to N-oxide. In addition, the nitrogen 

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

5 A hetcrocycle or carbocycle may be further substituted. Unless specified, the term 

"substituted" refers to substitution by independent replacement of 011c, two, or three or more of the 

hydrogen atoms with substituents including, but not limited to, -F, -CI, -Br, -I, hydroxy, protected 

hydroxy, -N02, -N3, -CN, -NH2, protected amino, oxo, thioxo, -NH-Ci-Cn-alkyl, -NH-C2-C8-alkenyl, 

-NH-C2-C8-alkynyl, -NH-C3-C]2-cyc]oalkyl, -NH-aryl, -NH-heteroaryl, -NH-heterocycloalkyl, -

10 dialkylamino, -diarylamino, -diheteroarylamino, -0-CrCi2-alkyl, -0-C2-C8-alkenyl, -0-C2-Cs-

alkynyl, -0-C3-Ci2-cycloalkyl, -O-aryl, -O-heteroaryl, -O-heterocycloalkyl, -C(0)-C]-Ci2-alkyl, -

C(0)-C2-Cg-aikenyl, -C(0)-C2-Cfi-alkynvi, -C(0)-C3-Ci2~cycloalkyl, -C(0)-aryl, -C(0)-heteroaryl,, -

C(0)-hetcrocycloalkyl, -CONH2, -CONH-Ci-C12-alkyl, -CONH-C2-C8-alkenyl, -CONH-C2-C8-

alkynyi, -CONH-C3-Ci2~cycloalkyl, -CO'NH-aryL -CONH-heteroaryl -CONH-heterocycloalkyl, -

15 OCO2-C1 -Cu-alkyl, -OC02-C2-CraIkeny], -0C02-C2-C8-alkynyl, -OC02-C3-CI2-cycloaikyl, -0C02-

aryl, -OC02-heleroaryl, -OCOrheterocycloalkyL -OCONH2, -OCONH-C,-C]2-alkyl, -OCONH-C2-

Cg-alkenyl, -OCONH-CrQ-alkynyl, -OCONH-C3-C12-cycloalkyl, -OCONH-aryl, -OCONH-

heteroaiyl, -OCONH-heterocycloalkyl, -NHC(0)-CrCi2-alkyl, -NHC(0)-C2-C8-alkenyl, -NHC(O)-

C2-Cs-alkynyl, -NHC(0)-C3-Ci2-cycloalkyl, -NHC(0)-aryI, -NHC(0)-heteroaryl, -NHC(O)-

20 heterocycloalkyl, -NHC02Oi<^2~alkyi, -NHC02-C2-Cg-alkenyl, -NHCOj-C^-Cg-alkynynl, -NHCOr 

CrCi2-cycloalkyl5 -NHC02-aryl, -NF{C02-heteroaryl, -NHC02-heterocycloalkyl! -NHC(0)NH2, -

NHC(0)NH-C1-C12-allcyl! -NHC(0)NH-C2-Cralkenyl, -NHC(0)NH-C2-C8-alkynyl, -NHC(0)NH-

C3-Ci2-cycloalkyl, -NHC(0)NH-aryl, -NHC(0)NH-hcteroarylf -NHC(0)NH-heterocycloalkyl, 

NHC(S)NH2, -NHC(S)NH-Ci-C12-alkyl, -NHC(S)NH-CrCs-alkenyl, -NHC(S)NH-C2-C8-alkynyl, -

25 NHC(S)NH-C3-C12-cycloalkyl, -NHC(S)NH-aryl, -NHC(S)NH-heteroaryl, -NHC(S)NH-

heterocycloalkyl, -NHC(NH)NH2, -NHC(NH)NH-CrC12-alkyI, -NHC(NH)NH-C2-C8-alkenyl, -

NHC(NH)NH-C2-C8-alkynyl; -NHC(NH)NH-C3-C12-cycloalkyl, -NHC(NH)NH-aryl, -NHC(NH)NH-

heteroaryl, -NHC(NH)NH-heteroeycbalkyl, -NHC(NH)-CrCi2-alkyl, -NHC(NH)-C2-C8-alkcnyI, -

NHC(NH)-C2-Cs-alkynyh -NHC(NH)-C3-Ci2-cycloall<yl, -NFfC(NH)-aryl, -NHC(NH)--heteroaryl, -

30 NHC(NH)-heterocycloalkyl, -C(NH)NH-C1-C12-alkyi, -C(NH)NH-C2-C8-alkenyl, -C(NH)NH-C2-C8-

alkynyl, -C(NH)NH-C3-CI2-cycloalky]5 -C(NH)NH-aryl, -C(NH)NH-heteroaryl, -C(NH)NH-

heterocycloalkyl, -S(0)--Ci-Ci2-aikyI, -S(0)-C2~C8~alkenyl, -S(0)-C2-Cs-alkynyl, -S(0)-C3-Ci2-

cycloalkyl, -S(0)-aryl -S(0)4icteroaryl, -S(0)-heterocycloalkyl, -S02NH2, -S02NH-C]-Ci2-a]kyl, -

S02NH-C2-C8-alkenyl, -S02NH-C2-C8-alkynyl, -S02NH-C3-C,2-cycloalkyl, -S02NH-aryl, -S02NH-

35 heteroaryl, -S02NH-heterocycloalkyl, -NHS02-CrCi2-alkyl, -NHS02-C2-C8-aikenyl, -NHS02~C2-Cs-

alkynyl, -NHS02-C3-Ci2-cyeloalkyl, -NHSOo-aiyl, -NHSO2-heter oary 15 -NHSOrheterocycloalkyl, -
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CH2NH2, -CH2SO0CH3, -aryl, -arylalkyl, -heteroaryl, -betcroarylalkyi, -heterocycloalkyl, -C3-C12-

eycloalkyl, polyalkoxyalkyl. polyalkoxy, -methoxymethoxy, -methoxyethoxy, -SIX, -S-C]-Ci2-alkyl, -

S-C2-C8-alkenyl, -S-C2-Csralkynyl, -S-C3-C;2-cycloalkyl, -S-aryl, -heteroaryl, -S-heterocycloalkyl, or 

methylthiomethyl. It is understood thai the aryls, heteroaryls, alkyls, and the like can be further 

5 substituted. 

A11 "aliphatic" group is a non-aromatic moiety comprised of any combination of carbon 

atoms, hydrogen atoms, halogen atoms, oxygen, nitrogen or other atoms, and optionally contains one 

or more units of unsaturation, e.g., double and/or triple bonds. Examples of aliphatic groups are 

functional groups, such as, O, OH, NH, NH2, C(O), S(0)2, C(0)0, C(0)NH, 0C(0)0, 0C(0)NH, 

10 0C(0)NH2, S(0)2NH, S(0)2NH2, NHC(0)NH2, NHC(0)C(0)NH, NHS(0)2NH, NHS(0)2NH2, 

C(0)NHS(0)2, C(0)NHS(0)2NH or C(0)NHS(0)2NH2, and the like, groups comprising one or more 

functional groups, non-aromatic hydrocarbons (optionally substituted), and groups wherein one or 

more carbons of a non-aromatic hydrocarbon, (optionally substituted) is replaced by a functional 

group. Carbon atoms of an aliphatic group can be optionally oxo-substituted. An aliphatic group may 

15 be straight chained, branched or cyclic and preferably contains between about 1 and about 24 carbon 

atoms, more typically between about I and. about 12 carbon atoms. In addition to aliphatic 

hydrocarbon groups, as used herein, aliphatic groups expressly include, for example, alkoxyalkyls, 

polyalkoxyalkyls, such as polyalkylene glycols, polyamines, and polyimmes, for example. Aliphatic 

groups may be optionally substituted. A linear' aliphatic group is a non-cyclic aliphatic group. It is to 

20 be understood that when a linear aliphatic group is said to "contain" or "include" or "comprise" one or 

more specified functional groups, the linear aliphatic group can be selected from one or more of the 

specified functional groups or a combination thereof, or a group wherein one or more carbons of a 

non-aromatic hydrocarbon (optionally substituted) is replaced by a specified functional group. An 

exemplary linear aliphatic group is an alkyl, alkenyl or alkynyl, each optionally substituted, which is 

25 interrupted or terminated by a functional group. 
r::::rr; in a chemical formula refers to a single or double bond. 

The term "pharmaceutically acceptable" is used adjectivally to mean that the modified noun is 

appropriate for use as a pharmaceutical product or as a part of a phannaceutical product. 

The term "therapeutically effective amount" refers to the total amount of each active 

30 substance that is sufficient to show a meaningful patient benefit, e.g. a reduction in viral load. 

The term "prodrug" refers to derivatives of the compounds of the invention which have 

chemically or metabolically cleavable groups and become, by solvolysis or under physiological 

conditions, the compounds of the invention which are pharmaceutically active in vivo. A prodrug of a 

compound may be formed in a conventional manner by reaction of a functional group of the 

35 compound (such as an amino, hydroxy, carboxy or phosphate group). Prodrugs often offer 

advantages of solubility, tissue compatibility, or delayed release in mammals (see, Bungard, H., 
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DESIGN OF PRODRUGS, pp. 7-9, 21-24, Elsevier, Amsterdam 1985). Prodrugs include acid derivatives 
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acidic compound with a suitable alcohol, or amides prepared by reaction of the parent acid compound 

with a suitable amine. Examples of prodrugs include, but are not limited, to, acetate, formate, 

5 benzoate or other acylated derivatives of alcohol or amine functional groups within the compounds of 

the invention, or phosphate esters of the compounds of the invention. 

The term "solvate" refers to the physical association of a compound of this invention with one 

or more solvent molecules, whether organic or inorganic. This physical association often includes 

hydrogen bonding. In certain instances the solvate will be capable of isolation, for example when one 

10 or more solvent molecules are incorporated in the crystal lattice of the crystalline solid.. "Solvate" 

encompasses both solution-phase and isolable solvates. Exemplary solvates include, but are not 

limited, to, hydrates, ethanolates, and methanolates. 

The term "N-protecting group" or "N-protected" refers to those groups capable of protecting 

an amino group against undesirable reactions. Commonly used N-protecting groups are described in 

15 Greene and Wuts, PROTECTING GROUPS IN CHEMICAL SYNTHESIS (3rd ed., John Wiley & Sons, NY 

(1999). Non-limiting examples of N-protecting groups include acyl groups such as formyl, acetyl, 

propionyl, pivaloyl, t-butylacetyl, 2-chloroac-ety], 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, 

phthalyl, o-nitrophcnoxyacetyl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl, or 4-nitrobenzoyl; 

sulfonyl groups such as benzenesulfonyl or p-loluenesulfonyl; sulfenyl groups such as phenylsulfenyl 

20 (phenyl-S-) or triphenylmethylsulfenyl (trityl-S-); sulfinyl groups such as p-methylphenylsulfmy] (p-

methyiphenyl-S(O)-) or t-butylsulfinyl (t-Bu-S(O)-); carbamate forming groups such as 

benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-

nitrobenzyloxycarbonyl, 2-nitrobcnzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-

dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4-dimethoxy benzyloxycarbonyl, 

25 4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybcnzyloxycarbonyl, 3,4,5-

trimethoxybenzyloxycarbonyl, l-(p-biphenylyl)-l-methylethoxycarbonyl, dimethyl-3,5-

dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, t-butyloxycarbonyl, 

diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, mcthoxycarbonyl, 

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

30 cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, or phenylthiocarbonyl; 

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

methoxyphenyi; and silyl groups such as trimethylsilyl. Preferred. N-protecting groups includc 

fonnyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and 

benzyloxycarbonyl (Cbz). 

35 Abbreviations which have been used in the descriptions of the Schemes, Intermediates and 

Examples that follow are: Ac for acetyl; APCI for atmospheric pressure chemical ionization; aq or 
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aq. for aqueous; aim for atmosphere; Boo for f-butoxycarbonyl; Bu for butyl; f-Bu or fcrr-bntyl for 

tertiary-butyl; Cbz for benzyloxycarbonyl: dba. for dibeiizylidineacetone; T)CT for desorption chemical 

ionization; DDQ for 2,3-d.ichloro-5,6-dicyano-£>-benzoquinone; DEPBT for 3-

(diethoxyphosphoryioxy)-l, 2, 3-benzotriazm-4(3/-/)-one; DIBAL for diisobiitylalurninum hydride; 

5 DMA for 7V,/V-dimethylacetamide; DME for 1,2-dimethoxyethane; DMF for T^V-dimethylformamide; 

DMSO for dimethyl sulfoxide; DMPU for 1,3-dimetby 1.-3,4,5,64etrahydro-2(l//)-pynmidmonc; dppf 

for l,r-bis(diphenylphosphino)fcrrocene; EDO, EDAC or EDCI for iV-(3-d.imethylammopropyl)-W-

ethylcarbodiimide hydrochloride; e.e. for enantiomeric excess; ELSD for evaporative light scattering 

detector; ESI for electrospray ionization; Et for ethyl; Et,N for tnclhylamme; EtOAc for ethyl acetate; 

10 EtOH for ethanol; Et20 for diethyl ether; eq or equiv for equivalents; Fmoc for 9-

iluorenylmethoxycarbonyl; HATU for 0-(7-azabenzotriazol-l-yl)-A/,/V,Ar,->V,-tetramethyluromus:n 

hexafluorophosphate; HOBt for 1-hydroxybenzotriazole; HPLC for high performance liquid 

chroinatography; HOBt for 1-hydroxybenzotriazole; LCMS for liquid, chromatography/mass 

spectrometry; mCPBA for m-chloroperoxybenzoic acid; Me for methyl; MeOH for methanol; OAc 

15 for acetate; Ms for methanesulfonyl; OTF for iriflate or trifliioromethanesulfonate; PDC for 

pyridinium dichromale; /-Pr for isopropyl; Ph for phenyl; PPh3 for triphenylphosphine; psi or psig for 

pounds per square inch (gas); PTFE for polytetrafluoroethylene; PXPd for [(M3ii)2PCl}2PdCl2, PyBOP 

for (benzotriazol-1 -yloxy)tripyrrolidinophospbonium hexafluorophosphate; SEM for 2-

(trimcthylsilyl)ethoxymethyl; T3P for propane phosphonic acid anhydride; Tf for trifluorosulfonyl; 

20 TFA for trifluoroacetic acid; THF for tetrahydrofuran; TLC for thin layer chromatography; Troc for 

2,2,2-trichlo.roethoxycarbonyl; v/v for volume/volume; wt% for weight percent; w/v for 

weight/volume; w/w for weight/weight; XantPhos for 4,5-bis(diphenylphosphino)-9,9-

dimethylxanthene; 

The compounds of the present invention can be prepared using a variety of methods. As a 

25 non-limiting example, the compounds of the present invention can be prepared according lo Scheme I 

starting from compounds of Formula II (e.g., n = 0 to 8), Formula V (X4 can be, for example, O or 

NRA, where RA is as described hereinabove and is preferably H or Rri as defined above such as Cl-

C6alkyl, 3- to 12-membered carbocycle or heterocycle, ~~C(0)Rs, -C(0)0Rs, -C(0)N(RsRs'), -

S02N(RsR3'), -S(0)30RS, ~-S(0)0Rs, -S(0)N(RsRs>), or a suitable protecting group such as Boc or 

30 Fmoc), or Formula VIII (E can be, for example, 3- to 7-membered carbocycle or heterocycle and is 

optionally substituted with one or more RA), wherein A, B, D, Y, Z and RA are as described above. 

The 1,4-diketones II, V, and VIII can be reduced to the 1,4-diols using the methods described below, 

and the resultant racemic, enantiomerically enriched, or meso 1,4-diols may be converted to the 

dimesylates III, VI, or IX, or alternatively to ditriflates, ditosylates, or dihalides by the methods 

35 described, below. The dimesylates III, VI, and IX, ditriflates, ditosylates, or dihalides may be reacted 

with an amine, including but not limited to, aniline, 3,5-difluoroaniline, 3,4-difluoroaniline, 4-
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fluoroaniline, 3-fluoroaniline, 4-trifiuoromcthylaniiine, 4-chloroaniline, heteroaryl amines, alkyl 

amines, cycloalkyl amines, substituted, beiizylaininss, or allylairiine, under the conditions described 

below to give the compounds of the invention. Lj and L2 can be readily introduced to Formulae II, V 

and VIII, as appreciated by those skilled in the art in light of the present invention. Likewise, D-L3-

5 NH2 can be used instead of D-NH2, as appreciated by those skilled in the art. 

,0 o. 

Y' ^—' ~TL "z rs 
II III 

Y 
NH, 

.O ( OMs OMs ^—x 

VI 

NH, 

Y 
NH, 

X, 

VII 

Y Z 

VIII IX 

Scheme I 

10 As another non-limiting example, the compounds of the present invention can be prepared 

stalling from compounds of Formula II and Formula III as shown in Scheme II. The 1,4-diketones 

such as Formula IV may be prepared using known methods (see Nevar, et al., Synthesis: 1259-1262 

(2000), such as the reaction of cx-bromoketones such as Formula II with methyl ketones such as 

Formula III in the prcsencc of a suitable Lewis acid such as ZnCL or Ti(OiPr)4. For example reaction 

15 of II (1 equivalent) with III (1.5 equivalents) in the presence of ZnCl2 (2 equivalents), diethylamine 

(1.5 equivalents) and r<?7*?-butanol (1.5 equivalents) in a solvent such as benzene at around room 

temperature can provide the diketones IV. The 1,4-diketones IV may be reduced to the 1,4-diols such 

as V by the action of NaBH.4, LiAlH4, or DIBAL. Alternatively, enantioselective reduction of 1,4-

diketones such as Formula IV can be accomplished by analogy with reported methods (see Chong, et 

20 al., Tetrahedron: Asymmetry 6:409-418 (1995), Li, et al., Tetrahedron 63:8046-8053 (2007), Aldous, 

et al., Tetrahedron: Asymmetry 11:2455-2462 (2000), Masui, et al., Synlett:273-274 (1997), Jing, et 

al., Adv. Synth. Catal. 347:1193-1197 (2005), Sato, et al, Synthesis:1434-1438 (2004)), such as 
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reduction with (-) or (+)-diisopinocamheylchloroborane (DIP-chloride), with borane and an 

oxazaborohdme catalyst, or with asymmetric hydrogenation in the prcscncc of a suitable Ruthenium 

(II) catalyst, such as [RuC12{(i?)-BINAP} {(^)~DPEN}] (BINAP=2,2'-bis(diarylphosphino)-1,1'-

binaphthyl; DPEN=T ,2-diphenylethylenediamine). The diketones IV (1 equivalent) can be reduced by 

5 NaBH4 (3 equivalents) in solvents such as tetrahydrofuran with heating to about 50 °C. The 

diketones IV (1 equivalent) can be enantioselectively reduced upon addition to a mixture made from 

iV,/V-diethylaniline borane (about 2 equivalents), trimethylborate (about 0,2 equivalents) and either (S) 

or (R) a,a-diphenyl-2-pyiTolidinemethanol (about 0.17 equivalents) in a solvent such as THF at 

temperatures ranging from about 10 °C to about 30 °C (Synthesis 2507-2510 (2003)). The resultant 

10 racemic, enantiomerically enriched, or meso 1,4-diols V may be reacted with methanesulfonyl 

chloride or methanesulfonic anhydride to provide the dimesylate Formula VI. For example, diols V 

(1 equivalent) can be reacted with methanesulfonic anhydride (about 2.5 equivalents) in the presence 

of a base such as diisopropylethylamine (about 4 equivalents) in a solvent such as tetrahydrofuran or 

2-methyhetrahydrofuran at temperatures starting from about -15 °C to -25 °C and increasing lo about 

15 room temperature. Alternatively Formula V may be converted to a ditriflate or ditosylate by the 

action of p-toluenesulfonyl chloride or triflic anhydride, or to a dihalide such as a dibromide or 

dichloride by the action of PPh; in the presence of CC14 or CBr4, or by the action of S0C12. POCI3, or 

PBr^. The dimesylate, ditriflate, ditosylate, or dihalide may be reacted with an amine, such as 4-

fluoroaniline (as shown for illustration in Scheme II), with or without a co-solvent such as DMF at 

20 room temperature to 100 °C, to give the pyrrolidines such as Formula VII. The dimesylate VI (1 

equivalent) (or in the alternative the ditriflate, ditosylate, or dihalide) may be reacted with between 1 

to 20 equiv of an amine D-NH2, such as, for example, a substituted aniline in solvents such as 

tetrahydrofuran or 2-methyltetrahyd.rofuran with or without a co-solvent such as DMF, at about room 

temperature to about 100 °C, to give the pyrrolidines such as Formula VII. Where fewer equivalents 

25 of amine D-NH2 are employed (i.e., 1-2 equivalents), a base such as diisopropylethylamine can be 

added to promote the reaction. I11 certain cases, the amine can be used in a large excess (i.e., as 

reaction solvent). For example, the reaction of a dimesylate (1 equivalent) with excess aniline (about 

6.5 equivalents) can be conducted by heating to 65 °C in 2-methyltetrahydrofuran until completion of 

the reaction. Numerous substituted anilines can be reacted with the dimesylate Formula VI, 

30 including, but not limited to, 3-fluoro-4-(piperidin-l-yl)aniline, 3,5-difluoro-4-(piperidin-l-yl)aniline, 

3,5-difluoro-4-(4-phenylpiperidin-l-yl)aniline, 3-difluoro-4-(4-phenylpiperidin-l-yl)aniline, 4-(4-

phenylpiperidm-l-yl)aniline, 4-cyclopropylaniline, 4-cyc'lopropyl-2-fluoroaniline, 4-cyclopropyl-3,5-

difluoroaniline, 4-cyclohexyl-3-fluoroaniline, biphenyl-4-amine, 4-(pyrid.in-2-yl)aniline, 3,5-dichloro-

4-(piperidin-l-yl)anilinc, 4-(4,4-dimethylpiperid.in-l -yl)-3,5-difluoroaniline, 4-(4,4-fluoropiperidin-l-

35 yl)-3,5-difluoroaniline, 3-methyl-4-(pipendin-1 -yljamime, 2,5-difluoro-4-(piperidin-l-yl)aniline, 4-

(3,5-dimethylpiperidin-l-yl)-3,5-difluoroaniline, 4-(2,6-dimethylpiperidin-l-yl)-3,5-difluoroaniline, 
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2,3,5-trifluoro-4~(piperidin-l-yl)aniline, 3,5-difluoro-4-(4-isopropy Ipiperidin-1-yl)aniline, 3,5-

uifiuoro-4-(4-meUiylpiperium-I-yI)aiii!iric, 3,5-difiuoi'0-4-(4-(trifiuoromeihyl)piperidi])-l-yl)ai]iliiie, 

4-(4~tert-butyIpiperidin-l.-yl)-3,5-difluoroaniline, 3,5-difluoro-4-(6-azaspiro[2.5]octan-6-yl)aniline, 4-

(2-azabicyclo[2.2.2]octan-2-yl)-3,5-difluoroaniline, 4-(3,3-dimethylazetidin4-yl)-3,5-difhioroaniline, 

5 4-terr-butylaniline, 4-ethoxyaniline, 4-phenoxyanilinc, 1 -(4-aminophenyl)piperid.in-2-one, 4-

(cyclopentyloxy)-3-fluoroaniliiie, 3-chloro-4-(trifhioromethoxy)aniline, 2,5-difluoro-4-

(trifluoromethyi)aniline, 4-(2,2-difluoroethoxy)aniIine, 4-chloroaniline, 4-(2-rnethoxyethoxy)aniline, 

4-(oxazol-2-yl)aniline, 4-(2-fhioropyridin-4-yl)aniline, 3,4-difluoroaniline, 4-chloro-3-fliioroaniiiiie, 

3-fluoro-4-(methylsiilfonyl)aniline, 4-(3-azabicyclo[3.2.0]heptan-3-yi)-3,5-difhioroaniline, 4-((3-

10 ethyloxetan-3-yl)methoxy)aniline, 4-cyclopropyl-3,5-difluoroaniline, 4-(l,3-dioxan-5-yloxy)aniline, 

3,5-difluoro-4-(octahydroisoindol-2-yl)aniline, 4-(( 1,3 -dioxo lan-4-y l)methoxy)aniline, 4-((3-

ethyloxetan-3-yl)methoxy)-3,5-difluoroaniline, 4-(pentafluorosulfanyl)anilme, M-ferf-butyl-2-

fhiorobenzene-l,4-diamine, heteroaryl amines, alkyl amines, cycloalkyl amines, substituted 

benzylamines, allylamine, or aniiines that are listed in or can be made using General Procedures 1, 

15 1.1, or 1.2. The dinitro Formula VII may be reduced to the diamine Formula VIII using Fe in the 

presence of NH4C1, HC1, or acetic acid, or by treatment with a hydride reducing agent, such as sodium 

borohydride (with or without the addition of a transition metal salt, such as BiClj, SbCh,, NiCh, 

CujCh, or C0CI2) in a solvent such as cthanol or THF. For example compounds VII (1 equivalent) 

can be rcduced to VIII by reaction with iron powder (about 6 equivalents) and ammonium chloride in 

20 a 1:1 mix of THF and ethanol with heating to about 60-80 °C. Alternatively, Formula VII can be 

reduced to the product Formula VIII by hydrogenation in the presence of a suitable catalyst, such as a 

palladium or platinum catalyst or Raney-nickel. For example reduction of VII to VIII can be effected 

by exposure to 30 psig hydrogen gas in the presence of Raney-nickeJ Grace 2800 in a solvent such as 

tetrahydrofuran with shaking. The diamine Formula VIII may be reacted, with a suitably protected 

25 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, T3P or DEPBT, in a solvent such as 

THF, DMF, dichloromethane, ethyl acetate, or DMSO, with or without the addition of an amine base 

such as N-methylmorphoiine, Hunig's base, pyridine, 2,6-lutidine, or triethylamine, to give Formula 

IX. For example, reaction of VIII (1 equivalent) with l-(tert-butoxycarbonyl)pyrrolidine-2-

30 carboxylic acid (2.5 equivalents) and HATU (2.5 equivalents) in the presence of 

diisopropylethylamine (3 equivalents) in DMSO at about room temperature can provide the product 

IX. Removal of the Boc protecting groups to give X may be accomplished by treatment with an acid, 

such as TFA, HC1, or formic acid. For example, reaction of IX (1 equivalent) with TFA:CH2Cl2 (1:1) 

at room temperature can provide compounds X. Compounds XI may be prepared by coupling of 

35 Formula X. with an acid of choice using the standard peptide coupling reagents and conditions 

described above. For example, X(1 equivalent) can be reacted with acids (2 equivalents) such as, but 
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not limited to, 2-(methoxycarbonylamino)-3-methylbutanoic acid, 2-(methoxycarbonylamino)-3,3-

diiiiethylbiitaiioic acid, 2-cycl0jicxyl-2-(rrietlj0xycarb0iiylaiiim0)ac6tic acid, 2-

(methoxycarbonylamino)-2-(tetrahydro-2//-pyran-4-yl)acetic acid, or acids listed under General 

Procedure 19. Alternately, diamine VIII may be reacted directly with an appropriately jV-substituted 

5 proline in the presence of a peptide coupling reagent such as EDAC/HOBT, PyBOP, HATU, T3P, or 

DEPBT, in a solvent such as THF, DMF, dichloromethane, or DMSO, with or without the addition of 

an amine base such as W-methylmorpholine, Hunig's base, pyridine, 2,6-lutidine, or triethylamine, to 

directly give compounds XI. For example, VIII (1 equivalent) can be reacted directly with l-(2-

(mcthoxycarbonylammo)-3-methylbulanoyl)pyrrolidine-2-carboxylic acid (about 2 equivalents) and 

10 T3P (about 2.8 equivalents) in the presence of diisopropylethylamine (about 5.5 equivalents) in a 

solvent such as ethyl acetate at temperatures from about 0 °C to about room temperature to provide 

XI. The foregoing sequence illustrates the synthesis of particular compounds of the invention XI 

having a substituted proline group at Y and Z (i.e., Ri and R5 taken together with the atoms to which 

they are attached, and R$ and R;2 taken together with the atoms to which they are attached, each form 

15 a 5-membered heterocycle). It is understood that analogous synthetic procedures can be used to make 

compounds of the invention where Y, Z, R2, Rs, Ro, and R]2 are other than that shown and described 

0 'v1 
in Scheme II. ^ in each Formula within Scheme II can be replaced with where D is 

defined above, and such compounds can be readily prepared according to the process described in 

Scheme II (including making compound XI directly from compound VIII). Likewise, compounds of 

20 Formula XII can be prepared from compounds of Formula X or directly from compounds of Formula 

VIII. 

154 



WO 2012/051361 PCT/US2011/056045 

As yet another non-limiting example, the compounds of the present invention can be prepared 

5 starting from compounds of Formula II and Formula III as shown in Scheme III, where A, B, D, Y, 

and Z are as described above, using conditions similar to those described above for the preparation of 

IV in Scheme II. Similarly, the resulting 1,4-diketone IV may be reduced to the 1,4-diols V using the 
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methods described above for Scheme II. The resultant racemic, enantiomerically enriched, or mcso 
1,4-diols V may be converted to the dimesylate VI or alternatively to a ditriflate. ditosylate, or 
dihalide by the methods described above. The dimesylate VI, ditriflate, ditosylate, or dihalide may be 
reacted with an amine, including but not limited to, aniline, 3,5-difluoroaniline, 3,4-difluoroaniline, 4-

5 fluoroaniline, 3-fluoroaniline, 4-trifluoroinethylaniline, 4-chloroaniline, heteroaryl amines, alkyl 
amines, cycloalkyl amines, substituted benzylamines, or allylamine, under the conditions described 
above the give the compounds of the invention. Alternatively, compounds such as VIII, where R is a 
group such as allyl, 4-methoxybenzyl, or 2,4-dimethoxybenzyl, may be treated with reagents useful 
for the removal of the R group (rhodium catalyst such as Rh(Ph3P)3Cl for R = allyl, treatment with an 

10 acid such as TFA or HCI for R = 4-methoxybenzyl or 2,4-dimethoxybenzyl, hydrogenolysis with a Pd 
catalyst for R = substituted benzyl) to generate compounds such as IX. Amine IX may be reacted 
with an aryl halide or triflate such as X (iodide shown for illustration) employing the Buchwald-

Hartwig reaction in the presence of a palladium catalyst (such as Pd(OAc)2 or Pd2(dba)3) and a 
phosphine ligand (such as triphenylphosphine or XantPhos) and a base (such as sodium 

15 bis(trimethylsilyl)amide. potassium tert-butoxide, or K3P04) to give the compounds of the present 
invention. Alternatively, the compounds of the present invention may be obtained by reaction of IX 
with an aldehyde or ketone through reductive amination in the presence of a hydride reducing agent, 
such as sodium borohydride or sodium eyanoborohydride (with or without the addition of an acid, 
such as acetic acid) in a solvent such as ethanol, toluene, THF, or dichloromethane. Alternatively the 

20 reductive amination may be conducted through the use of hydrogenation in the presence of a suitable 
catalyst, such as a palladium or platinum catalyst or Raney nickel. Alternatively, amine IX may react 
with clectroplrilic reagents, such as alkyl halides, or with aiyl electrophiles (suitably electron deficient 
aryl and heteroaryl halides and triflates) through nucleophilic aromatic substitution reactions to give 
the compounds of the present invention. 
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YGKKH, 
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R ^ ally! or substitued benzyl 

Scheme III 

As a further non-limiting example, the compounds of XIII can be prepared starting from 

5 compounds of Formula II and Formula III as shown in Scheme IV, where X5 in Formula II and 

Formula III represents a halogen (e.g., CI, Br, or F) or a nitro group. Additionally, each phenyl ring 

can be substituted with X13, wherein X13 is X5, H, alkyl, haloalkyl, alkoxy, or haloalkoxy. The 1,4-

dik.eton.es such as IV may be prepared using known methods described above for the preparation of 

IV for Scheme II. The 1,4-diketones IV may be reduced to the 1,4-diols such as V by the action of 

10 NaBH4, LiAlH4, or DIBAL. Alternatively, enantioselective reduction of 1,4-diketone such as IV can 

be accomplished by the methods described above for the preparation of V in Scheme II. As described 

for Intermediate 20D, the chiral reduction may proceed with lower stereoselectivity with an additional 

substituent X]3 on the phenyl ring. The resultant racemic, enantiomerically enriched, or meso 1,4-

diols V may be reacted with methansulfonyl chloride or methanesulfonic anhydride to provide the 

15 dimesylate VI. Alternatively V may be converted to a ditriflate or ditosylate by the methods 

described above for Scheme II. The dimesylate, ditriflate, ditosylate, or dihalide may be reacted, 
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analogously to Scheme II, with an amine D-NH2 including but not limited to those amines described 

or referred to in Scheme II to give VII. When X5 in Formula VII is nitro, the iiiu/o groups may be 

reduced to the tetraamino product IX using Fe in the presence of NH4C1, HCL or acetic acid, or with a 

hydiide reducing agent, such as sodium borohydiide (with or without the addition of a transition metal 

5 salt, such as BiCl3, SbCl;,, NiCl2, Cu2Cl2, or CoCl2) in a solvent such as ethanol or THF. 

Alternatively, VII (X5 = nitro) can be reduced to the product IX by hydrogenation in the presence of a 

suitable catalyst, such as a palladium or platinum catalyst or Rancy nickel. Alternatively, compounds 

VII where X5 = halogen may be reactcd with ammonia (R = H) or an amine bearing a suitable 

protecting group (R = substituted benzyl such as 4-methoxybenzyl or 2,4 dimethoxybenzyl or R = 

10 allyl). The resulting products VIII may be treated with a reagent useful for the removal of the R 

protecting group (rhodium catalyst such as Rh(Ph3P):,Ci for R = allyl, treatment with an acid such as 

TFA or HC1 for R = 4-methoxybenzyl or 2,4-dimethoxybenzyl, hydrogenolysis with a Pd catalyst for 

R = substituted benzyl) to give the product IX. Formula IX 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 

15 peptide coupling reagent, such as EDAC/HOBT, PyBOP, HATU, T3P, or DEPBT, in a solvent such 

as THF, DMF, dichloromethane, or DMSO, with or without the addition of an amine base, such as N-

methylmorpholine, Hunig's base, pyridine, 2,6-lutidine, or triethylamine, to give X as a mixture of the 

amide products. Although formula X depicts reaction taking place on a specific NH:i group, the 

reaction may take place at either NIi2. Conversion to the benzimidazole compound XI may be 

20 accomplished by heating X in acetic acid (50-100 °C). Alternatively, XI may be prepared by reaction 

of IX with an aldehyde, followed by treatment with an oxidant, such as Cu(OAc)2 or Mn02 (see 

Penning, et al., Bioorg. Med. Chem. 2008, 16, 6965-6975. After removal of the Boc protecting 

groups from XI (accomplished by treatment with an acid, such as TFA, HC1, or formic acid), the 

compounds of the present invention may be prepared by coupling of the resulting diamine XII with an 

25 acid of choice using the standard peptide coupling reagents and conditions described above for 

Scheme II to give XIII. ^ in each Formula within Scheme IV can be replaced with /vyv> 

where D is defined, above, and such compounds can be readily prepared according to the process 

described, in Scheme IV. Compounds of Formula XIV can be similarly prepared from compounds of 

Formula XII. When subjected to synthetic processes in Scheme IV, enantiomerically enriched diols V 

30 may produce mixtures containing varying amounts of stereoisomer^ cis and trans pyrrolidines VII. 

The stereoisomers pyrrolidines may be separated according to standard chromatography techniques. 

Alternatively, such separations may be carried out at a later stage in the synthetic process including 

the steps of Schemes XIII and. XIV, or after the final step. 
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X5 = halogen or NO;_ 

Scheme IV 

Alternatively IX in Scheme IV may be prepared from a compound, of Formula II as shown in 

5 Scheme V. Compoimd VIII from Scheme II may be treated with an acylating agent such as acetyl 
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chloride or acetic anhydride to give compound II (Scheme V). Nitration of compound II to provide 

10 

Hi may be accomplished using known methods, such as treatment with nitnc acid or potassium nitrate 
in the presence of an acid such as sulfuric acid or treatment with NO2BF4. Removal of the acetamide 
protecting group may be accomplished by treatment with Boc anhydride in the presence of DMAP to 
give IV, followed by sequential treatment of IV with hydroxide (such as NaOH, KOH, or LiOH) to 
remove the acetyl group and a strong acid such as TFA or HC1 to remove the Boc protecting group to 
provide V. The nitro groups in V may be reduced to amino groups using the methods described above 

F 

V -for Scheme IV to provide IX. ^ in each Formula within Scheme V can be replaced with 
where D is defined above, and such compounds can be readily prepared according to the process 
described in Scheme V. 

F F 

•NI-IAc 

HI 

F 

IX in Schemc IV 

Scheme V 

As still another non-limiting example, the compounds of the present invention can be 
15 prepared starting from compounds of Formula II as shown in Scheme VI, where A, B, D, Y, and Z are 

as described above. A 1.4-diketone compoimd of Formula II (prepared as described in Scheme III) 
may be reacted with ail amine, including but not limited to, aniline, 3,5-diflu.oroaniline, 3,4-
difluoroaniline, 4-fluoroaniline, 3-fluoroaniline, 4-trifluorornethylaniline, 4-chloroaniline, heteroaryl 
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amines, alkyl amines, cycloalkyl amines, substituted benzylamines, or allylamine, under acid 

catalyzcci conditions such as acetic acid XFA. formic acid or HCl to give the compounds of tlis 

invention. 

Y 9 •Z 
Y' "Z 

II 

5 
Scheme VI 

As a further non-limiting example, the compounds of the present invention can be prepared 

from a compound of Formula II as shown in Scheme VII. A compound of Formula II, where Rx is a 

10 halogen, such as bromo, chloro, or iodo, or a triflate or a nonaflate may be converted to a boronic acid 

or ester such as Formula III, using the chemistry analogous to that of Scheme II to prepare VII (in 

Scheme II); for example, by starting with l-(4-bromophenyl)ethanone and 2-bromo-l-(4-

bromophenyl)ethanone. A compound of Formula II, where Rx is a halogen, such as bromo, chloro, or 

iodo, or a triflate or a nonaflate may be converted to a boronic acid or ester such as Formula III, (e.g., 

15 a cyclic pinacolate ester) where R is hydrogen, methyl, ethyl, or a cyclic pinacolate ester. For 

example a compoimd of Formula II can be transformed to a compound of III by treatment with 

pinacol-borane in the presence of a catalyst such as, for example, tris(dibenzylidineacetone)palladium 

(0), and a ligand such as, for example, tri-t-butylphospliine, in solvents such as, for example, 

tetrahydrofuran, dioxane, or toluene at temperatures ranging from ambient to about 130°C. 

20 Alternatively, compound II can be reacted with bis(pinacolato)diboron in the presence of a catalyst 

such as, for example, Combiphos~Pd6 (CombiPhos Catalysts, Inc. (NJ, USA), dichloro[l,r-

bis(dipheny]phosphino)ferrocene] palladium (II) dichloromethane adduct, or palladium acetate in the 

presence of a ligand such as, for example, 2-dicyck)hexy]phosphino-2,,4',6'-triisopropylbiphenyl 

(XPhos), and a base such as, for example, potassium acetate in solvents such as, for example, toluene, 

25 dioxane, tetrahydrofuran, dimethylformamide or dimethyl sulfoxide at temperatures from about 60 to 

about 130°C to give compound III. Alternatively, a compound of Formula II may be reacted with an 

organolithium reagent, such an n-BuLi, sec-BuLi, or t-BuLi, followed by reaction with trimethyl 

borate or triethyl borate, to give a compound of Formula IIT. 

30 where RY is a halogen, such as bromo, chloro or iodo, under Suzuki reaction conditions to provide a 

compound of Formula V. Such conditions include, for example, use of a palladium catalyst, such as, 

bis(triphenylphosphme)pallad.ium (II) chloridc, tetrakis(triphenyiphosphine)palladium, or 

dichloro[l,]'-bis(diphenylphosphmo)feiTOcene] palladium (II) dichloromethane adduct; base such as, 

35 for example, potassium carbonate, potassium phosphate, potassium t-butoxide, sodium carbonate, 

A compound of Formula III in Scheme VII can be coupled with a compound of Formula IV, 

for example, tris(dibenzyhdineacetone)palladium (0), palladium acctate, 

161 



WO 20X2/051361 PCT/US2011/056045 

cesium carbonate, or cesium fluoride; and solvent such as, for example, toluene, ethanol, water, or 

Removal of the Boc protecting groups from V may be accomplished by treatment with an 

acid, such as TFA, HCl, or formic acid. Certain compounds of the present invention such as VI may 

be prepared by coupling the resulting amino compounds with an acid of choice using the standard 

peptide coupling reagents, such as EDAC/HOBT, PyBOP, HATU, or DEPBT, in a solvent such as 

THF, DMF, dichloromethane, or DMSO, with or without the addition of an amine base such as N-

methymorpholinc, I-Iunig's base, pyridine, 2.6-lutidine, or trietliylamine. Each Rz is independently -

LY'-M'--RD (e.g., -LY-N(RB")C(0)—LS-RE), and D, L3, Ri, R2s R5 , Ly, RB", Ls, RE , LY', M' and RD 

are as defined above. Alternatively, the functionality of T-RD can similarly be introduced following 

removal of the Boc protecting groups in V give compounds of Formula V1L 

D 

n ITI 

V 

VI 

VIF 

Scheme VII 

162 



WO 2012/051361 

oxidative fashion followed by subsequent acid hydrolysis of the acetonide. This dialdehyde 
intermediate is then treated with an aryl boronate or aryl boronic acid (compound IV where A and Y 

5 are as described previously, or compound VII) and aniline III (where W is RM or J, and RM and J are 
as defined above) resulting in the formation of Formula V or Formula VIII respectively. Formula V 
can be derivatized by deprotonating the hydroxyl groups with a strong base such as sodium hydride, 
butyl lithium, or potassium hydride, followed by alkylalion with Rs-halogen. Alternatively Formula 
VIII can be deprotonated with a strong base (e.g., sodium hydrid.e) and. alkylated with Rs-halogen as 

10 well, followed by acid hydrolysis of the phenol protecting groups. The sulfonylation of the phenols 
with nonafluorobutylsulfonyl fluoride in the presence of a neutralizing agent such as potassium 
carbonate in a polar aprotic solvent such as DMF, followed by heating provides a compound, of 
Formula IX. Boronate of Formula X is produced by heating Formula IX with bis(pinacolato)diboron 
in the presence of X-phos and a palladium catalyst, such as Pd.2(dba)3 and a base such as potassium 

15 acetate in an organic solvent such as dioxane. Formula X is further derivatized to final product by 
heating a suitably substituted heteroarylhalide in the presence of a palladium catalyst such as 
PdCl2(dppf) in the presence of a base such as sodium carbonate in a mixture of toluene and ethanol. 

Rs is as defined above. ^ in each Formula within Scheme VIII can be replaced with 

where D is defined above, and such compounds can be readily prepared according to the process 
20 described in Scheme VIII. 

w 
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Scheme VIII 

As yet another non-limiting example, the compounds of the present invention can be 
5 prepared according to Scheme IX starting from the compounds of Formula II and Formula III. 

Formula III carboxylic acid is activated towards coupling using reagents such as 
isobntylchloroformate, DCC, EDAC, or HATU in the presence of an organic base, such as 
diisopropylethylamine. Upon activation, dianiline of Formula II is added to the reaction, with the 
isolation of an intermediate amide, which is heated in acetic acid, preferably at 60 °C, to yield the 

10 compound of Formula IV. The benzimidazole of Formula IV is treated with SEM-C1 in the presence 
of a base in an aprotic solvent such as THF, yielding two protected benzimidazole regioisomers V. 
The boronate esters VI are produced by heating Formula V with bis(pinacolato)diboron in the 
presence of a palladium catalyst, such as PdC12(dppf), X-Phos, and a base such as potassium acetate 
in an organic solvent such as dioxane. Heating yields both benzimidazole regioisomers VI. Diol VII 

15 is cleaved in oxidative fashion followed by subsequent acid hydrolysis of the acetonide. This 
dialdebyde intermediate is then treated with an aryl boronate V3 and aniline VIII (where W is RM or J, 
and RM and J are as defined above) resulting in the formation of the 3 benzimidazole regioisomers of 
Formula IX. Formula X is produced by deprolonating the hydroxyl groups with a strong base such as 
sodium hydiide, butyl lithium, or potassium hydride, followed by alkylation with Rs-halogen, 
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followed by acid hydrolysis of the pyrrolidine and benzimidazole protecting groups, preferably by 

treatment with mineral acid, such as hydrochlonc acid in an alcoliolic solvent such as methanol. The 

carboxylic acid Rz-COOH is activated towards coupling using reagents such as 

isobutylchloroformate, DCC, EDAC, or HATU in the presence of an organic base, such as 

diisopropylethylamine. Upon activation, Formula X is added to the reaction, with the isolation of 

Formula XI. in each Formula within Scheme IX can be replaced with /vyt" where D is 

defined above, and such compounds can be readily prepared according to the process described in 

Scheme IX. 

3r-Y-'^r-N /—„ 

N-"* 62% Overall 
. i / (both regioisomers) 

(both regioisomers 

Scheme IX 

Certain compounds of the invention of general formula (8), where R20 is -LS'-M'-LS"-RD 

and D is as described above, can be prepared according to the methods of Scheme X. The 

bromoalkylketone (1) can be reacted with an arylalkylketone (2) using the Lewis acid mediated 

conditions, described above in Scheme II, to give the diaryIdiketone (3). The diketone (3) can be 

converted to the bisboronate (4) by reaction with bis(pinacolato)diborane in the presence of a base 

such as potassium acetate, a catalyst such as PdC^Cdpp^-CHjCU, in a solvent such as DMSO, 

dimethoxyethane or dioxane with heating to between 60-100 °C. Bisboronate (4) can be converted to 
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the inleimediate (5) by Suzuki reaction using, in analogous fashion, the Suzuki conditions described 
-i-M WIT TUA Krv ^ Kxr OI-. /vrv.^/-. F\ "Mil 
Hi Y IX. Al UJVWl lllC/UicllO ^ y l-Clii U*-' Wli V U LVU IU \ AV^ICHVU VV1U1 till CUIUUV^ 1 1 1 i.7 U11UW 

the analogous conditions described in Scheme VI. For example, reaction of (5) with D-NIT in the 
presence of an acid such as, but not limited to, TFA, in a solvent such as, but not limited to, toluene 

and with heating up to 110 °C can provide intermediates of general structure (6). Compounds (6) can 

be converted to compounds of general formulas (7) and then (8) using, in analogous fashion, the 
methods described in Scheme VII. Alternatively, the functionality of T-RD can be similarly 
introduced to compounds of Formula (7) to give compounds of Formula (X-1). 

Boc Boc 

(6) (7) 

(8) 

(X-1) 

Scheme X 

The intermediates (6) can also be prepared using the route depicted in Scheme XI. The 
intermediate (3) can be reacted, with an amine D-NH2 using, in analogous fashion, the conditions 
described in Schemes VI and X to provide intermediates (9), which can be converted to (10) using. 
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analogously, conditions as described above in Scheme X; and (10),in turn, can be converted to 

compounds (6) using the Suzuki reaction conditions d.escnbcd m Scheme VII 

(9) (10) 

Scheme XI 

5 

As still another non-limiting example, the compounds of the invention of general formula 

(15), where R?.o is -Ls'-M'-Ls"-Rn and D is as described above, can be prepared as shown in 

Scheme XII. A 1,4-dikctonc compoimd (3) may be reacted with an amine D-NH2, under acid 

catalyzed conditions, such as acetic acid, TFA, formic acid or HCl, to give the compounds (11). For 

10 example, adiketone (3) (1 equivalent) can be reacted with an aniline (1.2 equivalents) and TFA (2 

equivalents) in a solvent such as toluene with healing lo between around 80 and 120 °C to provide the 

compounds (11). Alternatively, a diketone (3) can be reacted with an aniline (about 10 equivalents) 

with heating in acetic acid to around about 70 °C to provide the compounds (11). Amines that can be 

reacted according to the foregoing description include but are not limited to, those amines described 

15 or referred to in Scheme II as suitable for reacting with intermediate (5). Compounds of formula (11) 

can be converted to compounds of formula (12) by reduction with iron in the presence of ammonium 

chloride. For example, reaction of compounds (11) (1 equivalent) with iron powder (about 6 

equivalents) in the presence of ammonium chloride (about 3 equivalents) in a mixed solvent of 

ethanol:THF:water (1:1:0.25) at reflux can provide compounds (12). The conversion of (11) to (12) 

20 may also be effected by other methods described above in Scheme II to convert VII lo VIII, for 

example by catalytic hydrogenation. Compounds (12) (1 equivalent) can be converted to compounds 

(13) using the peptide coupling condition described for the conversion of VIII to IX in Scheme II, for 

example using EDAC/HOBt (2 equivalents) and an appropriate acid in solvents such as DMF al 

around room temperature. Compounds (13) can be converted to compounds (14) using TFA/CH2CI2 

25 as described above for converting IX to X in Scheme II. Compounds (14) can be converted, to 

compounds (15) using procedures analogous to those in Scheme II to convert X to XI, such as the 

coupling procedure to convert (12) lo (13). Alternatively, the functionality of T-RD can be similarly 

introduced to compounds of Formula (14) to give compounds of Formula (XII-1). 
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Compounds of genera] formula (19), where D is as described above, can be prepared 
5 according lo ihe methods of Scheme XII J. Compounds of general formula (16) can be converted to 

compounds of general formula (17) using a Buchwald. reaction with lert-buty 1-2-
carbamoylpyrrolidine-1 -carboxylate. This Buchwald reaction can be conducted in the presence of a 
base (e.g., cesium carbonate), a palladium catalyst (e.g., Iris(dibenzy]ideneaeetone)dipalladium(0)), a 
phosphine ligand (e.g., 4,5-bis(diphcnylphosphino)-9,9-dimethylxanthene) in solvent such as dioxane 

10 with heating to about 80-120 °C. The intermediate (17) can be reduced to (18) and cyclized to (19) 

using, in analogous fashion, the conditions described generally in Scheme IV. Compounds (19) can 
be further reacted as illustrated in Scheme IV lo provide compounds of the invention. Each phenyl 
ring in the above structures can be substituted with Xvi, wherein X]3 is H, halogen, alkyl, haloalkyl, 
alkoxy, or haloalkoxy. Mixtures of cis and trans stereoisomeric pyrrolidines in Scheme XIII may be 

15 separated, into the cis and trans isomers using standard, chromatographic techniques. 
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Scheme XIII 

Certain compounds of the invention of general formula (23), where D is as described above, 

can be prepared according to the methods of Scheme XIV. Compounds (1.6) can be reacted with 
compound (20) using a Buchwald reaction as described generally in Scheme XIII to provide 
compounds (21). Compounds (21) can be reduced to compounds (22) and cyclized to (23) using, in 
analogous fashion, the conditions described generally in the foregoing Schemes. 

Scheme XIV 

Certain compounds of the invention of general formula (29), where R20 is -Ls'-M,-Ls"-RD 

and D is as described above, can be prepared according to the methods of Scheme XV. Compounds 
of formula (24) can be converted to compounds of formula (25) (Sonogashira reaction) by reaction 
with trimethylsilylacelylcne, a palladium catalyst (e.g., bis(triphenylphosphine)palladium(II)chloride), 
a copper catalyst (e.g., copper(I)iodide), and a base (e.g., triethylamine) wherein an amine base can 
also be used as solvent. The compounds (25) can be desilylaled to compounds (26) by reaction with a 
fluoride source (e.g., tetrabutylammonium fluoride) in a solvent such as THF. Compounds (26) can 
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-methoxy-

be converted to compounds (27) by formation of the dianion of (26) with n-butyllithium and 

subsequent reaction with a Weinreb amide (e.g., jN-(Lert-butOA.ycaibonyl)-L-proline-N'-

N'methylamide). This reaction can be conducted in an appropriate solvent such as THF or 

dimethoxyethane. Compounds (27) can be converted to compounds (28) by reaction with hydrazine 

in a solvent such as ethanol. The compounds (28) can be converted to compounds (29) using the 

methods described generally in the foregoing Schemes. Alternatively, the functionality of T-RD can 

be similarly introduced to compounds of Formula (28) to give compounds of Formula (XV-1). 

D . /IMS _ o 
(24) 

IMS 

(26) 

(XV-1) 

Scheme XV 

Certain compounds of the invention of general formula (34), where R20 is -Ls'-M' Ls' '-RD 

and D is as described above, can be prepared according to the methods of Scheme XVI. Compounds 

(24) can be converted to compounds (30) by reaction of (24) with CO(g) under pressure (ca. 60 psi) in 

the presence of a palladium catalyst (e.g., PdC^dppt)) in methanol as solvent and with heating to 

around 100 °C. Compounds (30) can be converted to compounds (31) by reaction with hydrazine in a 

solvent such as methanol with heating to about 60-80 °C. Compounds (31) can be converted to 

compounds (32) by reaction withN-Boc-2-cyano-pyrrolidinc in the presence of a base (e.g., potassium 

carbonate) in a solvent such as butanol and with heating to around 150 °C with irradiation in a 

microwave reactor. Compounds (32) can be deprotected to compounds (33) and acylated to (34) 

using, in analogous fashion, the conditions described generally in the foregoing Schemes. 

Alternatively, the functionality of T-RD can be similarly introduced to compounds of Formula (33) to 

give compounds of Formula (XVI-1). 
170 



WO 2012/051361 

(30) (31) 

Boc 
(32) 

Boc 

(XVI-1) 

Scheme XVI 

Certain compounds of the invention of general formula (38), where R2o is -Ls'-Ivf-Ls' '--RD 

and D is as described above, can be prepared according to the methods of Scheme XVII. Compounds 
of formula (24) can be converted to compounds (35) by reaction with CuCN in a solvent such as DMF 

and with heating to about 160 °C with microwave irradiation. Compounds (35) can be converted to 

compounds (36) by reaction with HCl(g) in anhydrous methanol at 0 °C with warming to room 

temperature. Compounds (36) can be converted to compounds (37) by reaction with NH3(g) in 

anhydrous methanol at 0 °C with warming to room temperature. Compound.s (37) can be converted to 

compounds (38) by reaction with (41) in THF in the presence of a base (e.g., potassium carbonate). 
Alternatively, the functionality of T-RD can be similarly introduced to compounds of Formula (33) to 
give compounds of Formula (XVII-1). 
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Compounds of formula (41), where R20 is -Ls,-M,-Ls"-Ro, can be prepared using the 

methods of Scheme XVIII. Compounds (39) can be converted to compounds (40) by sequential 

reaction of (39) with isobutylchloroformate in THF at 0 °C followed by diazomethanc. Compounds 

(40) can be converted to compounds (41) by reaction with HBr in acetic acid. Similarly, compounds 

of formula (XVIII-I) can be converted to compounds of formula (XV111-2) and then (XVIII-3), 

wherein T-R.D are as defined above. 

(XVIII-1) (XVIII-2) (XViil-3) 

Scheme XVIII 

Certain compounds of the invention of general formula (48), where R20 is -Ls'-M'-L.s' '-~Rn 

and D is as described above, can be prepared according to the methods of Scheme XIX. Compound 

(42) can be reacted with compound (43) using, in analogous fashion, the Lewis acid mediated 

conditions described above in Scheme II to provide compound (44). Compound (44) can be 
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converted sequentially to the diol (45), the mesylate (46) and the cyclic intermediate (47) using, in 

analogous fash ion, the conditions of Scheme IT. Compounds (47) can be converted to compounds 

(48) by reaction with (20) under Buchwald conditions such as those referred to Scheme XIV and 

described in Scheme XIII. Alternatively, the functionality of T-RD, wherein T and RD are as defined 

above, can be similarly introduced to compounds of Formula (47) to give compounds of Formula 

(XIX-1). 

(48) (XiX-1) 

Scheme XIX 

10 Certain compounds of the invention of general formula (55), where R20 is -LS'-M'--LS''--RD 

and D is as described above, can be prepared according to the methods of Scheme XX. Diethyl meso-

2,5-dibromoadipate (49) can be reacted with an amine D-NH2 in a solvent such as THF, dioxane, or 

dimethoxyethane with heating from 50-100 °C to give compounds (50). Compounds (50) can be 

converted to (51) by alkaline hydrolysis with a base (e.g., NaOH, KOH) in an alcohol (e.g., methanol, 

15 ethanol) and. water mixture for solvent. Compounds (51) can be converted to (52) by reaction first 

with oxalylchloridc, and treatment of the intermediate acid chloride with diazomethane at 0 °C. 

Compounds (52) can be converted to (53) by reaction with aqueous HBr. Compounds (53) can be 

converted to compounds (54) by reaction with thiourea in ethanol or like solvent. Compounds (54) 

can be converted to compounds (55) using, in analogous fashion, the conditions described above in 

20 Scheme II. Similarly, the functionality of T-RD, wherein T and. RD are as defined above, can be 

introduced to compounds of Formula (54) to give compounds of Formula (XX-1). 
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(XX-1) 

Scheme XX 

Certain compounds of the invention of general formula (60), where R?.o is ~LS'-M'-LS"-R.D 

5 and D is as described above, can be prepared according to the methods of Scheme XXI. Compound 

(56) can be reacted with compound (57) in pyridine with heating to about 135 °C to fonn compoimd 

(58). Compound (58) can be converted to compounds (59) by reaction of an amine D-NH2 with 

POCI3 followed by addition of (58) and heating at about 200 °C in 1,2-dichlorobenzene. Compounds 

(59) can be converted to compounds (60) using, in analogous fashion, the conditions described above 

10 in Scheme VII. Similarly, the functionality of T-RD, wherein T and RD are as defined above, can be 

introduced to compounds of Fonnula (59) to give compounds of Fonnula (XXI-1). 
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Certain compounds of the invention of general formula (66), where R2o is -Ls'-M'-Ls"-RD 

and D are as described above, can be prepared according to the methods of Scheme XXII. 

Compounds of general fonnula (61) can be reacted with borontribromide in dichloromethane at 0 °C 

to give compounds (62), which can be subjected to hydrogenation conditions using platinum(II) oxide 

to give compounds (63). Coupling between compounds (63) and proline derivatives (64) can be 

canied out using standard coupling conditions described above to give compounds (65), which can be 

converted to (66) by the action of diethylazodicarboxylate and triphenylphosphine in THF. 
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0,N 

(61) 

H,N 

OH + 

(63) 

(65) 

Scheme XXII 

(62) 

15 

Certain compounds of the invention of general fonnula (74), where R20 is -Ls'-M'-Ls"-RD 

and D is as described above, can be prepared according to the methods of Scheme XXIII. Compound 

(67) can be converted to (68) by reduction of the nitro group using tin(II) chloride in ethanol. 

Compound (69) can be made from (68) by peptide coupling with Hoc-proline, followed by heating of 

the resulting amide in acetic acid at 80 °C. Compound (69) can be reacted with SEM-C1 and 

diisopropylethylamine in dichloromethane to give (70), which can be coupled with (71) using a 

palladium catalyst such as PXPd using a base such as cesium fluoride in a solvent such as N,N-

dimethylfonnamide at 100 °C to give (72). Compoimd (72) can be converted to (73) by reaction with 

Selectfluor in a mixture of THF and water, followed by hydrogenation using 3% Pt 011 carbon in 

ethylacelate and then reduction using sodium borohydiide in methanol. Compound (73) can be 

reacted with methanesulfonyl chloride and triethylamine in dichloromethane at -10 °C, followed by 

addition of an amine (H2N-D) to give an intermediate that can be converted to (74) by deprotection 

using 4 N HCl in 1,4-dioxane and then coupling with R2oC02H using peptide coupling procedures 
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described above. Similarly, the functionality of T-RD, wherein T and RD are as defined above, can 

liJ u uuuow iv uuxiipwunun ui i ui iiiuici \ / J L(; givv w.'iiipv.'uiiuci *J1 J. uimuia t/wvn i- i j. 
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\ >K OH OH 

Scheme XXIII 

Certain compounds of the invention of general fonnula (81), where R2o is -LS'-M'~LS' '-RD 

and D is as described above, can be prepared according to the methods of Scheme XXIV. Compound 

(75) can be converted to (76) using SnCl2 in ethanol. Additionally, the phenyl ring of compoimd (75) 

can be substituted with X^ at any position substituted with hydrogen or fluorine, wherein X13 is HT, 

alkyl, haloalkyl, alkoxy, or haloalkoxy, and those compounds canied through the subsequent 

sequence. Coupling of (76) with (64) using peptide coupling procedures described above to give an 

amide that can be heated in acetic acid at 100 °C to give (77). Compound (77) can be reacted with 

SEM-CI and diisopropylethylamine in dichloromcthane to give (78). For convenient illustration, the 

SEM protecting groups on the benzimidazoles are shown attached to particular nitrogens of the 

benzimidazole. The actual substitution positions of the SEM groups may be at either nitrogen (i.e., 

(78) may be a mixture of regioisomers). In subsequent compounds (79) through (80), the positional 

isomerism of the SEM group results in mixtures of SEM regioisomers that may or may not be 
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separable. In practice the SEM regioisomers can be earned through as mixtures. Compound (78) can 
^,w>+,w4 f71\ mxrA /*7m rnc\\ f,-v /QA\ ,,0^^-uv Willi \ / an uwwiuui ayu w tu giv^ \ i y). wuiiipuuiiu ^ / y) van uv w;nvu Ivu LU ; ubnj£ 

Sclcclfluor in a mixture of THF and water, followed by hydrogenation with Pt on carbon in 

ethylacetate and reduction with sodium borohydiide in methanol or chiral reduction conditions with 

5 (S) or (R) a,a-diphenyl-2-pyrrolidinemethanol, diethyianiline borane and trimelhylborane. 

Compound (80) can be converted to compounds (81) by mesylation with methanesulfonyl chloride 

and triethyiamine at temperatures less than 0 °C, followed by reaction with primary amine H2N-D and 

deprotection using 4 N HCl in 1,4-dioxane. Similarly, the functionality of T-RD, wherein T and RD 

are as defined above, can be introduced to compounds of Formula (77) to give compounds of Formula 

10 (XXIV-1) at the end of the synthetic sequence. 
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Certain amines, D-NH2, in the foregoing Schemes are represented by formula (84), and may 
be prepared according to the general method shown in Scheme XXV wherem is as defined above 
(e.g., halogen, allcyl, haloalkyl) and RM is -N(RsRsO (e.g., -NEt2), heterocyclyl (e.g., pyrrolidin-1 -y], 

G3 G3 

/N 

piperidin-l-yl, ^ ,ctc., wherein G3 is defined above, ^ is a nitrogen containing 

N 
heterocycle substituted with Gj, and ^ is a nitrogen containing bridged, bicyclic heterocycle), 
or ™ORs (e.g., -CM-butyl, -O-isopropyl, etc.). Fliioronitrobenzencs (82) can be reacted with an 
appropriate amine in the presence of dibasic potassium phosphate in a solvent such as DMSO 
optionally with heating to give intermediates (83), wherein RM is -N(RsRsO (e.g., -NEt2) or 

G3 

N 
heterocyclyl (e.g., pyrrolidin-l-yl, piperidin-l-yl, ^ , etc.). Fhioronitrobenzenes (82) 

10 can also be reacted with alkali metal allcoxid.es (e.g., potassium tert-butoxide) to give intermediates 
(83), wherein RM is -ORs (e.g., -O-t-butyl, --O-isopropyl, etc.). Intermediates (83) may be converted 
to (84) using well-known nitro reduction conditions. For example, (83) can be converted to (84) by 
catalytic hydrogenation using palladium on carbon. Alternatively, (83) can be converted to (84) by 
reaction with iron/ammonium chloride in THF/methanol/water as solvent. Other conditions for 

15 effecting nitro reduction include those described in the foregoing schemes and those generally known 
to one skilled in the art. 

RM R 

RN\zk/RN RN 

RN RN 
NO2 

Scheme XXV 

20 Certain compounds of the present invention (XXV1-10) can be prepared as shown generally 
in Scheme XXVI, where D, T, and RD are as described above. Reaction of compounds (1) with 
compounds (III), using the conditions described generally in Scheme IT for the preparation of 
compounds (IV), can provide diketone compounds (XXVI-1). Compounds (XXVI-1) can be 
converted to compounds (XXVI-2) using the general conditions of Scheme II for the conversion of 

25 (IV) to (V). Compounds (XXVI-2) can be converted to compounds (XXVI-3) using the general 
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conditions of Scheme II for the conversion of (V) to (VI). Compounds (XXVI-3) can be converted to 

coiiipouiids (XXVI-4) us i ng the general conditions of Scheme II for the conversion of (VI) to (VII). 

Compounds of formula (XXVI-4) can be converted to compounds (XXVI-5) using the general 

conditions of Scheme VII for the conversion of (II) to (III). Compounds (XXVI-5) can be converted 

5 to compounds (XXVI-6) using the general conditions of Scheme VII for the conversion of (III) to 

(IV). Compounds (XXVI-6) can be converted to compounds (XXVI-7) using the general conditions 

of Scheme II for the conversion of (VII) to (VIII). For example, compounds (XXVI-6) (1 equivalent) 

can be reduced with hydrogen gas (1 atm) in the presence of PtOi (about 0.2 equivalents) in a solvent 

such as ethanol:THF (1:1). Compounds (XXVI-7) can be converted to compounds (XXVI-8) using 

10 the methods described generally in Scheme II for conversion of (VIII) to (IX). For example, reaction 

of (XXVI-7) (1 equivalent) with l-(/m-butoxycarbonyl)pyrrolidine-2-carboxylic acid (1.5 to 3 

equivalents) and HATU (about 1.6 equivalents) in the presence of diisopropylethylamine (3 

equivalents) in DMSO at about room temperature can provide the compounds (XXVI-8). Compounds 

(XXVI-8) can be converted to compounds (XXVI-9) using the methods described generally in 

15 Scheme II for conversion of (IX) to (X). For example, reaction of (XXVI-8) (1 equivalent) with HCl 

in dioxane at about room temperature can provide the compounds (XXVI-9). Compounds (XXVI-9) 

can be converted, to compounds (XXVI-10) by reaction with an appropriate acid using the methods 

described generally in Scheme II for the conversion of (X) to (XI). For example, reaction of (XXVI-

9) (1 equivalent) with 2-(methoxycarbonylamino)-3-methylbutanoic acid (about 2 to 3 equivalents), 

20 HATU (about 2.5 to 3.5 equivalents), and. diisopropylethylamine (about 10 equivalents) in a solvent 

such as DMSO can provide the products (XXVI-10). 
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NO, 

(xxvr-7) (XXVI-6) 

(XXVI-8) (XXVI-9) 

rV 

(XXVI-iO) 

Scheme XXVI 

Certain compounds of the present invention (XXVi.I-7) can be prepared as shown generally in 

5 Scheme XXVII, where D, T, and RD are as described above. Compounds (XXVI-1) can be converted 

to compounds (XXVIi-1) using the general conditions of Scheme XII for the conversion of (3) to 

(11). Compounds (XXVII-1) can be converted to compounds (XXVI1-2) by reduction using 

conditions described generally above in Scheme II. For example (XXV11-1) (1 equivalent) can be 

reduced with iron powder (about 6 equivalents) and ammonium chloride (about 3 equivalents) in 

10 ethanol:THF:water (1:1:0.25) with heating up to the reflux temperature to provide (XXVII-2). 

Compounds (XXVII-2) can be converted to compounds (XXVII-3) using the conditions described 

above for conversion of VIII to IX in Scheme II, (12) to (13) in Scheme XII, or (XXVI-7) to (XXVI-

8) in Scheme XXVI. Compounds (XXVII-3) can be converted sequentially to compounds (XXV1I-4) 

and (XXVII-5) using the methods and conditions described generally in Scheme VII for the 
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conversion of (II) to (III) to (V). Compounds (XXVII-5) can be converted sequentially to compounds 
(XXVII-6) and (XXViI-7) using the methods and. conditions described generally above, for example 
using the methods to convert (IX) to (X) to (XI) in Scheme II. 

.NO, 

(XXVII-3) 

(XXVII-4) (xxvn-5) 

Cv^ NH jj 

(XXVII-6) (XXVII-7) 

Scheme XXVII 

Certain compounds of the invention of general formula (XXVIII-7), where D, T, and RD are 
as described above, can be prepared according to the sequence of Scheme XXVIII. Compounds 
(XXVfII-1) can be prepared from 2-bromo-l-(4-nitrophenyl)ethanone, l-(4-chloro-3-

10 nitrophenyl)ethanone, and. an amine D-NH2 according to the methods described above to prepare 
compounds (VII) in Scheme II, (XXVI-4) in Scheme XXVI,, and (VII) in Scheme IV. Compounds 
(XXVI1I-1) (1 equivalent) can be converted to compounds (XXVIII-2) by reaction with neat 4-

methoxybenzylamine (about 4-6 equivalents) with heating to around 140-150 °C. Compounds 

(XXVIII-2) can be converted to compounds (XXVIII-3) by reduction according to the conditions 
15 described generally in Scheme II to prepare compounds (VIII). For example, reaction of (XXVIII-2) 

(1 equivalent) with Pt02 (about 0.4-0.5 equivalents) in a solvent vSuch as ethanol:THF (1:1) under a 
hydrogen atmosphere (1-4 atm) can provide compounds (XXVIII-3). Compounds (XX.VIII-3) can be 
converted to compounds (XXV1II-4) according to the conditions described generally in Scheme II to 
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prepare compounds (IX). For example, reaction of (XXVIIJ-3) (1 equivalent) with 1 -{leri-
UULUAVWI uvjii^i_)j.;iyjiuiiU-uit,-/--^aiuuA_y in., avxu ^auuui uqui vaiuiiin j, uni u \auum equivalents j, 

and diisopropylethylamine (about 3 equivalents) in a solvent such as DMSO at room temperature can 
provide compounds (XXVIII-4). Compounds (XXV1II-4) (1 equivalent) can be converted to 

5 compounds (XXVlI.I-5) by reaction with DDQ (about 1.2 equivalents) in a solvent mixture of 
CFLCkwater (20:1) at room temperature. Compounds (XXVIII-5) can be converted to compounds 
(XXVIIl-6) according to the general methods described in Scheme IV to prepare compounds (XI) 

(e.g., heating in acetic acid to around 60-70 °C). Compounds (XXVIII-6) can further be converted to 

compounds (XXVU1-7) by using the standard deprotection and coupling methods referred to in 

10 Scheme IV to prepare compounds (XIII) or (XIV). 

T I 
D (xxvm-7) 

Scheme XXVIII 

Certain compounds of the invention (XXIX-9) where D, T, and RD are as described above, 
15 can be prepared according to the sequence of Scheme XXIX. Compounds (XXIX-1) can be prepared 

from 2-bromo-l -(4-bromophenyl)ethanone, 1 -(4-chloro-3-nitrophenyl)ethanone, and an amine D-
NH2 according to the methods described above to prepare compounds (VII) in Scheme II, (XXVI-4) 
in Scheme XXVI, and (VII) in Scheme IV. Compounds (XXIX-1) (1 equivalent) can be converted to 
compounds (XXIX-2) by reaction with neat 3,4-dimethoxybenzylamine (about 10 equivalents) with 

20 heating up to around 140-150 °C. Compounds (XXIX-2) can be converted to compounds (XX1X-3) 
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by reduction according to the conditions described generally in Scheme II to prepare compounds 

(VIII). For example, reaction of (XXIX-2) (1 equivalent) with PiOj (about 0. i equivalent) in a 

solvent such as ethanol:THF:EtOAc (1:1) under a hydrogen atmosphere (e.g., 1 atm) can provide 

compounds (XXIX-3). Compounds (XXIX-3) can be converted to compounds (XX.IX-4) according 

5 to the conditions described generally in Scheme II to prepare compounds (IX). For example, reaction 

of (XXIX-3) (1 equivalent) with a substituted proline like (>S)-1 -((S)-2-(methoxycarbonylamino)-3-

methylbutanoyl)pyiTo1idine-2-carbox.y!ic acid (about 1,2.-1,5 equivalents), HOBt (about 1.2-1.5 

equivalents), EDAC (about 1.2-1.5 equivalents), and jV-methyImorpholine (about 5-6 equivalents) in a 

solvent such as DMF at room temperature can provide compounds (XXIX-4). Compounds (XXIX-4) 

10 can be deprotectcd to compounds (XXlX-5) by reaction with excess TFA in solvents such as 

methylene chloride at about room temperature. Compounds (XXIX-5) can be converted to 

compounds (XXIX-6) according to the general methods described in Scheme IV to prepare 

compounds (XI) (e.g., heating in acetic acid to around 60-80 °C). Compounds (XXIX-6) can be 

converted to compounds (XXIX-7) according to the general conditions of Scheme VII to prepare 

15 compounds (IJI). For example, reaction of (XXIX-6) (1 equivalent) with rdCUCdppf) (about 0.1 

equivalent), potassium acctate (about 3-5 equivalents), and bis(pinacolato)diboron (about 3 

equivalents) in a solvent such as toluene with heating to 80-100 °C can provide compounds (XXIX-

7). Compounds (XXIX-7) can be converted to compounds (XXIX-8) according to the general 

conditions of Scheme VII to prepare compounds (V). For example, reaction of compounds (XXIX-7) 

20 (1 equivalent) with Intermediate ID (about 2 equivalents), 1M sodium carbonate (about 3 

equivalents), and PdC^dppf) (about 0.1 equivalent) in a solvent such as toluene at around 80-100 °C 

can provide compounds (XXIX-8). Compounds (XXIX-8) can further be converted, to compounds 

(XXIX-9) by using the standard, deprotection (e.g., HCl/dioxane) and coupling methods (e.g., 

carboxylic acid, HOBt, EDAC, and A-'-methyImorpholine) referred to in Scheme IV to prepare 

25 compounds (XIV). 
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Certain compounds of the present invention (XXX-8) can be prepared as shown in Scheme 
XXX. An ester (XXX-1) can be reacted, with a suitable reducing agent such as DIRAL-H, in a 
solvent such as THF, dichloromethane, or diethyl ether, to the corresponding alcohol then oxidized to 
the aldehyde (XXX-2) by employing a suitable oxidizing agent such as PDC in a solvent such as 
dichloromethane, THF or diethyl ether. A pyrrole of formula (XXX-4) can be prepared by reacting 
(XXX-3) (available from an aniline, an aldehyde and KCN using the Streckei reaction) together with 
aldehyde (XXX-2) with a base such as potassium hydroxide in a solvent such as ethanol (Synleti, 
2003, ppl427-1430). The bromine atoms in the pyrrole compounds (XX.X-4) can be converted to a 
bis-borane compound (XXX-5) by utilization of palladium catalysis as described above in Scheme 
VII. The pyrrole compounds (XXX-5) can be reacted with bromoimidazoles like Intermediate ID 
using Suzuki reaction conditions to give the phenylimidazole (XXX-6). A variety of reaction 

conditions are well known to those of skill in the art to be effective in mediating the Suzuki reaction. 
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In particular, the reaction to produce (XXX-6) can be perfoimed with Pd(dppf)Ch catalyst and 

potassium carbonate in a mixture of toluene and water and with heating to about 100 °C. Removal of 

the Boc protecting groups to give (XXX-7) can be accomplished by treatment with an acid, such as 
TFA, HCl, or formic acid. Certain compounds of the present invention (XXX-8), wherein T, RD, and 
D are as described above, may be prepared by coupling of (XXX-7) with an acid of choice using the 
standard peptide coupling reagents and conditions described above. 

H 
Ny0 

CN 
(XXX-3) 

O 
(XXX-1) 

(XXX-4) (XXX-5) 

(XXX-6) (XXX-7) 

(XXX-8) 

Scheme XXX 
The present invention also contemplate Schemes XXXI-XXXIII to make a compound of the 

invention. For instance, compounds of the invention (XXXI-5) may be prepared using the sequence 
of steps outlined generally in Scheme XXXI. This sequence parallels that of Scheme XXX. A 
compound (XXXI-1) may be converted to a compound (XXXI-2) by sequential Heck reaction with 
ethylacrylate followed by reduction to an aldehyde (XXXI-2). An aldehyde like (XXX.I-2) may be 
reacted with a compound (XXX-3) analogously to the conditions of Scheme XXX to provide 
compounds (XXX1-3). Compounds (XXX1-3) in turn may be converted to boronate compounds 
(XXXI-4) using the condition described above generally in Scheme VII. Compounds (XXXI-4) may 
be converted to compounds (XXXI-5) over several steps including Suzuki reaction, deprotection and 
coupling as described generally in the foregoing Schemes. 
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SEM 
N r\ . 

/"AN 
N N Br 

(XXXI-1) 

SEM 

(XXXI-2) 

SEM 

(XXXI-3) 

(XXXM) 

Scheme XXXI 

As described in Meyer el al. Synthesis, 2005, pp. 945-956 and Meyer et a] Synlelt, 2003, 

5 ppl 427-1430, substituted a-aminonitriles can be reacted with a,|3-imsaturated carbonyl compounds to 

provide substituted hydroxy-cyano pyrrolidines. In analogous fashion, a compoimd (XXX1I-1) may 

be reacted with an ajj-unsaturatcd aldehyde (XXXII-2) to give a pyrrolidine (XXXII-3). The 

hydroxy and cyano groups of compounds such as (XXXII-3) may be reduced off using reagents such 

as NaBH3CN or l\:aBH3CN with FeS04 as described in Synthesis, 2005, pp. 945-956. The nitro group 

10 of compounds such as (XXXII-3) may be reduced using standard conditions such as catalytic 

hydrogenation or reduction with iron powder and. ammonium chloride. Typical nitro reduction 

conditions are described elsewhere herein. The Boc group of compounds such as (XXXII-3) may be 

removed using standard conditions such as with TFA/CH2C12 or HCl in dioxane. Compounds such as 

(XXXI1-4) may be reacted with an appropriate //-protected proline acid under standard conditions as 

15 described, elsewhere herein to give compounds (XXX11-5). Compounds such as (XXXII-5) may be 

deprotected and coupled with an acid of choice as described herein to give compounds (XX.XJj-6) 

wherein T, RD, and D are as described herein. 
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(XXXII-6) 

Scheme XXXII 

5 Further compounds of the invention may be prepared as generally outlined in Scheme 

XXXIII. Compounds such as (XXXII1-1) may be prepared from 4-nitro-o-phenylenediamine by 

acylation with a protected proline acid (see Tetrahedron 2003, pp 2701-2712), cyclization (see Tet. 

Lett. 2003, 5807-5810), SEM protection, and nitro reduction. Compounds such as (XXXII1-1) may be 

converted to the Strecker product (XXXIII-2) by reaction with an aldehyde D-CHO and KCN in 

10 analogy with the process referred to in Scheme XXX. Compounds such as (XXXIII-2) may be 

condensed with compounds such as (XXXI-2) followed by reduction to give compounds such as 

(XXXIII-3) (see for example Meyer et al. Synthesis, 2005, pp. 945-956 and. Meyer et al Synlett, 2003, 

ppl427-1430). Compounds such as (XXXIII-3) may be deprotccted using standard conditions for 

removal of Boc and SEM groups (see General Procedure 23) and the resultant amino compound 

15 reacted with an appropriate acid under conventional amide bond forming conditions to give 

compounds (XXXIII-4) wherein T. RD, and D are as described herein. 

Scheme XXXIII 
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Certains compounds of the invention may also be prepared using the methods shown 

generally in Scheme XXXIV. The ketone XXXIV-1 (Reference: US20090076076; pl9, [0146]) can 

be homologated in two steps to the aldehyde XXXIV-3. In the first step, the ketone can be reacted 

with dimethylsulfonium methylide in dimethylsuifoxide to produce the epoxide XXXIV-2. The 

5 epoxide can be rearranged to the aldehyde by treatment with an acid such p-tolucncsulfonic acid with 

heating in toluene at temperatures between around 80-110 °C (References: J. Am. Chem. Soc. (1965) 

1353, 1358; J. Org. Chem. (1972) 4075, 4076, 4077; Bioorg. Med. Chem. Lett (2009) 5684, 5686), 

The aldehyde XXXIV-3 can be converted to the diol XXXIV-4 with potassium carbonate and 

formaldehyde in ethanol as described generally in J. Am. Chem. Soc, 1951, 73, p5171 and 

10 US5095153, Example 3a. The diol can be converted to the bismesylate XXXIV-5 by reaction with 

excess methanesulfonyl chloride and triethylamine in dichloromethane at 0 °C to room temperature. 

The bismesylate can be converted to the azide XXXIV-6 by reaction with sodium azide (about 1 

equivalent) in DMPU and heating up to around 110 °C. The azide can be converted, to the 

phosphorimid.ale X.XXIV-7 by reaction with freshly distilled triethylphosphite (about 1 equivalent) in 

15 anhydrous toluene/tetrahydrofuran at room temperature. The phosphorimidate can be converted, to the 

azetidme-phosphonate XXXIV-8 by heating in o-xylene up to around 150 °C. The azetidine-

phosphonate can be converted to the azetidine XXX1V-9 by reaction with trifluoroacetic acid in 

dichloromethane at room temperature. The azetidine can be reacted with an appropriate aryl halide 

(e.g., iodide) using the Buchwald reaction to generate an N-arylazetidine XXXIV-10. Appropriate 

20 conditions include reaction with an aryliodide (about 2 equivalent), Pd.2(dba)3 (about 0.025 

equivalent), 4,5-bis(d.iphenylphosphino)-9,9-d.imethyIxanthene (Xantphos; about 0.1 equivalents) and 

sodium tert-butoxide (about 1.2 equivalent) with heating in a solvent such as dioxane to 80-100 °C, 

optionally with microwave irradiation. The bisbromide may be converted to the bisboronate XXXIV-

11 by reaction with bis(pinacolato)diborane, potassium acetate, and PdCla(dppf) in a solvent such as 

25 DME, dioxane, or DMSO with heating up to around 85 °C. The bisboronate can be converted to 

compounds of the invention XXXIV-12 by reaction with an appropriate halide (i.e. Suzuki reaction) 

such as methyl (S)-l-((S)-2-(5-bromo-lH-imidazoi-2-yl)pyrroMin-l-yl)-3-raethyl-l-oxobutan-

2ylcarbamate. 
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XXX1V-10 XXXIV-11 

MeOoCHN 

Scheme XXXIV 

5 Certain compounds of the invention may also be prepared using the methods shown generally 

in Scheme XXXV. Compounds such as XXXV-1 can be prepared using known methods by 

alkylation of a malonate ester with a benzyl halide. Compound XXXV-1 can be converted to 

compound XXXV-2 by reduction with lithium aluminum hydiide. Compound XXXV-2 can be 

converted to compound XXXV-3 by reaction with MsjO and a base such as diisopropylethylamine. 

10 Compound XXXV-3 may be converted to compound XXXV-4 using methods analogs to those to 

convert XXXIV-5 to XXXIV-9 (see Scheme XXXIV). Similarly compound XXXV-4 may be 

converted to compound XXXV-5 using a Buchwald reaction analogous to that of Scheme XXXIV. 
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Compounds XXXV-5, in turn, may be converted to XXXV-6 by demethylation (e.g. with BBr3) and 

Inflate foririatioii with T12O. Cunipouiius XXXV-6 may be converted to compounds XXXV-7 by 

analogy with the conversion of XXXTV-10 to XXXIV-H. Finally, compounds XXXV-7 may be 

converted to compounds XXXV-8 using the Suzuki coupling of Scheme XXXIV. 

o o 
OMe LiAiH, 

OMe 

OH MS20 
base 

OMe OMe 

XXXV-1 XXXV-2 XXXV-3 

MeO 

TfO 

OMe 

XXXV-6 

Me02CHN~-4^ 

XXXV-8 

XXXV-7 

H„V-NHC02Me 
17 / 

In the foregoing Schemes (Schemes I-XXXV), compounds are shown wherein an aromatic 

ring (e.g., phenyl) is substituted with groups in a particular regiochemistry (e.g., para). A starting 

material or intermediate with para-substitution provides a final product with para-substitution in the 

foregoing Schemes. It is understood by one of skill in the art that substitution in the foregoing 

Schemes of a starting material or intermediate with a different regiochcmsitry (e.g., meta) would 

provide a final product with a different regiochemistry. For example, replacement of a para-
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substituted starting material or intermediate in the foregoing Schemes with a meta substituted starting 

material or intermediate would lead lo a meia-subsiitiued product. 

If a moiety described herein (e.g., -NH2 or -OH) is not compatible with the synthetic 

methods, the moiety may be protected with a suitable protecting group that is stable to the reaction 

5 conditions used in the methods. The protecting group may be removed at a suitable point in the 

reaction sequence to provide a desired intermediate or target compound. Suitable protecting groups 

and methods for protecting or deprotccting 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 

individual step may vary depending on the particular reactants employed and substituents present in 

10 the reactants used. Solvents, temperatures and other reaction conditions may be readily selected by 

one of ordinary skill in the art based on the present invention. 

Other compounds of the invention can be similarly prepared according to the above-described 

schemes as well as the procedures described in following Intermediates, General Procedures, and 

Examples, as appreciated by those skilled in the art. It should be understood, that the above-described 

15 embodiments and schemes and the following Intermediates, General Procedures, and Examples are 

given by way of illustration, not limitation. Various changes and modifications within the scope of the 

present invention will become apparent to those skilled in the art from the present description. 

Example compounds below were named using ACD Name version 12 (ACD Name vl2). 

Other compounds were named using ChemDraw version 9.0 (v9), unless otherwise indicated as being 

20 named using ACD Name vl2. Both naming programs may provide a chemical name that depends on 

the tautomeric structure chosen for naming. Structures may be shown or named as any chemically 

distinct tautomer. 

For example, the tautomeric structure: 

25 is given the following names: 

(5,)-6!6'-((2j?,5i?)-l~phenylpynTilidine~2s5-diyl)bis(2-(((S)-pyrrolidm-2-yl)-IH-benzo[fl']imidazoie) 

(Chemdraw v9); 

6,6,-[(2R,572)-l-phenyipyrrolidine-2,5-diyl]bis{2-[(25)-pyrrolidin-2-yl]-li/-benzimidazole} (ACD 

Name v 12). 

30 

The tautomeric structure: 
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is given the following names: 

(5)-5,5'-((2i?,5^)-l-phenylpyn"oIidmc-2,5-diyl)bis(2-((5)-pyrrolidin--2-yl)-li7"-benzo[ci]imidazole) 

(Cherndraw v9); 

5 5,5'-[(2Jff,5^)-i-phenylpyrrolidine-2,5~diyl]bis{2-[(2(S)-pyrrolidrn-2'-yl]-l/7-benzimidazole} (ACD 

Name vl2). 

The tautomeric structure: 

10 is given the following names: 

(5)-5,5'-((2j?,5^)-l-phenylpyrrolidine-2,5-diyl)bis(2-((5)-pyiTolidin-2-yl)-l//-benzo[i/]imidazole) 

(Cliemdiaw v9); 

5-[(2j?,5^)-l-phenyl-5-{2-[(25')-pyiTolidiii-2-yl]-U/-bcnzimidazoi-6-yl}pyiTolidin-2-yl]-2-[(2Jy)-

pyrroIidin-2-yl]-l//-benzimidazole (ACD Name vl 2). 

15 Certain compounds in the Examples below can be purified using reverse-phase HPLC. 

Purification can be conducted using either a CI 8 or C8 reverse-phase column. Compounds can be 

eluted using a gradient of about 10-100% acetonitrile in 0.1% aqueous TFA; about 60-100% methanol 

in 10 mM aqueous ammonium acetate; or about 10-95% methanol in 10 mM aqueous ammonium 

acetate. For purifications conducted, with TFA, the product thus obtained may be in the form of a 

20 TFA salt. Compounds may be characterized as the TFA salt or as the free base following 

neutralization, extraction and isolation. 

Certain compounds in the Examples below can be purified using normal phase silica gel 

chromatography including traditional flash chromatography or an automated purification system (e.g., 

Isco Combi-Flash, Analogix intelliflash) using pre-packed, silica gel columns (55 or 35 f.tm silica gel, 

25 Isco gold columns). Compounds can also be purified by prep-TLC. 

Typical solvents for silica gel chromatography include: Ethyl acetate in hexanes, Diethyl 

ether in hexanes, THF in hexanes, Ethyl acetate in methylene chloride, Methanol in methylene 

chloride, Methanol in methylene chloride with NH4OH, Acetone in hexanes, and Methylene chloride 

in hexanes. 

30 

Synthesis of Intermediates 
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Intermediate 1 

(S)-teri-b~aty\ 2-(4-bromo-1 //-imidazol-2-yl)pyrrolidine- i -carboxy late 

5 

Intermediate IA 

(S)-f<?rr-butyl 2-forraylpyiTolid.ine-l -carboxylate 

To an oven-dried 500-mL 3-neck flask purged with nitrogen was added oxalyl chloride (5.32 

mL, 60.8 mmol) and anhydrous dichloromethane (125 mL), and the solution was cooled to -78 °C. A 

10 solution of anhydrous DMSO (7.30 mL, 103 mmol) in anhydrous dichloromethane (25 mL) was 

added, dropwise from a constant-pressure addition funnel over a 20-minute period. A solution of (S)-

lert- butyl 2-(hydroxymethyl)pyrroiidine-l-carboxylate (9.41 g, 46.8 mmol) in anhydrous 

dichloromethane (50 mL) was added dropwise from a constant-pressure addition funnel over a 20-

minute period, and then the reaction mixture was stirred at -78 °C for 30 minutes. Tnethylamine 

15 (32.6 mL, 234 mmol) was added dropwise via syringe over a 5-minute period and the thick white 

mixture was stirred in an ice-water bath for 30 minutes. The reaction was quenched with 10% (w/v) 

aq. citric acid (30 mL). The mixture was partitioned in a scparatory funnel between Et20 (550 mL) 

and 10% (w/v) aq citric acid. The layers were separated, and the organic phase was washed with 

water and brine. The organic phase was dried, over anhydrous Na2S04, filtered, and concentrated to 

20 afford a yellow oil (9.4 g), which was used directly in the next reaction. 

Intermediate IB 

(^-tert-butyl 2-(l/f-imidazol-2-yl)pyrrolidine-l-carboxylate 

The product from Intermediate IA (20 g, 100 mmol) was dissolved in methanol (50.2 mL) 

25 and ammonium hydroxide (50.2 mL) was added. To this solution glyoxal (40% in water; 24.08 mL, 

211 mmol) was added, dropwise, over 10 minutes. The reaction was stirred at room temperature 

overnight. The reaction was concentrated under reduced pressure, diluted with 50 mL of water, and 

then extracted with ethyl acetate. The organic layer was washed with brine, dried (Na2S04) and 

concentrated to a tan solid. The solid was treated with ether and concentrated. The solid was then 

30 triturated with 2:1 diethyl ethenhexanes (150 mL) to afford. 17 g of solid, which was used directly in 

the next reaction. *HNMR (400 MHz, DMSO-cfc) 5 ppm 1.14/1.40 (s, 9H), 1.81-2.12 (m, 4H), 3.32-

3.33 (m, 1H), 3.35-3.50 (m, 1H), 4.72-4.81 (m, 1H), 6.84 (s, 1 H), 11.68 (s, 1 H). 
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Intermediate 1C 

(S)-ieri-butyl 2-(4,5-dibromo~ ] /i"-imiuazol-2-yI)pyi'rolidiiie-1 -carboxylate 

W-Bromosuccmimide (108 mmol) was added to a cold (0 °C) solution of the product from 

Intermediate IB (12.05 g, 50.8 mmol) in dichloromethane (200 mL). The mixture was stirred in ice 

5 bath for 2 hours and then concentrated, dissolved in ethyl acetate (250 mL), washed with water 

(3x150 mL) and brine (1*100 mL), dried (MgS04), and concentrated to very dark residue. The 

residue was mixed with and concentrated from dichloromethane/hexanes (1:1) to get brown solid (-19 

g). The solid, was triturated with ether (-100 mL) and filtered to isolate a tan solid. (13.23 g, 65% 

yield). ]H NMR (400 MHz, CDC13) 6 ppm 1.49 (s, 9 H), 1.86 - 2.17 (m, 3 H), 2.80 - 2.95 (m, 1 H), 

10 3.30 - 3.44 (m, 2 H), 4.85 (del, .7=7.54, 2.55 Hz, 1 H), 10.82 (s, 1 H); MS (DCT+) mfz 394/396/398 

(M+H)\ 

and water (200 mL) in a 1 L round bottom flask equipped with a condenser and glass stopper. A 

solution of sodium sulfite (22.38 g, 174 mmol) in water (200 mL) was added, and the mixture was 

heated at reflux for 16 hours. The reaction mixture was cooled to room temperature, and dioxane and 

some water were removed by rotary evaporation. The residue was extracted with dichloromethane. 

20 The combined organic phases were washed with brine (50 mL), dried over anhydrous Na2S04, 

filtered, and concentrated by rotary evaporation, co-evaporating with 2:1 hexanes/dichloromethane 

(100 mL) to give a beige foam (4.38 g). The foam was dissolved in dichloromethane (2 mL), hexanes 

(2 mL) were added, and the resultant solution was applied to a column, and purified, by silica gel flash 

chromatography eluting with 30% to 80% ethyl acetate/hexanes to afford, the title compoimd as a 

25 white solid (3.48 g). NMR (400 MHz, CDClj) 8 ppm 1.48 (s, 9 H), 1.83 - 2.33 (m, 3 H), 2.79 -

3.02 (m, 1 H), 3.37 (dd, .7=7.10, 5.37 Hz, 2 H), 4.88 (dd, 7=7.59, 2.49 Hz, 1 H), 6.92 (s, 1 H), 10.70 

(brs, 1 H); MS (ESB-) m/z 316/318 (M4-H)"\ 

(5}-2-(methoxycarbonyiamino)-3-methylbutanoic acid 

To (5)-2-amino-3-methylbutanoic acid (57 g, 487 mmol) dissolved in dioxane (277 mL) was 

added a2.V aqueous sodium hydroxide solution (803 mL, 1606 mmol) followed by the dropwise 

addition of methyl chloroformate (75 mL, 973 mmol) over 1 hour which caused warming of the 

15 

Intermediate 1D 

(<S)-/ert-buty 1 2 -(4-bromo- !.//-imid.azol -2 -y l)py rrolid in e-1 -carboxylate 

The product from Intermediate 1C (6.25 g, 15.82 mmol) was dissolved in dioxane (200 mL) 

30 Intermediate 2 
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solution to occur. After the addition, the mixture was heated at 60 °C for 22 hours, then cooled and 

extracted with dichloromethane (400 mL). The resultant aqueous layer was cooled in an ice bath, and 

then 12 N hydrochloric acid was added dropwise until the pH was 2. The resultant mixture was 

stirred at 0 °C for 2 hours, and then the resultant solid was collected by vacuum filtration, and dried in 

5 a vacuum oven lo provide 80g (94%) of the title compound as a colorless solid. !H NMR (400 MHz, 

DMSO-d6) 5 ppm 12.50 (bs, 1H), 7.34 (d, J = 8.6 Hz, 1H), 3.84 (dd, J = 8.6, 6.0 Hz, 1H), 3.54 (s, 3H), 

2.03 (m, 1H), 0.86 (I, J - 7.0 Hz, 6H). 

O 
u N 

n M i NH, 
^ Y - 0 

0 

10 Intermediale 3 

methyl (5)-l-((5)-2-carbamoylpyrrolidin-l-yl)-3-metliyl-l-oxobulan-2-ylcarbamate 

Intermediate 3A 

(5)-pyrrolidine-2-carboxamide hydrochloride salt 

15 To GS)-/err-butyl 2-carbamoylpyrrolidine-l-carboxylate (29.8 g, 139 mmol) was added a 

solution of 4 iVHCl in dioxane (209 mL, 836 mmol), and. the resultant mixture was stirred at room 

temperature for 18 hours. The mixture was then concentrated and triturated with diethyl ether then 

vacuum filtered and dried under vacuum to provide 21.6 g (104%) of the title product as a colorless 

solid. 

20 

Intermediate 3B 

methyl (5)-l-((5)-2-carbamoylpyrrolidin-l-yl)-3-methyl-l-oxobutan-2-ylcarbamate 

Intermediate 3A (21.6 g, 144 mmol), Intermediate 2 (29.1 g, 166 mmol), 1H-

benzo[d][l,2,3]triazol-l-ol hydrate (27.6 g, 180 mmol), A/'-((ethylimino)methylene)-A^A^~ 

25 dimethylpropane-l,3-diamine hydrochloride (34.6 g, 180 mmol) and 4-methylmoTpholine (63.5 mL, 

578 mmol) were dissolved in dichloromethane (960 m.L) and stirred at room temperature for 18 hours. 

The resultant solution was then concentrated to a residue, water was then added and the solution 

extracted with a 25% isopropanol in chloroform solution (2*2000 mL). The organic layer was 

washed, with brine, and then the organic extract was dried over MgS04, then concentrated, to a yellow 

30 oil which was purified, by column chromatography eluting with a gradient of 0-10% methanol in 

dichloromethane to provide 25 g (64%) of the title compound as a colorless solid. 'H NMR (400 

MHz, DMSO-4) 5 ppm 7.28 (m, 2H), 6.81 (s, 1H), 4.24 (dd, J = 8.1, 4.4 Hz, 1H), 4.00 (t, J = 8.4 Hz, 
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1H), 3.75 (m, 1H), 3.55 (m, 1H), 3.50 (s, 3H), 2.02 (m, 1H), 1.97 (m, 2H), 1.80 (m, 2H), 0.92 (d, J = 

6.7 Hz, 3H), 0.86 (d, J = 8.6 Hz, 3H). 

5 Intermediate 4 

methyl (>S>l-((5>2-(5-bromo4//-imidazol-2-yl)pyrrolidin-l~yl)-3-methyl-l-oxobutan-2-yIcarbamale 

Intermediate 4A. 

(5)-5-bromo-2-(pyrrolidm-2-yl)-l //-imidazole hych'ochloride 

10 A mixture of Intermediate ID (5.0g, 15.8 mmol) in 4 M HCl/Dioxane (40 mL) was allowed to 

stir for one hour. The mixture was concentrated to afford 3.99 g (100%) of the title compound. MS 

(ESI) m/z 217 (M+H)+. 

Intermediate 4B 

3 5 methyl (5)-l -(0S)-2-(5-brorno-l //-imidazoi-2-yi)pyrrolidin-l -yl)-3-methyl-l-oxobutan-2-ylcarbamatc 

A mixture of Intermediate 4A (3.99g, 15.8 mmol), Intermediate 2 (2.77 g, 15.8 mmol), N-(3-

dimethylaminopropyl)-.V'-ethylcarbodiimide hydrochloride (3.63 g, 19.0 mmol), 1-hydroxy-

benzotriazole hydrate (2.90 g, 19.0 mmol) and N-mcthylmorpholine (12.2 mL, 111.0 mmol) in DMF 

(150 mL) were allowed to stir overnight. The mixture was diluted with H^O and extracted with 

20 EtOAc (3x300 mL). The organic was washed with H20 and brine. The organic phase was then dried 

(M.gS04), filtered and concentrated. Purification by chromatography (silica gel, 75% EtOAc in 

hexanes) afforded 5.2 g (88%) of the title compound. !H NMR (400 MHz, DMSO-d$) 5 ppm 0.79 

(dd, 7=6.67, 3.63 Hz, 6 H), 1.84 - 1.96 (m, 3 H), 2.02 - 2.14 (m, 2 H), 3.51 (s, 3 H), 3.66 - 3.80 (m, 2 

H), 3.96 - 4.03 (m, J H), 4.91 - 4.99 (m, 1 H), 7.06 (d, 7=1.52 Hz, 1 H), 7.26 (d, 7-8.46 Hz, 1 H), 

25 12.01 (s, 1 H); MS (ESI) m/z 373 (M+H)"1". 

Intermediate 5 

(15,45')-l,4-bis(4-chloro-3-nitrophenyl)butane-l,4-diyl dimethanesulfbnate 

30 
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Intermediate 5A 

2-bromo-i-(4-chjoro-3-mlropljenyl)elharione 

Method A: 

To a flask equipped with a magnetic stir bar and under an atmosphere of N2 was added 4'-

5 chloro-3'-nitroacetophenone (10.0 g, 50.1 mmol) and THF (100 mL). To this stirring mixture was 

added portion-wise phenyltrimethylammonium tribromide (19.78 g, 52.6 mmol) over a 15 minutes 

time period. The resultant mixture was then stirred with monitoring every hour via LCMS. After 3 

hours, the mixture was then filtered and resulting solids washed with EtOAc. The organic solution 

was then concentrated, H20 and 10% aq. NaHCOj were added, and the mixture was washed with 

10 EtOAc (2*300 mL). The combined organic layers were then washed with brine, dried (MgSO^), 

filtered and concentrated. The residue material was then subjected to purification via crystallization. 

The residue was dissolved in EtOAc (100 mL) and hexanes were slowly added until the mixture was 

cloudy. After standing for a few hours, 2-bromo-l-(4-chloro-3-nitroplienyl)ethanone (9.81 g, 70%) 

was collected as an off white colored solid product. 'H NMR (500 MHz, DMSO-^) 5 ppm 5.00 (s, 2 

15 H) 7.98 (d, J-8.54 Hz, 1 H) 8.24 (dd, 1=8.54, 2.14 Hz, 1 H)8.61 (d, J=1.98Hz, 1 H). 

Method B: 

In a 500 mL round-bottomed, flask was added 1 -(4-chloro-3-nitrophenyl)ethanone (11.98 g, 

60 mmol) in benzene (75 mL) to give a white suspension. Bromine (9.59 g, 60.0 mmol) was added 

20 dropwise over 5 minutes to give a deep red solution. The mixture was stirred for 1 hour to give a 

yellow solution that was concentrated in vacuo to a yellow solid. Recrystallized from 9:1 

hexane/ethyl acetate gave 2-bromo-l-(4-chloro-3-nilrophenyl)ethanone as yellow needles. 

Intermediate 5B 

25 l,4-bis(4-chloro-3-nitrophenyl)butanc-l ,4-dione 

Zinc (II) chloride (14.68 g, 108 mmol) was added to toluene (81 mL) followed by 

diethylaraine (8.35 mL, 81 mmol) and z<?r/-butanol (7.73 mL, 81 mmol). The resultant heterogeneous 

solution was stirred at room temperature for approximately 2 hours. Afterwards Intermediate 5A 

(15.0 g, 53.9 mmol) and 4'-chloro-3'-nitroacetophenone (16.13 g, 81 mmol) were added to the 

30 solution in one portion, and the resultant mixture was stirred at room temperature for 42 hours. The 

reaction was then quenched with 5% aqueous sulfuric acid (500 mL) and stirred vigorously to induce 

solid formation. The resultant solid was collected by vacuum filtration, then washed with toluene, 

water, and methanol successively. Then the solid was added, to a solution of hot ethyl acetate and 

resulting heterogeneous solution was stirred for 30 minutes. The solid was then collected and dried 

35 overnight in a vacuum oven to provide 16.6 g (78%) of the title compound. ]H NMR (400 MHz, 
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DMSO-4) 8 8.61 (d, J = 1.9 Hz, 2H), 8.27 (dd, J = 8.4,1.9 Hz, 2H), 7.96 (d, J = 8.3 Hz, 2H), 3.48 (s, 

4H). 

Intermediate 5C 

5 (1^4^-1,4-bis(4-chloro-3-nitrophenyl)butane-l ,4-diol 

(i?)-(+)-a,a-Diphenyl-2-pyrrolidinemelhanol (1.08g, 4.28mmol) was dissolved in 70 mL of 

THF at ambient temperature in a day flask under nitrogen and triraethyl borate (650 uL, 5,54 mmol) 

was added dropwise. The resulting solution was stirred for 1 hour. The solution was cooled in a cold 

bath to ~ 10 °C and the /V^-diethylanilme borane (9.18 mL, 51.6 mmol) was added dropwise with 

10 some bubbling. After 15 minutes, this solution was transferred to an addition funnel and added 

dropwise to l,4-bis(4-chloro-3-nitrophenyl)butane-l,4-dione (Intermediate 5B) (10.Og, 25.2 mmol) 

suspended in 200 mL of THF and coolcd to ~ 10 °C. Bubbling was observed . After the addition, the 

mixture was stirred at ambient temperature for 4 hours. The mixture was coolcd in an ice bath and 30 

mL or methanol was added dropwise until bubbling stopped, then the mixture was allowed, to stir at 

15 ambient temperature for 30 minutes. The mixture was filtered to get rid of a trace of insoluble 

unreacted starting material. The filtrate was concentrated, poured into 1 M HCl and extracted into 

ethyl acetate, dried over sodium sulfate, and concentrated to give the title compound (9.9 g, 99%) as a 

yellow waxy solid. Chiral HPLC e.e. >99.9% (RR diol was undetectable). ]H NMR (400 MHz, 

DMSO-cfe) 8 ppm 7.94 (d, J - 1.9 Hz, 2H), 7.69 (d, J - 8.4 Hz, 2H), 7.60 (dd, J = 8.4, 1.9 Hz, 2H), 

20 4.65 (m, 2H), 1.62 (m, 4H). 

Intermediate 5D 

(l1S',45)-l,4-bis(4-chloro-3-niti-ophenyl)butane-l,4-diyi dimethanesulfonate 

In a 1 L round-bottomed, flask containing Intermediate 5C (20.0 g, 49.9 mmol) was added 310 

mL of dichloromethane with stirring and cooling in an ice bath. To the slurry was added 

25 triethyiamine (20.84 mL, 150 mmol) and. after 10 minutes stirring in the ice bath, a solution of 

methanesulfonyl chloride (8.5 mL, 110 mmol) in dichloromethane (10 mL) was added dropwise to the 

reaction. Alter complete addition, the flask was removed from the ice bath and stirred at room 

temperature for 3 hours. To the reaction was added water (400 mL) with vigorous stirring for 20 

minutes. The solid was collected, by filtration and washed thoroughly with water dichloromethane 

30 and. diethyl ether. The solid was dried overnight in a vacuum drying oven at 60 °C to provide a white 

solid (20.49 g, 73.7% yield). 'H NMR (400 MHz, DMSO-d6) 8 ppm 1.81-1.91 (m, 2 H) 2.06 (m, 2 

H) 3.18 (s, 6 H) 5.73 - 5.84 (m, 2 H) 7.71 - 7.77 (m, 2 H) 7.80 - 7.85 (m, 2 H) 8.13 (d, 7=1.74 Hz, 2 

H). 
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Intermediate 5.1 

(li?,4i?)-1,4-bis(4-chloro-3-nitrophenyl)butane-1,4-diol 

(]i?,47?)-l ,4-bis(4-chloro-3-nitrophenyl)butane-l,4-d.iol can be prepared using OS)-(-)-a,a-

dipheny!-2-pyiTo!idincnicthano1 and the mclhod of Intennediate 5C. 

Intermediate 5.2 

(li?,4^)-i,4-bis(4-chloro-3-nitrophenyl)butane-l,4-diyl dimethanesulfonate 

(li?,4/^)-l,4-bis(4-chloro-3-nitrophenyl)butane-l,4-diol can be transformed to (iRARj-1,4-

bis(4-chloro-3-nitrophenyl)butane-l,4-diyl dimethanesulfonate as described under Intermediate 5D. 

Anhydrous zinc(II)chloride (2.73 g, 20.00 mmol) was stirred in dry benzene (15 mL) while 

diethylamine (1.558 mL, 15.00 mmol) and ?-butanol (1.435 mL, 15.00 mmol) were added, and the 

resulting mixture was stirred at room temperature for 90 minutes to give a cloudy solution. To this 

mixture was added 2-bromo-l-(4-nitrophenyl)ethanone (2.44 g, 10.00 mmol) and l-(4-

nitrophenyl)ethanone (2.477 g, 15.00 mmol), and the resulting mixture was stirred at room 

temperature overnight. The mixture was poured into water (50 mL) and extracted with ethyl acetate 

(3x50 mL). The combined organic layers were dried over Na2S04, filtered and concentrated. The 

resulting residue was triturated with dichloromethane to give an orange solid that was collected by 

filtration and dried to give the title compound (2.0 g, 61% yield). 

OMs 

N—/ OMs 

Intennediate 6 

(\RAR)-l ,4-bis(4-nitrophenyl)butane-l ,4-diyl dimethanesulfonate 

Intermediate 6A 

l,4-Bis(4-nitrophenyl)butane-l,4-dione 
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Intermediate 6B 

^ 1 iV,'4/V J- 1 j-r-UlS^T-iliU UjJliVil V 1 yuuuiue- x ,-t-uiui 

To (fS)-(-)-asa-diphenyl-2-pyrrolidinemethanol (2.71 g, 10.70 rmnol) was added THF (80 mL) 

at 23 °C. The very thin suspension was treated with trimethyl borate (1.44 g, 13.86 mmol) over 30 

5 seconds, and the resulting solution was mixed at 23 °C for 1 hour. The solution was cooled to 1.6-19 

°C, and A^V-diethylaniline borane (21.45 g, 132 mmol) was added dropwise via syringe over 3-5 

minutes (caution; vigorous H2 evolution), while the internal temperature was maintained at 16-19 °C. 

After 15 minutes, the H2 evolution had ceased. To a separate vessel was added the product from 

Example 6A (22.04 g, 95 wt%, 63.8 mmol), followed by THF (80 mL), to fonn an orange slurry. 

10 After cooling the slurry to 11 °C, the borane solution was transferred via cannula into the dione slurry 

over 3-5 minutes. During this period., the internal temperature of the slurry rose to 16 °C. After the 

addition was complete, the reaction was maintained at 20-27 °C for an additional 2.5 hours. After 

reaction completion, the mixture was cooled to 5 °C and methanol (16.7 g, 521 mmol) was added 

dropwise over 5-10 minutes, maintaining an internal temperature <20 °C (note: vigorous H? 

15 evolution). After the exothcrm had. ceased (ca. 10 minutes), the temperature was adjusted to 23 °C, 

and the reaction was mixed until complete dissolution of the solids had occurred. Ethyl acetate (300 

mL) and 1 M HCl (120 mL) were added, and the phases were separated. The organic phase was then 

washed successively with 1 M HCl (2x120 mL), H20 (65 mL), and. 10% aq. NaCl (65 mL). The 

organics were dried over MgS04, filtered, and concentrated in vacuo. Crystallization of the product 

20 occurred during the concentration. The slurry was warmed to 50 °C, and heptane (250 mL) was 

added over 15 minutes. The slurry was then allowed to mix at 23 °C for 30 minutes and. filtered. The 

wet cake was washed with 3:1 heplane:ethyl acetate (75 mL), and the orange, crystalline solids were 

dried at 45 °C for 24 hours to provide the title compound (15.35 g, 99.3% ee, 61% yield), which was 

contaminated, with 11 % of the meso isomer (vs. dl isomer). 

25 

Intermediate 6C 

(li?,4j?)-l,4-bis(4-nilrophenyl)bulane-l ,4-diyl dimethanesulfonate 

The product from Intermediate 6B (5.01 g, 13.39 mmol) was combined, with 2-

methyltetrahydrofuran (70 mL) and cooled to -5 °C, and AW-diisopropylethylamine (6.81 g, 52.7 

30 mmol) was added, over 30 seconds. Separately, a solution of methanesulfonic anhydride (6.01 g, 34.5 

mmol) in 2-methyltetrahydrofuran (30 mL) was prepared and added to the diol slurry over 3 minutes, 

maintaining the internal temperature between -15 °C and -25 °C. After mixing for 5 minutes at -15 

°C, the cooling bath was removed and the reaction was allowed to warm slowly to 23 °C and mixed 

for 30 minutes. After reaction completion, the crude slurry is used directly without purification or 

35 isolation. 
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Br 

Intermediate 7 

((]/^4i?)-l,4-bis(4-bromophenyl)butane-l,4-diyl dimethanesulfonate 

C 
j Intermediate 7A 

l,4-bis(4-bromophenyl)butane-l,4-dione 

To a solution of zinc(II) chloride (19.62 g, 344 mmol) in benzene (108 mL) were added 

dietliylamine (11.16 mL, 108 mmol) and 2-methylpropan-2-ol (10.32 mL, 108 mmol) and the mixture 

was stirred at room temperature for 2 hours. 2-Bromo-l-(4-bromophenyl)clhanone (20.0 g, (72 

10 mmol) and l-(4-bromophenyl)ethanone (21.48 g, 108 mmol) were added in one portion, and the 

mixture was stirred overnight (18 hours). The reaction mixture was quenched with 5% H2SO4 (500 

mL) and stirred vigorously to induce precipitation of the product, which was collected by vacuum 

filtration and washed with benzene, water, methanol, and then dichloromethane, successively. The 

product was dried under vacuum to give the title compound as a white solid (11.15 g, 39.1 % yield). 

Intermediate 7B 

(l/?,4/?)-l,4-bis(4-bromophenyl)butane-l ,4-diol 

To (5)-(-)-a,a-diphenyi-2-pyiTolidincmethanol (3.81 g, 15.04 mmol) was added THF (140 

mL) at 23 °C. The thin slurry was treated with trimethyl borate (2.189 mL, 19.63 mmol) to form a 

20 clear solution. After stirring for 1.5 hours, the solution was cooled to 10-15 °C, and N,N-

diethylanilme borane (33.1 mL, 186 mmol) was added over 5-10 minutes via a syringe. A slight 

exolherm and H2 evolution were observed. To a separate vessel was charged Intermediate 7A (35.045 

g, 88 mmol), followed, by THF (140 mL), to form a slurry. The slurry was cooled to 10 °C. The 

coolcd borane solution was transferred via cannula into the dione slurry over approximately 5 

25 minutes, maintaining the internal temperature <25 °C. After the transfer was complete, the slurry was 

held at 15 °C for 5 minutes and then the temperature was maintained, at 23 °C for 3 hours. After 

reaction completion, the solution was cooled to 5 °C, and methanol (31.6 mL, 780 mmol) was added 

slowly lo maintain a temperature <20 °C {note: vigorous evolution of hydrogen). The hazy solution 

was mixed, for an additional 1 hour in order to ensure complete quenching. The hazy solution was 

30 diluted with EtOAc (500 mL) and 1 M HCl (220 mL). The phases were separated, and the organic 

phase was washed successively with 1 M HCl (2x220 mL), H2O (110 mL), and 25% aq. NaCl (110 

mL). The organic layer was concentrated in vacuo; then the residue was dissolved in EtOAc, filtered, 

15 
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concentrated and crystallized from EtOAc/hexane to provide the title compoimd (16.92 g; 100% ee; 
n~m/ *t / /o isuicii-eu yiuiuj. 

Intermediate 7C 

5 (IR,4R)~1,4-bis(4-bromopheny l)butane-1,4-d.iy 1 dimethanesulfonate 

To Intermediate 7B (0.60 g, 1.500 mmol) in anhydrous CH2CI2 (15 mL) at 0 °C was added 

Et;.N (0.627 mL, 4.50 mmol), and the resulting mixture was stirred at 0 °C for 10 minutes until a 

homogenous solution was obtained. To the cooled solution was added methanesulfonyl chloride 

(0.292 mL, 3.75 mmol) dropwise, and the resulting mixture was stirred at 0 °C for 1.5 hours until the 

10 reaction was complete as determined by TLC (1:1 ElOAc:hexanes). Solvent was removed in vacuo to 

give a solid, which was dried in vacuo. 

Intermediate 8 

15 (2^,45)-1 -(^^-butoxycarbonyl)-4-(zert-butyldimethylsily]oxy)pyn"olidine-2-carboxylic acid 

(25,45^-1 -(/c-?rZ-Biitoxycarbonyl)-4-hydroxypyrrolidine-2-carboxyIic acid. (5.31 g, 22.96 

mmol) and imidazole (7.82 g, 115 mmol) were combined in dichloromethane (106 mL) and 

dimethylformamide (22 mL) at ambient temperature and treated with portionwise addition of lerl-

butylchlorodimetliylsilane (7.61 g, 50.5 mmol). The mixture was stirred for 18 hours then diluted 

20 with water and extracted into ethyl acetate and concentrated, to provide the title compound. 

0 

Intermediate 9 

(5r)-l-((>S,)-2-(methoxycarbonylamino)-3-methylbutanoyl)pyn'olidine-2-carboxylic acid 

25 Intermediate 2 (150 g, 856 mmol), HOBt hydrate (138 g, 899 mmol) and DMF (1500 mL) 

were charged to a flask. The mixture was stirred for 15 minutes to give a clear solution. EDC 

hydrochloride (172 g, 899 mmol) was charged and mixed for 20 minutes. The mixture was cooled to 

13 °C and (L)-prolinc benzyl ester hydrochloride (207 g, 856 mmol) charged. Triethylamine (109 g, 

1079 mmol) was then charged in 30 minutes. The resulting suspension was mixed at room 

30 temperature for 1.5 hours. The reaction mixture was cooled, to 15 °C and 1500 mL of 6.7% MaHCO? 
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charged in 1.5 hours, followed by the addition of 1200 mL of water over 60 minutes. The mixture 

was stirred at room temperature for 30 minutes, an then it was filtered and washed with water/DMF 

mixture (1:2, 250 mL) and then with water (1500 mL). The wet cake was dried at 55 °C for 24 hours 

to give 282 g of product (^-benzyl l-((5)-2-(methoxycarbonylamino)-3-methylbutanoyi)pyrrolidine-

5 2-carboxylate as a white solid (90%). 

(,S)-Benzyl l-((5)-2-(methoxycarbonylamino)-3-rnethylbulanoyl)pyrrolidine-2-carboxylate 

(40 g) and 5% Pd/Alumina were charged to a Parr reactor followed by THF (160 mL). The reactor 

was sealed and purged with nitrogen (6X20 psig) followed by a hydrogen purge (6*30 psig). The 

reactor was pressurized to 30 psig with hydrogen and agitated at room temperature for approximately 

10 15 hours. The resulting slurry was filtered through a GF/F filter and concentrated to approximately 

135 g solution. Heptane (120 mL) was added, and the solution was stirred until solids formed. After 

an addition 2-3 hours, additional heptane (240 mL) was added drop-wise, the slurry was stirred for 

approximately 1 hour, then filtered. The solids were dried to afford the title compound (S)-l-((S)-2-

(metlioxycarbonylamino)-3-methylbutanoyl)pyrrolid.ine-2-carboxylic acid. 

15 

Intermediate 10 

4-Cyclohexyl-3-fluoroaniline hydrochloride 

Intermediate 1 OA 

20 3-Fluoro-4-iodoaniline 

To a suspension of 3-fluoroaniline (1.0 mL, 1.16 g, 10.39 mmol) and solid sodium 

bicarbonate (1.75 g, 20.79 mmol) in 1:1 methanol-dichloromethane (20 mL) at 0 °C was added a 

solution of benzyl trimethylammonium dichloroiodate (3.62 g, 10.39 mmol) in dichloromethane (15 

mL) over 30 minutes. The mixture was then allowed to wann to room temperature for 1 hour. The 

25 mixture was quenched by addition of water and the organic layer was extracted with water (2x). 

Drying (Na2S04) and concentration in vacuo afforded an oil, which was chromatographed over a 100 

g silica gel cartridge, eluting with 10-100% ethyl acetate in hexanes. These procedures afforded the 

title compoimd (2.20 g, 89%) as a pink solid. lH NMR (400 MHz, CDC13) 6 ppm 7.41 (dd, J = 8.3, 

7.3 Hz, 1 H), 6.42 (d6,J= 9.9, 2.5 Hz, 1 H), 6.27 (dd,./= 8.5, 2.5 Hz, 1 H), 3.81 (s,2H); MS +ESI 

30 m/z (rel abundance) 238 (100, M+H). 

Intermediate 10B 

4-(Cyclohexen-1 -y l)-3-fluoroaniline 

The procedure to prepare the title compound is described in General Procedure 1.2A. 

35 

Intermediate 10C 
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4-Cyclohexyl-3-fluoroaniline hydrochloride 
A ~ .c / ... \ ~i- 1 _.1\ o D i-1 r*_.. - - >3........ - i A \ /1 ! /* /f AT /•v solution ui ^-(cyuiuilcXcii-i-yxj-^-iiuuJUiiiimiic (vjcnciai rioccuuic I.X/AJ \I.LK) u.u/ 

mmol) in ethanol (30 mL) was treated with 10% palladium on carbon (300 mg) followed by 

hydrogenation at one atmosphere for 18 hours. The mixture was filtered through diatomaeeous earth 

5 and concentrated to about one quarter volume and treated with a solution of hydrogen chloride in 

dioxane (4 ;V, 10 mL). The mixture was then partially concentrated in vacuo to about one quarter 

volume and diluted with ether (ca. 100 mL) and the solids were collected by filtration. After drying 

in a vacuum oven at 50 °C for 3 hours, these procedures afforded the title compound (1.13 g, 81%) as 

a light grey solid. 'H NMR (400 MHz, DMSO-d6) 6 ppm 7.35 (I, .7-8.1 Hz, 1 H), 7.03 (d, J = 9.4 

10 Hz, 2 H), 2.76 (dd,./ = 15.6, 6.9 Hz, 1 H), 1.74 (m, 5 H), 1.40 (m, 4 H), 1.21 (m, 1 H). MS (DCI+) 

m/z (re! abundance) 194 (100, M+H), 211 (67, M+NH4). 

Intermediate 11A 

jV-(4-bromo-5-fhaoro-2~nitrophenyl)-2,2,24rifluoroacetamide 

15 To a flask containing trifluoroacetic anhydride (10.0 mL, 70.5 mmol) at 0 °C was added 4-

bromo-3-fluoroaniline (2.0,g, 10.5 mmol) and stirring was continued for 30 minutes (Charifson, P.S.; 

et al. J. Med. Chem. 2008, 51, 5243-5263). Potassium nitrate (1.3 g, 12.6 mmol) was added and the 

solution was allowed to warm to 25 °C. The solution was concentrated, the residue dissolved in 

EtOAc and washed with 10% NaHCOi, brine, dried (Na2S04), and filtered. The filtrate was 

20 concentrated to give the title compoimd (3.5 g, 10.5 mmol, 100%). 

Intermediate 11B 

4-bromo-5-flnoro-2-nitroaniline 

To /V-(4-bromo-5-fluoro-2-nitrophenyl)-2,2,2-trifluoroacetamide (3.5 g, 10.5 mmol) was 

25 added CH3OH (30mL) followed by 1.0 MK2C03 (10.5mL, 10.5 mmol), and the solution was stirred 

for 30 minutes (Charifson, P.S.; et al. J. Med. Chem. 2008, 51, 5243-5263). The solution was diluted 

with H20 and stirred for 1 hour. The resulting orange solid was collected by filtration and dried in a 

vacuum oven to give the title compound (2.1,g, 8.8 mmol, 84%). 

30 Intermediate 11C 

4-bromo-5-fluorobenzene-l,2-diamine 

To a solution of 4-bromo-5-fluoro-2-nitroaniline (1.0 g, 4.3 mmol) in THF (9.0mL), EtOH 

(9.0 mL) and H20 (3 mL) was added iron powder (1.2 g, 21.3 mmol) and ammonium chloride (0.34 g, 

6.4 mmol), and the mixture was heated at 95 °C for 4 hours. The cooled mixture was diluted with 

35 EtOH, filtered through diatomaeeous earth until no further color came through the filter, and 

concentrated. The residue was dissolved in EtOAc, washed with H20, brine, dried (Na2S04), filtered 
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and concentrated. Hexane was added and the resulting solid collected by filtration to give the title 
A rn 1 A o e ~ 1 oio/\ 

WJJiiJJUUUU 1U iJig> J.J Oi /0/. 

Intennediate 12 

5 4-bromo-3-chlorobenzene-l ,2-diamine 

Intennediate 12A 

4-bromo-3-chloro-2-nitroaniline 

3-Chloro-2-nitroaniline (5.00 g, 29.0 mmol) was dissolved in glacial acetic Acid (258 mL). 

10 iV-Bromosuccinimide (5.06 g, 28.4 mmol) was added and the resulting mixture was refluxed for 1 

hour. The reaction was cooled to room temperature and poured into water to give a precipitate that 

was filtered, rinsed with water and dried to constant weight to give the title compound (4.78 g, 67%). 

'H NMR (400 MHz, CDCL3) 8 ppm 7.46 (d, J= 9.0, 1H)» 6.64 (d, 9.0,1H), 4.74 (s, 2H). 

15 Intermediate 1213 

4-bromo-3-chlorobenzene-l,2-diamine 

4-Bromo-3-chloro-2-nitroaniline (4.78 g, 19.01 mmol) was dissolved in ethanol (112 mL). 

Tin (II) chloride (14.42 g, 76 mmol) was added, and the resulting mixture was stirred at reflux for 12 

hours. The mixture was cooled to room temperature, poured into water, and adjusted to pH 5 with 

20 saturated sodium bicarbonate solution. The resulting solid was filtered and rinsed well with ethyl 

acetate. The filtrate was washed with water and brine, dried over Na2SC>4, filtered and concentrated in 

vacuo. The crude product was purified by column chromatography on silica gel using a solvent 

gradient of 0-50% EtOAc in hexane to give the title compound (3.32 g, 79%). ]H NMR (400 MHz, 

CDC!3) 6 ppm 6.94 (d, 1H), 6.51 (d, .7=7.0, IH), 3.87 (br s, 2H), 3.46 (br s, 2H). 

25 

Intermediate 13 

4-bromo-3-methylbenzene-1,2-diamine 

Intermediate 13A 

30 jV-(3-bronio-2-methy]-6-nitrophenyl)-2,2,2-trifluoroacetamidc 

To a solution of 3-bromo-2-methylaniline (1.0 g, 5.37 mmol) in CH2CI2 (4.0 mL) at 0 °C was 

added trifluoroacetic anhydride (2.0 mL, 14.2 mmol). The mixture was stirred at 0 °C for 30 minutes, 

and solid potassium nitrate (0.679 g, 6.72 mmol) was added. The cooling bath was removed, and the 

mixture was stirred at room temperature overnight. LCMS showed a single product formed. The 

35 mixture was concentrated in vacuo, and the residue was partitioned between water and CH2C12 (2*). 
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The organic layers were combined and dried over Nay.SCU. The drying agent was filtered off and the 

crude product was punficd by crystallization from aq BtOH lo give the title compound. (1.3 g, 74%). 

Intennediate 13B 

5 3-bromo-2-melhyl-6-nitroaniline 

A solution of 7V-(3-bromo-2-methyl-6-nitrophenyl)-2,2,2-tnfluoroacetairiide (1.3 g, 3.97 

mmol) in CH3OH (30 mL) was treated with potassium carbonate (1.099 g, 7.95 mmol), and the 

mixture was stirred at 50 °C overnight. The mixture was cooled, to room temperature and poured into 

water, IN aq HCl was added, to adjust to pH 6, and the mixture was extracted with CH2C12 (3X). The 

10 combined extracts were dried over Na2S04, and the drying agent was filtered off and solvent was 

removed in vacuo to give the title compound as a yellow solid (0.57 g, 62%). 

Intermediate 13C 

4-bromo-3-methylbenzene-l,2-diamine 

15 To a solution of 3-bromo-2-mcthyl-6-nilroanilinc (0.45 g, 1.95 mmol) in EtOH (6 mL) was 

added tin(II) chloride (1.48 g, 7.8 mmol), and the resulting solution was sliiTed at 70 °C for 4 hours. 

The mixture was cooled lo room temperature and poured into water, and 1 N aq. NaOH was added to 

adjust to pH>7. The resulting mixture was extracted with CH2C12 (2*), and the combined extracts 

were dried over Na2S04. The drying agent was filtered off and. solvent was removed in vacuo to give 

20 the title compound as an oil (0.34 g, 88%). 

Intermediate 14 

5-bromo-3 -fluorobenzene-1,2-diamine 

To a solution of 4-bromo-2-fluoro-6-nitroaniline (0.5 g, 2.1 mmol) in THF (4.6 mL), EtOH 

25 (4.6 mL) and H20 (1.5 mL) was added iron powder (0.6 g, 10.6 mmol) and ammonium chloride (0.17 

g, 3.2 mmol). The resulting mixture was stirred at 95 °C for 22 hours. The mixture was cooled to 

room temperature and filtered through diatomaeeous earth. The solid was washed with EtOH until no 

further color came through the filter. The filtrate was concentrated, and the residue was dissolved in 

EtOAc, washed with H20 and brine, dried over Na2S04, filtered and concentrated to give the title 

30 compound (0.43 g, 99%) as a brown, waxy solid. 

Intermediate 15 

4-bromo-3-fluorobenzene-1,2-diamine 

35 Intennediate 15 A 

3-fluoro-2-nitroaniline 
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To a pressure tube was added l,3-difluoro-2-nitrobeiizene (2.8 mL, 26.4 mmol) and 7 /VNH3 
PTI ATT /in — t TA ~1\ 4..U~ j . j -4. 

Ill K^l'l^Kjn {iV /U iiiiliUi;. ilic tuuc W<a^ &C<liCU CtilU UiC HiiAtUiC MiUCU *U iUUiU tUUljJCifcttUiC 

for 5 days. The solution was diluted with H20, extracted with CH2Cl2, and the combined extracts 

were washed with brine, dried over Na2S04, filtered and concentrated to give an oil. The oil was 

5 triturated, with hexane and the resulting orange solid was collected by filtration to give the title 

compound (2.1 g, 51%). 

Intermediate 15B 

4-bromo-3-fluoro-2-nitroaniline 

10 To a solution of 3-fluoro-2-nitroanilme (2.1 g, 13.4 mmol) in DMF (30 mL) at 0 °C was 

added a solution of N-bromosuccinimide (2.4 g, 13.4 mmol) in DMF (20 mL). The resulting solution 

was stirred, at 0 °C for 30 minutes and then warmed to room temperature over 1. hour. The solution 

was diluted with EtOAc, washed with H?0 and brine, dried, over MgS04, filtered and conccntrated to 

give the title compound (3.1 g, 97%). 

15 

Intennediate 15C 

4-bromo-3-fluorobenzene-l,2-diamine 

To a solution of 4-bromo-3-fluoro-2-nitroaniline (3.0 g, 12.8 mmol) in THF (30 mL) was 

added EtOH (30 mL) and H20 (10 mL) followed by iron powder (3.6 g, 63.8 mmol) and ammonium 

20 chloride (1.0 g, 19.2 mmol). The resulting mixture was stirred at 80 °C for 1.6 hours. The mixture 

was cooled to room temperature and filtered through diatomaeeous earth. The solid was washed with 

EtOH until 110 further color came through the filter. The filtrate was concentrated in vacuo and the 

crude product was purified by column chromatography on silica gel using a solvent gradient of 0-40% 

EtOAc in hexane to give the title compound (2.2 g, 84%). 

25 

Intermediate 16 

4-cyelopropyT2-fluoroanilme 

4-Cyclopropyl-2-fluoro4-nitrobenzene (prepared as described in General Procedure 1.2C) 

(2.2 g, 12.14mmol) was dissolved in 7 mL of an ethanol:THF:water 3:3:1 (v/v) mixture. To this was 

30 added ammonium chloride (1.02 g, 19.07 mmol) followed by iron powder (3.50 g, 62.7mmol). The 

resulting mixture was heated, in a 90 °C oil bath under a nitrogen atmosphere with rapid stirring for 

one hour. The reaction mixture was vacuum filtered through a sand and diatomaeeous earth plug. 

The filtrate was concentrated in vacuo and the residue partitioned between dichloromethane and 

water. The organic phase was washed with brine, dried (MgS04) and concentrated in vacuo to 

35 provide an orange oil (1.90 g). 
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Intermediate 17 

5 Intermediate I7A 

ethyl 2-(methoxycarbonylamino)-3-methylhut-2-enoate 
A benzene solution (90 mL) of ethyl-3-methyl-2-oxobulanoate (4.03 g, 28.0 mmol), methyl 

carbamate (2.098g, 28.0 mmol) and pyridine 4-methylbenzenesulfonate (0.70 g, 2.80 mmol) was 
heated to reflux in a round bottom flask equipped with a Dean-Stark trap and reflux condenser. After 

10 44hours of heating the mixture was cooled and then partitioned between ethyl acetate (50mL) and 
brine (50 mL). The organic phase was washed with brine (2*50 mL) then dried (MgS04) and 
concentrated in vacuo. The crude product was purified by chromatography on silica gel (ethyl 
acetate-liexanes) to provide the title compound as an off white crystalline solid (1.487 g, 26% ). 

The product from Intennediate 17A (0.373 g, 1.85 mmol) was dissolved in 2 mL of a 1:1 (v/v) 
ethanokwater mixture at room temperature. To this was added lithium hydroxide (0.095 g, 3.99 

20 mmol) in one portion. After stirring overnight, the reaction mixture was partitioned between ethyl 
acetate (25 mL) and 1 N HCl (5 mL) to which was added solid NaCl. The aqueous phase was 
extracted with ethyl acetate one time and the combined organics washed with brine (3X5 mL) then 
dried (MgS04) and concentrated to give the title compound (0.289 g, 90%) as an off white solid 
sufficiently pure for use as isolated. 

H O 

15 
Intermediate 17B 

2-(methoxycarbonylamino)-3-methylbut-2-enoic acid 

25 
H 

Intermediate 18 
(2S.38.S,6'&S)-iert-buty\ 2-carbamoylhexahydrocyclopenta[b]pyrrole-l(2H)-carboxylate 
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Intennediate 18A 

(25,3a5,,6balS)-2-benzyl 1-tert-butyl hexahydrocyc]openta[b]pyrrole-l,2(2H)-dicarboxylate 

To a suspension of C21S\3R,S,,6a5>benzyI octahydroeyciopenla[£>]pyrroIe-2-carboxylate 

5 hydrochloride (2.0 g, 7.10 mmol) in dichloromethane (36 mL) at room temperature was added di-leri-

butyl dicarbonate (1.7 Og, 7.81 mmol) followed by triethylamine (2.18 mL, 15.62 mmol). The 

solution rapidly becomes homogeneous along with vigorous gas evolution which quickly subsides. 

After two hours, the mixture was diluted with dichloromethane, washed with brine (3X60 mL), dried 

(MgS04) and concentrated. The crude product was purified by chromatography on silica gel (ethyl 

10 acetate-hexanes) to give the title compound (2.58 g, quantitative) as a clear oil. 

Intennediate 18B 

(2S,3a.S,6a.S)-1 -(zm-butoxycarbonyl)octahydrocyclopenta[b]pyrrole-2-carboxylie acid 

15 The product from Intermediate 18A (2.45 g, 7.1 mmol) was dissolved in methanol (35 mL) at 

room temperature. To this was added Pcarlman's catalyst (0.153 g ) followed by vacuum degassing 

(3X) and hydrogen addition (balloon). After one hour, the reaction mixture was vacuum filtered, 

through diatomaeeous earth and the filtrate concentrated to give a clear thick oil (3.89 g, quantitative) 

which was sufficiently pure for use as isolated. 

20 

Intennediate 18C 

(2S\3a.S,6aS)-u-'ri-bu.ty\ 2-carbamoylhexahydroeyclopenta[b]pyrrole-l(2H.)-carboxylate 

The product from Intermediate 18B (1.81 g, 7.1 mmol) was dissolved, in THF (40 mL) at 

25 room temperature under nitrogen. To this was added iV-methyl morpholine (1.0 mL, 9.09 mmol) and 

the resulting solution was cooled to -15 °C. To the cold solution was added isobutylchloroformate 
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(1.03 mL, 7.81 mmol) dropwise via syringe. A while precipitate forms at once. On completion of the 

audition, the mixture was allowed to stir in the cold for twenty iiiiiiuies. AiTiniOiiia gas was then 

introduced by bubbling through the mixture for two minutes with additional cooling. On completion 

of the addition, the reaction was allowed to warm to ice bath temperature and stir for one half hour 

5 and then warmed to room temperature. After fifteen minutes at room temperature, the mixture was 

poured into brine (450 mL) and extracted, with dichloromethane (6X50 mL). The combined extracts 

were dried (MgS04) and. concentrated. The crude product was purified by chromatography on silica 

gel (ethyl acetate-hexanes) to give the title compound (1.68 g, 93%) as a sticky white foam. 

10 Intermediate 19 

(S,E)-tert~butyl 2-(5-(3-oxoprop-l -enyl)-l -((2-(lrimetbylsilyl)ethoxy)methyl)-l/:/-benzo[<i]iinidazol~ 

2-yl)pyrrolidine-1 -carboxylate 

Intermediate 19A 

15 (S,E)-tert-bvXy\ 2-(5-(3-ethoxy-3-oxoprop-1 -enyl)-1 -((2-(trimelhylsilyl)ethoxy)methyl)-l/1/-

benzo[r/]imidazol-2-yl)pyrrolidine-l -carboxylate 

To (50-fe7-r-biilyl 2~(5-bromo-i-((2-(trimethylsiiyi)ethoxy)melhyl)-l//-benzo[//]imidaxoi-2-

yl)pyrrolidine-l-carboxylate (2.973 g, 5.99 mmol), ethyl acrylate (0.714 mL, 6.59 mmol), tri-/ert-

butylphosphonium tetrafluoroborate (0.104 g, 0.359 mmol), A?,/V-dicyclohexylmethylamine (1.461 

20 mL, 6.89 mmol), and tiis(dibenzylidcneaceione)dipalladium(0) (0.164 g, 0.18 mmol) dissolved in 

THF (18 mL) had nitrogen bubbled through the solution for 15 minutes to remove the oxygen, and 

then the mixture heated, at 60 °C for 2 hours. After cooling to room temperature the solution was 

filtered through diatomaeeous earth and washed with EtOAc. The filtrated was then concentrated to a 

residue, and then the residue was dissolved m dichloromethane and extracted with water. The organic 

25 layer was then dried and concentrated.. The residue was purified, by chromatography (silica gel, 

hexanes in ethyl acetate) which afforded 2.56 g, (83%) of the title compoimd. MS (ESI) m/z 516 

(M+H)". 

Intermediate 19B 

30 (S,E)~tert-bxayl 2-(5-(3-hydroxyprop-l-enyl)-l-((2-(trimethylsilyl)ethoxy)methyi)-l//-

benzo[7]imidazol-2-yl)pyrrolidine-l -carboxylate 

Intermediate 19A (2.56 g, 4.97 mmol) was dissolved in THF (17 mL), and the mixture was 

cooled to -78 °C in a dry ice acetone bath. Then a solution of diisobutylaluminium hydride (1.0 N in 

THF, 22.75 mL, 24.75 mmol) was added dropwise. The resultant mixture was allowed to slowly 

35 warm to room temperature overnight, and then was quenched with a 1 N aqueous sodium hydroxide 

solution. The mixture was then added to ethyl acetate and extracted with an aqueous solution of 
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Rochelle's salt (sodium, potassium tartrate). The organic layers were combined and dried, and then 

concentrated. The residue was purified by chromatography (silica gel, hexanes in ethyl acetate) which 

afforded 0.93 g, (40%) of the title compound. MS (ESI) m/z 474 (M41) . 

5 Intermediate 19C 

(S^-Ze/'f-butyl 2-(5-(3-oxoprop-l-enyl)-l.-((2-(trimethylsi]yl)ethoxy)melhyI)-l//-benzo[<f]irnidazol-

2-yl)pyjT°Iidine-l-carboxylate 

The product of Intennediate 19B (0.93 g, 1.96 mmol) was dissolved in dichloromethane (7.5 

mL) and pyridinium dichromatc (1.11 g, 2.95 mmol) was added, and the resultant mixture was stirred 

10 at room temperature overnight. The solution had hexanes added to it, and then it was filtered through 

diatomaeeous earth. The filtrate was then concentrated to a residue which was then dissolved in 

dichloromethane and extracted, with water. The organic layer was then dried, concentrated and the 

residue purified by chromatography (silica gel, hexanes in ethyl acetate) which afforded 0.3 g, (32%) 

of the title compoimd. !H NMR (400 MHz, DMSO-de) 8 ppm 9.65 (d, J=7.8 Hz, 1H), 8.05 (m, 1H), 

15 7.82 (d, J-15.8 Hz, 1H), 7.70 (m, 2H), 6.87 (dd, J=15.8, 7.8 Hz, 1H), 5.70 (s, 2H), 5.14 (m, 1H), 3.57 

(m, 2H), 3.42 (m, 1H), 2.40 (rn, 5H), 1.30 (s, 4H), 0.95 (s, 5H), 0.80 (m, 2H), -0.10 (s, 9H); MS (ESI) 

m/z 472 (M+H)"'. 

20 Intermediate 20A 

l-(4-chloro-2-fiuoro-5-nitrophenyl)ethanone 

To a solution of 4-chloro-2-fluoro-5-nitrobenzoic acid (16.0 g, 72.9 mmol) in anhydrous 

CH2C12 (400 mL) was added oxalyl chloride (9.57 mL, 109 mmol) and DMF (2 drops), and the 

resulting mixture was stirred at room temperature until gas evolution ceased. The mixture was 

25 concentrated and dried in vacuo. In a separate, heat-dried reaction flask a mixture of ZnBr2 (24.6 g , 

109 mmol) in anhydrous THF (300 mL) al -78°C was added a solution of CH3MgBr (29.1 mL, 3.0 M 

in Et20, 87 mmol) dropwise. The resulting mixture was stirred at -78 °C for 15 minutes, and then the 

reaction mixture was allowed to warm to room temperature and stirred for 30 minutes. The mixture 

was cooled to -78 °C and a solution of the acid chloride in anhydrous THF (100 mL) was added 

30 dropwise, followed by Pd(PPh3)4 (1.68 g, 1.46 mmol). The resulting mixture was allowed to stir at -

78 °C for 10 minutes, and was then allowed to warm to ambient temperature and stirred, for an 

additional 16 hours. The mixture was quenched by adding aq. 1 M HCl, diluted with H20 (100 mL), 

and extracted with CH2C12 (3X300 mL). The combined organic extracts were dried (MgSOi). filtered 
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and concentrated. The crude product was purified by column chromatography (silica gel, 5% EtOAc 

in hexanes) lo afford Ihe title compound (11.79 g, 74%). 

intermediate 20A may also be prepared by reacting the intermediate acid chloride with 

dimethylmalonate, MgCl2, and tri ethyl am me in methylene chloride, followed by acidic hydrolysis and 

5 decarboxylation. 

Intermediate 2OB 

2-bromo-l-(4-chloro-2-fluoro-5-nitrophenyl)ethanone 

10 The product of Intermediate 20A (3.0 g, 13.79 mmol) dissolved, in THF (100 mL) was treated 

with pyridinium bromide perbromide (4.63 g, 14.48 mmol) portionwise over several minutes. The 

resulting mixture was stirred at ambient temperature for 2 hours and then filtered. The filtered solids 

were rinsed with EtOAc, and. the filtrate was concentrated in vacuo. The crude product was purified 

by column chromatography (silica gel, 20% EtOAc in hexanes) to afford the title compoimd (3.8 g, 

Intermediate 20C 

1,4-bis(4-chloro-2-fluoro-5-nitrophenyl)butane-l,4-dione 

20 Intennediate 20A (4.92 g, 22.62 mmol) and Intermediate 20B (4.47 g, 15.08 mmol) were 

processed using the method described in Intermediate 5B to afford the title compound (4.74 g, 73%). 

Intennediate 20D 

25 (1 S,4S)~ 1,4-bis(4-chloro-2-fluoro-5-nitrophenyl)butane-l ,4-diol 

The product of Intennediate 20C (1.0 g, 2.309 mmol) was processed using the method 

described in Intennediate 5C to afford the title compound (0.96 g, 95%). In the chiral reduction to 

fonn Intennediate 20D, the reaction proceeds with lower stereoselectivity than in the case of 

Intermediate 5C. 
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Intermediate 20E 

(lS,4S)-l,4-bis(4-ehloro-2-fluoro-5-nitrophenyl)biitane-l,4-diyl dimethanesulfonate 

5 To a solution of Intermediate 20D (0.95 g, 2.17 mmol) in anhydrous CH2CI2 (20 mL) at 0 °C 

was added methanesulfonyl chlonde (0.42 mL, 5.43 mmol), followed by the dropwise addition of 

triethylamine (0.91 mL, 6.52 mmol). The resulting mixture was stirred at room temperature for 90 

minutes, and was then concentrated in vacuo. Hexanes were added, and the resulting solids were 

collected by filtration, washed with HjO, and dried in vacuo to provide the title compound (1.29 g, 

10 100%). 

Intermediate 21 

(1 S,4S)-l-(4-chloro-2-fhioro-5-nitrophenyl)-4-(4-chloro-3-nitrophenyi)butane-l,4-diyl 

15 dimethanesulfonate 

Intermediate 21 can be made from Intermediate 20B and l-(4-chloro-3-nitrophenyl)ethanone 

(commercially available from Aldrich) following the general methods to prepare Intermediate 20E. 

20 Intennediate 22A 

1 -bcnzyl-4-(4-methoxypbenyl)piperidin-4-ol 

(4-Methoxyphenyl)magnesium bromide (0.5 M in THF, 90 mL, 45.0 mmol) was added 

slowly (~25 minutes) via cannula to a cold (0 °C) solution of l-bcnxylpiperidin-4-one (5.4 mL, 30.2 
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mmol) in THF (60 mL). The reaction was stirred at 0 UC under nitrogen for 2 hours. The reaction 

was quenched with saturated aqueous NH4CI then diluted with ether. The organic fraction was 

washed with saturated aqueous NH4C1 (2y) brine (lx) and concentrated. Purification using flash 

chromatography (5 - 100% EtOAc/hexane) provided 4.02 g (44%) of the titled compound. MS (DCI) 

5 m/z 298 (M+H)\ 

Intermediate 22B 

1 -benzyl-4-(4-melhoxyphenyl)-l,2,3,6-tetrahydj'opyridine 

10 6 M HCl (100 mL, aqueous) was added to a solution of l-benzyl-4-(4-

methoxyphenyl)piperidin-4-ol (12.31 g, 41.36 mmol) in dioxane (50 mL), and the reaction was heated 

to strong reflux (110 "C). After 2 hours, the reaction was not complete. The heat was turned off and 

the reaction was left to stir at ambient temperature for 2 days. The reaction had progressed but was 

not complete so it was heated to 110 "C. After 1 hour, the reaction was cooled and the volume was 

15 reduced by approximately one third. The solution was then cooled in an ice bath and neutralized with 

NaOH pellets. The thick suspension was filtered. The precipitate was rinsed with water and then 

dried under vacuum at 70°C to afford 6.2 g (47%) of the titled compound. ^ H NMR (400 MHz, 

CDC13) 5 ppm 2.74 - 2.62 (m, IH), 3.30 - 3.06 (m, 2H), 3.50 (d, J = 18.5, IH), 3.67 - 3.56 (111, 1H), 

3.82 (s, 3H), 4.03 - 3.90 (m, IH), 4.21 (dd, J = 5.7, 13.0, 1H), 4.34 (dd, J = 5.1, 13.0, 1H), 5.88 (s, 

20 1H), 6.88 (d, J - 8.7, 2H), 7.32 (d, J = 8.7, 2H), 7.51 - 7.43 (m, 3H), 7.71 (dd, J - 2.7, 6.3, 2H), 12.85 

(s, IH); MS (ESI) m/z 280 (M+H)+; MS (DCI) m/z 280 (M+H)+. 

H 

Intennediate 22C 
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4-(4-methoxyphenyl)pipcridiiie 

The product from IiileiTfiediale 22B (6.2 g) m liifliiorocthariol (60 niL) was added to 20% 

Pd(OH)2-C, wet (1.240 g, 8.83 mmol) in a 250 mL stainless steel pressure bottle. The mixture was 

shaken under 30 psi of hydrogen at 50 °C for 23 hours. The mixture was filtered through a PTFE 

membrane, concentrated and dried under vacuum to afford 4.33 g of the desired, product as the HCl 

salt. (HCl sall)lH NMR (400 MHz, CDCW) 5 ppm 2.03 (d, J - 13.1, 2H), 2.28 - 2.11 (m, 2H), 2.72 (t, 

J = 10.2, IH), 3.08 - 2.91 (m, 2H), 3.62 (d, J - 8.3, 2H), 3.79 (s, 3H), 6.86 (d, J = 8.3, 2H), 7.16 (d, J = 

8.5, 2H), 9.65 (d, J = 83.1,2H); MS (DCI) m/z 192 (M+H)+. 

Intermediates 23, 24, and 25 can be prepared using the methodology used to prepare Intennediate 22C 

H 

Intermediate 23 

4-(4-fluorophenyl)piperidine 

N 
H 

Intennediate 24 

4-(2,4-difluorophenyl)piperidine 

H 

Intermediate 25 
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4-(3,5-difluorophenyl)piperidine 

Intermediate 26A 

5 lerl-butyl 4-f]i]oro-4-phenylpipcridine-l-carboxylate 

A solution of diethyiaminosulfur trifluoride (4 mL, 32.7 mmol) in dichloromethane (10 mL) 

was added to a cold (-78 °C; dry ice/acetone bath) solution of tert-bvly\ 4-hydroxy-4-

ph.cnylpiperid.ine-1-carboxylate (8.05 g, 29.0 mmol) in dichloromethane (100 mL) under nitrogen. 

The reaction was stirred at -78 °C for ~ 1 hour. The reaction was removed from the bath and warmed 

10 to ambient temperature then stirred another 30 minutes. The reaction was quenched with saturated 

aqueous NaHCO:, (100 mL). The organic fraction was washed with brine (-50 mL). Then 3-

chloropcroxybenzoic acid (1.0995 g, 6.37 mmol) was added to the reaction and stirred at ambient 

temperature for 30 minutes. This step was quenched with saturated aqueous NaHCC>3 (100 mL). The 

organic fraction was washed with saturated aqueous NaHCO^ (1 x 100 mL), water (1x100 mL), and 

15 brine (lx100 mL), dried (MgS04), tested for peroxide (3 - 10 ppm) and concentrated to light yellow 

oil. The oii was dried under vacuum to afford 8.27 g (100%) of the titled compound. *H NMR (400 

MHz, DMSO-c/g) 5 ppm 1.42 (d, J - 5.7, 9H), 1.96 - 1.85 (m, 3.5H), 2.03 (ddd, J - 5.2, 13.3, 17.8, 

] .5H), 3.06 (s, 2H), 3.98 (d, J - 12.0, 2H), 7.33 (d, J = 7.1, IH), 7.46 - 7.36 (m, 4H); MS (DCI) m/z 

280 (M+H+, 60%), 297 (M-HNH4+, 100%). 

20 

H 

Intermediate 26B 

4-fluoro-4-phcnylpiperid.me 

Hydrochloric acid (4 M in dioxane, 20 mL, 80 mmol) was added to a solution of ze/'?-butyl 4-

25 fluoro-4-phenylpiperidine-l-carboxylate (8.27 g, 29.6 mmol) in dioxane (10 mL). The reaction was 

stirred at ambient temperature for 4 hours. The reaction was concentrated to an oil. Ether was added, 

and the resulting solid was sonicated, and. then stirred vigorously overnight to provide a tan solid.. I'he 
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solid was filtered, rinsed with ether and dried under vacuum at 60 °C for 3 hours to provide 5.56 g 

(87%) of the titled product. MS (DCI) m/z 180 (M+H)+ 

Intermediate 27A 

lert-butyl 4-(hydroxydiphenylmethyl)piperidine-1 -carboxylate 

A solution of di-terr-butyl dicarbonate (8.43 mL, 36.7 mmol) in dichloromcthane (15 mL) 

was added to a solution of dipheiiyl(piperidin-4~yl)methanol (8.0721 g, 30.2 mmol) in 

dichloromethane (100 mL); triethylamme (5.1 mL, 36.6 mmol) was added and the reaction was stirred 

at ambient temperature for 2 hours. The reaction was diluted with dichloromethane and then washed 

with saturated aqueous NaHC03 (2*), water (!-<), and brine (1*), dried (MgS04) and concentrated to 

afford 11.63 g (105%) of the titled compoimd. MS (ESI) m/z 367 (M+H)+, 366 (M-H)+. 

H 

Intermediate 27B 

4-(f!uorodiphenylmethyl)piperidine 

The title compoimd was prepared from Lert-butyl 4-(hydroxydiphenylmethyl)piperidine-l-

carboxylate using the general methods of Intermediates 26A and 26B. 3.37 g (100%) as HCl salt, MS 

(DCI) m/z 270 (M+H)+. 

General Procedures 

General Procedure I. Synthesis of 4-aminosubsiituted anilines 
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-(RM)g1 
Step 1 . Slep 2 

NO2 

Intermediate anilines having an amino group para to the aniline can be made using a two-step 

procedure. Fluoronitrobeiizeii.es, fluoronitropyridines, or fluoronitropyrimidines can be reacted in 

M) Ck 
N i Y 

Step ] with an appropriate amine ^ ; where >/wv represents any amine group that can be 

present in RM and attached through nitrogen, in the presence of dibasic potassium phosphate 

(equivalents) or potassium carbonate in a solvent such as DMSO optionally with beating and optional 

microwave irradiation. Step 2 can be accomplished by standard nitro reduction conditions such as 

catalytic hydrogenation using palladium on carbon or Raney-nickel. Alternatively, the reduction can 

be effected with iron/ammonium chloride in THF/methanol/'water as solvent. Where the group 

i 

10 ^ is an optionally substituted cyclic amine (e.g., piperidine, pyrrolidine), the optionally 

substituted cyclic amines can be accessed as described herein or using generally known 

methodologies. See for example the methods shown in Patel et al. J Medicinal Chemistry 49(2.5) 

7450 (2006). 

15 Illustration of General Procedure 1: General Procedure IA 

Step I 

l-(2,6-difluoro-4-mtrophenyl)-4-phenylpiperidine 

In a 100 mL round-bottom flask was mixed 3,4,5-trifluoronitrobenzene (1.751 mL, 15 mmol) 

and potassium phosphate, dibasic (5.23 g, 30.0 mmol) in DMSO (15.00 mL) to give a yellow 

20 suspension. 4-Phenylpiperidine (2.419 g, 15.00 mmol) was added portion-wise as a solid over 10 

minutes to produce a d.ccper yellow suspension and a mild exolherm. The mixture was stirred for 1 

hour and. partitioned between EtOAc and water. The EtOAc layer was washed 2* by 50 mL each 

with water and brine, di'ied (Na2S04), filtered and concentrated to give the title compound as a yellow 

solid (4.53 g, 95% yield). 

25 Step 2 

3,5-difliioro-4-(4-phenylpiperidin-l-yl)aniline 

In a 500 mL round-bottom flask was added l-(2,6-difiuoro-4-nitrophenyl)-4-phenylpiperidine 

(4.53 g, 14.23 mmol), iron (3.97 g, 71.2 mmol), and. ammonium chloride (1.142 g, 21.35 mmol) in a 
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solvent mixture of EtOH (60 raL)/THF (60 mL)/water (20 ml-). The mixture was refluxed for 3 hours 

with vigorous stirring, cooled, fiiiered through diatomaeeous earth and the filtrate was concentrated. 

The residue was partitioned between ethyl acetate and water. The organic layer was washed with 

brine, dried (Na2S04), filtered and evaporated to give the title compound as yellow solid (3.93 g, 96% 

5 yield). lK NMR (400 MHz, DMSO-4) 8 ppm 1.63 - 1.81 (m, 4 H) 2.54 - 2.64 (m, 1 H) 2.95 - 3.03 

(m, 2 H) 3.09 (t, .7-10.57 Hz, 2 H) 5.42 (s, 2 H) 6.10 - 6.21 (m, 2 H) 7.15 - 7.22 (m, 1 H) 7.25 - 7.34 

(m, 4 H); MS (ESI+) m/z 289 (M+H)'. 

Illustration of General Procedure 1: General Procedure IB 

10 Step I 

5-nitro-2-(pyrrolidin-l-yI)pyridine 

To a slurry of 2-chloro-5-nitropyridinc (10 g, 63.1 mmol) in EtOH (100 mL) at room 

temperature was added pyrrolidine (15.72 mL, 189 mmol) and the mixture was heated at 70 °C for 18 

hours. The cooled solution was concentrated in vacuo and the residue partitioned between Cl-LCl?. 

15 and 1 A/NaOH. The organic layer was dried (Na2S04), filtered and solvent removed in vacuo to give 

title compoimd (9.52 g, 78%). MS (ESi) m/z 194 (M+H)'1". 

Step 2 

6-(pyrrolidin-l~yl)pyridin-3-amine 

5-Nitro-2-(pyrrolidin-l-yl)pyridinc (9.52 g, 49.3 mmol) was dissolved in THF (50 mL) and 

20 DMF (40 mL) and added to a pressure bottle containing Raney-nickel 2800, water slurry (45%) (9.52 

g, 162 mmol). The mixture was stirred for 2 hours at 30 psi under H? gas. The solution was filtered 

through a nylon membrane, washed with CH3OH and the filtrate concentrated in vacuo to give the 

title compound (7.78 g, 97%). !H NMR (400 MHz, DMSO-if,) 5 ppm 1.81-1.91 (m, 4H) 3.17-3.29 

(m, 4H) 4.30 (s, 2H) 6.25 (d, J=8.7, IH), 6.90 (dd, J=2.8, 8.7, IH), 7.55 (d, J-2.6, IH); MS (ESI) m/z 

25 164 (M+H)'"'. 

Illustration of General Procedure I, step 2: General Procedure 1C 

4-(3,5-dimethylpiperidin-l-yl)-3,5-difiuoroaniline 

l-(2,6-Difluoro-4-nitrophenyl)-3,5-dimethylpiperidine (14.01 g, 51.8 mmol) and THF (240 

30 mL) were added to Raney-nickel 2800, water slurry (14.01 g, 239 mmol) in a 500 mL stainless steel 

pressure bottle. The mixture was stirred for 8 hours at 30 psi and room temperature. The mixture was 

filtered through a nylon membrane and concentrated to give the title compound. 

Illustration of General Procedure 1, step 2: General Procedure ID 

35 3-methyl-4-(piperidin-l-yl)aniline 
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To a solution of 1 -(2-methyl-4-nilrophenyl)piperidine (6.75 g, 30.6 mmol) in ethyl acetate (50 

ilib) was added 10% palladium on carbon (0.033 g, 0.306 mmol) and the mixture hydrogenated 

(hydrogen balloon) at room temperature for 20 hours. The mixture was then filtered through 

diatomaeeous earth and. washed with ethyl acetate; the filtrate was then concentrated to afford 5.5 g 

5 (94%) of the title compound. MS (ESI) m/z 191 (M+H)". 

Illustration of General Procedure 1, step I: General Procedure IE 

l-(4-ni1xophenyl)-4-plienylpiperidine 

An oven-dried 20 mL microwave tube was charged with 4-fluoronitrobenzene (0.752 mL, 

10 7.02 mmol), 4-phenylpipcridine (1.166 g, 7.02 mmol), and potassium carbonatc (0.970 g, 7.02 mmol) 

under nitrogen, anhydrous DMSO (7 mL) was added, the tube was sealed with an aluminum crimp 

cap, and heated in a microwave reactor (Personal Chemistry, 300 W, 2.4 bar) at 190 °C for 10 

minutes. TLC (Si02, 5% EtOAc/hexanes) showed complete reaction. The reaction was poured into 

water (50 mL), stirred for 5 minutes, and vacuum filtered in a Biichner funnel. The collected yellow 

15 solids were washed with water (2><10 mL) and Et20 (5 mL), and the bright yellow solid was dried in 

vacuo to provide the title compound (1.712 g, 6.06 mmol, 86%). ]H NMR (400 MHz, CDCI3) 5 ppm 

1.73 - 1.90 (in, 2 H), 2.00 (d, .7=13.34 Hz, 2 H), 2.73 - 2.86 (m, 1 H), 3.02 - 3.17 (m, 2 H), 4.10 (d, 

.7=13.23 Hz, 2 H), 6.87 (d, .7=9.43 Hz, 2 H), 7.23 (t, 7=7.75 Hz, 3 H), 7.33 (t, J=7.43 Hz, 2 EI), 8.14 

(d5.7=9.33 Hz, 2 H); MS (ESI+) m/z 283 (M+H)\ 

20 

The following amines can be made using methods shown in the foregoing General Procedure 1: 

4-(4,4-dimethylpiperidin-l-yl)-3,5-difluoroaniline; 

4-(2-azabicyclo[2.2.2]octan-2-yl)-3,5-difluoroaniline; 

3,5-difluoro-4-(4-isopropylpiperidin-i-yl)aniline; 

25 3,5-difluoro-4-(4-(trifluoromeihyl)piperidin-l-yl)aniline; 

4-(4-fe7'Z-butylpiperidin-l-yl)-3,5-difluoroamlme; 

3,5-difluoro-4-(6-azaspiro[2.5]octan-6-yl)aniline; 

4-(3,3-dimethylazelidin-l-yl)-3,5-difluoroaniline; 

4-(4,4-di fluoropiperi din-l-yl)-3,5-di fluoroaniline; 

30 3,5-difluoro-4-(4-fluoropiperidin-l-yl)aniline; 

3,5-difiuoro-4-(piperidm-l-yl)anilme; 

2,3,5,6-tetrafluoro-4-(piperidin-l-yl)aniline; 

3 -methyl-4-(piperidin -1 -y 1 )aniline; 

3,5-difluoro-4-((3a/^,7a1S')-l/f-isoindol-2(3//,3a/7,4/Y,5//,6//,7/i,7a//)-yl)aniline; 

35 7Vl-re7'?-butyl-2-fluorobenzene-l,4-diamine; 

3,5-difluoro-4-(4-methylpiperidin-l-yl)ani]inc; 
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3,5-dichloro-4-(piperidin-l-yl)aniIine; 

2,5-difmoro-4-(piperidin-i -y i)aniline; 

4-((2i?,6S)-2,6-dimethylpiperidin-l-yl)-3,5-di fluoroaniline; 

2,3,5-trifluoro-4-(piperidin-l-yl)aniline; 

5 4-((li?!5£)-3-azabicyclo[3.2.0]laeptan~3~yl)-3!5-difluoroaniKne; 

3-fluoro-4-(piperidin-l-yl)aniline; 

355<iifluoro-4-(3-azaspiro[5.5]imdecan-3-yl)a.niline; 

3,5-difluoro-4-(isoindolin-2-yl)aniline; 

3,5-difluoro-4-(l,4-dioxa-8-azaspiro[4.5]decan-8-yl)aniline; 

10 4-(4-phenyl-5,6-dihydropyridin-l (2/f)-yl)aniline; 

3-fliioro-4-(4-phenylpiperidin-l-yl)aniline; 

4-(4,4-diphenylpiperidin-l-yl)-3,5-di fluoroaniline; 

4-(4-plienylpiperidin-l-yl)aniline; 

1 -(1 -(4-amino-2,6-difluorophenyl)-4-phenylpiperidin-4-yl)ethanone; 

15 3,5-difluoro-4-(4-(3-phenylpropyl)piperidin-l-yl)aijiline; 

3,5-difiuoro-4-(8-azaspiro[4.5]decan-8-yl)amlme; 

3,5-difluo.ro-4-(3-pheny Ipiperidin-l-yl)ani line; 

3,5-difluoro-4-(3-phenylpyrrolidin-l-yl)aniliiie; 

3,5-difluoro-4-(4-(4-(trifluoroinethyl)plienyl)piperazin-l-yl)aniline; 

20 3,5-difluoro-4-(4-phenylpipcrazin-l-yl)aniline; 

4-(4-(2,6-difluorophenyl)piperazin-l-yl)-3,5-difluoroanilinc; 

3,5-difluoro-4-(4-(pyrinrid.in-2-yl)piperazin-i-yl)aniline; 

3,5-dif]uoro-4-(2-phenylmorpholino)aniline; 

(S)-3J5-difluoro-4-(2-phenylmorpholino)aniline 

25 3,5-difluoro-4-(2-phenylpiperidin-l-yl)aniline; 

4-((2S,6R)-2,6-dimethylmorpholino)-3,5-di fluoroaniline; 

4-(4-cyclohexylpiperidin-l-yl)-3,5-difluoroaniline; 

4-(4-benzylpiperidin-l-yl)-3,5-difliioroanilme; 

3,5-difluoro-4-(4-(4-metlioxyphenyl)pipcridin-l-yl)aniline; 

30 3,5-difluoro-4-(4-(4-fluorophenyi)piperidin-l-yi)aniiine; 

4-(4-(3,4-difluorophenyl)piperidin-] -y])-3,5-difluoroaniline; 

4-(4-(3,5-difluorophenyl)piperidin-l-yl)-3,5-difluoroaniline; 

3,5-difluoro-4-(4-flii.oro-4-phenylpiperidin-l -yljamlme; 

3,5-d.ifluoro-4-(4-(fluorodiphenylinelhyl)piperidin-l-yl)aniline; 

35 4-(4-fluoro-4-phenylpiperidin-l-yl)aniline; 

3,5-difluoro-4-(4-(pyridin-2-yl)piperidin-l-yl)aniline; 
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3,5-dif3uoro-4-(4-(naphthalen-2-y])piperidin-l-yl)amlme; 

3,5-dir]iiore)-4-(4-(naphihaieii-l-yI)pipcridm-l-yl)aniliiie; and 

3,5~difliioro-4-(4-(4-(trimelhylsilyl)plienyl)pipcridin-l-yl)aniline. 

5 General Procedure 1.1. 4-AIkoxy-substituted aniline 

F 

•<RM)gi Y 
Step 2 

NO2 NO2 NH2 

Intermediate anilines having an alkoxy substituent para to the aniline may be prepared 

through a two-step procedure wherein Gio is -ORs (e.g., -O-t-butyl, -O-isopropyl, -0-CH2-(3-

ethyloxetan-3-yl), -0-CH2-(l,3-dioxolan-4-yl), -O-cyclopentyl, -O-cyclohexyl, -0-(l,3-dioxan-5-

10 yl)). In Step 1, fluoronilrobenzenes can be reacted with an appropriate alcohol and base (e.g., 

CS2CO3, potassium tert-butoxide) in DMSO or like solvent with heating to between 50-100 °C. Step 

2 can be accomplished by standard nitro reduction conditions such as catalytic hydrogenation using 

palladium on carbon or Raney nickel as described elsewhere herein. Alternatively, the reduction can 

be effected with iron/ammonium chloride in THF/methanol/water as solvent. 

20 temperature was added cesium carbonate (7.09 mL, 89.0 mmol) followed by 3-ethyl-3-

oxetaneraethanol (4.48 mL, 42.5 mmol). The mixture was heated to 70 °C for 2 hours. After cooling 

water was added and the resulting precipitate was filtered, washed with water, and dried in a vacuum 

oven to provide the title compound (8.28 g, 98% yield). 

Step 2 

25 4-((3-ethyloxetan-3-yl)melhoxy)aniline 

To a solution of 3-ethyl-3-((4-nitrophenoxy)methyl)oxetane (8.28 g, 34.9 mmol) in a 3:3:1 

mixture of THF:EtOH:waler (140 mL) at room temperature was added ammonium chloride (2.80 g, 

52.3 mmol) followed by iron powder (9.74 g, 174 mmol). The mixture was heated to 90 °C for 1 

hour, then it was filtered hot through diatomaeeous earth with a THF wash to complete the transfer. 

30 The filtrate was concentrated under reduced pressure, and the residue was taken up in ethyl acetate 

then washed with brine, di'ied (Na2S04), and concentrated to provide the title compound (7.12 g, 98% 

yield) without further purification. 

15 
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The following amines can be made using methods shown in the foregoing General Procedure 1: 

4-((3-cthy iOxctaii-3-yl)iiiefiioxy)-3,5-difiuoroa.riii'me; 

4-((l,3-dioxolan-4-yl)methoxy)anilinc; 

4-(l,3-dioxan-5-yloxy)aniline. 

5 

General Procedure 1.2. Aniline formation through Suzuki-type reaction 

NH2 NH2 

Certain intermediate anilines can be made from a bromide, iodide, or triflate (i.e., Xj.2 = Br, I, 

10 or OTf) through a Suzuki, Stille, or other similar transition metal-mediated carbon-carbon bond 

forming reaction to form products where R.M1..2 is cycloalkyl, aryl, heteroaryl, or cycloalkenyl. Above 

is an illustration of the process conducted on an aniline, however the process can be done also using 

other functionality which can be converted to an aniline (e.g., a nitro group). 

15 Illustration of General Procedure 1.2. General Procedure 1.2A. 

4-(cyclohexen-] -yl)-3-fluoroaniline 

In a pressure tube, a solution of 3-fluoro~4-iodoaniline (2.29 g, 9.66 mmol) and potassium 

carbonate (1.74 g, 12.58 mmol) in 4:1 dimethoxyethane-water (33 mL) was degassed by nitrogen 

sparge for 40 minutes, followed by addition of 1-cyclohexenyl boronic acid pinacol ester (2.7 ml.,, 

20 2.61 g, 12.56 mmol). Then l,r-bis(diphenylphosphino)ferrocene palladium (II) chloride 

dichloromethanc complex (237 mg, 0.29 mmol) was added followed by degassing for another 5 

minutes. The pressure tube was sealed and warmed at 100 CC for 18 hours. The mixture was coolcd 

and diluted with ethyl acetate, followed by extraction with water and saturated sodium chloride 

solution. The solution was dried (Na2S04) and stirred with 3-(mercaptopropyl) silica gel for 1 hour. 

25 Concentration in vacuo afforded a brown oil, which was chromalographed over a 340 g silica gel 

cartridge, eluting with 10-100% ethyl acetate in hexanes. These procedures afforded the title 

compound (1.16 g, 63%) as a light brown oil. ]H NMR (400 MHz, CDC13) 5 ppm 7.00 (m, 1 B), 6.37 

(m, 2 H), 5.84 (s, 1 H)s 3.71 (br s, 2 H), 2.32 (m, 2 H), 2.17 (m, 2 H), 1.73 (m, 2 H), 1.65 (m, 2 H); 

MS (+DCI) m/z (rel abundance) 192 (100, M+H). 

30 

Illustration of General Procedure 1.2. General Procedure 1.2B. 

4-cyclopropyl-3,5-difluoroaniline 
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To a pressure tube was added 4-bromo-3,5-difluoroaniline (l.Og, 4.8 mmol), cesium 

carbonate (4.7g, 14.4 mmol), toluene (iOmL) and water (ImL). The solution was de-gassed with N2 

gas for 30 minutes, followed by the addition of cyclopropyltrifluoro-boratc, potassium salt (0.8g, 5.3 

mmol), di(l-adamantyl)-rc-biitylphosphine hydroiodide (0.07g, 0.14 mmol) and palladium(II) acetate 

5 (0.02g, 0.096 mmol). De-gassing was continued for 5 minutes, the tube was sealed and heated at 100 

°C for 18hours. The cooled solution was diluted with EtOAc, washed with H20 and brine, dried 

(Na2S04), and filtered. The filtrate was treated with 3-mercaptopropyi silica gel for 1 hour. The 

mixture was filtered and concentrated to give crude product which was purified by flash 

chromatography (0-30% EtOAc/hexane) to give the title compound (0.67 g, 4.0 mmol, 82%). 

10 

Illustration of General Procedure 1.2. General Procedure 1.2C. 

4-cyclopropyl-2-fluoro-1 -nitrobenzene 

A solution of 4-bromo-2-fluoronitrobenzene (0.5g, 2.27mmol), cyclopropylboronic acid 

(0.293g, 3.41mmol), tribasic potassium phosphate (0.965g, 4.55mmol), tricyclohexylphosphonium 

15 tetrafluoroborate (0.02 Ig, 0.057mmol) and palladium (II) acetate ( 6.12mg 0.027mmol) in 11 mL of a 

toluene-water mixture 10:1 (v/v) was nitrogen purged-vacuum degassed three times. The reaction 

mixture was then heated in an oil bath at 85°C for four hours. The reaction mixture was partitioned 

with ethyl acetate and the organic phase water washed, then dried (Na2S04) and concentrated. The 

reaction mixture was partitioned between ethyl acetate and water. The organic phase was washed 

20 with water, dried (Na2S04) and concentrated. The crude product was purified by chromatography on 

silica gel (ethyl acetatc-hexane) to provide the title compound (0.382g, 88% ) as a yellow oil. 

General Procedure 1.3 

25 

Certain intennediate anilines can be made using the general sequence outlined above and 

illustrated below. The sequence consists of reaction of a fluoronitrobenzene with a cyclic amine 

moiety (Step 1); conversion to a vinylic coupling partner (Steps 2 and 3); coupling of the vinylic 

coupling partner with another suitable partner (Step 4); and reduction of the nitro group and olefin 

30 (Step 5). Alternatively, this route may be adapted to prepare anilines wherein the olefin remains 
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intact through selective reduction of the nitro group. Carbon-carbon bond, forming reactions that may 

be suitable for Step -1 include, for example, the Suzuki reaction, the Stille reaction, or the Negishi 

reaction. 

Illustration of General Procedure 1.3: General Procedure 1.3A 

5 Step 1 

8-(2,6-difliioro-4-nitropbenyl)-l,4-dioxa-8-azaspiro[4.5]decane 

A mixture of l,2,3-triflii0T0-5-nitr0benzene (4.0 mL, 34.3 mmol), 1,4-dioxa-B-

azaspiro[4.5]d.ecane (6.59 mL, 51.4 mmol) and potassium carbonate (5.68 g, 41.1 mmol) in DMSO 

(35 mL) was heated at 100 °C for 3 hours and then cooled to room temperature. The mixture was 

10 partitioned between water and. EtOAc, and the organic layer was dried over Na2S04, filtered and 

concentrated in vacuo. The crude product was parified. by column clii'omatography on silica gel using 

a solvent gradient of 0-20% EtOAc in hexanes to give a yellow oil. 

Step 2 

25 

0,N 

15 F 

l-(2,6-difluoro-4-nitrophenyl)piperidin-4-one 

The crude 8-(2,6-difluoro-4-nitrophenyl)-l,4-dioxa-8-azaspiro[4.5]decane from the preceding 

procedure was dissolved in 4:1 acetone:water (100 mL). Concentrated. HCl (5 mL) was added, and 

the resulting mixture was stirred at 50 °C for 8 hours and then cooled to room temperature. The 

20 mixture was concentrated in vacuo to approximately 20 mL, which was carefully added, to 

concentrated aq. NaHCO^ (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic 

extracts were dried over Na2S04, filtered and concentrated in vacuo. The crude product was triturated 

with Et20 and hexanes to give a bright-yellow solid that was collected and dried, to provide the title 

compound (7.13 g, 81 %>). 

Step 3 

O2N—(\ /)—i/ ^—OSO2CF3 

F 

l-(296-difluoro-4-nitrophenyl)-l,2,3,6-tetrahydropyridin-4-y] trifliioromethanesulfonate 

To a solution of l-(2,6-difluoro-4-nitrophenyl)piperidin-4-one (5.0 g, 39.52 mmol) in 

30 anhydrous THF (50 mL) at -78 °C under a dry N2 atmosphere was added a 1 M THF solution of 

lithium bis(triethylsilyl)amide (29.3 ml, 29.3 mmol) in THF dropwise over 10 minutes. The resulting 

deep red solution was stirred at -78 °C for 5 minutes and 1,1,1 -trifluoro-.V-plieny3-A-
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(trifluoromethy]suifonyl)melhanesulfonamide (7.67 g, 21.47 mmol) was added. The resulting mixture 

w?.s stirred- at - 78 °C for 1 hour, and then the mixture 'was allowed to warm to room temperature. The 

mixture was diluted with EtOAc (100 mL) and washed with 1 N aq. NaOH (50 mL) and water (50 

mL), and dried over NajSO^ The drying agent was filtered off, and the solvent was removed in vacuo 

5 to give a crude product that was purified by column chromatography on silica gel using a solvent 

gradient of 0-40% EtOAc in hexanes. The title compound was obtained as a yellow oil that 

crystallized in vacuo (6.12 g, 81%). 

Step 4 (Suzuki reaction) 
F 

l-(2,6-difliioro-4-nitrophcnyl)-4-(3,4-difliH)rophenyl)-i,23,6-tetrahydropyridine 

A mixture of l-(2,6-difiuoro-4-nitrophcnyl)-l,2,3,64etrahydropyridin-4-yl 

trifluoromethanesulfonate (1.18 g, 3.04 mmol), 2-(3,4-difluorophenyl)-4,4,5,54ctramethyl-i,3,2-

dioxaborolane (1.02 g, 4.25 mmol), lithium chloride (0.387 g, 9.12 mmol) and a 2.0 M aq. solution of 

15 sodium carbonate (4.56 mL, 9.12 mmol) in anhydrous DME (15 mL) was vigorously stirred while 

bubbling with N2 gas for 20 minutes. Tetrakis(triphenylphosphinc)palladium(0) (0.176 g, 0.152 

mmol) was added, and the resulting mixture was degassed for 5 minutes more. The reaction flask was 

equipped with a condenser and placed in 100 °C oil bath. The dark mixture was stirred at 100 °C 

under a dry N2 atmosphere for 16 hours, and was then cooled to room temperature and partitioned 

20 between water (50 mL) and EtOAc (2'x50 mL). The combined organic layers were dried over 

Na2S04, filtered, and concentrated in vacuo, and the crude product was purified by column 

chromatography 011 silica gel using a solvent gradient of 0-40% EtOAc in hexanes to provide a yellow 

oil that solidified 011 standing. The solid was triturated with Et20 and hexanes, filtered and dried to 

provide the title compound (0.67 g, 63%). 

25 

Step 5 
F 

(4-(4-(3,4-difluorophenyl)piperid.in-l -yl)-3,5-difluoroani line 

To a solution of l-(2,6-difluoro-4-nitrophenyl)-4-(3,4-difluorophenyl)-l ,2,3,6-

30 tetrahydropyridme (0.67 gs 1.90 mmol) in THF (20 mL) was added 10% Pd on carbon (50 mg). The 

reaction flask was flushed with N? gas, and the resulting mixture was vigorously stirred under 1 atm 
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H2 gas for 24 hours. The mixture was filtered through diatomaeeous earth and concentrated in vacuo 
il... xJiU J - /A /T^ 1 A A A / \ iv give me tine uoiiijjuuuu ab a sunu (u.uz g, iuuvoj, 

The following amines can be made using methods shown in the foregoing General Procedure 1.3: 

5 3,5-difluoro-4-(4-(4-fluoropheiiyl)piperidin-l-yI)aniiine; 

3,5-d.ifhioro-4-(4-(3-(trimethy!silyl)phenyl)piperidin-l-yl)aniline; and 

3,5-d.ifhioro-4-(4-(5-methylthiophen-2-yl)pipcridin-l-yi)amline. 

GeneraI Procedure 2. Pyrrolidine formation from amine and dimesylate (5) 

A dimesylate (5) (1 equivalent), as a single stereoisomer or mixture of isomers, may be 

reacted, with between 1 to 20 equivalents of an amine,.D-NHj, either neat, or in solvents such as 

tetrahydrofuran or 2-methyhetrahydrofuran with or without a co-solvent such as DMF, at about room 

temperature to about 100 °C, to give the pyrrolidines such as Formula (6). Where fewer equivalents 

15 of amine, D-NH2, are employed (i.e., 1-2 equivalents), a base such as diisopropylethylamine can be 

added to promote the reaction. For example, the reaction of a dimesylate (1 equivalent) with excess 

of an aniline, D-NH2, (about 5-10 equivalents) can be conducted by heating from 50 to 65 °C in 2-

melhyltetrahydrofuran or DMF until completion of the reaction. Or the dimesylate (1 equivalent) can 

be reacted neat with excess of an aniline, D-NH2, (about 15-20 equivalents) at room temperature or 

20 with heating to around 65 °C. The reaction can be partitioned between an organic solvent (e.g., ethyl 

acetate) and dilute aqueous HCl, followed by separation of the organic layer, optional washing of the 

organic with water, drying the organic layer with a drying agent (e.g., MgS04, Na2S04), filtration and 

evaporation of solvent. The product can be purified by column chromatography over silica gel, 

eluting with standard solvents such as mixtures of ethyl acetate and hexane; or alternatively the 

25 product can be purified by trituration or recrystallization. 

Illustration of General Procedure 2: General Procedure 2A 

(25,55)-l-(4-Z£'7'Z-butylpheiiyl)-2,5-bis(4-nitrophenyl)pyrrolidine 

To the crude product solution of Intennediate 6C (7.35 g, 13.39 mmol) was added 4-lerl-

30 butylaniline (13.4 g, 90 mmol) at 23 °C over 1 minute. The reaction was heated to 65 °C for 2 hours. 

After completion, the reaction mixture was cooled to 23 °C and. diluted with 2-rnethyltelrahydrofuran 

(100 mL) and 3 M HCl (150 mL). After partitioning the phases, the organic phase was treated with 1 

M HCl (140 mL), 2-methyltetrahydrofuran (50 mL), and 25 wt% aq. NaCl (100 mL), and the phases 
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were partitioned. The organic phase was washed with 25 wt% aq. NaCl (50 mL), dried over MgS04, 
OA w»T (1A i-v, T \ r, A nAAl+lsmr. 1 1 iiitvi vu, tinvL wuvvaucuvvL iii vavuu L\j a,jjpx\_>A.±ii.iCLivi>y AX^jyicui^ caisj. auxuuvjucii z.-

methyltetrahydrofuran were added in order to induce crystallization. The slurry was concentrated 

further, and additional heptane (40 mL) was slowly added and the shiny was filtered, washing with 2-

5 methyitetrahydrofuran:heptane (1:4, 20 mL). The solids were suspended in CH3OH (46 mL) for 3 

hours, filtered, and the wet solid was washed with additional CH3OH (1.8 mL). The solid was dried at 

45 °C in a vacuum oven for 16 hours to provide the title compound (3.08 g). 

General Procedure 3. Pyrrolidine formation from amine and bishromophenyldimesylate 

General Procedure 3 can be conducted using conditions substantially similar to the conditions 

of General Procedure 2. 

Illustration of General Procedure 3: General Procedure 3A 

15 (2iS\55)-2,5-bis(4-bromophenyl)-l-(4-ze/i-butylphenyl)pyiTolidine 

Intennediate 7C was dissolved in anhydrous DMF (5 mL), and 4-fert-butylanilme (2.39 mL, 

15 mmol) was added. The resulting mixture was stnred at 40 °C for 4 hours, and then it was 

partitioned between 1 N aq. HCl (30 mL) and EtOAc (30 mL). The organic layer was washed with 

H20 and dried over Na2S04. The drying agent was filtered off, the solvent was removed in vacuo, 

20 and the crude product was purified by column chromatography on silica gel using a solvent gradient 

of 0-20% EtOAc in hexanes. The title compound was obtained as a colorless solid. (0.71 g, 92%). H 

NMR indicated this material was a 87:13 mixture of trans: cis pyrrolidine isomers. 

General Procedure 4. Pyrrolidine formation from amine and dimesylate (52) 

General Procedure 4 can be conducted, using conditions substantially similar to the conditions 

of General Procedure 2. For example, a dimesylate (52) (1 equivalent), as a single stereoisomer or 

mixture of isomers, may be reacted with between 1 to 20 equivalents of an amine D-NI-I2 either neat, 

or in solvents or mixtures of solvents including ethanol, acetonitrile, methylene chloride, 
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tetrahydrofuran , 2-methyltetrahydrofuran, DMF, or DMA, at about room temperature to about 100 

"C, to give the pyi'joliuiness such as Fonnula (53). Alternatively, a dimesylate (52) (1 equivalent) can 

be reacted with an amine D-NH2 (1-4 equivalents) in the presence of a base like 

diisopropylethylamine (3-10 equivalents) in solvents or mixtures of solvents including methylene 

5 chloride, tetrahydrofuran, 2-methyltetrahydrofuran, DMF, or DMA at temperatures from around room 

temperature to about 70 °C. Where fewer equivalents of amine D-NH2 are employed (i.e., 3-2 

equivalents), greater amounts of a base (about 8-10 equivalents) such as diisopropylethylamine may 

be added, to promote the reaction. For less reactive amines (e.g., 2,5-difluoro-4-

(trifliioromelhyl)aniline, 2-f!uoropyridin-4-amine), a reaction time of several days may be required. 

10 The reaction can be partitioned between an organic solvent (e.g., ethyl acetate) and water or dilute 

aqueous HCl, followed by separation of the organic layer, optional washing of the organic with water 

and/or brine, drying the organic layer with a drying agent (e.g., MgS04, NazSCU), filtration and 

evaporation of solvent. The product (53) can be purified by column chromatography over silica gel, 

eluting with standard solvents such as mixtures of ethyl acetate and hexane or methylene chloride in 

15 hexane. The methylene chloride/hexane system can be used to remove residual amine in cases where 

the reaction is quenched in water instead of aqueous HCl. In such cases a second chromatography 

using an ethyl acetate/hexanc system may be neccssary to separate cis from trans pyrrolidine products. 

Or alternatively, the product can be purified by trituration or reciystallization. 

20 Illustration of General Procedure 4: General Procedure 4A 

(2i?,5i?)-2,5-bis(4-ehloro-3-nilrophenyl)-l-(4-cyclohexylpheny!)pyrrolidine 

To Intermediate 5D (4.99 mmol) in dimethylfonnamide (8 mL) was added 4-

cyclohexylaniline (5.24 g, 29.9 mmol), and. the solution was heated at 65 °C for 2 hours. The reaction 

mixture was then poured into 1 M HCl and extracted into dichloromethane. The organic phase was 

25 concentrated and purified with a CombiFlash© 80g silica column eliding with 0-20% ethyl acetate in 

hexanes to give 1.38 g (51%) of the title compound. 

Illustration of General Procedure 4: General Procedure 4B 

l-(4-((2/?,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrro3idin-i-yl)-2,6-difluorophenyl)-4-phenylpiperidine 

30 A 250 mL flask was charged with 3,5-difluoro-4~(4-phenylpiperidin-l-yl)anilinc (3.1 g, 10.76 

mmol), Intermediate 5D (5.0 g, 8.97 mmol), DMF (15 mL) and diisopropylethylamine (15.7 mL, 90 

mmol). The resulting slurry was placed in a 60 °C oil bath and heated und.er N2 for 18 hours. The 

amber solution was cooled, diluted with 300 mL of ethyl acetate, washed 2><100 mL water, 2x 100 mL 

with 1 N HCl, brine, dried (Na2S04), filtered and concentrated. The crude material was flash 

35 chromatographed 011 a 330 g silica cartridge eluting with 50-80% dichloromethane in hexane to 

remove unreacted aniline. The column fractions containing the product were combined and 
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concentrated to give an orange solid that was dissolved in 20 mL of hot ethyl acetate, treated with 15 

mL hexane, and allowed to stir at ambient temperature overnight producing a prccipitatc (cis 

pyrrolidine) that was removed by filtration. The filtrate was concentrated and. chromatographed again 

on a 330 g silica cartridge eluting with 40-70% methylene chloride in hexane to give l-(4-((2/?,5i?.)-

5 2,5-bis(4-chloro-3-iiitrophenyl)pyiTolidin-l-yl)"2,6-difluorophenyl)-4-phenylpiperidine as an orange 

foam (2.26 g, 36%). MS (ESI+) m/z 653 (\H 11)'. 

Illustration of General Procedure 4: General Procedure 4C 

l-(4-((2i?,5/?)-2,5-bis(4-chloro-3~nitrophenyl)pyrrolidin-l-yl)-2-fluorophenyl)-4-phcnylpiperidine 

10 Intermediate 5D (6.0 g, 10.76 mmol), 3-fluoro-4-(4~phenylpiperidin-l-yl)aniline (4.37 g, 

16.15 mmol), and diisopropylethylamine (15.04 mL, 86 mmol) were combined in IV,N-

dimethylacetamide (15 mL) and heated at 60 °C for 3 hours. The solution was diluted with water, 

extracted into dichloromethane and washed, wdth brine. The organics were concentrated and purified, 

by chromatography, eluting with 30-100% dichloromethanc in hexanes to give 5.05 g (74%) of a 

15 yellow solid. 

Illustration of General Procedure 4: General Procedure 4D 

(2^,57?)-2,5-bis(4-cliloro-3-nitroplienyl)-l-(4-cthoxyphcnyi)pyiToiidine 

Intermediate 5D (2.5805 g, 4.63 mmol) and 4-ethoxyaniline (2.4 mL, 18.60 mmol) were 

20 combined in DMF (30 mL) and stirred at room temperature overnight. The reaction was diluted with 

EtOAc/ether and washed with water (2*), brine (\y) and concentrated. The residue was purified by 

silica gel chromatography (hexane/EtOAc) to provide 1.8 g of the title compound (77%). 

Illustration of General Procedure 4: General Procedure 4E 

25 l-(4-((2i?,5/?)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyiTolidin-l-yl)-2,6-difluorophenyl)piperidine 

To a solution of (l<S',45)-l>4-bis(4-chloro-2-fluoro-5-nitrophenyl)butane-l,4-diyl dimethanesulfonate 

(500 mg, 0.843 mmol) in CH3CN (4.5 ml) was added. 3,5-difluoro-4-(piperidin-l-yl)aniline (358 mg, 

1.685 mmol) and Hunig's base (0.736 mL, 4.21 mmol). The suspension was heated at 75 °C for 24 

hours. Solvent was removed by rotary evaporation and the residue was dissolved in EtOAc, washed 

30 with 1 N HCl, H^O, brine, dried (MgSO^), filtered and concentrated. The crude product was 

chromatographed on an ISCO 24g silica gel cartridge eluting with 20-70% C^C^/hexane to provide 

the title compound, with some of the corresponding cis-pyrrolidine isomer. 

The following substituted pyrrolidines can be made using the foregoing general methods: 

35 
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1-(4-((2i?,5i2)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-dif3uorophenyl)-4,4-

u i FA e 1 h y 1 p i p e n u in e; 

2-(4-((2£>5i?)-2,5-bis(4-chloro-3-ni1rophenyl)pyrrolidin-l-y])-2,6-difluoropheny0-2-

azabicyclo[2.2.2]octane; 

5 l-(4-((2/f,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2>6-difiiiorophenyl)-4-

isopropy Ipiperidine; 

l-(4-((2/f,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)-4-

(trifluoromethyl)piperidine; 

l-(4-((2i?,5i?)-2,5-bis(4-chloro-3-nitropbenyl)pyrrolidin-l-yl)-2)6-difluoroplienyl)-4-^7^-

10 buly Ipiperidine; 

6-(4-((2i?,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyiTolidm~l~yl)-2,6-difluorophenyl)-6-

azasp iro [2.5 ]o ctane; 

l-(4-((2i2,5/?)-2,5-bis(4-chloTO-3-nitrophenyl)pyrrolidin-I-yl)-2s6-difluorophenyl)-4,4-

dimetliylpiperidine; 

15 (2/?,57?)-2,5-bis(4-chloro-3-nitropheiiyl)-"i*"(4*"{3,3"'dii^ethylazetidm-l-yl)"3!5-

difi uorophenyl)pyrrolidine; 

(2i?,5i?)-2,5-bis(4-chloro-3-nilrophcnyl)-l-(4-plienoxyphcnyl)pyrrolidine; 

1 -(4-((2/?>5/?)-2>5-bis(4-chloro-3-nilrop]ienyl)pyrrolidin-l-yl)phenyl)pyrid.in-2(l/i)-one; 

(2i?,5^)-2,5-bis(4-chloro-3-mtroplienyl)-l-(2,5-difliioro-4-(trifliioromethyl)phenyl)pyrrolidine; 

20 2-f4-((2/?,5i?)-2,5-bis(4-chioro-3-nitrophenyi)pyrrolidin-l-yl)phenyl)oxazole; 

4-((2i?,5i?)-2,5-bis(4-chIoro-3-nilropheiiyl)pyrro}idm-l-yl)-2-fluoropyridme; 

(2/?,5i?)4-(4-chloro-3-fliiorophenyl)-2,5-bis(4-chloro-3-nitrophcnyl)py:rrolidine; 

1 -(4-((2i2>5i?)~2,5-bis(4-chloro-3~iiitrophenyl)pyri*olidin-l -yI)-2,6-dif!uoropheiiyl)-4,4-

difluoropiperidine; 

25 ]-(4-((2i?,5i?)-2,5-bis(4-chloro-3-njt;roplieiiyl)pyrrolidm-l-yl)-2,6"difli!orophenyl)-4-fliioropiperidine; 

l-(4-({2i?,5i?)-2,5-bis(4-chloro-3-iiitroplienyl)pyn'olidm-l-yi)-2,6-difliiorophenyl)pipcridine; 

(27?,5/?)-2,5-bis(4-cliloro-3-iiitrophcnyl)-l-(4-fluorophenyl)pyrrolidine; 

(27?,5/?)-l-(4-fe7'r-bulylphenyl)-2,5-bis(4-cliloro-3-nitrophenyl)pyiTolidine; 

(2i?,5i?)-2,5-bis(4-ciiloro-3-nitroplienyl)-l-(4-cyclopropyl-3,5-d.ifluorophenyl)pyiTolidine; 

30 (2/?,5/?)-2?5-bis(4-cliloro-3-nitroplienyI)-l-(4-cyclohexyI-3-fluorophenyl)pyrrolid.ine; 

(2i?,5/?)-2,5-bis(4-cli]oro-3-nilrophenyl)-l-(3,4-difliiorophenyl)pyiTolidine; 

(2/?,5^)-2,5-bis(4-chioro-3-nilropheiiyl)-l-(4-(2,2-difliioroethoxy)phcnyl)pyiTolidine; 

l-(4-((2^,5^)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidiTi-l-yI)-2,6-difluorophenyl)-3,5-

dimethylpiperidine; 

35 (2i?,5/?)-2,5-bis(4-chloro-3-nitropheny])-l-[4-(pentafliioro-X6-sulfanyl)phenyl]pyn-olid.ine (ACD 

Name v!2): 
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2-(4-((2/?,5j?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)plienyl)pyridine; 
n zr>\ o c i ..i-i.,-.. n .•L~,.w,n 1 a n )-i,j-ui»it-Uiauu-j-muujjiiuuy ij-1 j-vxnuiu—r-^u niuuiumcmuAv ̂ pnoxj_y i )£>y jiuijuiiic., 

(2i?, 5R)-2,5-bis(4-chloro-3-mtrophenyl)-l-(4-(2-rriethoxyellioxy)-3-methylplieiiyl)pyrrolidine; 
(2i?,5i?)-2,5-bis(4-chloro-3-nitrophcnyl)-l-(4-chlorophenyl)pyrrolidine; 

5 (2i?,5./?)-2,5-bis(4-cbjoro-3-nitrophenyl)-l-(4-((3-ethyloxelan-3-yl)methoxy)phenyl)pyrrolidine; 
(27?.,5i?)-l-(biphenyl-4-yl)-2,5-bis(4-clil0r0"3-nilr0phcnyl)pyiT0lidme; 
(2i?,5i?)-i-(4-(l,3-dioxan-5-yloxy)pheiiyl)-2,5-bis(4-chloro-3-iiilrophenyl)pyrrolidme; 

(2 R,5R)~ 1 -(4-(( 1,3 -dioxolan-4-yl)methoxy)phenyl)-2,5 -bis(4-chloro-3 -nitrophenyl)pyrro!idinc; 
f2/2,5/?)-2,5-bis(4-chloro-3-nilTophenyl)-l-(4-((3-ethyloxetan-3-yl)methoxy)-3,5-

10 difluoropheny ̂ pyrrolidine; 
1 -(4-((27?,5i?)-2,5-bis(4-chloro-3-nilrophenyl)pyrrolidin-l-yl)-2,3,5,6-teti-afliK)roplienyl)piperidine; 
l-(4-((2i?,5/?)-2,5-bis(4-chloro-3-nitroplienyl)pyrrolidm-l -yl)-2-methylphenyl)piperidine; 
(3a/?,7aJS)-2-(4-((2/?,5/?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-
difl.uoroplien:yl)octahydro-l/"/-isoindole; 

15 4-((2/^5i?)-2,5-bis(4-cliloro-3-nitrophenyl)pyrrolidin-l-yl)-yV-ze;'Z-biityl-2-fluoroaniline; 
l-(4-((2i?,5i?)-2,5-bis(4-ch]oro-3-mtropheriyl)pyrrolidin-l-yl)-2,6-difliiorophcnyl)-4-
methy Ip ip eri din e; 
(2i?,57?)-2,5-bis(4-cliloro-3-nilroplienyl)-l-(4-(cyclopenlyloxy)-3-fluoroplienyl)py3To3idine; 
(27?,5^)-2,5-bis(4-chloro-3-nilrophenyl)-l-(3-fluoro-4-(meihylthio)phenyl)pyrrolidinc 

20 i-(4-((2i?,5./?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-d.ichlorophenyl)piperidine; 
l-(4-((2i?,5./?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-i-yl)-2,5-difluorophenyl)pipcridine; 
(2j?,6lS)-l-(4-((2i?,5i?)-2,5-bis(4-chloro-3-ni1;rophenyl)pyrrolidin-l-yl)-2,6-difliioroplienyl)-2?6-
dimetliylpiperidine; 
l-(4-((2ft,5/?)-2,5-bis(4-chloro-3-nitroplienyl)pyrrolidin-l-yl)-2,3,6-lrifluorophenyl)piperidme; 

25 (27?,5i?)-2,5-bis(4-chloro-3-nitrophenylM-(4-eyclopropylplienyl)pyrrolidine; 
(li?!!5lSf)~3-(4~((27?,5/?)-2,5-bis(4-ehloro-3-nitropheiiyI)pyrrolidin-l-yl)~2!,6~difliiorophenyl)-3-
azabicyclo[3.2.0]heptane; 

(2/?,5ft)-2,5-bis(4-chloro-3-iiitrophenyl)-l-(4-cyclopropyl~2-fhiorophenyl)pyrrolidine; 
1-(4-((2^,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidm4-yl)-2-fluoiX)plienyl)piperidiiie; 

30 l-(4-((2i?,5i?)-2,5-bis(4-chloro-3-niti-oplienyl)pyrrolidin-l-yl)phenyl)-4-phenylpiperidine; 
3<4-((2/?,57?)-2,5-bis(4-ehloro~3-iiitrophenyl)pyrrolidm-l-yl)-2,6-difiuoropheny1)-3-
azaspiro [5.5 ]und ecane; 
2-(4-((2i?,5i?)-2?5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluoroplienyl)isoindoline; 
8-(4-((2^,5/?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidiii-l-yl)-2,6-difluorophenyl)-l,4-dioxa-8-

35 azaspiro[4.5]decane; 
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l-(4-((2/?,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)-4-phcnyl-l,2,3,6-

tetrahydi'opyndme; 

l-(4-((2^,5i?)-2,5-bis(4-cliloro-3-nitrophenyl)pyrrolidm-l-yl)-2,6-difliioropl"ieiiyl)-4,4-

diphenylpiperidine; 

5 l-(l-(4-((2ff,5J?)-2,5-bis(4-chloro-3-iiitTophenyi)pyrrolidin-l-yl)~2,6-difluorophenyl)-4-

phenylpiperidin-4-yl)elhaiione; 

l-(4-((2R,5R)-2,5-bis(4-cbloro-2-fluoro-5-riitrophenyl)pyrrolidin-l-yl)-2,6-difIiioropheiiyl)piperidine; 

1 -(4-(2,5-bis(4-diloro-2-fluoro-5-nitrophenyl)pyrroIidin4-yl)-2,6-difluorophenyl)piperidine; 

i-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyi)pyrrolidin-l-yl)-2,6-difluorophenyl)-4-(3-

10 phenylpropyl)piperidine; 

8-(4-((2R)5R)-2,5-bis(4-ch]oro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)-8-

azasp iro [4.5 ]d ecane; 

] -(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophcnyl)pyrro]idm-l-yl)-2,6-difluorophcnyl)-4-(naphlhaleii-2-

yl)piperidme; 

15 2-(l-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluoropherjyl)piperidin-4-

yi)pyridme; 

l-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2s6-difluorophenyl)-4-(4-

(lrimethylsilyl)phenyl)piperidine; 

l-(4-((2R,5R)-2,5-bis(4-ch3oro-3-nitrophenyl)pyiTolidin-l -yl)-2,6-difl.uorophenyl)-4-(naphthalen-l-

20 yl)piperidine; 

I-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitropheiiy1)pyTTolidin-l-yl)-2,6-difluorophenyl)-4-(3-

plienylpropyl)piperidine; 

6-(4-f(2R,5R)~2,5-bis(4-chloro-2-fiuoro-5-iiilTophenyl)pyn'olidm-l-yl)-2,6-d.sfluorophenyl)~6-

azaspiro [2.5 ]octane; 

25 l-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolidin-l-y])-2,6-difluorophenyl)-4~^r/-

butylpiperidine; 

l-f4~((2R,5R)-2;5"bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolidm-i-yl)-2,6-ditTuorophenyl)-4-

(naplitlralen-2-yl)piperidine; 

I-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-mtrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)-3,5-

30 dimetliylpiperidine; 

II-(4-((2RJ5R)-2)5~bis(4-cliloro-2-f]uoro-5-nitrop3ienyl)pyrrolidm-l-yl)~256-difluorophenyl)-2,3-

dihydrospiro[mderte4,4'-piperidirie]; 

l-(4-((2R,5R)~2,5-bis(4~ohloro-3~nitrophenyl)pyn,olidm-l-yl)-2,6-difIuorophenyl)-3-

phenylpiperidine; 

35 (2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)~l-(3,5-difliioro-4-(3-phenylpyiTolidin-l-

yl)phenyl)pyrro]idine; 
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l-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)-4-(4-

metliOxypjienyl)pipend.ii]e; 

l-(4-((2R,5R)-295-bis(4-chioro-3-nitrophenyl)pyuolidin-l-yl)-2,6-difhK>rophenyl)-4-fluoro-4-

phenylpiperidine; 

5 l-(4-((2R,5R)-2,5-bis(4-cMoro-3-nitrophenyI)pyrrolidin-l-yl)phenyl)-4-fliioro-4-pheny ipiperidine; 

i -(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nilrophenyl)pyrrolidin-l-y])-2,6-difluorophenyl)-4-

(fliiorodiphenylrneihyi)piperidine; 

l-(4-((2R,5R)-2,5-bis(4-chloro-2-fliioro-5-nitrophenyl)pyiTolidin-l-yl)-2,6-difluorophenyl)-4-

phenyipipcridine; 

10 l-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyiTolidm-l-y])-2f6-difluorophenyl)-4-(4-

flnorophenyl)piperidine; 

l-(4-((2R,5R)-2;5-bis(4-cli!oro-3-iiitroplienyl)pyrrolidin-l-yl)-2;6-difluorophenyl)-4~(3,4-

difluoroplienyl)piperidine; 

i-(4-((2R,5R)-2,5-bis(4-chloro-3-mtrophcnyl)pyrroIidin-l-y])-2,6-difluorophenyl)-4-(3s5-

3 5 di fl"uorophenyl)piperidme; 

l-(4-((2R,5R)-2!5-bis(4-chloro-3-nit.rophenyi)pyrrolidin-l-yl)-2,6-difluorophenyl)-4-(3-

(trimethylsilyl)phenyl)piperidine; 

(2R,5R)-l-(4-(benzyioxy)piienyi)-2,5-bis(4-chloro-3-nitropbenyi)pyrrolidine; 

l-(4-((2R,5R)-2,5-bis(4-chloro-2-fliioro-5-nit-ophenyl)pyiToiidin-l-yl)-2,6-difliiorophenyi)-4-(4-

20 (trifliioromethyl)pheiiyl)piperazine; 

l-(4-((2R,5R)-2-(4-cliloro-2-fiuoro-5-nitrophenyl)-5-(4-chloro-3-nilrophenyi)pyn-o3idiii-l-y])-2,6-

difluoropbenyi)piperidine; 

4-benzyi-l-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrop3ienyl)pyrrolidm-l-yl)-2,6-

difii]oropheny3)piperidme; 

25 4-(4-((2R,5R)-2s5-bis(4-chloTO-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluoropheny])-2-

plienylmorpholine; 

l-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)-2-

pheny Ipiperidine; 

(2S,6R)-4-(4-((2R,5R)-2,5-bis(4-chl0r0-2-flu0r0-5-nitr0phenyl)pyrT0lidm-l-yl)-2>6-diflii0T0phenyl)-

30 2,6-dimetliylmorplioline; 

3~(4-((2R55R)-2,5-bis(4-chloro-2-fliioro-5-nitrophenyl)pyn'olidin-l-yl)-2,6-difluorophenyl)-3-

azaspiro[5.5]undecane; 

l-(4-((2R,5R)-2,5-bis(4-chloro-2-f]uoro-5-niti-opbenyl)pyiTolidin-l-yl)-2,6-difluorophenyl)-4-

cycloliexy Ipiperidine; 

35 (S)-4-(4-((2R,5R)-2J5-bis(4-chloro-3-nitrophenyl)pyTToHdin-l-yl)-2,6-difliiorophenyl)-2-

pheny lmoipho lin e; 
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l-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolidin-l-yl)-2,6-difluoroplieiiyl)-4-(2,4-

difmorophenyi)piperidine; 

l-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolid.in-l-yl)-2,6-difluorophenyl)-4-(4-

fluorophenyl)piperidine; 

5 l-(4~((2R,5R)-2,5-bis(4-chlon>-3-nitrophenyl)pyrrolidm-l-yl)-2,6~difluorophenyl)-4-

phenylpiperazine; 

l-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difiuorophenyl)-4-(4-

(trifiuoromethyl)phenyl)piperazine; 

1-(4-((2R,5R)-2s5-bis(4-chloro-2-fluoro-5-iiitrophenyl)pyrrolidin-l-yl)-2s6-difluorophenyl)-4-(2,6-

10 difiiiorophenyl)piperazine; 

2-(4-(4-((2R,5R)"2,5-bis(4-chloro-2-fluoro-5-nitrophcnyI)pyiTolidiii-l-yl)-2,6" 

d ifluoropheny l)piperazin-1 -y l)pyrimid ine; 

5-((2S,5R)-2,5-bis(4-chloro-2-fluoro-5-nitropheny!)pyrroIidin-l-yl)-2-(4-phenylpiperidin-l-

yl)pyrimidine; 

1.5 5-((2S,5R)-2,54^is(4-cliloro-2-fliioro-5-nitrophenyl)pyiTolidin-l-yl)-2-(piperidin-l-yl)pyrimidine; 

l-(4-((2S,5S)-2.5-bIs(4-chloro-2~fluoro-5-nitropheny])pyirolidin-I-yi)-2!6-difluorophenyl)-4-(2,6-

difluoropheny])piperazine; 

l-(4-((2R,5R)-2,5-bis(4-cliloro-2-fluoro-5-nitrophenyl)pyiTolidiii-l-yl)-2,6-difluorophenyl)-4-(5-

mcthylthiophen-2-yl)piperidine; and 

20 l-(4-({2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitTophenyl)pyrrolidin-l-yl)-2,6-difluorophcnyl)-4-fluoro-

4-phenylpiperid.ine. 

General Procedure 5. Nitro reduction 

25 Compounds (6) (1 equivalent) can be reduced to (7) by reaction with iron powder (about 6 

equivalents) and. ammonium chloride (about 3 equivalents) in a solvent of THF:ethanol:water 

(1:1:0.2) with heating to about 60-80 °C. The reaction can be worked up by cooling, filtering through 

diatomaeeous earth, washing with ethanol and concentrating in vacuo. Alternatively, (6) (1 

equivalent) can be reduced to (7) by hydrogenation (30 psi H2) in the presence of Pt02 (about 0.4 

30 equivalents) in a solvent of ethanol:THF (about 1:1). The reaction can be worked up by filtration and 

evaporation of solvent. Alternatively, the reduction of (6) (1 equivalent) to (7) can be effected by 

exposui'e to 30 psig hydrogen gas in the presence of Raney-nickel Grace 2800 (50% by weight of 

reactant) in a solvent such as tetrahydrofuran with shaking. The reaction can be worked up by 
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filtration and evaporation of solvent. The product (7) can be purified by chromatography over silica 

gel using typical organic solvents including lnixiui es of ethyl acetate and hexane. 

General Procedure 5.1. Nitro reduction for pyrrole 

H2N M-L 

W a 
5 (n> O2) 

Compounds (11) can be converted to (12) using the conditions described generally for 

General Procedure 5, particularly through the iron reduction method. 

15 

Illustration of General Procedure 5.1: General Procedure. 5. IA 

F F 

N02 

4,4'-(l-(4-Fluorophenyi)-ii^~pyrrole-2,5-diyl)diani!ine 

To a solution of l-(4-fluoropheny])-2,5-bis(4-nitrophenyl)-li/-pyrrole (1.017 g, 2.496 mmol) 

in ethanol (15 mL) and THF (15 mL) was added iron powder (0.836 g, 14.98 mmol) followed by 

ammonium chloride (0.401 g, 7.49 mmol) and water (3.75 mL). The reaction mixture was refluxed 

for 45 minutes. The reaction mixture was slurry filtered through diatomaeeous earth and washed with 

ethanol. The combined filtrates were concentrated, and the residue purified by column 

chromatography (gradient elution from 30% to 50% EtOAcrhexanes) to provide ] .09 g (77%) of the 

title compound. 

20 General Procedure 6. Amide coupling 

ITN NIL 

(7) 

Compounds (7) (1 equivalent) can be converted, to compounds (8) by reaction with 1 -(tert-

butoxycarbonyl)pyrrolidine-2-carboxylic acid (about 2.5 equivalents) and HATU (about 2 to 3 

25 equivalents) in the presence of diisopropylethylamine (3-4 equivalents) in DMSO at about room 
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temperature. Alternatively to using HATU, this reaction can be promoted using T3P or l-ethyl-3-(3-

dimelhylamiiiopi'opyl) caibodiimide/wiydroxybenzoirazole. The reaction can also be conducted in 

solvents such as tetrahydrofuran, ethyl acetate, or DMF. The reaction can be worked up by 

partitioning between an organic solvent (e.g., ethyl acetate) and. water or dilute aqueous HCl, followed 

by separation of the organic layer, optional washing of the organic with water and/or brine, drying the 

organic layer with a drying agent (e.g., MgS04, Na2S04), filtration and evaporation of solvent. The 

product (8) can be purified by column chromatography over silica gel, eluting with standard organic 

solvents including mixtures of ethyl acetate and hexane. 

10 General Procedure 6.1. Amide coupling for pyrroles 

I-IoN NI-I" 

(12) (13) 

Aniline compounds (12) can be converted to amides (13) using the conditions described 

generally above in General Procedure 6. 

Illustration of General Procedure 6.1: General Procedure 6.1 A 

(2S,TS)-lert-buty\ 2,2-(4,4,-(l-(4-te/t-butylphenyl)-l#-pyiTole-2,5-diyl)bis(4,l-

20 phcnylene)bis(azanediyl)bis(oxomethylene))dipyrrolidine-l -carboxylate 

To a solution of 4,4,-(l-(4-«ert-butylphenyl)-l//-pyrrole-2,5-diyl)dianiline (0.310 g, 0.813 

mmol) in DMF (5 m.L) was added (5)-l-(Zer/:-butoxycarbonyl)pyrrolidme-2-carboxylic acid. (0.385 g, 

1.79 mmol) 1-hydroxybenzotriazole hydrate (0.274 g; 1.79 mmol) and AL(3-dimethylaminopropyl)-

iV'-ethylcarbodiimide hydrochloride (0.343 g, 1.79 mmol), and the mixture stirred overnight. The 

25 mixture was poured into water and extracted CI-I2CI2. The organic extract was dried (Na2S04), 

filtered and concentrated to give a crade product that was purified by trituration with ether to give 325 

mg (51 %) of the title compound. ]H NMR (400 MHz, DMSO~d6) 8 ppm 1.25 (s, 24 H) 1.83 (s, 6 H) 

2.15 (s, 2 H) 3.45 (m, 4 H) 4.18 (s, 2 H) 6.40 (s, 2 H) 6.98 (s, 6 H) 7.37 (s, 6 H) 9.98 (s, 2 H). 
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General Procedure 7. Suzuki coupling 

(34.1) (35.1) (36.1) 

Dibromo compounds (34.1) (1 equivalent) can be converted to diboronatc compounds (35.1) 

by mixing with bis(pinacolato)diborane (about 2 to 4 equivalents), potassium acetate (about 4-8 

5 equivalents), and 1,1' -bis(diphenyIphosphino)ferrocene-pajladium(II) chloride dichloromethane 

compicx (PdCl2(dppf)) (about 0.1 to 0.2 equivalents) in a solvent such as DME, dioxane, or DMSO, 

degassing the mixture and heating to about 85 °C. The reaction can be worked up by cooling to room 

temperature, diluting with methylene chlorid.e, optionally washing the orgamcs with water and/or 

brine, drying the organics with a drying agent (e.g., MgS04, Na2S04), filtration and evaporation of 

10 solvent. Compounds (35.1) can be converted to compounds (36.1) by mixing with Intennediate ID 

(about 1 to 2 equivalents), aqueous sodium carbonate solution (about 1 to 3.5 equivalents), and 

PdCl2(dppf) (about 0.03 to 0.2 equivalents) in a solvent like dimethoxyethane or toluene:ethanol (1:1), 

degassing, and heating the reaction to around 80-100 °C. The reaction can be worked up by cooling 

to room temperature, partitioning between an organic solvent (e.g., ethyl acetate) and water, 

15 optionally washing the organics with water and/or brine, drying the organics with a drying agent (e.g., 

MgS04, Na2S04), filtration and evaporation of solvent. Alternatively, the reaction can be worked up 

by concentration in vacuo, partitioning between 25% isopropyialcohol/chloroform, drying the 

organics (e.g., Na2S04), filtration, and evaporation of the solvent. Compounds (35.1) and (36.1) can 

be purified by column chromatography over silica gel, eluting with standard organic solvents 

20 including mixtures of ethyl acctatc and hexane; or purified by trituration or recrystallization. 

Illustration of General Procedure 7: General Procedure 7A 

25 yl)phenyl)pyrrolidine 

Racemic trans-2,5-bis(4-bromophenyl)-l-(4-?er?-biitylphenyl)pyrrolidine (3.88 g, 7.56 mmol), 

4,4,4',4',5,5,5',5,-octamethyl-2,2,-bi(l,3,2-dioxaborolane) (6.72 g, 26.5 mmol), [1,1'-

bis(diphenylphosphino)feiTOcene]dichloropalladium(II) (0.617 g, 0.756 mmol), and potassium acetate 

(3.34 g, 34.0 mmol) were combined in dimethoxyethane (70 mL) and nitrogen gas was sparged 
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10 

15 

20 

through the solution for 10 minutes. The reaction mixture was then heated at 85 °C for 1 hour. The 

reaction solution was cooled to room temperature, filtered through diatomaeeous earth and. washed 

with ethyl acetate (20 mL). The filtrate was dried and concentrated, and the residue was purified by 

column clii'omatography on silica gel, eluting with a solvent gradient of 0-10% ethyl acetate in hexane 

followed by trituration of the resultant solid with diethyl ether to give the title compound (1.14 g, 

25%) as a 1/1 mixture of trans stereoisomers. 

Nv II 
Boc 

(25,2,5f)-tert-butyl2,2'-(5,5'-(4,4'-(l-(4-te7'r-buty]phenyi)pyiTolidinc-2,5-diyi)bis(4,l-

phenylene))bis(]//-imidazole-5,2-diyl))d.ipyiTolidine-l-carboxy late 

Racemic trans-1-(4-?err-butylphenyl)-2,5-bis(4-(4,4,5,5-tetramethy 1-1,3,2-dioxaborolan-2-

yl)phenyl)pyrrolidine (0.915 g, 1.506 mmol), Intermediate ID (1.429 g, 4.52 mmol), and [1,1'-

bis(diphenylphosphino)ferrocene]dichloropalladium(II.) (0.123 g, 0.151 mmol) were dissolved in a 

mixture of toluene (7 mL), ethanol (7 mL) and a 2 iVaq. sodium bicarbonate solution (2.64 mL, 5.28 

mmol). Nitrogen gas was bubbled through the solution for 10 minutes, and then the reaction mixture 

was heated at 100 °C for 3 hours. The reaction solution was cooled to room temperature and. water 

(20 mL) was added. Then the reaction mixture was extracted with dichloromethane (50 mL), dried, 

and concentrated. The residue was purified by column chromatography on silica gel eluting with a 

solvent gradient of 0-80% ethyl acetate in hexane to give the title compound (0.93 g, 75%) as a 1/1 

mixture of trans stereoisomers. 

General Procedure 7.1. Suzuki coupling for pyrroles 

(46) (47) (43) 

Dibromo compounds (46) can be converted sequentially to compounds (47) and (43) usin< 

the conditions described generally above in General Procedure 7. 

25 

Illustration of General Procedure 7.1: General Procedure 7.IB 
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I -(4-ferf-butylpheny l)-2,5-bis(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pbenyl)- 1//-pyrrole 

To a solution of 2,5-bis(4-bromophenyl)-l-(4-?<?/t-biitylphenyl)-l/i'-pyrrole (2.32 g, 4.56 

mmol) in DMSO (26 mL) at room temperature were added bis(pinacolalo)diborane (2.54 g, 10.02 

5 mmol), potassium acetate (5.00 g, 36.4 mmol) and PdCl2(dppf) (744 mg, 0.91 mmol). The mixture 

was degassed and heated to 85 °C. After 4 hours, the mixture was cooled to room temperature, 

diluted with dichloromethane and washed with water followed by brine. The organic phase was dried 

(Na2S04) and concentrated. The residue was taken up in 20% ethyl acetate/hexancs and filtered, 

through a short plug of silica gel (elution with 20%> ethyl acetate:hexanes) and concentrated to afford 

10 the title compound as a light yellow solid (1.62 g; 59% yield). 

(21S',2,1S')-;m-butyl2,2,-(4,4'-(4,4!-(l-(4-r(2rr-butylphenyl)-l//-pyiTole-2,5-diyl)bis(4,l-

pbenylene))bis(l#-imidazole-4,2-diyl))dipyrrolidine-l-carboxylate 

15 A mixture of Intennediate ID (664 mg, 2.10 mmol), 1 -(4-zert-butylphenyl)-2,5-bis(4-(4,4,5,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl)-lff-pyrrole (1.48 g, 2.45 mmol), 2 M sodium carbonate 

(1400 jil,5 2.80 mmol), and Pd(dppf)Cl2 (51.2 mg, 0.070 mmol) in DME (2800 uL) was subjected to 

microwave irradiation at 140 CC for 20 minutes. The mixture was diluted with ethyl acetate, then 

washed with water and brine, and dried over Na2S04. The product was purified on silica gel eluting 

20 with 30 to 70% ethyl acetate:hexanes to provide the title compoimd (140 mg; 24% yield). 

General Procedure 8. Buchwald reaction 

Compounds (64) (1 equivalent) can be converted to compounds (65) by mixing with tert-

25 butyl 2-carbamoylpyrrolidine-l-carboxylate (about 3 equivalents), cesium carbonate (about 3 
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equivalents), 4,5-bis(diphenylphosphiiio)-9,9-dimethylxanthcne (about 0.05 to 0.3 equivalents), and 

tris(dibenzyiideneacetone)dipailadium(0) (about 0.05 to 0.2 equivalents) in dioxane, degassing the 

mixture, and heating to around 100 °C for between about 1 to 8 hours. Alternatively, the reaction can 

be conducted using potassium carbonate (about 3 equivalents), Pd(OAc)2 (about 0.02 equivalents), 

5 and 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (about 0.04 equivalents). The reaction can be 

conducted in a flask with a reflux condenser under inert atmosphere or in a sealed tube. The products 

(65) can be purified by silica gel chromatography eluting with standard solvents including ethyl 

acetate and methylene chloride. 

10 Illustration of General Procedure 8: General Procedure 8A 

15 Procedure 4A) (1.29 g, 2.39 mmol), (S)-tert-bi\lyl 2-carbamoylpyrrolidine-l-carboxylate (1.53 g, 7.16 

mmol). cesium carbonate (2.33g, 7.16 mmol), 4,5-bis(dipheiiylphosphmo)-9,9-dimetliylxantheiie 

(0.33 g, 0.573 mmol), and tris(dibcnzylideneacetone)dipalladium(0) (0.328 g, 0.358 mmol) were 

combined in dioxane (18 mL) and nitrogen was bubbled through the solution for 15 minutes. Then 

the flask was capped with a reflux condenser and the solution was heated at 100 °C for 8 hours. After 

20 filtering through diatomaeeous earth and concentrating, the residue was purified with a CombiFlash© 

80g silica column, eluting with 0-20% ethyl acetate in dichloromethane to give 1.71 g (80%) of the 

title compound. 

Illustration of General Procedure 8: General Procedure 8B, Example IA 

(2S,2{S)-tert-butyl 2,2,-(4,4,-((2ft,5i?)-l-(3,5-difluoro-4-(4-phenylpiperidin-l-yl)phenyl)pyrrolidine-

2,5-diyl)bis(2-nitro-4,1 -phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-1 -carboxylate 

(2S,2,S)-lert-bi\iy\ 2,2'-(4,4'-((2i?,5^)-l-(4-cyclohexyIpheuy])pyrrolidine-2,5-diyl)bis(2-nitro-4,l-

phenylenc))bis(azanediyl)bis(oxomethylene)dipyrrolidine-l-carboxylate 

(2i?,5./?)-2,5-Bis(4-chloro-3-nitrophenyl)-i-(4-cyclohexylphenyl)pyrrolidine (General 

25 
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To a 100 mL round-bottomed flask was added. l-(4-((2/?,5i?)-2,5-bis(4-chloro-3-

nihophenyl)pyrroiidiri-I-yl)-2,6-d.ifiuo['ophe£iyl)-4-plicnyipiperidine (2.26 g, 3.46 mmol), (S)~ten-

butyl 2-carbamoylpyrrolidine-l-carboxylate (2.223 g, 10.37 mmol), cesium carbonate (3.38 g, 10.37 

mmol), Iris(dibenzyideneacetoiie)dipalladium(0) (0.190 g, 0.207 mmol) and. (9,9-dimethyl-9//-

5 xanlhene-4,5-diyl)bis(diphenylphosphme) (0.300 g, 0.519 mmol) in dioxane (34.6 mL) to give a 

purple suspension. The mixture was sparged, with N2 for 20 minutes, healed under N2 at 100 °C for 3 

hours, cooled and poured into EtOAc. The EtOAc layer was washed 2*50 mL with H2O and then 

with saturated NaCl. The EtOAc layer was treated simultaneously for 1 horn- with 3-mercaptopropyl 

silica and Na2S04, filtered and concentrated. Purification using chromatography 011 a 120 g silica 

10 cartridge eluting with 1-3 % methanol in methylene chloride gave material that was 90% pure by 

HPLC, A second column 011 a 120 g silica cartridge eluting with 15-50% EtOAc in hexane provided 

the title compound as an orange foam (2.6 g, 72%, 97% purity by HPLC). MS (ES1+) m/z 1009 

(M+H)". 

Illustration of General Procedure 8: General Procedure 8B, Example IB (mono-displacemeni) 

methyl (5)-l-((,S)~2~(4-((2i?,5i?)-5-(4-chioro-3-mtropheiiyl)~l -(3,5~difluoro~4~(4-phenyIpiperidin-1-

yl)phenyl)pyrrolidin-2-yl)-2-nitrophenylcarbamoyl)pyrrolidin-l-yl)-3-methyl-l-oxobutan-2-

ylcarbamatc 

phenylpiperidine (0.745 g, 1.14 mmol) was dissolved in dioxane (12 mL) in a tube and treated with 

methyl (S)-1 -((£")-2-carbamoylpyn'olidin-1 -yl)-3-methyl-1 -oxobutan-2-ylcarbamate (0.309 g, 1.14 

mmol), cesium carbonate (0.409 g, 1.25 mmol), Xantphos (0.066 g, 0.11 mmol), and 

tris(dibcnzylideneacetone)dipalladium(0) (0.052 g, 0.057mmol). Nitrogen was bubbled through this 

25 mixture for 15 minutes, then the tube was sealed and heated at 100 °C for 2 hours. The mixture was 

diluted with water, exti-acted into dichloromethane, concentrated, and purified by chromatography, 

eluting with 0-5% methanol in dichloromethane to give 0.44 g (43%) of a dark yellow solid. 

30 Illustration of General Procedure 8: General Procedure 8B, Example 2 

15 

20 l-(4-((2/?,5/2)-2J5-Bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)-4-
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o 
tert-butyl 2,2'-(4,4,-((2i?,5i!?)-3-(3,5-difluoro-4-(piperidm-l-yl)plienyl)pyrroliclinc-2,5-d.iyl)bis(5-

fluoro-2-nitro-4,l-phenylene))bis(azaned.iyl)bis(oxomethylcne)dipyrrolidine-l-carboxylate 

To a round bottom flask was combined I-(4-((2/?,5i?)-2,5-bis(4-chloro-2-fluoro-5-

nitrophenyl)pyrrolidin-l-yl)-2,6-difluorophenyl)piperidine (4.1 g, 6.68 mmol), (^-tert-butyl 2-

carbamoylpyiTolidine-l-carboxylate (4.30 g, 20.05 mmol), cesium carbonate (6.1 g, 18.72 mmol), and 

XantPhos (0.696 g, 1.203 mmol) followed by dioxane (30 ml) and the solution was de-gassed with N2 

gas for 30 minutes. The solution was stirred vigorously to keep the solids mixing and kept the flow 

rate of Ni gas at a high rate to ensure complete de-gassing of the mixture. 

Tris(dibenzylideneacetone)dipalladium (0.367 g, 0.401 mmol) was added and the solution heated at 

100 °C for 2 hours under N2 gas. The solution was cooled and diluted with EtOAc, filtered through 

diatomaeeous earth, washed with H20 and brine, dried (NajSO^, filtered, treated, for 30 minutes with 

3-mercaptopropyl-functionalized silica gel, filtered and. concentrated to give crude product. 

Purification was run on an ISCO 120g silica gel cartridge eluting with 0-40% EtOAc/hexane over 30 

minutes to give the title compound (4.52 g, 4.66 mmol, 69.8%). 

General Procedure 8.1. Buchwald with dipeptide 

dimethyl (2R,2 'R)A ,1 '-((2S,2 '5>2,2'-(4,4'-((2^5^;-l-(3-fluoro-4-morpholmophenyl)pyiTolidiii-2,5-

diyl)bis(2-nitro-4,l-phenylene))bis(azanediyl)bis(oxomethylene)bis(pyiTolidine-2,l-diyl))bis(3-

In a microwave tube, a suspension of 4-(4-((2i?,57?>2,5-bis(4-chloro-3-

nitrophenyl)pyrrolid.in-l-yl)-2-fluorophenyl)morpholine (1.39 g, 2.48 mmoL), Intennediate 3B (2.02 

g, 7.43 mmol), XantPhos (129 mg, 0.22 mmol) and cesium carbonate (2.42 g, 7.43 mmoL) in dioxane 

(14 mL) was degassed by nitrogen sparge for 30 minutes. The mixture was treated, with 

tris(d.ibenzylideneaeetone)dipalladium (0) (68 mg, 0.074 mmol) followed by degassing for another 5 

methyl-1 -oxobutanc-2,1 -d.iyl)dicarbamate 

245 



WO 2012/051361 

minutes. The microwave tube was sealed and the mixture was warmed at 100 °C for 2 hours. The 

mixture was cooled and diluted with ethyl acctatc and extracted with water (3X) and. saturated sodium 

chloride solution. The solution was dried (Na2S04) and stirred overnight with 3-(mercaptopropyl) 

silica gel. Filtration and concentration in vacuo afforded a solid which was chromatographed over a 

5 340 g silica gel cartridge, eluting with 0-10% methanol in dichloromethane. These procedures 

afforded the title compound as an orange solid. lU NMR (400 MHz, DMSO-fifc) 5 ppm 0.80-0.90 (m, 

12H) 1.74 (br s, 2H) 1.82-2.03 (m, 10H) 2.08-2.20 (m, 2H) 2.71-2.81 (m, 4H) 3.52 (s, 6H) 3.62 (m, 

4H) 3.76 (s, 2H) 4.02 (m, 2H) 4.50 (d, J=4.4 Hz, 2H) 5.39 (s, 2H) 6.04-6.19 (m, 2H) 6.74f6.81 (m, 

IH) 7.32 (d, J=8.4 Hz, 2H) 7.47-7.60 (m, 4H) 7.80 (d, 1=1.5 Hz, 2H) 10.41 (s, 2H); MS (ESI) m/z 

10 1031 (M+Hf. 

General Procedure 9. Nitro reduction 

Compounds (65) (1 equivalent) can be converted to compounds (66) by hydrogenation with 

15 hydrogen gas (1-4 atm) over a catalyst such as PtC>2 (about 0.2 lo 0.3 equivalents) or Raney-nickel 

(e.g., 50% aqueous; 1 equivalent by weight) in solvents such as tetrahydrofuran, ethanol, or mixtures 

thereof. The reaction can be worked up by filtration through diatomaeeous earth or silica gel, and the 

filtrate concentrated to give compounds (66). Reduction of (65) (1 equivalent) can also be effected by 

reaction with iron powder (about 6 equivalents) and ammonium chloride (about 3 equivalents) in a 

20 solvent of THF:ethanol:water (1:1:0.2) with heating to about 60-100 °C. 

Illustration of General Procedure 9: General Procedure 9A, Example I 

0,N 

K 
0-% 

ry 
cAo 

H,N 

N-^ 
N ft •A) 0 

NH? 
H 
N 

'N kJ & 
QXQ 

25 (2S,2'S)-tert-buiyl 2,2!-(4,4'-((2i?,5i?)-l-(4-(4-phenylpiperidin-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-

amino-4,l-phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-l-carboxylate 
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A solution of (2S,TS)-tert-buty\ 2,2,-(4,4l-((2i?,5i?)-l-(4-(4-phenyipiperidin-l-

yDphenyl)pyrrolidine-2.5-diyl)bis(2-nitro-4.1 -

phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidiiie-l-carboxylate (2.287 g, 2.350 mmol) in 

THF (60 mL) was added to Pt02 (0.457 g, 2.014 mmol) in a 250 mL stainless steel pressure bottle and 

5 stin-ed for 4 hours at room temperature under 30 psi hydrogen pressure. The mixture was then filtered 

through a nylon membrane and the filtrate concentrated, by rotary evaporation and dried in vacuo to 

give the title compound as a brown solid (2.02 g, 94%). ]H NMR (400 MHz, DMSO-4) 8 ppm 1.30 -

1.44 (m, 18 H), 1.53 - 1.98 (m, U H), 2.08 - 2.29 (m, 1 H), 2.43 -2.60 (m,3H), 3.35 - 3.50 (m,4H), 

4.16 - 4.29 (m, 2 H), 4.79 (d, J=35.46 Hz, 4 H), 4.97 (s, 2 H), 6.21 (d, .7-8.89 Hz, 2 H), 6.41 (dd, 

10 J-20.66, 7.86 Hz, 2 H), 6.53 - 6.61 (m, 2 H), 6.66 (d, 7-8.89 Hz, 2 H), 6.93 - 7.06 (m, 2 H), 7.17 (t, 

J=6.89 Hz, 1 H), 7.21 - 7.32 (m, 4 H), 9.18 (d, .7=39.25 Hz, 2 H); MS (ESI+) m/z 913 (M+H)"; MS 

(EST-) m/z 911 (M-H)\ 

Illustration of General Procedure 9: General Procedure 9A, Example 2 

15 (ert-butyl 2,2*-(4,4'-((2i?,5i?)-l~(3:5-difluoro-4-fpiperidm-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-

diyl)bis(5-fluoro-2-nitro-4,l-phenylene))bis(azanediyl)bis(oxomethylene)dipyiTolidine-l -carboxylate 

(4.5 g, 4.64 mmol) and THF (100 ml) were added to Pt02 (0.900 g, 3.96 mmol) in a 250 ml stainless 

20 steel pressure bottle and stirred for 22 hours und.er a hydrogen atmosphere (30 psi) at room 

temperature. The mixture was filtered through a nylon membrane and concentrated, to a yellow-

orange foam. 

Illustration of General Procedure 9: General Procedure 9B 

(2S,?S)-tert-bxL\yl 2,2,-(4,4'-((2i?,5/?)-l-(3,5-difluoro-4-(4-phenylpiperidm-l-yl)phenyl)pyrrolidiiie-

2,5-diyl)bis(2-amino-4,l-phenylene))bis(azanediyl)bis(oxomethylene)dipyn'olidine-l-carboxylate 

In a 250 mL pressure bottle were combined (25^2'5)-ter£-butyl 2,2'-(4,4'-((2i?,57?)-l-(3,5-

difluoro-4-(4-pheny Ipiperidin- l-yl)pheiiyl)pyn'olidine-2,5-d.iyl)bis(2-nitro-4>i-

30 phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-l-carboxylate (General Procedure 8B) (2.6 

g, 2.58 mmol) and Raney-nickel 2800 (45% w/w in water, 2.6 g, 44 mmol) in THF (40 mL). The 

amino-5-f!uoro-4,l-phenylene))bis(azanediyl)bis(oxomethylene)dipyrroiidine-l-carboxylate 

lert-Butyl 2,2'-(4,4'-((2R,5R)-1 -(3,5-difiuoro-4-(piperidin-1 -yl)phenyl)pyrro1idine-2,5 

25 
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vessel was sealed and stirred under 30 psi H2 for 5 hours. The solution was filtered through a nylon 

membrane and the filtrate was concentrated to afford the title compound as a tan foam (2.44 g, 

quantitative yield) that was used without purification. MS (ESI+) m/z 949 (M+H'f. 

5 Illustration of General Procedure 9: General Procedure 9C 

8 .VOH ». H 8 H -y^°HN:a(yaNH°Yro-
0 0,N NO? o 0 H2N \-J NH2 o 

dimethyl ([(27?,5i?)-l-(4,5,6,7-tetrahydro-l,3-bciizothiazol-2-yi)pyrrolidine-2,5-diyl]bis{(2-

aminobenzene-4,1 -diyl)carbamoyl(25)pyrrolidine-2,1 -diyl[(25')-3-methyl-l-oxob'utane-1,2-

diyl]})biscarbamate (ACD Name vl2)) 

10 Dimethyl ([(2^,5i?)-l-(4,5!6574etrahydro-l,3-benzothiazol-2-yl)pyiTolidinC"2,5-diyl]bis{(2-

nitrobenzene-4.1 -diyl)carbamoyl(2,5)pyrrolidinc-2,l -diyl[(25)-3-methyl-l -oxobutane-1,2-

diy]]})biscarbamate (ACD Name vl2)) (0.59 g, 0.596 mmol) was dissolved in tetrahydrofuran (15 

mL) and treated with Raney-nickel slurry in water (0.25 mL). The flask was evacuated and opened to 

a hydrogen balloon and stirred at ambient temperature for 1 hour. The solution was filtered through a 

15 silica plug and concentrated to dryness to give the title compound. 

Illustration of General Procedure 9: General Procedure 9D 
ci 

,0. „N 

HW a VQH a* 
H I UM . T MU I H H V 

o O^N \ / N02 0 O I" 0 

dimethyl (21S,2'5)-l,l'-((25,2,5)-2,2'-(4,4'-((2i?,57?)-] -(4-chloro-3-fluorophenyl)pyrrolidine-2,5-

20 diyl)bis(2-amino-4,l-phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidinc-2,l-diyl))bis(3-

methyl-1 -oxobutane-2,1 -diyl)d.i carbamate 

Dimethyl (2S,2'S)~1,1 '-({2S,TS)-2,2'-(4A'-((2R,5Ii)-1 -(4-chloro-3-fluorophenyl)pyrrolidine-

2,5-diyl)bis(2-nitro-4,l-phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3-

methyl-1 -oxobutane-2J-diyl)dicarbamate (l.Og, 1.02 mmol) and tetrahydrofuran (25 mL) were added 

25 to platinum oxide (0.20 g, 0.88 mmol) in a pressure bottle and stirred at ambient temperature under 

hydrogen at 30 psi for 1.5 hours. The solution was filtered through a nylon membrane and 

concentrated to dryness to give 100% yield of a brown residue that was used without purification. 

Illustration of General Procedure 9: General Procedure 9E 
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0 

.o 
HNy3 

Ox 

dimethyl (2S2'S)-1,i !-((2^2\S,)-2,2'-(4;4'-((2/e>5/?)~l -(355-difliioro-4-(4-ph.enyI-5,6-dihydiopyridm-

l(2H)-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-amino-4,l-

phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-oxobiitane-2,l-

dihydropyridm4(2//)-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-mtro-4,l-

pheny lene))bis(azanediyl)bis(oxomelhylene)bis(pyrrolidine-2,1 -diyl))bis(3-methyl~1 -oxobutanc-2,1 -

diyl)dicarbamate (150 mg, 0.134 mmol) was dissolved in a mixture of THF (1 m.L) and absolute 

10 EtOH (1 mL) under nitrogen. A solution of ammonium chloride (10.73 rag, 0.201 mmol) in water 

(0.333 mL), followed by iron powder (37.4 mg, 0.669 mmol) was added, and the mixture was heated 

under a reflux condenser in an oil bath at 90 °C. After 1 hour, the reaction mixture was cooled to 

room temperature, vacuum filtered through a bed of Celite 545, and washed thoroughly with EtOAc. 

The filtrate was concentrated by rotary evaporation to remove the organic solvents. The residue was 

15 dissolved in EtOAc (50 mL), washed with water (2x25 mL) and brine (25 mL), dried over anhydrous 

MgS04, filtered, and concentrated by rotary evaporation. The residue was purified by Si02 flash 

chromatography (Alltech Extract-Clean column, 10 g bed) eluting with a step gradient of 3% to 4% 

methanol/CH2Cl2 to afford the product as a yellow solid (77 mg, 0.073 mmol, 54%). *H NMR (400 

MHz, DMSO-cfe) 8 ppm 0.92 (dd, 7=13.07, 6.56 Hz, 12 H), 1.58 - 1.75 (m, 2 H), 1.83 - 2.09 (m, 8 H), 

20 2.13 - 2.28 (m, 1 H), 3.17 (s, 2 H), 3.38 - 3.68 (m, 8 H), 3.55 (s, 6 H), 3.84 (s, 2 H), 4.05 (t, .7=8.35 

Hz, 2 H), 4.37 - 4.47 (m, 2 H), 4.93 (s, 4 H), 5.01 (d, .7=5.10 Hz, 2 H), 5.85 - 6.00 (m, 2 H), 6.14 (s, 1 

H), 6.44 (d, ,7=8.02 Hz, 2 H), 6.55 - 6.66 (m, 2 H), 7.02 (d, .7=7.81 Hz, 2 H), 7.21 - 7.49 (m, 8 H), 9.28 

(s, 2 H); MS (ESI-!-) m/z 1061 (M+H)+; MS (EST) m/z 1059 (M-H)". 

25 General Procedure 10. Benzimidazole formation 

Boc Boc ' \ 

5 

Dimethyl 

diyl)dicarbamate 

(2^2'5)-l,lH'(2^2'6,)-2!2H4,4'-((2/??57?>!-(3s5-difluoro-4-(4-phenyl-5,6-

Boc 

D 

Boc 
(66) (57) 
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Compounds (66) can be converted lo compounds (57) by heating neal in acetic acid or with 

acetic acid in toluene or dioxane at 50-80 °C. The reaction can be worked up by concentrating the 

solution, neutralizing with aqueous sodium bicarbonate solution, extracting with an organic solvent 

(e.g., dichloromethane), drying the organic solvent mixture (e.g., MgSC>4, Na2SC>4), filtering and 

5 concentrating in vacuo. The reaction can also be conducted in toluene as solvent with added acetic 

acid (about 3 to 5 equivalents) also with heating to 50-80 °C. Workup can consist of simple solvent 

evaporation and the removal of residual acetic acid by the addition and evaporation of toluene. 

Compounds (57) can be purified by chromatography over silica gel eluting with ethyl 

acetate/dichloromethanc or methanol/dichloromethane. Although the cyclization depicted above is 

10 shown with a t-butoxycarbonyl (Boc) group attached, the reaction can also be conducted with the 

groups -T-RD attached, wherein T and RD are as defined herein. 

Illustration of General Procedure 10: General Procedure 10A; Example 1 

15 (2S,2'S)-lerl-b\My\ 2,2'-(5,5,-(l-(4-teri-butylphenyl)pyrrolidme-2)5-diyl)bis(l//-

benzo[(/]imida2ole-5,2-diyl))dipyrrolidiiie-l-carboxylate 

As a mixture of trans diaslereomers, {2S,2'S)-terl-buty\ 2,2'-(5,5'-(l-(4-/err-

butylphenyl)pyrrolidine-2,5-diyl)bis(2-amino-5,l-

phenylcne)bis(azanediyl)bis(oxomethylene))dipyrrolidine-l-carboxylate (0.355 g) was dissolved in 

20 neat acetic acid (3 mL) and heated at 72 °C for 2 hours. The solution was concentrated and then 

poured into water where the pH was adjusted lo ~7-8 with sodium bicarbonate. The product was 

extracted into dichloromethane, concentrated and purified by chromatography on silica gel with a 40 g 

column, eluting with 0-5%methanol/dichloromcthane lo give 0.185 g (55%) of the title compound as 

a light yellow solid. 

25 

Illustration of General Procedure 10: General Procedure 10A; Example 2 
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QS2!S)-tert-buty\ 2,2'-(6,6!-((27?,5i?)-1 -(3,5-difluoro-4-(4-plienyIpiperidin-1 -yl)phenyl)pyrrolidine-

A solution of (IS/l'Syteri-buXyl 2,2'-(4,4'-((2./?,5/?)-l -(3,5-difhoro-4-(4-phenylpiperidm-l -

yl)phenyl)pyrrolidine-2,5-diyl)bis(2-amino-4,l-

5 pheny]ene))bis(azanediyl)bis(oxomethylene)dipyrrolidiiie-1-carboxylate (2.4 g, 2.57 mmol) and acetic 

acid (1.54 g, 25.7 mmol) in toluene (50 mL) was heated at 70 °C for 2 hours, cooled and concentrated. 

The residue was azeotroped 3x 15 mL with toluene and dried under vacuum to give a yellow foam 

(2.34 g, quantitative yield) that was used without purification. MS (ES1+) m/z 913 (M+H)'. 

10 Illustration of General Procedure 10: General Procedure 10A; Example 3 

(2S,TS)-tert-bvXy\ 2.2'-(6s6'-((2/?,5/?)-i-(3,5-difluoro-4-(piperidm-l-y])phenyi)pyrrolidme-2,5~ 

diyl)bis(5-fluoro-l//-benzo[d]irmdazole-6,2-diylj)dipyiTolidine-l-carboxylate 

To crude rerf-butyl 2,2'-(4,4,-((2ie,5J?)-l-(3,5-difluoro-4~(piperidm-l-yl)phenyl)pyrrolidine-

15 2,5-diyl)bis(2-amino-5-fluoro-4,l-phenyleiie))bis(azanediyl)bis(oxomethylene)dipyrrolidinc-l-

carboxylate (from General Procedure 9A, Example 2) was added toluene (45 ml) followed by acetic 

acid (2.66 ml, 46.4 mmol) and the solution was stirred at 50 °C for 16 hours. The cooled solution was 

concentrated , azeotroped twice with toluene, and the crude residue was purified on an ISCO 40 g 

silica gel cartridge eluting with 0-5% CH3OH/CH2CI2 to give the title compound (2.85 g). 

20 

Illustration of General Procedure 10: General Procedure 10B, Example 1 

methyl {(25)-i-[(25)-2-{5-[(2i2,5i2)-l-(4-chloro-3-fluorophenyl)-5-{2-[(25>l-{(25)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyiTolidin-2-yl]-l.//-benzimidazol-5-yl}pyrrolidin-2-

25 yl]-l//-benzimidazol-2-yl}pyrro]idin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate (ACD Name vi2) 

Dimethyl (2,S,2!5)-l,],-((25,»2,5)-2,2,-(4,4,-((2i2,5i2)-l-(4-chloro-3-f]uorophenyl)pyrrolidine-

2,5-diyl)bis(2-amino-4,l-phcnylene))bis(azanediyl)bis(oxomethylcne)bis(pyrrolidine-2,l-diyl))bis(3-

methyl-l-oxobutane-2,l-diyl)dicarbamate (General Procedure 9D) (0.98 g, 1.01 mmol) was dissolved 

in toluene (12 mL) and treated with glacial acetic acid (1.16 mL, 20.2 mmol) and heated at 65 °C for 

30 1.5 hours. The mixture was concentrated, dissolved in dichloromethane, and washed with sodium 

bicarbonate solution. The organic reaction mixture was concentrated and purified, by 

chromatography, eluting with 0-6% methanol in dichloromethane to give 0.17 g (19%) of the title 

2,5-diyl)bis(l /1f-benzo[/flimidazo1e-6,2-diy1))dipyn"olidinc-] -carboxylate 

ci 
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compoimd as a dark yellow solid. !H NMR (400 MHz, DMSO-f4) 8 ppm 0.77 - 0.90 (m, 12 H) 1.66 -

1.78 (m. 2 H) 1.88 - 1.95 (ra, 2 H) 1.96 - 2.06 (m, 4 H) 2.15 - 2.24 (m, 4 H) 2.54 - 2.60 (m, 2 H) 3.54 

(s, 6 H) 3.79 - 3.86 (m, 4 H) 4.06 (t, J-8.46 Hz, 2 H) 5.10 - 5.18 (m, 2 H) 5.37 - 5.45 (m, 2 H) 6.16 

(dd, J=9.49, 2.01 Hz, 1 H) 6.22 (dd, 1=13.55, 2.06 Hz, 1 H) 7.00 - 7.11 (m, 3 H) 7.22 (s, 1 H) 7.28 (d, 

5 J=8.57 Hz, 2 H) 7.32 (s, 1 H) 7.40 (d, .1=8.24 Hz, 1 H) 7.47 (d, J=8.13 Hz, 1 H) 12.07 (d, J=2.93 Hz, 2 

H); MS (APCI+) m/z 884 (M+H)+. 

Illustration of General Procedure 10: General Procedure 10B; Example 2 

10 methyl {(2.S,)-l-[(2^-2-{6-[(2i?,5i?)-l-[3-fluoro-4-(melhylsulfonyl)phenyl]-5-{2-[(25)-l-{(2iS')-2-

[(mcthoxycarbonyl)ammo]-3-methylb'utanoyl}pyrro]idm-2-yl]-l#-benzimidazol-6-yl}pyrrolidin-2-

yl]-l//-beiizimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate (ACD Name vl2) 

To a suspension of dimethyl (2S,2'5)-1,1 '-((25,,2!5)-2,2,-(4,4'-((2^,57?.)-i-(3-flnoro-4-

(methylsulfonyl)phenyl)pyrrolidinc-2,5-diyl)bis(2-amino-4,l-

15 phenylene))bis(azancdiyl)bis(oxomethylene)bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-oxobutane-2,l-

diyl)dicarbamate (0.190 g, 0.197 mmol) in toluene (2 mL) was added acetic acid (1 mL, 17.48 mmol), 

and the reaction mixture was stirred at 60 °C overnight. LCMS shows completion of reaction. The 

reaction mixture was diluted with ethyl acetate and washed with a saturated solution of NaHCO:,. 

The organic extract was separated, dried over anhydrous sodium sulfate, filtered, concentrated on a 

20 rotovap and purified by reverse phase HPLC using 5-100% acetonitrile/ water(TFA). Pure fractions 

were combined, neutralized with saturated solution of NaHCO;, and concentrated. The residue was 

extracted with CH2Clo. The organic extract was separated, dried over anhydrous sodium suifate, 

filtered, and concentrated to supply the title compound (30 mg) as a white solid. 

25 

General Procedure 11. Procedure lo Remove t-Butoxycarbonyl Protecting Groups 
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Removal of a t-butoxycarbonyl (Boc) protecting group, according to the above depiction can 

be effected using standard conditions such as by treatment with an acid, such as TFA, HCl, or formic 

acid. For example, reaction with TFA/CH2CI2 or HCl in dioxane at room temperature can remove the 

Boc protecting group. Compounds may be used or isolated as the salt or free base. 

5 After removal of the Boc-protecting groups and in cases where compounds have been 

processed through as mixtures of cis, ^—' , and trans, ^—' , pyrrolidines, the cis 

and. trans diastereomcrs may be subject to separation using standard chromatographic methods (e.g., 

normal phase silica gel or reverse phase). For example, compounds of general type 11-1 and 11 -2 can 

be separated in this manner. 

R4 RA RA RA 

10 11-1 11-2 

Illustration of General Procedure 11. General Procedure I IA (HCl-Dioxane), Example I 

HN 

(VV 
Boc 

HN -u 

'NH 
Boc 

20 

(5)-5,5l-(l-(4-/erZ-butylphenyl)pyiTolidine-2,5-diyl)bis(2-((5)-pyn-olidin-2-yl)-l//-

benzo[ J] im idazole) 

(2S,,2,<S)-terf-Butyl 2,2'~(5!5'-(l-(4^(?rr-butyiphenyl)pyrrolidme-2,5-diyl)bis(l//-

benzo[fi]imida/ole-5,2-diyl))dipyrrolid.ine-l -carboxylate (0.204 g, 0.264 mmol) was dissolved in THF 

(2 mL) at room temperature and treated with 4 M HCl in dioxane (2 mL). After completion of the 

reaction, the mixture was concentrated to dryness to provide the crude title compound. 

Illustration of General Procedure. 11. General Procedure 11A (HCl-Dioxane), Example 2 

(S)-6,6'-((2./?,57?)-l-(3,5-difluoro-4-(4-phenylpiperidm-i-yl)phenyi)pyiToIidine-2,5-diy])bis(2-((5,)~ 

25 pyiTolidin-2-yl)-l//-benzo[r/]imidazole) 
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A solution of (2S,TS)-tert-bVi\y\ 2,2'-(6,6,-((2i?,5^)-l-(3,5-difluoro-4-(4-phenylpiperidiii-l-
o < ,-K-wi\k-io/i TJ k,< o 1 -j/i y x /yxx^ixy i ypj uixviiiiv-x.jw;-viAj i fu toy x U-L-VIU^LU j ixitxuct<<_ui^-'v/,z.-u.ijy i j jKJxyy XIK/XXKIXLI^-x -vcu I;V;AJ xittv 

g, 2.57 mmol) in dioxane (25 mL) was treated with 4 Mhydrogen chloride in dioxane (16.06 mL, 64.3 

mmol) to give a tan suspension. The mixture was sonicated for 10 minutes to break up solids into a 

5 fine suspension, stirred for 2 hours and concentrated. The residue was azeotroped 3X30 mL with 

toluene and dried to give the HCl salt of the titie compound as a tan powder that was used without 

purification (assume quantitative yield, 2.57 mmoi). MS (ESI+) m/z 713 (M+H)'". 

Illustration of General Procedure 11. General Procedure 11A (HCl-Dioxane), Example 3 

10 6,6'-{(2i^5/^)-l-[3,5-difluoro-4-(piperidin-i-yl)phcnyr]pyrrolidine-2,5-diyi}bis{5~fluoro-2-[(21S')-

pyrrolidin-2-yl]-l//-benzimidazole} (ACD Name vl2) 

To a solution of (2S,2\S)-tei"t-butyl 2,2'-(6,6'-((2.tf,5i?)-l-(3,5-difluoro-4-(piperidin-l-

yi)phenyl)pyrrolidine-2,5-diyl)bis(5-fluoro-l//-benzo[J]imidazole-6,2-diyi))dipyrrolidinc-l-

carboxylatc (2.85 g, 3.26 mmol) in dioxane (10 mJ) was added 4 M HCl/dioxane (10.0 mL, 40.0 

15 mmol) and the solution was vigorously stirred at room temperature for i hour. The solution was 

concentrated, dissolved in minimal H20 and applied to an ISCO 130 g CI 8 cartridge and eluted with 

0-100% CH3CN/(0.1%) TFA/H20). Desired fractions were combined, made basic with 10% NaHCOj 

solution, and extracted with EtOAc. The combined extracts were dried (MgS04), filtered and 

concentrated to give the title compound (932.5 mg, 1.386 mmol, 42.5%). 

20 

Illustration of General Procedure 11. General Procedure I IB (TEA-CIhCh) 

(5)-5,5'-(l-(4-fluorophenyl)pyrrolidine-2,5-diyl)bis(2-((5)-pyn-olidm-2-yl)-]//-benzo[c(]imidazole) 

25 (2lS,,2,,V)-to-;-Butyl 2,2,~(5,5'-(l<4-fluorophenyl)pyiTolidine-2,5-d.iyl)bis(l/-/' 

benzo[J]imidazole-5,2-d.iyl))dipyrrolidine-l-carboxylate (0.120 g, 0.163 mmol) was dissolved in 

dichloromethane (2 mL) at room temperature and treated with TFA (1 mL). The mixture was 

concentrated to dryness, dissolved m 25% isopropanol/dichloromethane and washed with sodium 

bicarbonate solution. The resulting solids were filtered off and dried. The organic filtrate was 

30 concentrated and dried to give the more title compound. The batches of off-white solid were 

combined to give the titled compound. (0.062 g 72% yield). 
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The following compounds as free base or salt can be made using General Procedure 8, General 

Procedure 9A (P102), General Procedure 10/1 OA, and General Procedure 11/1 IA: 

(1S)-6,6,-((2/?55i?)-l-(4-(pyridin-2-yl)phenyl)pyrroHdme-2,5-diyl)bis(2~((1S,)-pyn-olidin-2-yl)~l_ff-

b enzo [d] i mi dazol e); 

5 (,5^-6,6,-((2/?,5;!?)-l-(3-chloro-4-(trifliioromethoxy)phenyl)pyrrolidme-2,5-diyl)bis(2-((5)-pyiTolidin-2-

yl)-l //-benzo [^imidazole); 

(5}-6,6!-((2/?,57?)-l-(4-(2-rnelhoxyellioxy)phenyl)pyrrolidine-2,5-diyl)bis(2-((5')-pyrrolidin-2wl)-Ui-

benzo[d]imidazole); 

(lS)-6!6'-((2/?,5/?)-l-(4-chlorophenyl)pyn-o]idine-2,5-diy!)bis(2-((iS)-pyn-olidin-2-yl)-l//-

10 b enzo [ri] i m idazol e); 

(JS)~6,6!-((2i?,5/?)-l-(3-methyl-4-(piperidm-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-((5)-pyrro]idin-2-

yl)-1 /f-benzo[<i] imidazole); 

(lS>6!6'-((2£,5S)-l-(4-cyclopropy]-3,5-difhiorophenyl)pyrro]idine-2,5-diyl)bis(2-((1SVpyrrolidin-2-yl)-

i H-benzo [d\ im i dazo 1 e); 

15 (5,)-6)6,-((21S".55)-l-(4-cyclopropyl-2-fl,uorophenyl)pyn-olidme-2,5-diyl)bis(2-(((S3-pyrrolidin-2-yl)-l//-

benzo[c/]imidazole); 

(y)"6,6'-((27?,5/?)-l-(3-fluoro-4-(piperidin-l -y])phenyl)pyrroIidine-2,5-diyl)bis(2-((lS)-pyrrolidin-2-yl)-

lif-benzo[J]imidazole); 

(5)-6,6'-((2^,5^)-l-(3,5-difluoro-4-(4-(trifliioromelhyl)piperidin-l-yi)phenyl)pyrrolidine-2,5-

20 diyl)bis(2-((5)-pyiTolidin-2-yl)-l//-benzo[</]imidazole); 

(iS,)-6,6!-((27?,5i?)-l-(4-(4-terr-butylpiperidin-l-yl)-3,5-difliiorophenyl)py7Tolidine-2,5-diyl)bis(2-((5)-

pyrrolid.in-2-yl)-i7f-benzo[t/]imidazole); 

(»S')-6,6'-((2i?,5J/?)-l-(4-(4,4-dimethylpiperidin-l-yl)-3,5-difl"uorophenyl)pyn-olidine-2,5-diyl)bis(2-((5r)--

pyiToiidin-2-yl)-l//-benzo[t/]imidazole); 

25 ((S)-6J6'-((2i?,5i?)-1-(3,5-difliioro-4-(6-azaspiro[2.5]octan-6-yl)pheiiyl)pyiTolid.ine-2,5»diyl)bis(2-((5)-

py2Tolidin-2-yl)-l//-benzo[r/j imidazole); 

(,S')-6;6'-((2^,5i^)-i-(3,5-difluoro-4-(isoindolin-2-yl)phenyi)pyrrolidine-2,5-diyl)bis(2-((5,)-pyn-olidin-

2-yl)-l. //-benzo[r/]imidazole); 

2-(4-((2i?,5i?)-2,54)is(2-((5ypyiTolidm-2-yl)-l//-benzo[^imidazol~6-yl)pyrrolidm~l~yl)-2,6-

30 difiuoropheny])-2-azabicyclo[2.2.2]octane; 

(6)-6,6'-((2J/2,5i?)-l-(3,5-difluoro-4-(4-isopropy]piperidm-l-yl)pheiiyl)pyrrolidine-2,5-diyl)bis(2-((5)-

pyrrolidm-2-yl)4//-benzo[<i]i:midazolc); 

(5,)-6,6L()'2i^,5i?}-l-(4-(33-diinethylazetidin"l-Yl)-3?5-dif!iK)rophcT]yl)pyiTolidine-2,5-diyl)bis(2-((5')-

py]Tolidm-2-yl)-l/f-benzo[r/]imidazole); 

35 (1S,)-6,6'-((27?,5/?)-l-(4-(4-phcnylpipcridin-l-yl)pheiiyl)pyrrolidine-2s5-diyi)bis(2-((5)-pyrro]idm-2-yl)-

1 //- b en zo [ f/] i mi dazo 1 e); 
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6J6'-{(2i?,5/?)-l-[3,5-difluoro-4-(piperidin-l-yl)phenyl]pyiTolidine-2,5-d.iyl}bis{5-fliioro-2-[(25')-

pyrrulidiJi-2-yi]-i/7T-bt:r']ziinidiizo]e} (ACD Name vl 2); 

(S)-6,6'-((2S,5R)-l-(3,5-difiiioro-4-(piperidm-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(5-flnoro-2-((S)-

py]"rolidin-2-yl)-lH-benzo[d]imidazole) 

5 (S,S,S)-6,6'-((2R,5R)-l -(3,5-difiiiOTO-4-(piperidm-I-yl)phenyi)pyiTolidine-2,5-diyl)bis(5-ihK>ro~2-

((2S,3aS,6aS)-oclahydrocyclopenta[b]pyiTol-2-yl)-lH.-berizo[d]imidazole); 

(S,S,S)-6s6'-((2R,5R)-l-(3,5-difluoro-4-(pipcridni-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-

((2Ss3aS,6aS)-octahydrocyclopenta[b]pyrrol-2-yl)-lH-benzo[d3imidazole); 

(S)-6,6,-((2R,5R)-l-(4-(2,3-dihydrospiro[indene-l,4,-piperidine]-r-yl)-3,5-

10 difluoi'ophenyl)pyrrolidine-2,5-diyl)bis(5-fluoro-2-((S)-pyiTolidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6l-((2R,5R)-l-(3,5-difluoro-4-(4-(4-methoxypheny])piperidin-l-yl)phenyl)pyrrolidine"2,5-

diyl)bis(2-((S)-pyrrolidin-2-yl)-lH-benzo[d]iniidazole); 

(S)-6,6'-((2R,5R)-l-(3,5-difluoro-4-(4-fluoro-4-plienylpiperidin~l~yl)plieiiyl)pyn"olidine-2,5-

diy])bis(2-((S)-pyrrolidiii-2-yl)-lH-bcnzo[d]imidazolc); 

15 (S)-6,6'-((2R,5R)-l-(4-(4-fliioro-4-phc7iy1pipcridm-l-yl)pbenyl)py?To]idine-255-diyl)bis(2-((S)-

pyn-olidin-2-yl)-lH-benzo[d3imidazole); 

(S)"6,6'-((2R,5R)-l-(3,5-difluoro-4-(4-(fluorodiphenylmetliyl)piperidiii-l-yl)phenyl)pyrrolidine-2,5-

diy])bis(5-fliioro-2-((S)-pyrrolidin-2-yl)-lH-bcnzo[d]imidazo]e); 

(S)-6,6'-((2R,5R)-l-(3,5-difliioro-4-(4-pheiiylpiperidin-l-y])phenyl)pyiToiidine-2,5-diyl)bis(5-fluoro-

20 2-((S)-pyrrolidin-2-yl)-l H.-benzo[d]imidazole); 

(S)-6,6,-((2R,5R)-l-(3,5-difluoro-4-(4-(4-fluorophenyl)piperidin-l-yl)phcnyl)pyiTolidiiie-2,5-

diyl)bis(2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

(S)~6,6'-((2R,5R)~]~(3,5~difluoro-4-(4~(3-(trimethylsilyl)phenyl)piperidin-l-yJ)pheny1)pyrrolidine-

2J5-diyl)bis(2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

25 (S)-6;6'-((2R,5R)-l-(4-(4-(3,4-difluorophenyI)piperidir!-l-yI)-3,5-difIiiorophenyl)pyrrolidme-2,5-

diyl)bis(2-((S)-pyrrc)lidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6'-((2R,5R)-l -(4-(4-(3,5~difluoroplienyl)piperidin-l ~yl)~3,5-difliiorophenyl)pyrrolidme~2>5-

diyl)bis(2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

(S)"6f6'-((2R,5R)-l-(3;5-djfliioro-4-(4-(4-(trifiuoromethy!)pbcny])piperazm-l-yl)phenyI)pyn-olidme-

30 2,5~diyl)bis(5-fluoro-2-((S)-pyiTolidin-2-yl)-l H-benzofdjimidazole); 

6-((2R,5R)-l-(3f5-difliioro-4-(piperidm-l-yl)plieiiyl)~5~(2~((S)~py"iTolid.in-2~yl)-lH-benzo[d]imidazol~ 

6-yl)pyrrolidin-2-yl)-5-fluoro-2-((S)-pyiTolidin-2-yl)-lH-benzo[d]imidazole; 

(S)-6,6'-((2R,5R)-l-(4-(4-benzylpiperidin-l-yl)-3,5-difiuoroplieiiyl)pyrrolidjne-2,5-diyi)bis(5-fliior()-

2-((S)-pyn-olidin-2-yl)-lH-benzo[d]imidazole); 

35 (S)-6,6,-((2R,5R)-l-(4-(4-benzylpiperidin-l-yl)-3,5-difluorophenyl)pyn"olidme~2;5-diyl)bis(2-((S)-

pyrrolidin-2-y])-]H-benzo[d]iir)idazolc); 
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(S)-6>6'-((2S,5R)-l-(3,5-difluoro-4-(4-plienylpiperidin-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-((S)-

pyrro!idin-2-yl)-lH-bcnzo[d3irnidazolc); 

4-(4-((2R,5R)"2,5-bis(2-((S)-pyiTolidm-2-yl)-lH-benzo[d]imidazol-6-yl)pyn-olidin-l-yi)-2,6-

difIuorophenyl)-2-plienylmorpholine; 

5 (S)-6,6L((2R;5R)-l-(3,5-difluoro-4-(2-phenylpiperid.in-l-yl)pheny])pyiTolidiDe*-2;5-diyl)bis(2-((S)-

pyiTolidin-2-yl)-1 H-benzo[d]imidazole); 

(2S,6R)-4-(4-((2R,5R)-2,5-bis(5-fluoro-2~((S)-pyrrolidin~2-yl)-lH-benzo[d]imidazol-6-yl)pyrrolidin-

i -yl)-2,6-difluorophenyl)-2,6-diraethylmorpho]ine; 

(S)-6,6'-((2R,5R)-l-(3?5-difluoro-4-(3-azaspiro[5.5]undeean-3-yl)phenyl)pyrrolidine-2,5-d.iyl)bis(5-

10 fluoro-2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

(S)-656,-((2R,5R)-l-(4-(4-cyclohexylpiperidin-l-yi)-3,5-difIuorophenyl)pyrrolidme~2,5-diyl)bis(5-

fliioro-2-((S)-pyrrolidin-2-yl)-] H-benzo[d] imidazole); 

(S)-4-(4-((2R,5R)-2,5-bis(5-fluoro-2-((S)-pyn'olid.in-2-yl)-lH-benzo[d]imidazol-6-yl)pyiTolidm-l-yl)-

2,6-difluorophenyl)-2-phenylmorpholine; 

15 (S)-6,61-((2R,5R)-]-(3)5-dif[uoro-4-(4-phenylpiperazin-l-yl)phenyl)pyrrolidinc-2,5-diyl)bis(2-((S)-

pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

(S,R)-6,6!-((2R,5R)-I-(3,5-difluoro-4-(piperidin-1 -yl)phenyl)pyr/olidine-2,5-d3yl)bis(2-((2S,4R)-4-

fluoropyrrolidin-2-y])-lH-bcnzo[d]imidazole); 

(S)-6)6,-((2R55R)-l-(4-(4-(2,6-difliioropheiiyI)piperazm-l-yl)-3f5-difliiorophenyl)pyiTolidiiie-2,5-

20 diyl)bis(5-fluoro-2-((S)-pyiTolidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6'-((2R,5R)-l-(4-(4-(2,4-difluorophenyl)piperidin-l-yl)-3,5-difluorophenyl)pyrrolidine-2,5-

diyl)bis(5-fluoro-2-((S)-pyrroIidin-2-y])4H-benzo[d]imidazolc); 

(S)-6!6,-((2R!5R)*-l~(3!5-difluoro-4-(4-(4-fluorophenyI)piperidin-l-yl)phenyl)pyrrolidme-2,5-

diyl)bis(5-fiiioro-2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

25 (S)-6,6'-((2S,5S)-l-(4-(4-(2,6-difluoropheT!yl)piperazm-l-yl)-3,5~difluoropheiiyl)pyn*olidine-2,5-

diyl)bis(5-fliioro-2-((S)-pyiTolidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6'-(C2R;5R)-l -(3,5-difl"uoro-4-(4~(5~iiietliylthioplien-2-yl)piperidiii-l-yl)plienyl)pyrrolidme-2)5-

diyl)bis(5-fluoro-2-((S)-pyiTo]idin-2-yl)-lH-benzo[d]imidazole); and 

(S)-656'-((2R,5R)-l-(3,5-difluoro-4-(4-fliioro-4-phenylpipcridin-l-yl)phenyl)pyiTolidine-2,5-

30 diyr)bis(5-fliK)ro-2-((S)-pyiTolidin-2-yi)-IH-benzo[d]imid.azole). 

The following compounds as free base or salt can be made using General Procedure 8, General 

Procedure 9B (Raney-nickel), General Procedure 10/10A, and General Procedure 11/1 IA: 

(1S)-6>6,-((2^,5^)-l-(biphenyl-4-y])pyiT0lidine-2,5-diyl)bis(2-((5)-pyiT0lid.m-2-y])-]/f-

35 benzo[c./]imidazole); 
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(5)-6,6'-((2i?,5i?)-l-(4-(cycJopentyloxy)-3-fluoropheiiy])pyrrolidine-2,5-diyl)bis(2-((.S)-pyiToiidi:n-2-
t if y i)- i ji-uoj \u jiiixiuaZ/Uic- j, 

(1S1)-6,6'-((2i?55i?)-l-(3,5-difliioro-4-((3ai?57alS,)-l//-isoindol-2(3//,3a//;4//,5//,6//,7//"57ai1/)-

yl)plienyl)pyrrolidine-2,5-diyl)bis(2-((5')-pyrrolidiii-2-yl)-l/i'-benzo[ti]imidazole); 

5 (JS)-6,6'-((27?,5/^)-l-(3,5-dichloro-4-(piperidm-l-yl)plienyl)pyiTolidine-2,5-diyl)bis(2-((JS)-pyrrolidm-

2-yl)-l//-benzo[(f|imidazole); 

(lS,)-6,6'-((2/?,5/?)-l-(2?5-difliioro-4-(pipcridin-l-yl)phcnyl)pyrrolidinc-2,5-diyl)bi,s(2-((iy)-pyn-olidin~ 

2-y1)-l/7-benzo[r/]imidazole); 

(1S,)-6?6'-((2i?,5^)-l-(4~((2i^,65')-2,6~dimethylpiperidin-l-yl)-3,5-difliioroplienyl)pyiTo]idme-2)5-

10 diyl)bis(2-((£)-pyrrolidin-2-yl)-l//-bcnzo[f/]imidazole); 

(JS)-6,6'-((2i?,5i?)-l-(2,3.54rifiiioro-4-(piperidin-l-yl)phenyl)pyrrondine"2,5-diyl)bis(2-((5")-

pynolidin-2-yl)-l/:/-beiizo[i/] imidazole); 

(5>6,6,-((2i?,5i2)-l-(4-cyclohexyl-3-fluoroplienyl)pynoMne-2,5-diyl)bis(2-((S)-pyCTo]idm-2-y'l)-]//-

b en zo [d] i m id azol e); 

15 (5*)-6,6'-((2i?,5JR')-l-(3,4-difliiorophcnyl)pyiTolidinc-2,5-diyl)bis(2--((6')"pyr."olidin-2-yl)-l/:/-

benzo[ri]imidazole); 

(,S,)-6,6'-((2/^5/?)-l-(4-etlioxyphenyl)pyrrolidiiie-2,5-diyl)bis(2--((1S,)-pyrrol.idin-2-yl)-l H-

benzo[J]irnidazole); 

(»S)-6,6,-((2i;i',5-/?)-l-(4-(2,2-dif]uoroethoxy)pheny])pyrro1idine-2,5-diyl)bis(2-((6')-pyrrolidin-2-yl)-lj'/--

20 b enzo [d] imi dazole); 

(jS)-6,6,-((2/?,5/?)-l-(4-(3,5-dimethylpiperidin-l-yl)-3,5-difluorophenyl)pyrrolidiiie-2,5-diyl)bis(2-((lS)-

pyrrol idm-2-yl)-l//-benzo[(i] imidazole); 

6!6'-{(2j?,5i?)-l-[4-(pentafli3oro-X6-snlfanyl)phenyr]pyrrolidine-2,5-djyl}bis{2-[(25r)-pyiTolidin-2-yl]-

1II-benzimidazole} (ACD Name vl2); 

25 (5)-656'-((2,S':5)S,)-l-(4-cyclopropylphenyl)pyn"olidine-2,5~diyl)bis(2-((5)-pyiTolidin-2~yi)-l/jr" 

benzo[c/]imidazole); 

(1?)-6,6'-((2/??5i?)-l-(4-/er/-biitylplienyl)pyiTolidine-2,5-diyl)bis(2-((5')-pyiTolidin-2-yl)-l/f-

benzo[c/]inndazole); 

(5',5')-6,6L((2i?,5JR)-l-(3f5-dif]iioro-4-(piperidin-l -yl)phenyl)pyrrolidine-2?5-diyl)bis(2-((25,,45')-4~ 

30 methoxypyrrolidin-2-yl)-l//-benzo[^]imidazolej; 

(15?5)-6!6'-((2^,57?)-l-(3,5-di±liioro-4-(piperidm4-y])phenyl)pyiTolidme-2!5-diyl)bis(2-((2^45)-4-

fluoropyiTolidin-2-yl)-1 Z7-benzo[ Jjimidazole); 

((S,,5)-6,6'-((2i2,5/?)-l-(4-flnorophenyl)pyiToiidine-2,5-diy])bis(2-((2>S's4y)-4"fluoropyrroIidin-2-yl)-]//-' 

benzoj/fjimidazole); 

35 (5,5>6!6'-((2i?s5/<')-l-(4-fluorophenyl)pyiTolidiiie~2;5-diyl)bis(2~((21S,,45)~4--metlioxypyiTolidin'-2-yl)-

l//-benzo[(i]iinidazoie); 
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(5)-6,6,-((2/?,5/?)-l-(4-rerr-bulylphenyl)pyrrolidine-2,5-diyl)bis(2-((1S,)-5,5-dimelhylpyn-o]idiii-2-yl)-
i//-benzo[tf^imidazole); 
(1S,,)S)-6,6,-((2i?,5i^)-l-(4-terr-buiylplienyl)pyr.rolidine-2s5-diyl)bis(2-((2)S,,45,)-4~fluoropyn-olidin-2-yl)-
l//-benzo[t/]imidazole); 

5 (tS()-6>6^((2/?,5/?)-l-(3J5-difluoro-4-(piperid.m-l-yl)phenyl)pyn-oHdine-2!5-diyl)bis{2-((35)-2-
azabicyclo[2.2.i]b.eptai>3-yl)-l//-beii2o[(i] imidazole); 
(50-6!6'-((2/?,57?)-l-(3,5-di'fluoro-4-(piperidm-l-yr)phenyl)pyrroIidiiie-2,5-diyl)bis(2-((Jy)-indolin-2-
ylj-l/f-benzo [<i] imidazole); 
(lS,,^)-6!6,-((2/?;5j?)-l-(3f5-diflnoro--4-(piperidin-l"yl)plienyl)pyiTolidine-2f5-diyl)bis(2-((2lS547?)-4-

10 methoxypyrrolidm-2-y])-l /-/-benzof^iniidazole); 
(lSr)-6!6'"((27?,5^)-l-(4-/(?r/-biitylphenyl)pyrroHdine-2;5-diyl)bis(2-((»S')-4-methyleiiepyiToHdin-2-yl)-
l//~benzo[d] imidazole); 

(1?)-6,6,-((2^,5/?)-l-(4-(4,4-dip]ienylpiperidiri-l-yl)-3,5"difl"uoropbenyl)pyiTolid.ine-2,5-diyl)bi8(2-(().?)-
pyrrol idii]-2-yl)-l//-benzo[ir/]imidazole); 

15 1-(1 -(4-((27?,5i?)-2,5-bis(2-((^)-py:LTolidin-2-yl)-!//-benzo[ii]imjdazol-6-yl)pyrrolidm-l-yl)-2,6-
difliiorophenyl)-4-phenylpipcridm-4-yl)ethanorie; 

(5)-6,6'-((2^,5^)-l-(3,5-difluoro-4-(piperidin-l-yl)phenyl)pyrrolidiiie-2,5-diyl)bis(2-((5)-pyrrolidin-
2-y])-l//-benzo[J]imidazole); 
(5,,JS,,5)-6,6,-((2i2,5i?)-l-(3,5-difluoro-4-(piperidin-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-

20 ((25,,3a5,6a.S,)-oclahydrocyclopenta[b]pyrrol-2-yl)-l/i-benzo[('/]imida/.ole); 

(SSS}~6,6'-((2R,5K)-l -(4-te/t4xitylphenyl)pyiToiidine-2,5-diyl)bis(2-((2lS';3alS',6aJ5')-
octai]ydjocyclopenta[b]pyn'ol-2-yl)-l//-benzo[c/3imidazoie); 

(5)-6,6,-((2^,5i?)-l-(3,5-difliK)ro-4-(3-azaspiro[5.5]iindecaii-3-yl)plienyl)pyiTolidine--2,5-diyl)bis(2-
((5)-pyrrolidm-2-yl)-l/i-benzo[^3iniidazole); 

2.5 (^)-6J6'-((2/2,5^)-l-(3-fluoro-4-(4-phenylpiperidin-l-yl)plienyl)pyrroIidine-2J5-diyl)bis(2-((5)-
pyrrolidm-2-yl)-l//-benzo[fi]imidazole); 
(S,S,S)-6,6,-((2R,5R)-l-(3,5-difIiioro-4-(4-phenylpiperidin-l-yl)phenyl)pyrro]idine-2s5-diyl)bis(2-
((2S,3aS,6aS)-oclahydrocyc1openla[b]pyrrol-2-yl)-lH-ben2o[d]imidazolc); 
(S)-6,6'-((2R,5R)-l-(3,5-difluoro~4-(3-phenylpiperidin-l-yl)pheayl)pyiTolidmc-2,5-diyl)bis(2-((S)-

30 pyrrolidm-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6,-((2R)5R)-l-(3,5-difluoro-4-(3-phenylpyrrolidin-l-yl)phenyl)pyrrolidine-2J5-diyl)bis(2-((S)-
py]Tolidin-2-yl)-lH-benzo[d]imidazole); 
(S)-6,6'-((2R,5R)-l-(3,5-difluoro-4-(4-(pyrimidii3-2-yl)piperazin-l-yl)phenyl)pyTroIidjtie-2,5-
diyl)bis(5-fluoro-2-((S)-pyiTolidin-2-yl)-lH-benzo[d]imidazole); 

35 (S)-6,6,-((2S,5R)-l-(2-(4-phenylpiperidin-l-y])pyrimidin-5-yl)pyrrolidme-2,5~diyl)bis(5-fluoro-2-
((S)-pyiTolidin-2-yl)- lH-benzo[d]imidazole); and 
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(S)-6,6'-((2S,5R)-l-(2-(piperidin-l-yl)pyrimidin-5-yI)pyrrolidine-2,5-diyl)bis(5-fluoro-2-((S)-

5 The following compounds as free base or salt can be made using General Procedure 8, General 

Procedure 9E (Fe/NH^Cl). General Procedure 10/1 OA, and General Procedure L1/11 A: 

(S)-6,6,-((2R,5R)-l-(3>5-difluoro-4-(4-(3-phenylpropyl)piperidin-1-yl)phenyl)pyrrolidine-2,5-

diyl)bis(5-fluoro-2-((S)-pyrrolidin-2-yl)-lH-benzo[d3imidazolc); 

(S)-6,6'-((2R,5R)-l-(3,5-difluoro-4-(6-azaspiro[2.5]octan-6-yl)phenyl)pyiToIidine-2,5-diyl)bis(5-

10 fluoro-2-((S)-pyrrolidin-2-yi)-lH-benzo[d]imidazole); 

(S)-6,6,-((2R,5R)-l-(4-(4-/«2rr-butylpiperidiii-l-yl)-3,5-difluoroplienyl)pynolidine-2,5-diyl)bis(5-

fluoro-2-((S)-pyrrolidin-2-yl)-lH-ben2o[d]imidazole); 

(S)-6,6'-((2R,5R)-l-(3,5-difiiioro-4-(4-(naphlhalen-2-yl)piperidm-i-yl)phenyl)pyiToIidiue-2,5-

diyl)bis(5-fluoro-2-((S)-pyrro1idin-2-yl)-lH-benzo[d]i:midazole); and 

15 (S)-6,6,-((2R,5R)-l-(4-(benzyloxy)phenyl)pyrrolidine-2J5-diyl)bis(2-((S)-pyrrolidin-2-yl)-lH-

benzo[d]imidazole). 

Illustration of General Procedure 11. General Procedure IIC (monodeprolection) 

20 (2S,3aS,6aS)-fc7-z-butyl 2-(5-((2R,5R)-l-(3,5-difluoro-4-(piperidin-l-yl)phenyl)-5-(2-((2S,3aS,6aS)-

octahydrocyc]openta[b]pyrrol-2-yl)-lH-bcnzo[d]imidazol-5-yl)pyrrolidin-2-yl)-lH-benzo[d]imidazol-

The starling di-Boc-protected amine (1.24 g, 1.36 mmol) was dissolved in dichloromethane 

(12 mL) at ambient temperature and treated with aliquots of trifluoroacetic acid (0.10 mL, 1.35 mmol) 

25 every thirty minutes for 1.5 hours. The solution was concentrated to dryness then re-dissolved into 

dichloromethane and washed with sodium bicarbonate solution. After concentration, the residue was 

purified by chromatography, eluting with 0-20% methanol in dichloromethane to give 425 mg (38%) 

of the title mono-deprotected amine as a yellow powder. 

30 General Procedure 12. Rndcap addition. 

2-y l)hexahydrocyclopenta[b]pyrrole-1. (2H)-carboxy late 
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Me02CHN—Ls 

Reaction of an amine with an acid to form an amide as depicted above can be effected as 

described generally in Scheme 1 and other foregoing Schemes. The reaction can be promoted by a 

peptide coupling reagent, such as EDAC/HOBT, PyBOP, HATU, T3P or DEPBT, in a solvent such as 

5 THF, DMF, dichloromethane, ethyl acetate, or DMSO, with or without the addition of an amine base 

such as Hunig's base, yV-mcthylmorpholine, pyridine, 2,6-lutid.ine, or triethylamine, to give amide 

products. For example, an amine f 1 equivalent) can be reacted with acids (2 equivalents) such as, but 

not limited to, 2-(methoxycarbonylamino)-3-methylbutanoic acid, 2-(methoxycarbonylamino)-3,3-

dimethylbutanoic acid, 2-cyclohexyi-2-(methoxycarbonylamino)acetic acid, 2-

10 (metlioxycarbonylamino)-2-(tetrahydro-2/:/-pyran-4-yl)acetic acid, or those listed below under 

General Procedure 19. Final coupling products may contain varying amounts of stereoisomers with 

respect to the pyrrolidine ring. In the case of fluoro-substituted benzimidazole-containing products 

(e.g. Example 6.1, Example 6.12, Example 6.16), final purification to remove residual amounts of 

another stereoisomer may require chiral chromatography as described below m General Procedure 

15 12C. 

Illustration of General Procedure 12. General Procedure 12A 

dimethyl (2^,2'^-l,l'-((25,2',S')-2,2'-(5,5'-((2i?,5i?)-l-(4-rerr-butylphenyl)pyrrolidine-2„5-diyl)bis(l/-/-

20 benzo[^imidazole-5,2-diyl))bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-oxobutane-2,l-diyl)dicarbamate 

and dimethyl (21S,52'iS,)~l,r-((2(S',2,1S,)-252'-(5,5,-(('21S,s5>y)-l-(4-;ert-butylphenyl)pyn'o]idine-2,5-

diy])bis(l/f-benzo[f/]imidazole-5,2-diyl))bis(pyrrolidine-2,i-diyl))bis(3-methyl-l -oxobutane-2,1-

diyl)di.carbamate 

(S)-5,5'-(1 -(4-ter/~biitylphenyl)pyrrolidine-2,5-diyl)bis(2-((lS,)-pyrrolidin-2-yl)-U/-

25 benzo[<i]imidazole) (0.150 g, 0.261 mmol) and diisopropylethylamine (0.365 mL, 2.09 mmol) were 

dissolved in DMSO (3 mL) at room temperature and treated with (5)-2-(methoxycarbonylamino)-3-

methylbutanoic acid. (Q.105 g, 0.601 mmol) followed by HATU (0.204 g, 0.536 mmol). The solution 
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was stirred for ] hour at room temperature then diluted with water. The solid product was filtered off 
•Jilil nnr-if-i tvi> (Mlmmolr.rrroi->l-n; ,111 c*i 1!oo o<i1 TW'H li n 1 0 » > mr> i( i->^/r .i ril 1-. l\ Q0/_ ,»oil-,,,1 i->-. 
""u l^vuiiivu UJ W..U..11ULU6.U1JU1J U" 1"1«4 WiUI « 1. (, g, W1U11U1, VUlUUg VY11U V-U/U UIVUKUft/i XIX 

dichloromethane to give 0.143 g (60%) of a yellow solid as a mixture of trans diastereomers. 'B. 

NMR (400 MHz, DMSO-d6) 5 ppm 0.75 - 0.92 (m, 12 H) 1.07 (s, 9 H) 1.64 - 1.76 (m, 2 H) 1.85 -

5 2.04 (m, 6 H) 2.12 - 2.26 (m, 4 H) 2.43 (dd, J=7.75, 4.07 Hz, 2 H) 3.53 (s, 6 H) 3.76 - 3.87 (m, 4 H) 

4.04 (dd, J= 11.49, 6.51 Hz, 2 H) 5.12 (t, J=7.59 Hz, 2 H.) 5.35 (d, J=3.25 Hz, 2 H) 6.25 (d, J=8.46 Hz, 

2 H) 6.85 - 6.96 (m, 2 H) 7.07 (1, J=7.97 Hz, 2 H) 7.19 (s, 1 H) 7.28 (d, J=8.35 Hz, 3 H) 7.38 (dd, 

1-8.19, 1.90 Hz, 1 H) 7.46 (d, J=8.13 Hz, 1 H) 11.97 - 12.09 (m, 2 H). 

10 Illustration of General Procedure 12. General Procedure 12B 

Me0'Cm ,N0 O ^ A A ^ JJ O i. .N„C02Me 

dimethyl (2S,2!£>UH(2S;2'S>2,2^4,4H(2S,5^-1-(4-zm-bulyiphenyl)pyrrolidine-2,5-diyl)bis(4,1-

phenylene))bis(azanediyl)bis(oxometliylene)bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-oxobutaiie-2,l-

diyl)dicarbamate and dimethyl (2^,2'1S)4,l'-((25',2'5)-2,2,-(454'-((2^,5i?)-l-(4-;err-

15 butylphenyl)pyrrolid.ine-2,5-diyl)bis(4,l-phenylcne))bis(azaiiediyl)bis(oxomethyleiie)bis(pyrrolidiiie-

2,1 -diyl))bis(3-methy 1-1 -oxobutane-2,1 -diyl)dicarbamate 

(2lS',2'JS')-ArsiV1-(4,4'-((2JS<,55,)"l-(4";er?-Biitylphenyl)pyiTolidinc-2,5-diyl)bis(4,l-

phenyjeiie))dipyrrolidine~2~carboxamide and (2S>XS)-NtN'-(4-,4'-'((2R,5R)-l-(4-terl~ 

butylphenyl)pyrrolidine-2,5-diyl)bis(4,l-phenylene))dipyrrolidine-2-carboxamide (29.0 mg, 0.050 

20 mmol), (£)-2-(methoxycarbonylamino)-3-methylbiitanoic acid (19.27 mg, 0.110 mmol), EDAC 

(21.09 mg, 0.110 mmol), HOBT (16.85 mg, 0.110 mmol) and .Y-methylmorphoIine (0.027 mL, 0.250 

mmol) were combined in DMF (2 mL). The reaction mixture was stirred at room temperature for 3 

hours. The mixture was partitioned between ethyl acetate and water. The organic layer was washed 

with brine twice, dried with sodium sulfate, filtered and evaporated. The residue was purified by 

25 chromatography on silica gel eluting with etliyl acetate in hexane (50%> to 80%) to give a solid. The 

solid was triturated with ethyl acetate/hexane to give the title compoimd (13 mg, 29%) as a mixture of 

trans diastereomers. !H NMR (400 MHz, DMSO-40 5 ppm 0.85 - 0.95 (m, 12 H) 1.11 (s, 9 H) 1.59 -

1.65 (m, 2 H) 1.79 - 2.04 (m, 8 H) 2.10 - 2.18 (m, 2 H) 2.41-2.46 (m, 2H) 3.52 (s, 6 H) 3.57 - 3.67 (m, 
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2 H) 3.76 - 3.86 (m, 2 H) 4.00 (i, ,T=7.56 Hz, 2 H) 4.39 - 4.46 (m, 2 H) 5.15 (d, J=7.00 Hz, 2 H) 6.17 

(ri, .1=7.70 Hz, 2 H) 6.94 (d, .1=8-78 Hz, 2 H) 7.13 (ri, .1=7,37 Hz; 4 H) 7,30 (d> J=8.20 11/ 2 H) 7.50 

(d, 5=8.24 Hz, 4 H) 9.98 (s, 2 H); MS (ES1+) m/z 895 (M+H)+. 

5 Illustration of General Procedure 12. General Procedure 12C 

methyl {(25,)-l-[(25,)-2-{5-[(2/?,5i?)-l-[3,5-difluoro-4-(piperidin-l-yl)pheny3]-5-{6-fluoro-2-[(25,)-l-

{X'2S)-2-[(methoxycarbonyl)ammo]-3-mcthylbutaiu)yl}py:rroiidm-2-y}]-l//-benzimidazo1-5-

yl}pyrrolidin-2-yl]-6-fluoro-l//-benzimidazol-2~yl}pyrTolidin-l-yl]-3-methyl-l-oxobutan-2-

To a solution of (5)-2-(methoxycarbonylamino)-3-methylbtitanoic acid (116 mg, 0.660 mmol) 

in CH2C12 (1.0 mL) was added EDC (127 mg, 0.660 mmol) and. the solution was stirred at room 

temperature for 20 minutes. This solution was then cannulated into a solution of 6,6'-{(2/?,5/?)-I-[3,5-

difluoro-4-(piperidin-l-yl)phenyl]pyiTolidine-2,5-diyl}bis{5-fluoro-2-[(25,)-pyiTolidin-2-yl]-l//-

15 benzimidazole} (ACD Name vl2) (148 nig, 0.220 mmol) and Hunig's base (0.231 ml, 1.320 mmol) in 

CH2C12 (1.000 mL) followed by the addition of HOBT (101 mg, 0.660 mmol), and the solution was 

then stirred at room temperature for 1 hour. The solution was diluted with CH2C12, washed with H20, 

dried (Na2.S04.), filtered and. concentrated. The product may be subject to further purification. 

20 mmol) was purified on a Teledyne/TSCO Combiflash® Rf System using a CI 8 cartridge eluting with 

0-30% CH3CN/(0.1%TFA/H20) over 30 minutes. The desired fractions were made basic with 10% 

NaHC03 solution and extracted with EtOAc. The combined extracts were dried (Na2S04), filtered 

and concentrated to give a white solid (545 mg). This material was then re-purified on a Waters 

preparative HPLC system using a C18 column eluting with 0-95% CH3CN/(0.1% TFA/H20) over 40 

25 minutes to give material (195 mg) containing mostly the title compound and a residual amount of a 

diastereomeric product. To remove remaining amounts of the diastereomer, chiral chromatography 

was mil on this sample using a Cliiralpak® IA column (5 cm* 15 cm, 20 mL/minule) and eluting with 

55/30/15 h6xane/THF/[CH3OH/BtOH 8:2] lo give the title compound (116 mg, 0.118 mmol). !H 

NMR (400 MHz, CDC13) 6 ppm 10.5140.60 (m, IH) 10.33-10.41 (m, IH) 7.43-7.50 (m, IH) 7.32 (t, 

10 yl} carbamate 

From a separate experiment using the above coupling procedure, crude product (about 4 
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IH) 7.13 (d., IH) 6.93 (I, IH) 5.82 (d, 2H) 5.28-5.48 (m, 6H) 4.26-4.39 (m, 2H) 3.78-3.90 (m, 2H) 

3.70-3.71 (u, 611) 3.57-3.67 (m, 211) 3.44-3.57 (rri? HI) 2.99-3.12 (m, 2I.I) 2.79-2.98 (m, 411) 1.78-

2.58 (m, 12H) 1.41-1.51 (m, 2H) 0.80-0.95 (m, 12H); MS (EST) m/z 987 (M+H)"". 

5 General Procedure 14. Chiral separation 

N-

\ cM 
dimethyl (26',2,tS)-l>r-((25',2,5)-2,2,-(5,5,-((21S,,5JS,)-l-(4-fluorophenyl)pyiTolidmc-2,5-diy])his(l/i" 

beiizo[^imidazole-5,2-diyl))bis(pyrrolidnie-2,l-diyl))bis(3-methyl-l -oxobutane-2, l-diyl)dicarbamatc 

The mixture of trans diastereomers was chromatographed by chiral cliromatography on a 

10 Chiralpak IA column eluting with a mixture of h exane/EiOH/CH^OH/1,2-

dichloroethane/diethylamine (25/25/25/25/0.1) to give two separate isomers. ]H NMR (400 MHz, 

DMSO-4) 8 ppm 0.75 - 0.89 (rn, 12 H) 1.64 - 1.73 (m, 2 H) 1.85 - 2.03 (m, 6 H) 2.12 - 2.24 (m, 4 H) 

2.81 - 2.90 (m, 2 H) 3.52 (s, 6 H) 3.76 - 3.87 (m, 4 H) 4.01 - 4.09 (m, 2 H) 5.08 - 5.16 (m, 2 H) 5.34 

(q, J=6.65 Hz, 2 H) 6.26 (dd, J-9.05, 4.50 Hz, 2 H) 6.67 - 6.78 (m, 2 H) 7.03 (t, J=8.02 Hz, 2 H) 7.20 

15 (s, 1 H) 7.24 - 7.32 (ra, 3 H) 7.36 (d, J=8.13 Hz, 1 H) 7.44 (d, J=7.92 Hz, 1 H) 12.01 - 12.07 (m, 2 H). 

and 
F 

/ 'o 

dimethyl (25,2'5)-Ur-((2JS,2'JS)-2!2'-(5!5,-((2i?,5/0'l-(4-fluoroplienyl)pyrrolidme-2,5-

diyl)bis(l//-beiizo[d]imidazole-5,2-diyl))bis(pyrrolidine-2,l.-diyl))bis(3-methyl-l-oxobutane-2,l-

20 diyl)dicarbamate 
JH NMR (400 MHz, DMSO-<i6) 5 ppm 0.74 - 0.93 (m, 12 H) 1.69 ft, J-9.65 Hz, 2 H) 1.82 - 2.06 (m, 

6 H) 2.09 - 2.26 (m, 4 H) 3.04 - 3.23 (m, 2 H) 3.52 (s, 6 H) 3.73 - 3.90 (rn, 4 H) 4.06 (t, J=8.46 Hz, 2 

H) 5.05 - 5.21 (m, 2 H) 5.29 - 5.44 (m, 2 H) 6.21 - 6.32 (m, 2 H) 6.67 - 6.86 (m, 2 H) 7.05 (t, 1=8.78 

Hz, 2 H) 7.18 (s, 1 H) 7.23 - 7.33 (m, 3 H) 7.37 (d, J=8.13 Hz, 1 H) 7.45 (d, J=8.02 Hz, 1 H) 12.04 (d, 

25 J=14.96 Hz, 2 H). 
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General Procedure 15. Benzimidazole synthesis through methoxybenzylamine displacement route I 
ni. -...-.....11... :... n-.1 UTIT .. ~ r^^A~ scn\ ~~.A /ccw ouuwii gcijciajiy in ounciiic vni, <x mciauu uJ pi cpcu nig, uciuun uunijjuuiiuft // anu 

Illustrated below in General Procedure 15A is a representative synthesis of (57) where D is 4-tert-

butylphenyl. 

5 

Illustra tion of General Procedure 15. General Procedure 15A 

The five steps illustrated above are described by the following experimental procedures: 

10 4,4'-(l-(4-?£r^butylphenyl)pyrrolidine-2,5-diyl)bis(A/-(4-methoxybenzyl)-2-nitroaniline) 

l-(4-rer?-Biityiphenyl)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidine (4.41 g, 8.57 mmol) was 

combined, neat, with ^-methoxy benzylamine (8.93 mL, 68.6 mmol) and heated at 145 °C for 1 hour. 

The mixture was diluted with dichloromethane and filtered. The filtrate was washed with 0.5 M HCl, 

NaHCOs solution, and then brine. The organic phase was concentrated and purified by 

15 chromatography on silica gel with an 80 g column, eluting with 0-50% ethyl acetate/hexanes to give 

4.13g (67%) of an orange foamy solid. 

4,4,-(l-(4-te7"/-butylphenyi)pyrrolidine-2,5-diyl)bis(./Vl -(4-methoxybenzyl)benzene-l ,2-diamine) 

4,4'-( 1 -(4-zert-Bulylphenyl)pyrrolidine-2,5-diyl)bis(yV-(4-methoxybenzyl)-2-mtroaniline) (2 g, 

20 2.79 mmol) was dissolved in a mixture of THF (15 mL), ethanol (15 mL), and ethyl acetate (5 mL). 

Then platinum oxide (0.254 g, 1.12 mmol) was added as a THF slurry. The flask was evacuated and 

purged with nitrogen twice, then evacuated and opened to a hydrogen balloon. The mixture was 

stirred at room temperature for 20 hours, then filtered through diatomaeeous earth, concentrated, and 
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purified by chromatography on silica gel with an 80 g column, eluting with 0-40% ethyl 

acetate/dichlorornetharte to five the firstf np.a1c of trans nrodunT (0 508 u ?R%"i - ' * r — i- v .'•••- - ' j ~ 

(26,,2'5)-ferr-butyl 2;2'-(5,5'-(l-(4-rerZ-biitylphenyl)pyrroIidme-2,5-diyl)bis(2-(4-

5 mcthoxybenzyIamino)-5>l-phenyiene)bis(azanediy])bis(oxomelhylene))dipyrrolidine-l-carboxylate 

4,4'-(l-(4-ter?-Butylphenyl)pyrrolidine-2,5-diyl)bis(Afl -(4-methoxybenzyl)benzene-l,2-

diaminc) (0.422 g, 0.643 mmol) and diisopropylethylamine (0.674 mL, 3.86 mmol) were dissolved in 

DMSO (6 mL) at room temperature and treated with 6-Boc-prolme (0.319 g, 1.48 mmol) followed by 

HATU (0.514 g, 1.35 mmol). The solution was stirred for 1 hour at room temperature and then 

10 diluted with water. The solid product was filtered off and purified by chromatography on silica gel 

with a 40 g column, eluting with 0-50% ethyl acetate in dichloromethane to give the title compound 

(0.565 g, 84%) as a yellow solid. 

(2S,?S)-lert-bu\.y\ 2,2,-(5,5'-(l-(4-^r?-butylpheiiyl)pyrrolidine-2,5-diyl)bis(2-amiiio-5,l-

15 phenylene)bis(azanediyl)bis(oxomethylene))dipyrrolidine-l -carboxylate 

(2 ,S, 2 'S)~teri~ B uty 1 2,2'-(5,5'-(l-(4-;CT-/-butylphenyl)pyrrolidine-2,5-diyl)bis(2-(4-

methoxybenzylammo)-5,l-phcnylene)bis(azanediyl)bis(oxomethylene))dipyrrolidine-l -carboxylate 

(0.565 g, 0.538 mmol) was dissolved in dichloromethane (5 mL) and water (0.25 mL) at room 

temperature and treated with DDQ (0.244 g, 1.076 mmol) portionwise over 2 minutes. The mixture 

20 was diluted with sodium bicarbonate solution, extracted into dichioromethane, concentrated and 

purified by chromatography on silica gel with a 40 g column, eluting with 0-15% 

methanol/dichloromethane to give the title compound (0.355 g, 81%) as a yellow solid. 

(2S,2*S)-terl-buty\ 2,2'-(5,5,-(!-(4-^rr-bulylplienyl)pyiTolidine-2,5-diyl)bis(l//-

25 benzo[af]imidazole-5,2 -diyl))d.ipyrrolidine-l-carboxylate 

(2S,2\S)-teri-Buty\ 2,2'-(5!5'-(l-(4-te?^butylphenyl)pyrroUdme-2,5-diyl)bis(2-armno-5sl-

phenylene)bis(azanediyl)bis(oxomethylene))dipyiTolidine-l-carboxy]ate was dissolved in neat acetic 

acid (3 mL) and heated at 72 "C for 2 hours. The solution was concentrated and then poured into 

water. The pH was adjusted to --7-8 with sodium bicarbonate. The product was extracted into 

30 dichloromethane, concentrated and purified by chromatography on silica gel with a 40 g column, 

eluting with 0-5%methanol/dich]oromethane to give the title compound (0.185 g, 55%) as a light 

yellow solid. 

General Procedure 16. Benzimidazole synthesis through melhoxybenzylamine displacement route 11 
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Shown generally in Scheme VIII, is a method of preparing certain compounds (57) and (59). 
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fluorophenyl. 

Illustration of General Procedure 16. General Procedure 16A 

regiochemistry of addition to 
tetra-ammo intermediate unknown 

The five steps illustrated above are described by the following experimental procedures: 

4,4'-(l-(4-fluorophenyl)pym)lidine-2,5-diyl)bis(A^-(4-methoxybenzyl)-2-nitroaniline) 

2,5-Bis(4-chloro-3-nitrophenyl)-l-(4-fiuorophenyl)pyrrolidine (0.88 g, 1.86 mmol) was 

combined with 4-methoxy benzylamine (3.64 mL, 28.0 mmol) and heated at 145 °C for 1 hour in a 

microwave reactor. The mixture was diluted with dichloromethane and filtered. The filtrate was 

concentrated and purified by chromatography on silica gel with a 330 g column, eluting with 0-60% 

ethyl acetale/hexanes to give 0.79g (62%) of an orange foam solid. 

4,4'-(l-(4-fluorophenyl)pyrrolidine-2,5-diyl)bis(2-nitroamline) 

4,4'-(l-(4-Fluorophenyl)pyrrolidine-2,5-d.iyl)bis(A'r-(4-methoxybenzyl)-2-nitroani]me) (0.78 g, 

1.15 mmol) was dissolved in dichloromcthane (10 mL) at room temperature and treated with TFA 

(1.8 mL, 23.0 mmol) for 3 hours. The residue was concentrated and partitioned between 

dichloromethane and sodium bicarbonate solution. The organics were concentrated and purified by 

chromatography on silica gel with a 40 g column, eluting with dichloromethane to give 0.218 g (43%) 

of the trans isomer. 
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4,4'-(l-(4-fluorophcnyl)pyrrolidine-2,5-diyl)dibenzene-l,2-diamine 
4,4'-(!-(4-Fiuoropr]ci]yi)pyjToiidme-2,5-diyI)bis(2-nitroaniline) (u.218 g, 0.50 mmol) was 

dissolved in DMF (5 mL) then platinum oxide (0.226 g, 0.99 mmol) was added as a THF slurry. The 
flask was evacuated, and purged with nitrogen twice, then evacuated and opened to hydrogen balloon. 

5 The mixture was stirred at room temperature for 20 hours. The solution was taken on to the next step 
without purification. 

(2^2'5)-rert-butyl2,2,-(5,5,-(l-(4-fluorophenyl)pyrrolidine-2,5-diyl)bis(2-amino-5,l-
phenylene))bis(azancdiyl)bis(oxomethylcne)dipyrrolidine- 1-carboxylate 

10 The crude DMF solution of 4,4'-(l-(4-fluorophenyl)pyiTolid.ine-255-diyl)dibenzene-l,2-
diamine was treated with diisopropylethylamine (0.296 mL, 1.70 mmol) and •S-Boc-prolinc (0.192 g, 
0.89 mmol) followed by HATU (0.322 g, 0.85 mmol). The solution was stirred for 1.5 hours at room 
temperature, and then the reaction mixture was diluted with water. The solid product was filtered off 
and purified by chromatography on silica gel with a 12 g column, eluting with 0-3% methanol in 

15 dichloromethane to give 0.235 g (72%) of a yellow solid, for which the regiochemistry of acylation 
was arbitrarily assigned as reacting at the mela-ammo group. 

(2S,2'S)-tert-butyl 2,2!-(5,5'-(1 -(4-fluorophenyl)pyrrolidine-2,5-diyl)bis(l/f-benzo[Y/]imidazole-5,2-
diy]))dipyrrolidine-l-carboxylate 

20 (25,,2'l9)-fert-B"utyl 2,2'-(5,5'-(l-(4-fluorophenyl)pyrrolidme-2f5-dsyl)bis(2-amino-5sI-
phenylenc))bis(azanediyl)bis(oxomethylene)dipyiToIidine- 1-carboxylate was dissolved in neat acetic 
acid (2 mL) and. heated at 60 °C for 1 hour. The solution was concentrated then poured into water and 
adjusted pH to -7-8 with sodium bicarbonate. The product was extracted into dichloromethane, 
concentrated and pui'ified by chromatography on silica gel with a 12 g column, eluting with 0-20% 

25 ethyl acetate in dichloromethane to give the title compound (0.124 g, 55%) as a light yellow solid. 

General Procedure 17. Suzuki Couplings off N-Aryl group 

^Suz 

o o 

t\ | l! 

u. ,N. L II Suzuki reaction ^ ^ 
O2N \ / NO2 O2N \ / NO2 

Intennediate compounds such as 2,5-bis(4-chloro-3-mtTophenyl)-i-(4-iodoplienyl)pyrrolidine 
30 (or the corresponding triflate, nonaflate, or bromide) can be further elaborated through a Suzuki 

reaction as shown with an appropriate boronic acid or ester where RSuz represents a suitable 
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cycloalkyl, aryl, cycloalkenyl, or heteroaryl group. Suitable conditions for effecting this Suzuki 

reaction include those described in Scheme V for the synthesis of compounds (37) 

Illustration of General Procedure 17: General Procedure 17A 

4-(5-(4-((27?,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-y])phenyl)pyridin-2-yl)morpholine 

(2/2,5/?)-2,5-Bis(4-chloro-3-mtrophenyl)-l-(4-iodophenyl)pyrroHdine (1.869 g, 3.2 mmol), 4-

(5-(4,4,5!5-tetramethyl-l,3,2-dioxaborolan-2-yl)pyridin-2-yl)morpholine (0.929 g, 3.20 mmol), 

potassium phosphate (1.359 g, 6.40 mmol), tris(dibenzylideneacetone)dipalladium(0) (0.029 g, 0.032 

10 mmol) and l,3,5,7-tetramethyl-6-phcnyl-2,4,8-trioxa-6-phosphaadamante (0.028 g, 0.096 mmol) were 

combined in THF (18 mL)/water (6 mL). The mixture was purged with nitrogen for 15 minutes and 

stirred at room temperature for 24 hours. The reaction mixture was partitioned between ethyl acetate 

and saturated sodium bicarbonate. The organic layer was washed with brine, dried with sodium 

sulfate, filtered and evaporated. The residue was purified by chromatography on silica gel eluting 

15 with ethyl acetale/hexane (20% lo 40%) to give the title compound (1.01 g, 51 %) as a solid. 

General Procedure 18. Proline amide synthesis 

Particular substituted proline amides can be made using methods such as those shown in 

General Procedures 18A-18C. 

20 

Illustration of General Procedure 18. General Procedure 18A 

methyl (25)-l-((35,)-3-carbamoyl-2-azabicyclo[2.2.1]heptan-2-yl)-3-methyl-l-oxobutan-2-

ylcarbamate 

25 (36')-2-((5)-2-(Methoxycarbonylamino)-3-methylbutanoyl)-2-azabicyclo[2.2.1]heptane-3-

carboxylic acid (1.78 g, 5.97 mmol), 2-(3H-[l,2,3]triazolo[4»5-6]pyridin-3-yl)-l,l,3,3-

tetramethylisouronium hexafluorophosphate (2.49 g, 5.56 mmol), and diisopropylethylamine (2.61 
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raL, 14.92 mmol) were dissolved in acetonitrile (30 mL) at ambient temperature and treated by 
„AAU;~~ +*u ooo/ u,,MA<s /in ~ n no TU^ Luupvvia^ auuxuuxx wiux z,o /o axxnixuxuuj u U^UUAJUC SUXUUUU ^,t7 i / .;?o X.UUXUJ j. x xx^ lv^auiuug 

mixture was stirred for 1 hour and then diluted with water and extracted into dichloromethane. The 

organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated to give 

5 methyl (25H-((3S)-3-carbamoyl-2-azabicyclo[2.2.1]heptan-2-yl)-3-melhyl-l-oxobiitan-2-

ylcarbamate as a white waxy solid. 

20 

25 

Illustration of General Procedure 18. General Procedure 1SB 

'Yw0H 'Y>H"! 
EDC/HOBT N O 

/ :0 NH4OH rf° 
O O 

10 (2S,4S)-lert-butyl 2-carbamoy]-4-methoxypyrrolicline-l -carboxylate 

(25,45')-l-(?e/-/-Butoxycarbonyl)-4-methoxypyiTolidine-2-carboxylic acid (2.9 g, 11.82 rmnol) 

was dissolved in acetonitrile (150 mL) and. cooled in an ice bath. ^'-((Ethylimino^iiethylene)-/^//3-

dimethylpropane-l,3-diamine hydrochloride (2.72 g, 14.19 mmol) and I/f-benzo[ii][l,2,3]triazol-l-ol 

hydrate (2.17 g, 14.19 mmol) were added, and the mixture was stirred at ambient temperature for 15 

15 hours, becoming clear. 28% Ammonium hydroxide (4.93 mL, 35.5 mmol) was added dropwise 

resulting in a precipitate. After stirring for 2 hours, then mixture was concentrated, diluted with water 

and extracted, into ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate, 

filtered, and concentrated to give 100% yield of (2SAS)-tert-bwiy\ 2-carbamoyl-4-

methoxypyrrolidine-l-carboxylate as a white waxy solid. 

Other amides that can be prepared using General Procedure 18B include: 

(25'>4/?)-^rt-butyJ 2-carbamoyl-4-melhoxypyrrolidine-1 -carboxylate; 

(25,,45)-^/'T-butyl 2-carbamoyl-4-fhioropyrrolidine-] -carboxylate; and 

(;S)-tert-butyl 5-carbamoyT2,2-dimethylpyrrolidine-l -carboxylate. 

Illustration of General Procedure 18. General Procedure 18C 

, NH2 
"V-A PH "V-v 0-4 1 V—isobutyl chloroformate 1 C. 

N-methylmorpholine (3 

O-

O NH3 O 

> ~ 0>-
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(5)-ferr-butyl 2-carbamoyl-4-methylenepyrrolidine-l-carboxylate 

(3>1 -(/'ea-Bulox.yeaibui"[yl)-4-ij!euiy!eticj)yri'olidi!ie-2-carboxy'iic acid (1.05 g, 4.4o miuol) 

and N-inethylmorpholinc (0.64 mL, 5.83 mmol) were dissolved in tetrahydrofuran (25 m.L) and 

coolcd to -15 °C in a dry ice/acetone bath. Isobutyl chloroformate (0.65 mL, 4.93 mmol) was added 

dropwise and the solution was stirred for 15 minutes. The internal temperature was lowered to -25 °C 

and. ammonia (g) was bubbled through the solution for 2 minutes, then the flask was transferred to an 

ice bath and stirred for another 20 minutes. The solution was poured into brine and extracted into 

ethyl acetate, dried over magnesium sulfate, filtered and concentrated. This residue was triturated 

with etlier/hexanes, filtered, and dried to give 0.97 g (81%) of (S)-tert-bvXy\ 2-carbamoyl-4-

methyleiiepyrrolidinc-1 -carboxylate as a white solid. 

General Procedure 19 

Amino acid carbamate intermediates can be made using the method and general illustration 

shown above to prepare Intermediate 2. 

The following compounds can be made following General Procedure 19 starting from the appropriate 

amino acid: 

(>S)-2-(mcthoxycarbonylamino)-2-(tetrahydro-2i:f-pyraii-4-yl)acetic acid; 

(5)-2-cyclohexyl-2-(methoxycarbonylamino)acetic acid; 

(5)-2-cyclopentyl-2-(methoxycarbonylamino)acetic acid; 

(5)-2-cyclobutyl-2-(methoxycarbonylamino)acetic acid; 

(,S,j-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid; 

Cy)-2-(methoxycarbonyIamino)-3,3-dimethylbutanoic acid; 

(2S,3/?)-3-methoxy-2-(methoxycarbonylamino)butanoic acid; 

(2£,3£)-3-methoxy-2-(methoxycarbonylamino)butanoic acid; 

(,y)-2-(methoxycarbonylamino)-2-((it!)-tetrahydrofuran-3-yl)acetic acid; 

(5,)-2-(raethoxycarbonylamino)-2-((5)-tetrahydrofuran-3-yl)acetic acid; 

(£)-2-(2,3-dihydro-l/:/-mden-2-yl)-2-(methoxycarbonylamino)acetic acid. 

(S)-3-etliyl-2-(methoxycarbonyiamiiio)pentanoic acid; and 

(S)-2-(ethoxycarbonylamino)-3-mcthylbutanoic acid. 

General Procedure 20 

OH OH 

O 
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Xl3 v,r7 xn H x13 

<J —rA'Ai <J Br ^ NH2 Br^ I^T Br N ,N' 
Boc Boc 

(79) (SO) (S!) 

As described above generally in Scheme XIII, diamines (79) can be converted lo 

benzimidazoles (81) in two steps. 

5 Illustration of General Procedure 20. General Procedure. 20A 

(£)-te/if-biit.yl 2-(6-bromo-5-fliioro-l//-benzo[//]imidazol-2-yl)pyiTolidine-l -carboxylate 

To a solution of 4-bromo-5-fluorobenzene-l,2-d.iamine (1.7 g„ 8.4 mmol) in DMSO (42 mL) 

was added (.S)-l-(tert-buloxycarbonyl)pyrrolidine-2-carboxyiic acid (1.8 g, 8.4 mmol) followed by 

HATU (3.5 g, 9.3 mmol) and TV^V-diisopropyl-.V-ethylamine (3.7 mL, 21.1 mmol), and the solution 

10 was stirred for 16 hours. The reaction mixture was diluted, with EtOAc, washed with H20 and brine, 

dried (Na2S04), filtered and concentrated. Acetic acid (40 mL) was added, and the mixture was 

stirred at 60 °C for 4 hours. Then, the reaction mixture was cooled and concentrated. The residue 

was azeotroped 2 times with toluene to give crude product which was purified by flash 

chromatography (0-50% EtOAc/hexane) to give the title compound (2.5g, 6.4 mmol, 77%). 

15 

(SVfc/'t-butyl 2-(5-bromo-6-fIuoro-l-((2-(trimethylsiIyl)ethoxy)methyl)-l//-benzo[<i}imidazol-2-

yl)pyrrolidine-l -carboxylate 

To a solution of (S^-te/^-buty] 2-(6-bromo-5-fhaoro-l//-benzo[rt]imidazol-2-yl)pyrrolidine-l-

carboxylate (2.5 g, 6.4 mmol) in THF (32 mL) was added sodium hydride (0.27 g, 6.8 mmol) and 

20 stirring was continued for 30 minutes. 2-(Trimethylsilyl)-ethoxymcthyI chloride (1.2 mL, 6.8 mmol) 

was added and stirring was continued, for 30 minutes. Water was added to quench the reaction. The 

mixture was diluted with EtOAc, washed with 1N HCl, H20, and brine, dried (Na2S04), filtered and 

concentrated to an oil. The oil was purified by flash chromatography (0-30% EtOAc/hexane) to give 

the title compound (2.9 g, 5.7 mmol, 89%). 

25 

The following compounds of general fonnula (81) can be made following General Procedure 20 

starting from the appropriate diamine: 

(S)-te.rt-butyl 2-(5-bromo-l -((2-(trimethylsilyl)ethoxy)methyl)-l/f-benzo[<i]imid.azoI-2-yl)pyrrolidinc-

1-carboxylate; 

30 (S>fcrr-butyl 2-(5-bromo-4-methyl-l-((2-(trimethylsilyl)ethoxy)metliyl)-l/f-benzo[£/]imidazoT2-

yl)pyiTolidine-l -carboxylate; 

{S)-tert-bvty\ 2-(5-bromo-4-chloro-l-((2-(trimethylsilyl)ethoxy)methyl)-l//~benzo[^]imidazol-2-

yl)pyrrolidine-1 -carboxylate; 
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(5)-terf-butyl 2-(5-bromo-4-fiuoro-l-((2-(trimethylsilyl)ethoxy)methyl)-l//-benzo[(i]imidazol-2-

y I)pyixolidiiie-1 -carboxylate; 

(5)-?ert-butyl 2-(6-bromo-3-((2-(trimetliylsilyl)ethoxy)methyl)-3H-imidazo[4,5-/?]pyridm-2-

yl)pyrrolidine-l -carboxylate; 

5 (S)-tert-bi\ty\ 2-(5-bromo-7-methyl-l-((2-(trimethylsilyl)ethoxy)methyl)-l/f-benzo[J]imidazol-2-

yl)pyrrolidine-l-carboxylate; 

(5)-fr>rf-buty] 2-(5-bromo-6-methyl-3-((2-(trhnethylsiiyl)ethoxy)methyl)-l//-benzo[f/]imklazol-2-

yl)pyrrolidine-l -carboxylate; 

(,S)--terf-butyl 2-(5-bromo-6-(trifluorometliyl)-l -((2-(trimethylsilyl)etlioxy)methyl)-l II-

10 benzo[fi]imidazol-2-yl)pyrrolidme-l-carboxylate; 

G9)-r<?7^-butyl 2-(5-bromo-7-(trifluoromethyl)-l-((2-(trimethylsilyl)ethoxy)methyl)-l//-

benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate; 

{Sytert-hnXyl 2-(5-bromo-6-methoxy-l-((2-(trimethylsilyl)ethoxy)methyl)-l//-benzo[rf]imidazol-2-

yl)pyrrolidine-1 -carboxylate; 

15 (^-fe/'f-hutyl 2-(5--broTT(o-7-mcthoxy-l-((2-(trimethylsilyI)ethoxy)methyl)-l//-benzo[f/]imidazol-2-

yl)pyiTolidine-1-carboxylate; and 

(60-inetliyl 5-bromo-2-(l -(/er^biitoxycarbonyl)pyrrolidin-2-yl)-l-((2-(trimethylsilyl)ethoxy)methyl)~ 

177-benzo[(i]imidazole-7-carboxylate. 

20 General Procedure 21 

As described above generally in Scheme XIII, compounds (81) can be converted to 

compounds (82.2). Illustrated below in General Procedure 21A is a representative synthesis of 

compounds (82.2) where Xi;, is fluoro at the 6-position of the benzimidazole moiety. For convenient 

illustration, the SEM protecting groups on the benzimidazoles are shown attached, to particular 

25 nitrogens of the benzimidazole. In General Procedures 21A and 22A, the actual substitution positions 

of the SEM groups were not determined and may be at either nitrogen. 

Illustration of General Procedure 21. General Procedure 21 A. 

30 (2S,TS)-tert-bi)ty\ 2,2'-(5,5,-(fiiran-2,5-diyl)bis(6-fluoro-l-((2-(trimethylsilyl)ethoxy)methyi)-l^-

bcnzo[<fjimidazolc-5,2-diyl))dipyrroiidine- 1-carboxylate 
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In a pressure tube were combined (5)-re;-r-butyl 2-(5-bromo-6-fluoro-l-((2-

(trimethylsilyl)ethoxy)methyl)-l//"-bcnzo[<,i]imidazol-2-yl)pyiTolidine-l -carboxylate (600 mg, 1.2 

mmol), 2,5-bis(4,4,5,5-tctramethyl-l,3,2-dioxaborolan-2-yl)furan (186 mg, 0.6 mmol), cesium 

fluoride (353 mg, 2.3 mmol) and DMF (4 mL), and the mixture was de-gassed with No gas for 30 

minutes. To this mixture was added [(/-BiOoPCl^PdCU (PXPd) (15.7 mg, 0.03 mmol) and the tube 

was sealed and heated at 100 °C for 1 8 hours. The cooled solution was diluted with EtOAc, filtered 

through diatomaeeous earth. The filtrate was washed with H?,0 and brine, dried (Na-2S04), filtered 

and treated with 3-mercaptopropyl silica gel for 30 minutes. The mixture was filtered, and the filtrate 

concentrated to give crude product which was purified by flash chromatography (0-50% 

EtOAc/hexane) to give the title compoimd (269mg, 0.29 mmol, 50%). 

di-terz-butyl (2S,TS)-2,2'~ {[(2E)-1,4-dioxobut-2-ene-1,4-diyl]bis(6-fluoro-1 - {[2-

(triTrlethylsilyl)ethoxy3methyl}-l//-benzimidazole-5,2-diyl)}dipy]Tolidine-l-carboxylate (ACD Name 

To a solution of (2S,2* S)-tert-bi\iy\ 2,2'-(5,5'-(fxu"an-2,5-diy])bis(6-fluoro-l-((2-

(trimethy!.silyl)ethoxy)methyl)- l//-benzo[^}imidazole-5,2-diyl)dipyrrolidme-1-carboxylate (340 mg, 

.36 mmol) in THF (8 mL) was added. Selectfluor® (l-chloromethyl-4-fluoro-l,4-

diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate)) (258 mg, 0.73 mmol) followed by H2O (1 mL). 

The solution was stirred for 1 hour, diluted with EtOAc, washed with H2O and brine, dried (Na'ZSO.i), 

filtered and concentrated to give the title compoimd. 

vl2) 
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di-tert-butyl (25,,2,5)-2,2'-[(l,4-dioxobiitane-l,4-diyl)bis(6-fluoro-l-{[2-

(trimethylsilyl)ethoxy]methyl}4/:/-benzimidazole~5,2-diyl)]dipyrrolidine-l-carboxylate (ACD Name 

v!2) 

{[2-(trimethylsilyl)ethoxy]methyl}-l//-benzimidazole-5,2-diyl)}dipyrrolidine- 1-carboxylate (346 mg, 

0.36 mmol) in EtOAc (7 mL) was added platinum (3% on carbon) (71 mg, 0.36 mmol) and the 

solution was stirred under H2 gas at 1 atm for 2 hours. The solution was filtered, washed with EtOAc 

and the filtrate concentrated to give a residue which was purified by flash chromatography (0-50% 

10 EtOAc/hexane) to give the title compound (269 mg, 0.28 mmol, 78%). 

General Procedure 22 

As described above generally in Scheme XIII, compounds (82.2) can be converted to 

compounds (84). Illustrated below in General Procedure 22A is a representative synthesis of 

15 compounds (84) where D is 4-zert-butylphenyl, the stereochemistries of the alcohols on the butane-

1,4-diyl group are both (S), and X13 is 6-fluoro. The cyclization to form the pyrrolidine can form the 

trans-pyrrolidine along with varying amounts of the cis-pyrrolidine. The cis-pyrrolidine may be 

separated after deproteclion (see General Procedure 23) or after any step following the deprotection. 

20 Illustration of General Procedure 22. Genera! Procedure 22A 

5 To a solution of di-fcrr-butyl (25',2'5')-2,2'-{[(2/i)-l,4-dioxobut-2-ene-l,4-diyl]bjs(6-fluoro-i 
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di-ferf-butyl (26\2VSy2.2'-{[(1^45)-1,4-dibydroxybutane-l,4-diyl]bis(6-fluoro-l~ {[2-

(trimethyisilyl)ethoxy]methyi}-i /Y-benzimidazole-5,2-diyl)}dipyiToiidine-i-carboxylale (ACD Name 

vl2) 

To a solution of (jR)-(+)-a,a-diphenyl-2-pyrrolidinemethanol (59.9 mg, 0.24 mmol) in THF 

5 (2.8 mL) was added trirnethyiborate (0.034 mL, 0.31 mmol), and tlie resultant solution was stirred for 

90 minutes. The solution was cooled to 0 °C and N,A/-diethylamline borane (0.4 mL, 2.2 mmol) was 

added in portions over 30 minutes with stirring continued, at 0 °C. This solution was added via 

cannula to a 0T; solution of (li-tot-buiyl (25'!2,1S)-2,2'-[(l,4-dioxobutane-l,4-diyl)bis(6-fluoro-l-{[2-

(trimethylsilyl)ethoxylmethyl}-l/f-benzimidazole-5,2-diyl)]dipyrrolidme-l-carboxylate (265 mg, .28 

10 mmol) in THF (2.8 mL) and then warmed to room temperature and stirred for 16 hours. The solution 

was cooled to 0 °C and CH3OH (0.09 m'L, 2.2 mmol) was added, and the solution was warmed to 

room temperature and stirred for 2 hours. 1N HCl was added, and the aqueous solution was extracted 

with EtOAc. The combined extracts were washed with brine, dried (Na2SO.i), filtered and 

concentrated. Purification was run by flash chromatography (0-3% CH3OH/CH2CI2) to give the title 

15 compound (248 mg, 0.26 mmol, 93%). 

di-tert-butyl (25',2l5')-2,2,-{[(2/?,57?)-l -(4-/e/'/-butylphenyl)pyrrol!dine-2,5-diyl]bis(6-fliforo-l - {[2-

(trimethylsilyl)ethoxy]methyl}-l/7-benzimidazole-5,2-diyl)}dipyrrolidine-l -carboxylate (ACD Name 

vl 2) 

20 To a solution of di-terf-butyl (25V2,5>2,2,~{[(1^45}-U4-dihydroxybiitane--i,4-diyl]bis(6" 

fluoro- l-{[2-(trimethylsilyl)ethoxy3methyl}-l//-benzimidazole-5,2 -diyl)}dipyrrolidine- 1-carboxylate 

(100 mg, .10 mmol) in CH2O2 (1 mL) at -20 °C was added triethylamme (0.044 mL, 0.31 mmol) 

followed by mesyl chloride (0.018 mL, 0.23 mmol) and the solution stirred at -20 °C for 1 hour. 4-

terl-Butyl aniline (0.083 mL, 0.52 mmol) was added in one portion, and the solution was allowed to 

25 warm to room temperature overnight, with stirring. The solution was diluted with EtOAc, washed 

with IN HCl, I-120, and brine, dried. (Na2S04), filtered and concentrated. Purification by flash 

chromatography (0-50% EtOAc/hexane) gave the title compound (46 mg, 0.04 mmol, 41%). 

General Procedure 23• De-boc/de-SEMProcedure 
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Boc w 

SEM X13 

Simultaneous removal of Boc and SEM protecting groups, according to the above depiction 

can be effected using standard conditions such as by treatment with an acid, such as HCl in solvents 

such as dioxane or methanol or mixtures thereof at temperature from about room temperature to about 

5 60 °C. The compounds obtained on deprotection may consist of a mixture of stereoisomers that may 

be separated by reverse-phase HPLC. The de-protccted compounds obtained may be isolated as either 

the salt directly from the reaction or reverse-phase HPLC or as the free base following neutralization, 

extraction into organic solvent and standard isolation. 

10 Illustration of General Procedure 23. General Procedure 23A 

6,6'-[(2i?,5.ft)-l-(4-zer£-butylphenyl)pyrrolidine-2,5-diyl]bis{5-f!uoro-2-[(2,S,)-pyrrolidin-2-yl]-l/f-

benzimidazole} (ACD Name v3 2) 

To a solution of di-?er*-butyl (21S,,2'/?)-2,2L{[(2/?,5^)-l-(4-ferr-bittylphenyl)pyiTolidine-2,5-

15 diyl]bis(6-fluoro-l-{[2-(trimethylsilyl)ethoxy]methyl}-l/-;f-benzimidazole-5,2-diyl)}dipyrrolidiiie-l-

carboxylate (44 mg, 0.04 mmol) in dioxane (1 mL) was added 4 M HCl/dioxane (1 mL, 4.0 mmol) 

and the solution was stirred at 50 °C for 2 hours. The cooled solution was concentrated and placed 

under vacuum for 1 horn- to provide the crude title compound that was used without purification. 

20 The following list of diamines 

can be subjected to a sequence of General Procedures 20/20A, 21/21 A, 22/22A, 23/23A to give the 

following compounds: 

6,6'-[l-(4-Jert-butyiphcTiyl)pyrrolidiiie-2,5-diyl]bis{4-fluoro-2-[(25f)-pyiTolid.in-2-yl]-l H-

benzimidazole} (ACD Name v!2); 

4-bromo-3-melhylbcnzene-l,2-diamine; 

5-bromo-3-fluorobenzene-i,2-diamine; 

4-bromo-3-fluorobenzene-l,2-diamine; 

25 

4-bromo-3-chlorobenzene-1,2-diamine; and 

4-bromo-5-fluorobenzene-1,2 -diamine. 
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6,6'-[(2i?,5i?)-l -(4^ert-butylphenyl)pyrrolidine-2,5-diyl3bis{7-fluoro-2-[(25')-pyn-olid3n-2-y]]-I/zr-

benzimidazole} (ACD Name v!2); 

6,6'-[(2/?:55!)-l-(4-terr-butylphenyl)pyiTolidine-2,5-diyl]bis{7-fluoro-2-[(2iS)-pyrrolidm-2-yl]-l//-

benzimidazole} (ACD Name vl2); 

5 6,6'-[(2i?!5^)-l-(4~;e/"?-biilylphenyl)pyiTolidme-2?5-diyl]bis{7-cbloro-2-f(21S')-pyn-olidin-2-yl]-l//-

benzimidazole} (ACD Name v'12); 

6,6,-[(2JR,5^)-l-(4-?e/-f-butylphenyl)pyrrolidiiie-2J5-diyl]bis{7-chloro-2-[(2(S)-pyrrolidin-2-yl]-l//'-

benzimidazole} (ACD Name vl2); 

6,6'-[(2i?)5^)-l-(4-reri-bulylphcnyl)pyrTolidme-2,5-diyl]bis{7-methyl-2-[(2iS)-pyrrolidm-2-yl]-l/7-

10 benzimidazole} (ACD Name v 12); 

6,6,-[(2^,55)-l-(4-/l3;';-butylpheiiyl)pyrrolidme-2>5-diy]]bis {7~metliyl"2-[(25')-pyrrolidiii-2-yl]-l//-

benzimidazole} (ACD Name v 12); 

6s,6'~{(2/?,5/?)~l-[3-fluoro-4-(piperidin-l-yl)phenyl]pyn*oHdine-2J5-diyl}bis{5-fl"uoro-2-[(2iS')-

pyrrolidin-2-yl]-l//-benzimidazole} (ACD Name vl 2); 

15 6,6,-{(27?>5J?)-l-[3,5-difluoro-4-(piperidin-l-yl)phenyl]py]Tolidine-2,5-diyl}bis{5-fluoro-2-[(2)S)-

pyrrolidin-2-yl]-l/-/-benzimidazole} (ACD Name vl2); and 

6,6'-{(2^,5i2)-l-[3,5-difluoro-4-(4-phenylpiperidin-I-yl)phcnyI]pyrrolidiiie-2,5-diyl}bis{5-fliioro-2-

[(25)-pyrrolidin-2-yl]-l//"-benzimidazole} (ACDName v!2). 

20 Examples 

The following example compounds 1.1-1.8 can be made from the appropriate listed substituted 

pyrrolidine following the methods of General Procedure 8.1, General Procedure 9C (Raney-nickel), 

and General Procedure 10B. 

25 

Pyrrolidines: 

(2i?,5i?)-2,5-bis(4-chloro-3-iiitJ"ophenyl)-l-(4-phenoxyphenyi)pyiTolidine; 

l-(4-((2/^5i?)-2,5-bis(4-chloro-3-nitTophenyl)pyTrolidin-l-yl)phcnyl)pyridin-2(lH)-one; 

(2i?,5/?)-2,5-bis(4-chloro-3-nitropheny])-l-(2,5-d.ifluoro-4-(trifliioromethyl)phenyl)pyiTolidinc; 

30 4-((2i2,5i?)-2,5-bis(4-chloro-3-ni1rophenyl)pyrrolidin-l-yl)-2-fluoropyridine; 

l_(4-((2i?,5^)-2,5-bis(4-chloro-3-niti-ophenyl)pyiTolidin-l-yl)-2,6-difluorophenyl)-4,4-

difliioropiperidine; 

l-(4-((2i?,5i?)-2>5-bis(4-chloi"o-3-nit-ophenyl)pyrrolidin-l-yl)-2,6-difl'uoropheiiyl)-4-fluoropiperidine; 

(2i?,5i?)-2,5-bis(4-chloro-3-niti-ophenyl)-l-(4-((3-ethyloxetaii-3-yl)mcthoxy)phenyl)pyrroiidine; and 

35 (l^!55)-3-(4-((27?;5/t,)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-I-yl)-2,6--difluoropheiiyl)-3-

azabicyclo[3.2.0]heptane. 
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Example 1.1 

methyl {(2;S04-rC2^)-2-{5^[(2i?,57?)-5-{2-[(2^-l^(2^)-2-[(methoxycarbonyl)amino]-3-

5 mcthylbutanoyl}pyiTolidm-2-yl]4//-benzimidazol-5-yl}4-(4-phenoxyphenyl)pyrrolidm-2-yl]4/f-

benzimidazol-2-yl}pyiTolidm-l-y]]-3-methyl-] -oxobutan-2-yl} carbamate 

"H "NMR (400 MHz, DMSO-rf6) 5 ppm 0.78-0.91 (m, 12 H) 1.70 (d, J=6.83 Hz, 2 H) 1.86 - 1.96 (m, 

2 H) ! .99 (d, J=2.17 Hz, 4 H) 2.15 -2.25 (m, 4 H) 2.55 - 2.61 (m, 2 H) 3.54 (s, 6 H)3.82 (s, 4 H) 4.06 

(t, .1=8.40 Hz, 2 H) 5.13 (1, J=7.26 Hz, 2 H) 5.35 - 5.43 (m, 2 H) 6.35 (d, .1-9.11 Hz, 2 H) 6.62 - 6.69 

10 (m, 2 H) 6.71 (d, J=8.02 Hz, 2 H) 6.93 (I, J-7.43 Hz, 1 H) 7.08 (t, J—9.43 Hz, 2 H) 7.18 - 7.25 (m, 3 

H) 7.27 - 7.34 (m, 3 H) 7.39 (d, J=8.I3 Hz, 1 H) 7.47 (d, J=8.02 Hz, 1 H) 12.05 (d, 1=12.04 Hz, 2 H); 

MS (ESI+) m/z 924.4 (M+H)'. 

AES 

Example 1.2 

methyl {(2lS)4-[(2i?)-2-(5^(2i?,5^)-5-{2-[(2.S<)-l-{(2lS,)-2-[(meilioxycarbonyl)ammo]-3-

methylbutanoyl}pyiTolidin-2-yl]4/f-benzimidazol-5-yl}4~[4-(2-oxopiperidm4-yl)pheiiyl]pyiTolidin-

2-yl}- l//-benzimidazol-2-yl)pyrrolidin- l-yl]-3-methyl4 -oxobutan-2-yl} carbamate 

'H NMR (400 MHz, DMSO-<&) 5 ppm 0.76 - 0.92 (m, 12 H) 1.66 - 1.76 (ra,6H) 1.91 (dd, J=13.61, 

7.54 Hz, 2 H) 1.95 - 2.04 (m, 4 H) 2.20 (dd, J=16.26, 3.80 Hz, 6 H) 2.58 - 2.64 (m, 2 H) 3.39 - 3.45 

(m, 2 H) 3.54 (s, 6 H) 3.82 (s, 4 H) 4.02 - 4.09 (m, 2 H) 5.09 - 5.19 (m, 2 H) 5.35 - 5.43 (m, 2 H) 6.29 

(d, J=8.89 Hz, 2 H) 6.70 - 6.78 (m5 2 H) 7.07 (d, J=8.I3 Hz, 2 H) 7.22 (s, 1 H) 7.29 (d, J=8.35 Hz, 2 

H) 7.33 (s, 1 H) 7.38 (d, J=8.35 Hz, ] H) 7.47 (d, J=8.I3 Hz, 1 H) 12.04 (s, 2 H); MS (ESI+) m/z 

929.5 (M+H)\ 
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Example 1.3 

methyl {(26)-l-[(21S)-2-{5-[(21S,,5^)-I-[2J5-diflT]<)ro~4-(trifluoromclhyl)phenyI]-5-{2-[(25)-]-{(lS>2-

5 [(methoxycarbonyl)ainino]-3-metliylbiitanoyl}pyrrolidin-2~yi]-l/7-bcnz]midazol-5-yl}pyrrolidm-2-

yl]-1 /7-benzimidazol~2-yl }pyrrolidin-1 -yl]-3-methyl-l -oxobutan-2-y]} carbamate 
]H NMR (400 MHz, DMSCMO 5 ppm 0.76 - 0.94 (m, 12 H) 1.83 - 2.07 (m, 8 H) 2.14 - 2.28 (m, 4 H) 

2.35 - 2.45 (m, 2 H) 3.54 (s, 6 H) 3.75 - 3.94 (m, 4 H) 4.07 (dd, J=8.19, 4.93 Hz, 2 H) 5.19 (dd, 

J=31.50, 3.74 Hz, 4 H) 6.48 - 6.61 (m, 1 H) 7.20 - 7.35 (m, 5 H) 7.40 - 7.46 (m, 1 H) 7.49 - 7.56 (m, 2 

10 H) 7.58 - 7.65 (m, 1 H) 12.12 (d, J=4.66 Hz, 2 H); MS (APCI+) m/z 936.24 (M+H)"1". 

ABS 

Example 1.4 

methyl {(25)-l-[(25,)-2-{5-[(2^,57?)-l-(2-fliioropyridin-4-yl)-5-{2-[(21S,)-l-{(2S)-2~ 

15 [(metlioxycarbonyl)amino]-3-methylbutatioy]}pyiTolidin-2-yl]-l^/"-benzimidazol-5-yl}pyrrolidm-2-

yS]-l//-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate 

NMR (400 MHz, DMSO-tf6) 5 ppm 0.77 - 0.91 (m, 12 H) 1.32 (td, J=14.99, 7.43 Hz, 1 H) 1.53 (dt, 

J—21.23, 6.63 Hz, 1 H) 1.74 (dd, J=11.93, 6.07 Hz, 2 H) 1.86 - 2.05 (m, 6 H) 2.14 - 2.23 (m, 4 H) 3.54 

(s, 6 H) 3.77 - 3.86 (m, 4 H) 4.05 - 4.10 (m, 2 H) 5.11 - 5.18 (m, 2 H) 5.45 - 5.59 (m, 2 H) 5.79 (s, 1 

20 H) 6.18 - 6.23 (m, 1 H) 7.03 - 7.13 (m, 2 H) 7.23 (s, 1 H) 7.29 (d, J=8.35 Hz, 2 H) 7.34 (d, J-1.52 Hz, 

1 H) 7.42 (d, .i=8.35 Hz, 1 H) 7.47- 7.56 (ra, 2 H) 12.11 (s, 2 H); MS (ESI+) m/z 851.3 (M+H)'". 
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Example 1.5 

methyl {{2JS)-l-[(2tS,)-2-{5-[(2i?)5i?)-l-[4-(4,4-difluoropiperidin-l-yl)-3,5-difluoropheiiyl]~5-{2~[(25)-

l-{(2£)-2-[(metlioxycarbonyl)amino]-3-methylbiitanoyl}pyiTolidm-2~yl]~li7-benzimidazol-5-

5 yl}pyrrolidin-2-yl]-l//r-benzimida/.ol-2-yl}pyrrolidin-l-yl]-3-metliyl-l"Oxobutan-2-yl}carbamate 

'H NMR (400 MHz, DMSO<4) 8 ppm 0.74 - 0.93 (m, 12 H) 1.63 - 1.74 (m, 2 H) 1.85 - 2.06 (m, 12 

H) 2.39 (dd, J=9.49, 5.37 Hz, 4 H) 2.86 - 2.96 (m, 4 H) 3.54 (s, 6 H) 3.76 - 3.86 (rn, 4 H) 4.07 (t, 

J=8.24 Hz, 2 H) 5.09 - 5.20 (m, 2 H) 5.33 - 5.42 (m, 2 H) 5.92 (d, J=12.90 Hz, 2 H) 7.07 (t, J-7.37 

Hz, 2 H) 7.21 (s, 1 H) 7.26 - 7.33 (m, 3 H) 7.41 (d, J=8.13 Hz, 1 H) 7.49 (d, J=8.13 Hz, 1 H) 12.08 (d, 

10 J—12.90 Hz, 2 H); MS (ESI+) m/z 987.5 (M+H)+. 

ABS 
F 

Example 1.6 

methyl {l-[(21S>2-{5-[(2/2,5i2)-l-[3,5-difl-aoro-4-(4-fluoropiperidin-l-yl)phenyl]-5-{2-[(21^-l-{2-

15 [(methoxycarbonyl)amino]-3-mclhylbutanoyl}pyn,olidin-2-yl]-l//-beimmidazol-5-yl}pyrrolidin-2-

yl]-l/:f-benzimidazol-2-yl}pyrro3idin--l-y33-3-mcthyl~ 3 -oxobutan-2-yl} carbamate 
!HNMR (400 MHz, DMSO-&) 6 ppm 0.74-0.91 (m, 12 H) 1.63 - 1.71 (m, 6 H) 1.76 - 1.97 (m,4H) 

1.98 - 2.07 (m, 4 H) 2.14 - 2.23 (m, 4 H) 2.71 - 2.78 (m, 2 H) 2.90 - 3.00 (m, 2 H) 3.54 (s, 6 H) 3.82 

(s, 4 H) 4.06 (t, J=8.73 Hz, 2 H) 4.58 -4.78 (m, 1 H) 5.11 - 5.18 (m, 2 H) 5.33 - 5.43 (m, 2 H) 5.90 (d, 

20 JM2.69 Hz, 2 H) 7.07 (t, .1=7.37 Hz, 2 H) 7.20 (s, 1 H) 7.26 - 7.32 (m, 3 H) 7.41 (d, J=8.24 Hz, 1 H) 

7.49 (d, J=8.24 Hz, 1 H) 12.07 (d, J=16.48 Hz, 2 H); MS (ESI+) m/z 969.5 (M+H)\ 
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Example 1.7 

methyl {(21S)-l-[C25)-2-{5-[(ZR)5^)-l-{4-[(3-elhyJoxetan-3~yl)melhoxy]phenyI}-5-{2-[(2JS)-l-{(25)-

2-[(metlioxycarbonyl)amino]-3-me0iylbutai]oy]}pyiTolidm-2-yl]4/2r-benzimidaz()l-5-yl}pyn-olidin-2-

5 yl3-l//-beiizimidazol-2-yl}pyrroiidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

NMR (400 MHz, DMSO-4s)8 12.26 -11.98 (m, 2H), 7.44 (d,J = 8.2, IH), 7.37 (d,,/ = 8.2, IH), 

7.33 - 7.18 (m, 4H), 7.05 (t,./= 8.1, 2H), 6.62 - 6.53 (ra, 2H), 6.26 (d, J= 8.8, 2H), 5.40 - 5.30 (m, 

211), 5.17 - 5.08 (m, 2H), 4.29 (d,,/ = 5.7, 2H), 4.22 (d, J= 5.8, 2H), 4.06 (t, J= 8.3, 2H), 3.86 - 3.75 

(m, 6H), 3.53 (s, 6H), 2.54 (s, 2.H), 2.24 - 2.12 (m, 4H), 2.06 - 1.83 (m, 6H), 1.75 - 1.62 (m, 4H), 

10 0.91 - 0.74 (m, 1 5H); MS (ESI+) m/z 946.5 (M+H)". 

ABS 

Example 1.8 

methyl {(2,S)-l-[(2JS)-2-{5-[(2i2,5i;)-l-{4-[(l/2,55)-3-azabicyclo[3.2.0]hepl-3-yl]-3,5-difluorophenyl}-

15 5-{2-[(2Jy)~l"{(2y)-2-[(methoxycarboiiyl)amino]-3-methylbutanoyl}pyiToiidm-2-yl]-li:f-

benzimidazol-5-yl}pyrrolidin-2-yl]-l/f-benzimidazol-2-yl}pyrrolidin-l-yr]-3-methyl-l-oxobulan-2-

yl} carbamate 

'H NMR (400 MHz, DMSO-4) 5 ppm 0.82 (s, 12 H) 1.61 (s, 3 H) 1.71 (d, 2 H) 1.97 (m, 9 H) 2.20 (s, 

2 H) 2.74 - 2.78 (m, 2 H) 2.85 (s, 5 H) 3.53 (s, 6 H) 3.82 (s, 3 H) 4.06 (s, 2 H) 5.14 (s, 2 H) 5.38 (s, 2 

20 H) 5.91 (s, 2 H) 7.09 (s, 1 H) 7.37 (m, 6 H) 7.63 (s, 1 H) 7.88 (s, 1 H) 12.05 (s, 2 H); MS (ESI+) m/z 

963.5 (M+H)''", (ES1-) m/z 961.4 (M-H)'. 

282 



WO 2012/051361 PCT/US2011/056045 

The following example compounds 2.1-2.17 can be made from the appropriate listed substituted 

pyrrolidine following the methods of General Procedure 8.1, General Procedure 9D (Pt02), and 

General Procedure 10B. 

5 Pyrrolidines: 

2-(4~((2^,5i?)-2,5-bis(4-chloro-3-nitroplienyl)pyrrolidm-l-yl)phenyl)oxazole; 

(2^,5i?H-(4-chloro-3-fhioropbenyl)-2,5-bis(4-chloro-3-nitrophenyr)pyrrolidine; 

(2R,5R)-1 -(4-(l,3-dioxan-5-yloxy)phcnyl)-255-bis(4-chloro-3-nitrophenyl)pyrrolidine; 

(2i?,5i?)-l-(4-((l. ,3-dioxolan-4-yl)methoxy)phenyl)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidine; 

10 (2J?,5i?)-2,5-bis(4-chloro-3-nitrophenyl)~l-(4-((3-ethyloxelan-3-yl)methoxy)-3,5-

difluorophenyl)pyrrolidine; 

l-(4-((2i?,57?)-2,5-bis(4-chloro-3-nitropheny!)pyrrolidin-l-yl)-2,3,5,6-tetrafluorophenyl)piperidine; 

(27?,5i?)-2,5-bis(4-chloro-3-mtrophenyl)-l-(3-fluoro-4-(melbylsiilfonyl)phenyl)pyiTolidine (obtained 

by mCPBA oxidation of (2/^5^)-2(5-bis(4-chloro-3-nitrophenyl)-l-(3-fluoro-4-

15 (methy]thio)phenyl)pyrrolidine); 

4-((2i?,5i?)"2,5-bis(4-chloro-3-mtrophenyl)pyiTolidin-l-yl)-A^-terz-butyl-2-fluoroaniline; 

l-(4-((27?;57?)-2,5-bis(4-chloro-3-nitrophenyl)pyn"oIidin-l-y])-2,6-difluorophenyl)-4-

methylpiperidine; 

l-(4-((2R,5R)-2,5-bis(4-chlorO'-3-niti-ophenyl)pyiToHdin-l-yl>2,6-difluorophenyi)-4-(3-

20 phenylpropyl)piperidine; 

8-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-difluoropheny])-8-

azaspiro [4.5 jdecane; 

l-(4-((2RJ5R)-2,5-bis(4-chloro-3-iiitrophenyl)pyiTolidin-l-yl)-2!6-dif3uorophenyl)-4-(naphtlialen-2*-

yl)piperidine; 

25 2-(l-(4-((2R,5R)~2,5-bis(4-chloro-3-nitrophenyl)pyiTolidin-l-yl)-2,6-difluorophenyl)piperidin-4-

yl)pyridinc; 

l-(4-((2R,5R)-2J5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-y])-2,6-difluorophenyl)-4-(4-

(trimethylsilyl)phenyl)piperidine; 

l-(4-((2R,5R)-2,5-bis(4-chloro-3-niti-ophenyl)pyn-olidin-l-yl)-2,6-difluorophenyl)-4-(naphthalen-l-

30 yl)piperidinc; 

l-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-niti-opbenyl)pyrrolidin-l-yl)-2,6-difluoropheny])-3!5-

dimethylpiperidine; and 

l~(4-((2R,5R)-2;5-bis(4-ehloro-3-nitrophenyl)pyrrolidin-l-yI)-2,6-dif]uorophenyl)-4-(4~ 

(trifluoromethyl)phenyl)piperazine. 
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Example 2.1 

methyl {(26f)-l-[(25)-2-(5-{(2/?,5i?)-5-{2-[(2)S)-l-{(2iS*)-2-[(methoxycarbonyl)aiTimo]-3-

methylbutanoyl}pyn-olidin-2~yl]-l//-benzimidazol-5-yl}-l-[4-(l,3-oxazol-2-yl)phenyl]pyiTolicim-2-

5 yl}-177-benzimidazol-2-yl)pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
]HNMR (400 MHz, DMSO-4>) 5 ppm 0.74 - 0.91 (m, 12 H) 1.70 - 1.79 (m, 2 H) 1.89 (ddd, 1=14.20, 

7.05, 6.94 Hz, 2 H) 1.95 - 2.04 (m, 4 H) 2.13 - 2.23 (m, 4 H) 2.55 - 2.61 (m, 2 H) 3.53 (s, 6 H) 3.77 -

3.84 (m, 4 H) 4.05 (t, J-8.67 Hz, 2 H) 5.09 - 5.18 (m, 2 H) 5.46 - 5.54 (m, 2 H) 6.45 (d, J=8.89 Hz, 2 

H) 7.08 (t, J-7.75 Hz, 2 H) 7.13 (s, 1 H) 7.23 (s, 1 H) 7.28 (d, J=8.24 Hz, 2 H) 7.33 (s, 1 H) 7.39 (d, 

10 J=8.13 Hz, 1 H) 7.45 - 7.56 (m, 3 H) 7.94 (s, 1 H) 12.06 (s, 2 H); MS (ESI+) m/z 899.4 (M+H)4. 

ABS 
Q 

Example 2.2 

methyl {(25)-l-[(2^-2-{5-[(2R>5J2)-l-(4-chloro-3-fiuorophcnyl)-5-{2-[(2,S)-l-{(21S)-2-

15 [(methoxycai-boiiyl)amiiio]-3-methylbutanoyl}pyrrolidin-2-yl]-l/f-bciizimidazol-5-yl}pyiTolidin-2-

yl]-l/f-benzimidazol-2-yl}pyrrolidm-l-yl]-3-methyl-l-oxobutaii-2-yl} carbamate 

*H NMR (400 MHz, DMSO-rf6) S ppm 0.77 - 0.90 (m, 12 H) 1.66 - 1.78 (m, 2 H) 1.88 - 1.95 (m,2H) 

1.96 - 2.06 (m, 4 H) 2.15 - 2.24 (m, 4 H) 2.54 - 2.60 (m, 2 H) 3.54 (s, 6 H) 3.79 - 3.86 (m, 4 H) 4.06 

(t, J-8.46 Hz, 2 H) 5.10 - 5.18 (m, 2 H) 5.37 - 5.45 (m, 2 H) 6.16 (dd, J-9.49, 2.01 Hz, 1 H) 6.22 (dd, 

20 J=13.55, 2.06 Hz, 1 H) 7.00 - 7.11 (m, 3 H) 7.22 (s, 1 H) 7.28 (d, J=8.57 Hz, 2 H) 7.32 (s, 1 H) 7.40 

(d, J=8.24 Hz, 1 H) 7.47 (d, J-8.13 Hz, 1 H) 12.07 (d, J=2.93 Hz, 2 H); MS (APC1+) m/z 884 

(M+H)1. 

284 



WO 2012/051361 

fiBZ 
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Example 2.3 

methyl {(21S)4-[(2JS,)-2-{5-[(2^5i?>l~[4~(l!3-dioxan-5-yloxy)pheiiyl]-5-{"2-[(21S')-l-{(2^)-2~ 

[(methoxycarbonyl)ammo]-3-methylbutanoyl}pyiTolidin-2-yl]-17i'-ben/,imidazol-5-yl}pyrrolidin-2-

5 yl]"l//-benzimidazol-2-yl}pyn-oiidin-l-yl]-3-methy3-l-oxobutan-2-yl} carbamate 

'HNMR (400 MHz, DMSO-fig) 6 ppm 12.28 - 1 1.98 (ro, 2H), 7.45 (d, J= 8.1, IH), 7.37 (d,./= 8.2, 

IH), 7.32 - 7.23 (m, 3H), 7.21 (s, IH), 7.12-7.01 (m, 2H), 6.62-6.51 (m, 2H), 6.24 (d,J = 8.9, 2H), 

5.40 -5.27 (m, 2H), 5.18 - 5.09 (m, 2H), 4.72 (d ,J= 6.1, IH), 4.67 (d,./= 6.2, IH), 4.06 (t,./= 8.4, 

2H), 4.01 - 3.75 (m, 7H), 3.68 - 3.58 (rn, 2H), 3.52 (cl, J = 15.9, 6H), 2.28 - 1.83 (m, 12H), 1.74 

10 1.62 (m, 2H), 0.93 - 0.73 (m, 12H); MS (ESI+) m/z 934.5 (M+H)". 

| /•--

Example 2.4 

methyl {(25)-l-[(25)-2-{5-[(2i2,5^>l-[4<l,3-dioxolan-4-yimethoxy)phenyl]-5-{2-[(2JS,)-l-{(25)-2-

15 [(methoxycarboiiyl)amino]-3-methylbutanoyl}pyiTolidin-2-y]]-lf/-benzimidazol-5-yl}pyrrolidin-2-

yl]-l/i-benzimidazol-2-yl}pyiTolidm-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate 
]H NMR (400 MHz, DMSO-de) 5 ppm 12.27 - 11.95 (m, 2H), 7.43 (d,J= 8.1, IH), 7.35 (6,J= 8.2, 

IH), 7.32 - 7.22 (m, 3H), 7.19 (s, IH), 7.03 (t,J= 7.4, 2H), 6.59- 6.47 (m, 2H), 6.23 (d,/= 8.8, 2H), 

5.39 - 5.27 (m, 2H), 5.16 - 5.04 (m, 2H), 4.83 (d, J= 2.6, IH), 4.74 (s, IH), 4.22 - 4.12 (m, IH), 4.04 

20 (t,J = 8.3, 2H), 3.88 (t, ,7 = 7.5, IH), 3.83 - 3.67 (m, 6H), 3.57 - 3.47 (m, 7H), 2.29- 1.80 (m, 12H), 

1.74 - 1.60 (m, 2H), 0.93 - 0.71 (m5 12H); MS (EST+) m/z 934.4 (M+H)+. 
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Example 2.5 

methyl {(2lS)-l-[(2JS)-2-{6-[(2^!5i?)-l-{4-[(3~cthyloxetan-3-yi)metlK)xy]-3;5-difluoroplienyl}-5-{2-

[(2JS)-l-{(2^)-2-[(raethoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidiii-2-yl]-l/i-bciizimidazol-6-

yl}pyrrolidin-2-yl]-l/-/-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobiitan-2-yl}carbamatc 
5H NMR (400 MHz, DMSO-40 S 12.30 - 12.02 (m, 2H), 7.47 (d, J = 8.3, IH), 7.40 (d, J = 8.3, IH), 

7.34 - 7.16 (ra, 4H), 7.06 (t,J = 7.0, 2H), 5.98 (d, J - 12.3, 2H), 5.46- 5.30 (m, 2H), 5.24 -5.05 (m, 

2H), 4.29 (d, J = 5.5, 2H), 4.21 (d, J = 5.8, 2H), 4.05 (t, J = 8.2, 2H), 3.90 - 3.72 (m, 6H), 3.52 (s, 

6H), 2.27-1.81 (ra, 12H), 1.73 - 1.60 (ra, 4H), 0.91-0.69 (m, 15H); MS (ESI+) m/z 982.4 (M+H)"1. 

ABS 

Example 2.6 

methyl {(25)-1 ~[(2iS')™2-(6~{(2J^,57?)-5-|2-[(2tS<)-1 -{(25)-2-[(methoxycarbonyl)ammo]-3-

methylbutanoyl}pyrrolidin-2-yl]-l/7-benzimidazol-6-yl}-l-[2,3,5,6-teti-afluoro-4-(piperidm-l-

yl)phenyl]pyrrolidin-2-yl} -17i"-benzimidazol-2-yl)pyrrolidin-1 -yl]-3 -methyl-1 -oxobutan-2-

y!}carbamate 
]H NMR (400 MHz, DMSO-4) 8 12.10 (dd, 7-58.0, 37.7, 2H), 7.52 - 7.21 (m, 6H), 7.07 (t,J= 8.1, 

2H), 5.52 - 5.29 (m, 2H), 5.17 - 5.03 (m, 2H), 4.12 - 3.93 (m, 2H), 3.88 - 3.66 (m, 4H), 3.53 (s, 6H), 

2.87 - 2.71 (mf 4H), 2.27 - 1.76 (m, 14H), 1.50 - 1.32 (m, 6H), 0.93 - 0.70 (m, 12H); MS (EST+) m/z 

987.3 (M+H)+. 
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Example 2.7 

methyl {(21S,)-l-[(25)-2-{6-[(2j^55^)-l-[3-fliioro-4-(metliylsiilfonyl)phenyl]-5-{2-[(2iS')-l-{(2(S)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l/7~beiizimidazol-6-yl}pyrrolidin-2-

5 yl]-l//-ben/.imida/.ol-2-yl}pyiTolidin-1-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

NMR (400 MHz, DMSO-d6) 8 ppm 0.81 - 0.97 (m, 12 H), 1.30 (s, 2 H), 1.82 (d, J=4.2 Hz, 2 H), 

1.90 - 2.35 (m, 12H), 3.60 (s, 6 H), 3.88 (s, 3 H), 4.13 (t, J=8.3 Hz, 2 H), 5.20 (t, J=7.3 Hz, 2 H), 5.62 

(s, 2 H), 6.26 - 6.40 (m, J=9.5 Hz, 2 H), 7.15 (d, 1=7.0 Hz, 2 H), 7.30 (s, 1 H), 7.32 - 7.45 (m, 4 H), 

7.49 (d, J-8.2 Hz, 1 H), 7.56 (d, J=8.l Hz, i H), 12.16 (s, 2 H); MS (ESI+) m/z 928.4 (M+H)+, (ESI-) 

10 m/z 926.3 (M-H)'. 

ABS 

Example 2.8 

methyl {(21S')-l~[(21S')-2-{6-[(2i?)5i?)-l-{4-[acetyl(ter/-biityl)ammo]-3-fluoroplieiiyl}-5-{2-[(2)S)-l-

15 {(26>2-[(methoxycarbonyi)ammo]-3-raethyibiitanoyl}pyrrolidm-2-yl]-l//-benzimidazoi-6-

yl}pyrrolidin-2-yl]4//-benzimidazol-2-yl}pyiTolidin-]-yl]-3-methyl-l-oxobutan-2-yl}carbamate 

Starting from 4-((2^,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-A'-fert-buty!-2-

fluoroaniline, the initial product of the sequence outlined above was methyl {(2LS>l-[(25>2-{6-

[(2i2,5i2)-l-[4-(tert-butylaniino)-3-fluorophenyl]-5-{2-[(25)-l-{(25)-2-[(melhoxycarbonyl)ammo]-3-

20 mcthylbutanoyl}pyrrolidin-2-yl]-lf?-benzimidazol-6-yl}pyrrolidin-2-yl]-ltf-berizimidazoi-2-

yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate (ACD Name vl2). The iV-acety] group was 

added, by reaction with acetic anhydride/pyridme to provide the title compound. ]H NMR (400 MHz, 

DMSO~d6) 8 ppm 0.73 - 0.90 (m, 12 H), 1.13 (d, .7=5.20 Hz, 9 H), 1.37 - 1.44 (m5 4 H), 1.62 - 1.72 

(ms 2 H), 1.92 - 2.02 (m, 9 H), 2.10 - 2.26 (m, 5H),2.51 -2.58 (m,2H),3.52 (s, 6 H), 3.73 - 3.85 (m, 

25 4 H), 3.98 - 4.12 (m, 2 H), 5.09 - 5.17 (m, 2 H), 5.36 - 5.48 (m, 3 H), 6.08 - 6.18 (m, 3 H), 6.74 - 6.87 
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(m, 1 H), 7.08 (dd, .7=13.72, 8.29 Hz, 3 H), 7.20 (s, 1 H), 7.24 - 7.31 (m, 4 H), 7.40 (d, ,7=8.24 Hz, 1 

H), 7.48 (d,7=8.13 Hz, 1 H), 12.01 (s, 1 H), 12.17 (s, 1 H); MS (ESI+) m/z 964 (M+H)'. 

ABS 

/ \ 

5 Example 2.9 

methyl {(2lS,)-l-[(25,)-2-{6-[(27;,5./;)4-[3,5-difliioro-4-(4-methylpiperidin-l-yl)phenyI]-5~{2-[(25)-l-

{(2iS,)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-17/-benzimid.azol-6-

yl}pyiToiidin-2-yl]-l//-benzimidazol-2-yl}pyn"olidm-l-yl]-3-methyl-l -oxobutan-2-yl}carbamatc 
]H NMR (400 MHz, DMSO-d6) 5 ppm 0.75 - 0.90 (m, 12 H), 1.05 - 1.18 (m, 2 H), 1.24 - 1.37 (in, 2 

1.0 H), 1.45 - 1.54 (m, 2 H), 1.62 - 1.73 (m, 2 H), 1.84 - 2.05 (m, 7 H), 2.12 - 2.25 (m, 5 H), 2.69 - 2.81 

(m, 4 H), 3.52 (s, 6 H), 3.77 - 3.86 (m, 4 H), 4.05 (t J=8.35 Hz, 2 H), 5.10 - 5.1 8 (m, 2 H), 5.35 (q, 

.1=7.34 Hz, 2 H), 5.87 (d, 1=12.69 Hz, 2 H), 7.02 - 7.10 (m, 2 H), 7.19 (s, 1 H), 7.24 - 7.32 (m, 3 H), 

7.39 (d, J=8.24 Hz, 1 H), 7.47 (d, J=8.13 Hz, 1 H), 12.06 (d, 1=20.93 Hz, 2 H); MS (ESI+) m/z 966 

(M+H)". 

15 

ABS 

/ \ 

Example 2.10 
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methyl {(25)-l-[(25)-2-{5-[(2i?,5/?)-l-{3,5-difluoro-4-[4-(3-phenylpropyl)piperidin-l-yl]phenyl}-5-
<r\ risers 1 i/r\ c\ •"< r .1 IN : 1 .11*,,4^ ... ~..1 > ") ,,!1 1 JJ 
{£-\\LO)~ I ~ j\A.O)-A-[(1 lieLilUAy C<11 UUliyi^CVllliiiUj-J"lliOUXV lL>UUX!iW^ 1 lj - i ' I -UWiiiiUJUa/Aii-

5-yl}pyrrolidin-2-yl]-l/f-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
SH NMR (400 MHz, DMSO-dfi) 5 ppm 0.72 - 0.95 (m, 12 H), 1.00 - 1.31 (m, 9 H), 1.46 - 1.59 (m, 4 

5 H), 1.61 - 1.79 (m, 2 H), 1.83 - 2.08 (m, 6 H), 2.11 - 2.27 (m, 4 H), 2.77 (s, 4 H), 3.54 (s, 6 H), 3.82 

(s, 4 H), 4.06 (t, 7=8.46 Hz, 2 H), 5.08 - 5.19 (m, 2 H), 5.28 - 5.46 (m, 2 H), 5.88 (d, 7=12.79 Hz, 2 

H), 7.01 - 7.10 (m, 2 H), 7.10 - 7.33 (m, 9 H), 7.40 (d, 7=8.13 Hz, 1 H), 7.48 (d, 7=8.13 Hz, 1 H), 

11.71 - 12.51 (m, 2 H); MS (ESI+) m/z 1069 (M+H)!; MS (ES1-) m/z 1067 (M-H)". 

ABS 

/ \ 

10 Example 2.11 

methyl {(26)-l-[(25)-2-{5-[(2i2,5i2)-l-[4-(8-azaspiro[4.5]dec-8-yl)-3,5-difluorophenyl]-5-{2-[(25)-l-

{(2«S)-2-[(methoxycarboiiyl)amino]-3-methylbutanoyl}pyn-olidm-2-yl]-l/7-benzimidazol-5-

yl}pyrrolidm-2-yl]-liy-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobiitaii-2~yl} carbamate 

'H NMR (400 MHz, DMSO-d6) 5 ppm 0.73 - 0.93 (m, 12 H), 1.29 - 1.43 (m, 9 H), 1.52 (t, 7=6.83 Hz, 

15 5 H), 1.68 (s, 2 H), 1.81 - 2.08 (m, 6 H), 2.10 - 2.26 (m, 4 H), 2.75 (s, 4 H), 3.54 (s, 6 H), 3.82 (s, 4 

H), 4.06 (t, 7=8.40 Hz, 2 H), 5.09 - 5.19 (m, 2 H), 5.29 - 5.46 (m, 2 H), 5.88 (d, 7-12.58 Hz, 2 H), 

7.03 - 7.11 (m, 2 H), 7.20 (s, 1 H), 7.25 - 7.33 (m, 3 H), 7.40 (d, 7=8.24 Hz, 1 H), 7.49 (d, 7=8.24 Hz, 

1 H). 1 1.63 - 12.57 (m, 2 H); MS (ES1+) m/z 1005 (M+H)"1; MS (ES1-) m/z 1003 (M-H)". 
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ABS 

/ \ 

Example 2.12 

methyl {(25)-l-[(25)-2-{5-[(2i?,57?)-l-{3,5-difluoro-4-[4-(2-naphthyl)piperidin-l-yl]phei]yl}-5-{2-

[(25)-l-{(2S)-2-[(methoxycarbonyl)amino]-3-methylbatanoyl}pyrrolidiri-2-yl]-17f-benzimidazol-5-

5 yl}pyri-olidm-2-yl]-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l -oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-cfe) 5 ppm 0.76-0.91 (m, 12H), 1.24 (d, J=2.2B Hz, 2 H), 1.63 - 2.08 (m, 

12 H), 2.20 (s, 4 H), 2.86 - 3.19 (m, 5 H), 3.53 (s, 6 H), 3.82 (s, 4 H), 4.06 (t, .7=8.29 Hz, 2 H), 5.10 -

5.22 (m, 2 H), 5.32 - 5.48 (m, 2 H), 5.93 (d, .7=12.90 Hz, 2 H), 7.03 - 7.16 (ms 2 H), 7.19 - 7.36 (m, 4 

H), 7.39 - 7.55 (m, 5 H), 7.69 - 7.89 (m, 4 H), 11.71 - 12.63 (m, 2 H); MS (ESI+) m/z 1077 (M+H)'"; 

10 MS (ESI-) m/z 1075 (M-H)". 

ABS 

/ \ 

Example 2.13 

methyl {(25,)-l-[(2,S)-2-{5-[(2i?,5i?)-l-{3,5-diflaoro-4-[4-(pyridm-2-yl)piperidin-l-yl3phenyl}-5-{2-

15 [(26)-l-{(25)-2-[(methoxycarboiiyl)amino]-3-methylbutanoyi}pyrrolidin-2-yl]-li7-benzimidazol-5-

yl}pyiTolidin-2-yl}-l/7-benzimidazol-2-y]}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
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]H NMR (400 MHz, DMSO-&) 5 ppm 0.71 - 1.02 (m, 12 H), 1.62 - 1.83 (m, 6 H), 1.81 - 2.08 (m, 7 

H), 2.10 - 2.29 (in, 4 H), 2 47 - 2.63 (in, 2 H), 2.81 - 3.07 (rn, 4 H), 3.53 (s, 6 H), 3.82 (s, 4 H), 4.06 (t, 

7-8.89 Hz, 2 H), 5.10 - 5.21 (m, 2 H), 5.31 - 5.47 (m, 2 H), 5.91 (d, ,7-12.69 Hz, 2 H), 7.04 - 7.13 (m, 

2 H), 7.14 - 7.20 (m, 1 H), 7.20 - 7.34 (m, 5 H), 7.41 (d, 7-8.24 Hz, 1 H), 7.49 (d, .7-8.35 Hz, 1 H), 

5 7.62 - 7.72 (m, 1 H), 8.45 (d, 7=4.55 Hz, 1 H), 11.74 - 12.57 (m, 2 H); MS (ESI+) m/z 1028 (M+Hf; 

MS (ES1-) m/z 1026 (M-H)". 

ABS 

/ \ 

Example 2.14 

10 methyl {(25,)-l-[(25)-2-{5-[(2i?,5i?)-l-(3,5-difliioro-4-{4-[4-(tnmethylsilyl)phenyl]piperidiii.-l-

yl}phenyl)-5-{2-[(25)-l-{(21S,)-2-[(melhoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-

beiizimidazol-5-yl}pyrrolidin-2-yl]-l//-berizimidazol-2-yl}pyrrolidiii-l-yl]-3-methyl-l-oxobutari-2-

yl} carbamate 
]H NMR (400 MHz, DM.SO-76) 5 ppm 0.20 (s, 9 H), 0.74-0.94 (m, 12 Ii), 1.59 - 1.75 (m, 6 H), 1.83 

15 - 2.09 (m, 7 H), 2.13 - 2.29 (m, 4 H), 2.44 - 2.59 (m, 2 H), 2.84 - 3.15 (m, 4 H), 3.53 (s, 6 H), 3.82 (s, 

4 H), 4.06 (t, 7-8.46 Hz, 2 H), 5.15 (d, 7=3.04 Hz, 2 H), 5.31 - 5.47 (m, 2 H), 5.92 (d, .7-12.79 Hz, 2 

H), 7.04 - 7.14 (m, 2 H), 7.21 (d, 7-7.92 Hz, 3 H), 7.27 - 7.37 (m, 3 H), 7.37 - 7.45 (m, 3 H), 7.50 (d, 

7-8.02 Hz, 1 H), 12.10 (d, 7-17.57 Hz, 2 H); MS (ESI+) m/z 1099 (M+HMS (ESI-) m/z 1097 (M~ 

H)". 

20 
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ABS 

/ \ 

Example 2.15 

methyl {(25)-l-[(25)-2-{5-[(27?}5i2)-l-{3,5-difluoro-4-[4-(l-naphtliyl)piperidin-l-yl]phenyl}-5-{2-

[(25')-l-{(26)-2-[(metlioxycarbonyl)amino]-3-methylbiitanoyl}pyiTolidm-2-y]]-liLf-benzimidazol-5-

5 yl}pyiTolidin-2-yl]~l//-benzimidazol-2-yi}pyn-olidiii-l-yl]-3-metliyl-l-oxobiitaii-2-yl} carbamate 
!H NMR (400 MHz, DMSO-</6) 6 ppm 0.74 - 0.94 (m, 12 H), 1.64 - 2.05 (m, 12 H), 2.13 - 2.29 (m, 3 

H). 2.45 - 2.62 (m, 2 H), 2.90 - 3.01 (m,7=11.06 Hz, 2 H), 3.08 - 3.25 (m, 2 H), 3.53 (s, 6 H). 3.82 (s, 

4 H), 4.06 (I, 7=8.29 Hz, 2 H), 5.08 - 5.23 (rn, 2 H), 5.32 - 5.52 (m, 2 H), 5.94 (d, 7=12.69 Hz, 2 H), 

7.04 - 7.17 (m, 2 H), 7.20 - 7.37 (m, 4 H), 7.38 - 7.59 (m, 6 H), 7.75 (d5 7=8.35 Hz, 1 H), 7.86 - 7.95 

10 (m, 1 H), 8.14 (d, 7=8.24 Hz, 1 H), 11.61 - 12.69 (m,2H); MS (ESI+) m/z 1077 (M+H)+; (ESI-) m/z 

1075 (M-H)". 

ASS 

Example 2.16 

15 methyl {(25')-l~[(25)-2~{5~[(5i?)~l-[4-(3,5-dimethylpiperidm-l-yl)-3f5-difiiiorophenyl]~5~{6-fliEoro-2-

[(25)-l-{(2£)-2-[(methoxycarbo:nyl)amino]-3-melhylbutanoyl}pyrrolidm-2-yl]4#-benzimidazol-5-

yl}pyrrolidm-2-yl]-6-fluoro-lif-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-

yl} carbamate 
]H NMR (400 MHz, DMSO-76) 5 ppm 0.64 - 0.94 (m, 18 H) 1.56 - 1.73 (m, 4 H) 1.75 - 1.93 (m, 6 H) 

20 1.95 - 2.06 (m, 6 H) 2.12 - 2.26 (m, 4 H) 2.69 ~ 2.79 (m, 1 H) 3.20 - 3.29 (m, 1 H)3.53 (s,6H)3.74-
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3.89 (m, 4 H) 3.97 - 4.10 (m, 2 H) 5.05 - 5.19 (m, 2 H) 5.48 - 5.62 (m, 2 H) 5.87 (dd, J=11.49, 7.92 

Hz, 2 H) 7.02 (dd, J=3.905 1.95 Hz, 1 H) 7.12 (d, J=6.83 Hz, 1 H) 7.26 - 7.37 (m, 3 H) 7.40 (dd, 

J=11.11, 6.02 Hz, 1 H) 12.08 - 12.16 (m, 1 H) 12.23 - 12.31 (m, 1 H); MS (APCI+-) m/z 1016 (M+H)\ 

ABS 
F F\L-F 

Example 2.17 

methyl {(2lS)-l-[(25)-2-{5-[(2^,5^)-l-(3,5-difluoro-4-{4-[4-(trifluoroniethyl)phenyl]piperazm-l-

yl}phenyl)-5-{2-[(2S}-l-{(25)-2-[(metlioxycarbonyl)amitio]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-

benziraidazol-5-yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3--metliyl-l -oxobutan-2 -

10 yl} carbamate 
]H NMR (400 MHz, DMSO-t/6) 5 ppm 0.69 - 0.96 (m, 14 H) 1.10 - 1.29 (m, 2 H) 1.69 (m, 2 H) 1.99 

(m, 4 H) 2.20 (m, 2 H) 2.99 (m, 6 H) 3.22 - 3.26 (m, 6 H) 3.54 (s, 6 H) 3.82 (m, 6 H) 5.15 (m, 2 H) 

5.39 (m, 2 H) 5.95 (m, 2 H) 7.03 (d, J=8.78 Hz, 2 H) 7.22 (m, 2 H) 7.24 - 7.36 (m, 2 H) 7.40 - 7.56 

(m, 4 H) 12.06 (s, 2 H); MS (ESI+) m/z 1096.4, (EST) m/z 1094.3. 

15 

The following Example compounds 3.1-3.51 can be made from the appropriate listed intermediates 

following the methods of General Procedures 12/12A. 

Intermediate amines: 

(JS)-6,6,-((2i?,5/?)-l-(4-(pyridm-2-yl)phenyl)pyiTolidine-2!l5-diyl)bis(2-((5)-pyrro)idm-2-yl)-lH-

20 benzo(Yi}imidazole); 

(5,)-6,6'-((27?,5j?)-l-(3-cbloro-4-(trifluoromethoxy)phenyl)pyn-olidine-255-diyl)bis(2-((5)-pyiTolidin-2-

yl)-l//-benzo[(i]imidazole); 

(5>6.6,-((2i?,5^)-l-(4-(2-methoxyethoxy)phenyl)pyrrolidine-2,5-diyl)bi.s(2-((5>pyrro]idin-2-yl)~l//-

benzo[d]imidazole); 

25 (1S)-6,6'-((2i?,5i?)-l-(4-chlorophenyl)pyrrolidine-2,5-diyl)bis(2-((iS)-pyn_olidin-2-yl)-l/7-

b en zo [d] imidazol e); 

(1S)-6,6l-((2/2,5J?)-l-(biphenyl-4-yi)pyrrolidiiie-2)5-diyl)bis(2-((1S)-pyTrolidin-2-yl)-l//-

benzo[ci]imidazole); 
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(5)-6,6'-((2R,5R)-1 -(4-rerr-butylphenyl)pyrrolidine-2,5-diyl)bis(2-((5)-pyrrolidin-2-y 1)-1II-

b en zo [c/]im idazoie); 

(lS',1S')-6!6'-((2j?,5i?)'-i-(3f5--dif]-uoro-4-(piperidin-l -y!)phenyl)pyiTolidinc-2J5-diyl)bis(2-((25,J45)-4-

methoxypyrrolidin-2-yl)-177-benzo[fi]imidazole); 

5 (1S',JS>6,6'-((2K,5i?)-l-(3,5-difiiioro-4-(piperidm-l-y])plienyl)pyrrolidme-2,5-diyl)bis(2-((2S,45f)-4-

f!uoropyno1idm-2-yl)-l//-bcnzo[J]imidazole); 

(£,S)-6,61-((2jRf57?)4-(441uoropheiiyl)pyrrolidine-2,5-diyl)bis(2~((2£,45)~4-fhioropyrroMhi-2-yl)-l//'-

bcnzo[<i]imidazole); 

(5,,5)-6,6,-((2^,5^)-l-(4-fliioroplienyl)pyrrolidine-2,5'-diyl)bis(2-((2)S'!45>4-methoxypyiToIidm~2-yI)-

10 1 //-benzofffjimidazolc); 

(iS)-6,6'-((2/?,5i?)-I-(4-te;'t-bii1.ylphenyl)pyrrolidiiie-2,5"diyl)bis(2-((5)-5,5-dimethylpyn-QlidiTi-2-yl)-

l//-benzo[r/]imiclazo]e); 

(5';;5')-6,6'-((2-S,5/?)"l-(4-?er;-butylplienyl)pyiTolidine-2,5-diyi)bis(2-((25'!41?)-4-fluoropyiTolidin-2-yl)-

l/f-benzo[f/]imidazol.e); 

15 (S)-6$-{(2S,5S)-1 -(4-cyc]opropyl-2-fluoropheny])pyirolidme-2s5~diyl)bis(2-((iS)-pyiroiidm-2-yl)-lH-

benzo[ri]imidazole); 

(6)-6,6'~((2/?,5i?)-l-(3-fliioro-4--(piperidin-l-yl)phcnyl)pyri"olidine-2,5-diyI)bis(2-((lS)-pyrrolidm-2-yl)-

1 /f-benzo [d] imidazoi e); 

(1S)-6,6'-(t2i?;5-S)-l-(3,5-difliioro-4-(piperidin-l-yl)pheny!)pyiTolidine-2!5-diyl)bis(2"((1?)-pyiTolidm-' 

20 2-yl)-l//-benzo[c/]imidazole); 

(5r)-6;6L(f2/?,5/?)-l-(3-fliioro-4"(4-pheiiylpiperidin-l-yl)phenyl)pyiTolidine-255-diy])bis(2-((5)-

pyrro]idm-2-yl)-l//-benzo[7]imid.azole); 

(1S')-6,6'-((2i?,5/?)-l-(3,5-difl"uoro-4-(4-phenylpiperidin--l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-((5)-

pyrrolidin-2-yl)-l//-benzo[«:f|iiTiidazole); 

25 (5,)-6,6'-((2^,5^)-l-(3,5-difluoro-4-(piperidin-l--yl)plienyl)pyrrolidine-2,5-diyl)bis(2-((35')-2-

azabicyclo[2.2.1]heptan-3-yl)-l/f-benzo[^]imidazole); 

(5)-6,6'-((2i?,5i?)-l-(3,5-difliiOro-4-(piperidin-l-yl)phcnyl)pyiTo]id.me-2,5-diyI)bis(2-((5)-indolm-2-

y!)-l//-bcnzo[7]imidazole); 

(5)-6,6'~((2i?55Jff)-l--(4-terr-biitylphenyI)pyiTolidine-2,5-diyl)bis(2-((5)-4-metliyleiiepyrrolidiii-2-yl)-

30 l//-benzo[<ri]imidazQle); 

(S)SsS)-6,6,-((2R,5R)-l-(3J5-di£luoro-4-(4-pheTiylpiperidin-l-yl)phcnyl)pyrTolidine-2,5-diyl)bis(2-

((2S,3aS,6aS)-octahydrocyclopenla[b]pyn"ol-2-yl)-rH-benzo[d]rmidazole); 

(S!S,S)~6,6,~((2R,5R)-l-(3!5-difluoro-4-(pipcridin-l-yl)phenyi)pyiTolidine-2?5-diyS)bis(2" 

((2S,3aS,6aS)-oclahydrocyclopenta[b]pyrrol-2-yl)-lH-benzo[d]imidazolc); 

35 (5)-6!6,-((2i?,5i?)-l-(3,5-difliioro-4-(4-phenylpiperidin-l-y1)plienyl)pyrrolidme-2,5-diyl)bis(2-((51-

pyr.rolidin-2-yi)-l/-7-benzo[fi]imidazole); 
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6,6,-{(2i?,5i?)-l-[3>5-difliioro-4-(piperidm-l-yl)phenyl3pyiTolidhie-2}5-diyl}bis{5-fIuoro-2-[(2iS')-

py]Toiidin-2-y]]-i/f-benzimidazoIe} (ACD Name vi2); 

(S,S,S)-6!6'-((2R,5R)-l-(3,5-difl"uoro-4-(piperidin-!-yl)phenyl)py3Tolidme-2,5-diyl)bis(5-fluoro-2-

((2S,3aS,6aS)-octahydrocyclopenta[b]pyrrol-2-yl)-lH-benzo[d]imidazole); 

5 (S)-6,6,-((2R,5R)-]-(3,5-difluoro-4-(4-(4-f]uorophenyl)piperidin-l-yi)phenyl)pyrroiidiiie-2,5-

diyl)bis(2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6'-((2R,5R)-l-(3,5-difliioro-4-(4-(3-(tiimetliylsi]y])phenyl)piperidin-l-yl)pheny])pyiTolidme-

2,5-diyl)bis(2-((S)-pyrrolidm-2-yl)-IH-benzo[d3inridazolc); 

(S)-6!6'-((2Rs5R)-]-(4-(4-(3,4-difluoropheny1)piperidm-l-yl)-3,5-djfluoropheny!)pyrrolidine-2:5-

10 diyi)bis(2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidayx)le); 

(S)-6,6,-((2R,5R)-l-(4-(4-(3,5-dii]uorophenyl)piperidin-l-yl)-3,5-difluorophenyl)pyrrolidine-2,5-

diyl)bis(2-((S)-pyn"olidin-2-yl)-lH-benzo[d]imidazolc); 

(S)-6,61-((2S,5R)-l-(2-(4-phenylpiperidin-l -yl)pyrimidin-5-yl)pyrro!idiTie-2,5-diyl)bis(5-fluoro-2-

((S)-pynolidm-2-yl)-lH-benzo[d] imidazole); 

15 (S)-6}6,-((2S,5R)-l-(2"(piperidin-i-yl)pyrii'nidiii'-5-yl)pyrrolidine~2,5-diyI)bis(5-fl"aoro~2"((S)~ 

pyn'o!idin-2-yi)-lH-benzo [djimidazole); 

(S)-6,6r-((2R,5R)-l-(4-(4-(2,6-difluorophenyl)pipera2in-l-yl)-3,5-difluorophenyl)pyrrolidine-2,5-

diyl)bis(5-fluoro-2-((S)-pyrrolidin-2-yl)-lH-beiizo[d]imidazole); 

(S)-6,6'-((2S,5S)-l-(4-(4-(2,6-difluorophenyl)pipcwjn-l-yl)-3,5-difIuorophenyl)pyrrolidinc-2,5-

20 diyl)bis(5-fluoro-2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole); and 

(S)-6,6!-((2R,5R)-l-(3,5-difliioro-4-(4-(4-fluorophenyl)piperidin-l-yl)plienyl)pyrrolidine-2,5-

diyl)bis(5-fluoro-2-((S)-pyrrolidiii-2-yl)-lH-benzo[d]imidazole). 

Intermediate acids: 

25 (iS)-2-(mellioxycai"bonylamino)-3-melhylb'utanoic acid; 

(5)-2-(methoxycarbonylamino)-2-(tetrahydro-2//-pyran-4-yl)acetic acid; 

(£)-2-cycloliexyl-2-(metlioxycarbonylamino)acetic acid; 

(5)-2-cyclopenty]-2-(methoxycarbonylamiiio)acetic acid; 

(£)-2-(methoxycarboiiylamino)-33-dimethylbu'lanoic acid; 

30 (25',3/?)-3-methoxy-2-(mclhoxycarbonylamino)butanoic acid; 

(25,,35)-3-rriethoxy-2-(meilioxycaTbonylamino)butanoic acid; 

(S)-2-(methoxycarbonylamino)-2-((i?)-tetraiiydiofi.iran-3-yl)acetic acid; 

(S)-2-(methoxycarbonylamino)-2-((£)4etrahydrofuran-3-yl)acclic acid; 

(5)-2-(23-dihydxo-l/f-inden-2-yl)-2-(methoxycarbonylammo)acetic acid; 

35 2-(?er/-biitoxycarbonylamino)acetic acid; 

2-(methoxycarbonylainmo)-3-methylbiit-2-enoic acid; 
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(S)-tetrahydrofuran-2-carboxylic acid 

(S)-3-ethyi-2-(methoxycarbonylamino)pentanoic acid; and 

(S)-2-(etlioxycarbonylammo)-3-methylbutanoic acid. 

r-"\/N"~r \ N /"VN, 
L / ^ C N, N V_J XNX >. / 

\ >-0 ^J 

0=< 
\ / • 

Example 3.1 

methyl {(2^-1-[(25)-2-(5-{(2/?)5^)-5-{2-[(25)-l-{(21S)-2-[(methoxycarbonyl)amino]-3-

mcthylbutanoyI}pyrrolidm-2-yl]-l/f-benzimidazol-5-yl}-l-[4-(pyridm-2-yl)phenyl]pyiTolidm-2-yl}-

i//-benzimidazol-2 -yl)pyrrolidin-l-yl]-3 -methyl-1-oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-fi6) 8 ppm 12.28 11.98 (m, 2H), 8.42 (d, J = 4.4, ] H), 7.70 - 7.56 (m, 

4H), 7.46 (d, J = 8.2, IH), 7.38 (6,J= 8.2, IH), 7.34 (s, IH), 7.30 - 7.20 (m, 3H), 7.16 - 7.02 (m, 

3H), 6.42 (d, ./= 8.7, 2H), 5.56 - 5.42 (m, 2H), 5.18 - 5.06 (m, 2H), 4.03 (t, J=9.3, 2H), 3.88 - 3.73 

(m, 4H). 3.52 (s, 6H), 2.25 - 1.62 (m, 14H), 0.92 - 0.67 (m, 12H); MS (ESJ+) m/z 909.5 (M+H)"1". 

ABS 

Example 3.2 

methyl {"(21S')-l-[(25)-2-{5-{(2^,5i?)-l-[3-chloro-4-(trifliioromethoxy)phenyl]-5-{2-[(2(S,)-l-{(21S)-2-

[(mcthoxycarbonyl)ammo]-3-methylbiitanoyl}pyrrolid.m-2-yi]-l//-beiizimidazol-5-yl}pyrrolidm-2-

yl]-l//-benzimidazol-2~yl}pyrrolidm-1 -yl]-3-methyl-1 -oxobutan-2-yl} carbamate 

20 'H NMR (400 MHz, DMSO-af6) 8 ppm 12.31 - 12.01 (m, 2H), 7.48 (d, J= 7.9, IH), 7.40 (d, 8.2, 

IH), 7.34 - 7.17 (m, 4H), 7.15 - 6.99 (m, 3H), 6.44 (s, IH), 6.30 (d,J= 8.9, IH), 5.55 - 5.37 (m, 2H), 

5.19 - 5.04 (m, 2H), 4.04 (t5 ./= 7.8, 2H), 3.89 - 3.73 (m, 4H), 3.52 (s, 6H), 2.28 - 1.79 (m, 12H), 

1.77 - 1.59 (m, 2H), 0.92-0.64 (m, 12H); MS (ESI+) m/z 950.4 (M+H)"'". 
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AB3 

(,C> 

0 \ 

Example 3.3 

methyl ^(2^?)-l-[(21S')-2-(5-{(27?,5A')-5-{2-[(21S,)-]-{(25)-2"[(metlioxycarbonyl)amino]-3-

methylbiitanoyl}pyiTolidin-2-yl]4//-benzimidazol-5-yl}-l -[4-(2-mcthoxyethoxy)phenyj]pyiToljdin-2-

5 yl}-l/-/-benzimidazol-2-yl)pyiTolidm-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-4) 8 ppm 12.27 - 11.97 (m, 2H), 7.44 (d, ./= 8.4, IH), 7.36 (d, J= 7.7, 

IH), 7.33 - 7.25 (m, 3H), 7.20 (s, 1H), 7.12 - 7.00 (m, 2H), 6.58 - 6.47 (m, 2H), 6.24 (d, J = 9.0, 2H), 

5.40 - 5.27 (m, 2H), 5J 9 - 5.08 (m, 2H), 4.06 (t, ./= 8.3, 2H), 3.88 - 3.76 (m, 6H), 3.54 (s, 6H), 3.51 

- 3.45 (m, 2H), 3.21 (s, 3H), 2.26 1.83 (m, 12H), 1.75 - 1.64 (m, 2H), 0.93 - 0.74 (rn, 12H); MS 

10 (ESI+) m/z 906.4 (M+Hf. 

ABS 

Example 3.4 

methyl {(25)-l-[(26)-2-{5-[(2/2s5i2)-l-(4-chlorophenyl)-5~{2-[(2^-l-{(21S)-2-

15 [(methoxycarbonyl)amitio]-3-methylbutanoyl}pyiTolidin-2-yl]-l//-benzimidazol-5-yi}pyrrolidm-2-

yl]-l//-bcnzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
]HNMR (400 MHz, DMSO-dfc) 8 ppm 12.05 (s, 2H), 7.44 (d, ,7=8.2, IH), 7.36 (d, J = 8.1, IH), 7.31 

- 7.22 (m, 3H), 7.19 (s, IH), 7.03 (t, J = 8.2, 2H), 6.94 - 6.83 (m, 2H), 6.29 (d, J = 9.1, 2H), 5.42 -

5.32 (m, 2H), 5.16-5.04 (m, 2H), 4.04 (t,J= 8.4, 2H), 3.85 - 3.75 (m, 4H), 3.51 (s, 6H), 2.25 - 1.58 

20 (m, 14H), 0.90-0.73 (m, 12H); MS (ESR) m/z 866.4 (M+H)"1". 
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AGS 

o 

Example 3.5 

methyl {(25)-l-[(2,S)-2-{5-[(2ie(5i2>l-(biphenyl-4-yl>5-{2-[(2iS)-l-{(25)-2-

[(methoxycarbonyl)amino]-3-mcthylbiitarioyl}pyr.rolidiii-2-yl]-17/-benzimidazol-5-yl}py]To]idin-2-

5 yi]4//-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobiitan-2-yI} carbamate 
lR NMR (400 MHz, DMSO-d6) 6 12.11 - 11.66 (m, 2H), 7.47 (d, J= 8.3, IH), 7.43 - 7.33 (m, 4H), 

7.32 - 7.19 (m, 7H), 7.17 - 7.06 (m, 3H), 6.43 (d, J= 8.8, 2H), 5.52 - 5.41 (m, 2H), 5.18 - 5.09 (ra, 

2H), 4.05 (t, J = 8.2, 2H), 3.87 - 3.76 (m, 4H), 3.53 (s, 6H), 2.25 - 2.U (m, 4H), 2.05 - 1.62 (m, 

10H), 0.91 - 0.74 (m, 12H); MS (ESI+) m/z 908.5 (M+H)". 

10 

ABS 

Example 3.6 

dimethyl ([(2i?,5i?)-l-(4-ferr-butylphenyl)pyiTolidine-2,5-diyl]bis{l/2r-benzimidazole-5,2-

diyl(2(S)pyrrolidine-2,l-diyl[(15)-2-oxo-l-(telrahydro-2H-pyran-4-y])ethaiie-2,l-diyl3})biscarbamale 

15 *H NMR (400 MHz, DMSO-rf6) 8 ppm 1.07 (s, 9 H) 1.22 - 1.32 (m, 2 H) 1.42 - 1.57 (m, 4 H) 1.64 -

1.72 (m, 2 H) 1.82 (dd, J=21.90, 10.63 Hz, 4 H) 1.92 - 2.02 (m, 4 H) 2.10 - 2.25 (m, 4 H) 2.90 - 2.99 

(rn, 1 H) 3.04 - 3.19 (m, 4 H) 3.53 (s, 6 H) 3.56 - 3.63 (m, 1 H) 3.66 - 3.79 (m, 4 H) 3.83 (d, J=3.04 

Hz, 4 H) 4.14 (q, J=8.J0 Hz, 2 H) 5.07 - 5.15 (m, 2 H) 5.33 - 5.40 (m, 2 H) 6.24 (d, J=8.89 Hz, 2 H) 

6.85 - 6.94 (m, 2 H) 7.09 (dd, J=14.10, 8.46 Hz, 2 H) 7.16 - 7.22 (m, 2 H) 7.30 - 7.41 (m, 3 H) 7.44 

20 (d, J-9.43 Hz, 1 H) 11.99 - 12.12 (m, 2 H); MS (ES1+) m/z 972.5 (M+H)". 
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Example 3.7 

melhyl {(25,)-l-[(25,,45)-2-{54(2^,5^)-l-[3!5-diflixoro-4-(piperidm4-yl)phenyl]-5-{2-[(2^45'>4-

mellioxy4-{(25)-2-[(methoxycarbonyl)amino]-3-methyIbutanoyl}pyrrolidin-2-yl]4//-benzirmdazol-

5 5-yl}py2Tolidiii-2-y]]-l//-benzimidazol-2-yl}-4-methoxypyrrolidin-!-yl]-3-metliyl-l-oxobulan-2-

yl}carbamate 
lH NMR (500 MHz, DMSCM.) 8 ppm 0.76 - 0.87 (m, 12 H) 1.35 - 1.40 (m, 2 H) ! .45 (s, 4 H) 1.66 -

1,72 (m, 2 H) 1.95 (dd, J=13.28, 7.17 Hz, 2 H) 2.14 (Id, J=12.32, 5.87 Hz, 2 H) 2.41 - 2.46 (m, 2 H) 

2.76 (s, 4 H) 3.03 - 3.18 (m, 2 H) 3.25 (d, 1=3.66 Hz, 6 H) 3.54 (s, 6 H) 3.64 (td, 1=11.14, 5.65 Hz, 2 

10 H) 4.05 - 4.13 (m, 4 H) 4.19 - 4.27 (m, 2 H) 5.10 - 5.16 (m, 2 H) 5.31 - 5.39 (m, 2 H) 5.88 (d, J-l 2.66 

Hz, 2 H) 7.06 (I, J=8.47 Hz, 2 H) 7.21 - 7.31 (m, 4 H) 7.41 (d, J=8.09 Hz, 1 H) 7.48 (dd, J-8.39, 1.83 

Hz, 1 H) 11.81 - 11.91 (m, 2 H); MS (ESI+) m/z 1011.6 (M+H)"1". 

A3S 

15 Example 3.8 

methyl {(2,S)-l-[(25,,4^-2-{5-[(ZR,5/e)-1-[3i5-difluoro-4-(piperidin-l-yl)phenyl]-5-{2-[(2^s45,)-4-

fluoro- l-{(25)-2-[(methoxycarbonyl)ammo3-3-methylbutanoyl}pyrrolidm-2-yl]-l//-benzimidazol-5-

yl}pyiTolidm-2-y]]-l/f-benzimidazol-2-yl}-4-fluoropy3Tolidin-l-yl]-3-methyl-l-oxobuian-2-

yl} carbamate 

20 !H NMR (500 MHz, DMSO-<4) 5 ppm 0.80 - 0.99 (m, 12 H) 1.38 (d, J-4.73 Hz, 2 H) 1.45 (s, 4 H) 

1.64-1 .74 (m, 2 H) 2.00 - 2.08 (m, 2 H) 2.37 -2.45 (m,2H)2.76 (s, 4 H) 3.08 - 3.19 (ra, 2 H) 3.55 

(s, 6 H) 3.99 - 4.26 (m, 6 H) 5.30 - 5.39 (ra, 4 H) 5.47 (d, J=53.41 Hz, 4 H) 5.89 (d, 1=12.66 Hz, 2 H) 
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7.02 - 7.11 (m, 2 H) 7.27 (d, J=25.02 Hz, 2 H) 7.41 (d, J=8.09 Hz, 3 H) 7.47 (d, J=7.93 Hz, 1 H) 11.85 

(d, J=31.74 Hz, 2 11); MS (ESI+) m/z 987.5 (M+H)". 

ABS 
F 

5 Example 3.9 

melhyl {(21S)-l-[(25,4S)-4-fluora-2-{5-[(2i?^i2)-5-{2-E(2,S,45>4-fluoro-l-{(25)-2-

[(methoxycarbonyl)amino3-3-methylbiitanoyl}py3Tolidin-2-yl]-l//-benzimidazol-5-yl}-l-(4-

fluorophenyl)pyiTolidm-2-yl]-17i-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-

yl} carbamate 

10 'H NMR (400 MHz, DMSO-7g) 8 ppm 0.82 - 0.98 (m, 12 H) 1.68 - 1.77 (m, 2 H) 1.91 - 2.09 (m, 4 H) 

2.36 - 2.44 (m, 2 H) 2.59 - 2.66 (m, 2 H) 3.52 - 3.57 (m, 6 H) 3.72 - 3.98 (m, 2 H) 4.07 - 4.18 (rn, 4 H) 

5.19 (t, J-8.08 Hz, 1 H) 5.31 - 5.44 (m, 4 H) 5.48 - 5.57 (m, 1 H) 6.24 - 6.31 (m, 2 H) 6.70 - 6.78 (m, 

2 H) 7.02 - 7.12 (m, 2 H) 7.17 (s, 1 H) 7.24 - 7.34 (ra, 2 H) 7.39 (t, j=7.92 Hz, 2 H) 7.47 (dd, .1=20.38, 

8.35 Hz, 1 H) 11.78 - 12.06 (m, 2 H); MS (ESI+) m/z 886.4 (M+H)\ 

15 

ABS 
F 

Example 3.10 

melhyl {(2S)-H(25,,45)-2-{5-[(2K,5K)-l-(4-fluorophenyl)-5-{2-[(2S,4S)-4-raethoxy-l-{(25')-2-

[(melhoxycarbonyl)amino]-3-methylbiitanoyl}pyiTolidm-2-yl]-l//-benzimidazol~5-yl}pyrroiidin-2-

20 yl]-l//-benziniidazol-2-yl}-4-methoxypyiTolidin-l-yl]-3-melhyl-l-oxobi!tan-2-yl}carbamate 

'H NMR (400 MHz, DMSO-cfc) 8 ppm 0.77 - 0.90 (m, 12 H) 1.66 - 1.76 (m, 2 H) 1.88-2.01 (m,2H) 

2.06 - 2.19 (m, 2 H) 2.54 - 2.62 (m, 2 H) 3.25 (d, J-5.86 Hz, 6 H) 3.54 (s, 6 H) 3.59 - 3.72 (m, 2 H) 

3.97 - 4.14 (m, 6 H) 4.16 - 4.30 (m, 2 H) 5.05 - 5.19 (m, 2 H) 5.36 (d, J=3.25 Hz, 2 H) 6.28 (dd, 

J=7.26, 4.34 Hz, 2 H) 6.69 - 6.79 (m, 2 H) 7.04 (d, J=8.57 Hz, 2 H) 7.22 - 7.33 (m, 4 H) 7.38 (d, 

25 J-8.02 Hz, 1 H) 7.45 (d, J-8.24 Hz, 1 H) 11.81 (s, 2 H); MS (ESI+) m/z 910.4 (M+H)"1. 
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Example 3.11 

methyl {{2S)A-{(5-S)-5-{5-{(2R,5K)M4-len-b\Ay]phQriyl)-5-{2-{(2S)-l-{{2S)-2-

5 [(methoxycai'bonyl)ammo]-3-methylbutanoyl}-5,5-diiiiethylpyiTolidm-2-yl]-l//-beiizimid.azol-5-

yl}pyrrolidin-2-yl]-l//-benzimida2ol-2-yl}-2,2-dimethylpyiTolidin-l-yl]-3-methyl-]-oxobutan-2-

yl}carbamatc 
lH NMR (400 MHz, DMSO-cfe) 3 ppm 0.81 (d, 5=6.61 Hz, 6 H) 0.89 (d, 5=612 Hz, 6 H) 1.07 (s, 9 H) 

1.38 (s, 6 H) 1.62 (s, 6 H) 1.68 - 1.77 (m, 4 H) 1.82 (s, 2 H) 1.94 (dd, .1=13.61, 6.78 Hz, 2 H) 2.10 -

10 2.18 (m, 2 H) 2.27 (dd, J=4.I2, 2.60 Hz, 2 H) 3.15 (d, 1=3.36 Hz, 6 H) 3.96 - 4.03 (m, 2 H) 5.30 - 5.43 

(m, 6 H) 6.24 - 6.31 (m, 2 H) 6.70 (t, 5=6.61 Hz, 2 H) 6.84 - 6.91 (m, 2 H) 7.05 - 7.13 (m, 2 H) 7.24 

(s, 1 H) 7.36 (d, J=1.08 Hz, 1 H) 7.40 (d, 1=7.59 Hz, 1 H) 7.49 (d, J=8.78 Hz, 1 H) 12.16 (d, J=29.28 

Hz, 2 H); MS (ESI+) m/z 944.5 (M+H)\ 

ASS 

Example 3.12 

methyl {(25)-l-[(2lSJ41S)-2-{5-[(2i2,5i?)-l-(4-fe^-butylphenyl)-5-{2-[(21SJ4JS)-4-fluoiX)-L-{(25)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidm-2-yl]-l//-benzimidazol-5-yl}pyn-olidiri-2-

yl]-177-benzimidazol-2-yl}-4-fluoropyiTolidin-l-yl3-3-methyl-l-oxobutan-2-yl}carbamaie 

20 ]H NMR (400 MHz, DMSO-rf6) 8 ppm 0.79 - 0.97 (m, 12 H) 1.07 (s, 9 H) 1.66 - 1.75 (m, 2 H) 1.99 -

2.08 (m, 2 H) 2.40 (dd, J=17.02, 3.04 Hz, 2 H) 3.09 - 3.21 (m, 4 H) 3.55 (s, 6 H) 4.05 - 4.13 (m, 4 H) 

4.16 - 4.27 (m, 2 H) 5.35 (dd, J=8.51, 3.09 Hz, 4 H) 5.46 (d, J=53.24 Hz, 2 H) 6.23 - 6.29 (m, 2 H) 

6.91 (d, J—8.89 Hz, 2 H) 7.03 - 7.11 (m, 2 H) 7.23 (d, .1=3.47 Hz, 1 H) 7.28 (s, 1 H) 7.39 (dd, i=8.08, 

4.72 Hz, 3 H) 7.44 (d, J=8.57 Hz, 1 H) 11.80 (d, J=20.06 Hz, 2 H); MS (ESI+) m/z 924.4 (M+Hf. 
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o 

Example 3.13 

methyl {(2^3i?)-l-[(2JS)-2-{5-[(25,555)-l-(4-cyclopropyh2^fluoropheByl)-5-(2-{(2JS)4-[Af-

5 (methoxycarbonyl)-0-methyl-L4breony]]pyrrolid.in-2-yl}-l//-bciiximidazol-5-y])pyiTolidin-2-yl]-l.fir-

benzimidazo]-2-yl}pyrrolidin-l-yl]-3-methoxy-l-oxobutan-2-yl} carbamate 

'H NMR (500 MHz, DMSO-d6) 8 ppm 0.35 - 0.57 (m, 2 H) 0.66 - 0.85 (m, 2 H) 1.07 - 1.17 (m, 7 H) 

1.59 - 1.69 (m, !. H) 1.82 (s, 2 H) 1.95-2.12 (m, 5 H)2.13 •• 2.33 (m, 5 H) 3.17 - 3.35 (m, 6 H)3.48 -

3.65 (m, 6 H) 3.85 - 3.95 (m, 4 H) 4.29 - 4.38 (m, 2 H) 5.11 - 5.25 (m, 2 H) 5.58 (s, 2 H) 6.44 - 6.57 

10 (m, 2 H) 6.59 - 6.70 (m, 1 H) 7.07 - 7.19 (m, 2 H) 7.25 - 7.32 (m, 2 H) 7.35 - 7.41 (m, 2 H) 7.45 (d, 

,7=8.24 Hz, 2 H) 12.05 (d, ,7=16.63 Hz, 2 H); MS (ESI+) m/z 922.4 (M+H)"\ (ESI-) m/z 920.3 (M-H)". 

ABS 

Example 3.14 

15 fer/-butyl {2-[(25')"2-(5-{(2(S'>55,)-5-{2-[(25')-l-{[(i;13rt-biitoxycai-bonyl)amino]acetyl}pyiToiidm~2-yl]-

l/i-benzimidazol-5-yl}-l-[3-fliioro-4-(piperidin-l-yl)phenyl]pyrrolidjn-2-yl}-l/2r-benzimidazol-2-

yl)pyrrolidin-l-yl]-2-oxoethyl} carbamate 

'HNMR (400 MHz, DMSO-tffc) 8 ppm 1.16 - 1.43 (m, 18 H) 1.42 - 2.27 (m, 14 H) 2.58 - 2.70 (m; 5 

H) 3.38 - 4.02 (m, 9 H) 5.14 (s, 2 H) 5.33 (s, 3 H) 6.04 (s, 2 H) 6.74 (s, 3 H) 7.04 - 7.60 (m, 7 H) 

20 11.83 - 12.43 (m, 2 H); MS (ES1+) m/z 933.4 (M+HV, (ESI-) m/z 931.4 (M-H)". 
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"Y 

Example 3.15 

methyl {(21S)-l-[(26)-2-{5-[(21S',51S)-l-[3-fliiOTD-4-(piperidm-l-yl)phenyl]-5-{2-[(2^-l-{(2JS)-2-

[(mcthoxycarbonyl)ammo3-3-methylbutanoyl}pyrrohdm-2-yl]-l//-benzimidazol-5-yl}pyrro]idin-2-

5 yl]-l//"-benzimidazol-2-yl}pyrrolidi]i-l-yl]-3-methyl-l.-oxobutan-2-yl}carbamate 
]H NMR (400 MHz, DIVISOR) 5 ppm 0.73 - 0.93 (m, 12 H) 1.32 - 1.57 (ra, 6 H) 1.58 - 2.06 (m, 14 

H) 2.18 (s, 4 H) 2.67 (dd, 7=3.69, 1.95 Hz, 4 H) 3.75 - 3.87 (m, 6 H) 4.07 (1, 2 H) 5.13 (s, 2 H) 5.37 

(dd, 7=6.02, 2.11 Hz, 2 H) 6.04 (s, 2 H) 6.65 (s, 1 H) 7.09 (s, 2 H) 7.16 - 7.23 (m, 1 H) 7.23 - 7.48 (m, 

5 H) 12.01 (s, 2 H); MS (ESI+) m/z 933.5 (M+H)\ (EST-) m/z 931.4 (M-H)". 

ASS 

Example 3.16 

methyl {(2»S',3^)-l-[(25<)-2-{5-[(2^,5^P[3-f]uoro-4-(pipeiidin-l-yl)phenyl]-5-(2-{(2^-l-[W-

(rDethoxycarbonyl)-0-methyl-L-threonyl3pyrrolidin-2-yl}-l/f-benzimidazo]-5-yl)pyrrolidin-2-yl]-l//-

benziimdazol-2-yl}pyrrolidin-l-yl]-3-:methoxy-l-oxobutan-2-yl}carbamate 

15 1HNMR(400MHz,DMSO-rf6)8ppm 1.00- 1.14 (m, 6 H) 1.33 - 1.55 (m,6H) 1.59 - 2.28 (m, 14 H) 

2.58 - 2.71 (m, 4 H) 3.10 - 3.27 (m, 6 H) 3.54 (d, 7=1.41 Hz, 6 H) 3.71 - 3.90 (m, 6 H) 4.21 - 4.33 (m, 

2 H) 5.02 - 5.22 (m, 2 H) 5.37 (dd, 7=6.02, 2.01 Hz, 2 H) 6.04 (s, 2 H) 6.58 - 6.84 (m, 1 H) 7.06 (d, 

7=22.88 Hz, 2 H) 7.16 - 7.32 (m, 2 H) 7.39 (d, 7=8.13 Hz, 2 H) 11.90 - 12.34 (m, 2 H); MS (ESI+) 

m/z 965.5 (M+H)\ (EST-) m/z 963.3 (M-H)". 
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ABS 

Example 3.17 

dimethyl {[(2£,5jS)-l-(4-te^butylphcnyl)pyrrolidine-2,5-diyl]bis[l//-benziinidazole-5,2-

diyl(25)pyn'olidine-2,l-diyl(3-methyl-l-oxobut-2-eiie-l,2-diyl)]}biscarbamate 

5 NMR (400 MHz, DMSO-d6) 8 ppm 0.87 - 1.20 (m, 9 H) 1.60 - 1.77 (m, 14 H) 1.80 - 2.35 (m, 10 

H) 3.16 - 3,79 (m, 10 H) 5.14 (s, 2 H) 5.37 (s, 2 H) 6.24 (d, ,7=3.04 Hz, 2 H) 6.92 (dd, .7=8.57, 6.29 

Hz, 2 H) 7.11 (s, 3 H) 7.31 (s, 1 H) 7.39 (d, <7=8.13 Hz, 1 H) 7.50 (d, .7=8.24 Hz, 1 H) 8.89 (d, 2 H) 

1 1.64 - 12.14 (m, 2 H); MS (ESI+) m/z 884.5 (M+H)", 918.4 (M+NH3+NH4f. 

/es 

Example 3.18 

dimethyl ({(2i?,5i?)-l-[3,5-difluoro-4-(piperidin-l-y1)phenyl]pyrrolidine-2,5-diyl}bis{l/-/-

benzimidazole-5,2-diyl(25)pyiTolidme-2,l-diyl[(l>S)-2-oxo-l-(tetrahydro-2H-pyran-4-yl)cthane-2J-

diy 1]} )biscarbamate 

15 lH NMR (400 MHz, DMSO-rfg) 8 ppm 1.13 - 1.33 (m5 4 H) 1.36 - 1.57 (m, 10 H) 1.65 - 1.71 (m,2H) 

1.79 - 1.90 (m, 2 H) 1.96 - 2.03 (m, 4 H) 2.13 - 2.26 (m, 4 H) 2.76 (s, 4 H) 2.93 - 3.15 (m, 4 H) 3.53 

(s, 6 H) 3.62 (dd, 1=10.03, 2.01 Hz, 2 H) 3.68 - 3.80 (m, 4 H) 3.81 - 3.88 (m, 4 H) 4.11 -4.18 (m, 2 H) 

5.10 - 5.18 (m, 2 H) 5.33 - 5.40 (m, 2 H) 5.82 - 5.92 (m, 2 H) 7.09 (dd, J=12.52, 8.29 Hz, 2 H) 7.17 -

7.24 (m, 2 H) 7.35 (1, 1=8.35 Hz, 2 H) 7.41 (d, .1=7.92 Hz, 1 H) 7.47 (d, J=6.94 Hz, 1 H) 12.05 (d, 

20 J=1.73 Hz, 1 H) 12.15 (d, J=2.17 Hz, 1 H); MS (ESI+) m/z 1035.5 (M+H)". 
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Example 3.19 

methyl {(2JS)-l-[(3,S)-3-{5-[(2^,5/e)-l-[3s5-difluoro-4-(pipcridin-l-yl)phenyl]-5-{2-[(35)-2-{(2)S)-2-

[(methoxy earbonyi)amino]-3-methylbutanoyl}-2-azabicyclo[2.2. l]hepl-3-yl]-l//-benzimidazol-5-

5 yl}pyrroiidin-2-yS]-l //-benzi midazol-2-yl}-2-azabicycIo[2.2. i]hepl-2-yl]-3-methy 1-1-oxobutan-2-

yl}cai"bamate 
5H NMR (400 MHz, DMSO-tf6) 5 ppm 0.80 - 0.87 (m, 6 H) 0.93 (t, J=7.05 Hz, 6 H) 1.36 - 1.48 (m, 

10 H) 1.49 - 1.57 (m, 2 H) 1.64 - 1.70 (m, 4 H) 1.72 - 1.79 (m, 4 H) 1.84 - 1.90 (m, 2 H) 1.92 - 1.98 

(ra, 2 H) 2.61 (s, 2 H) 2.72 - 2.78 (m, 4 H) 3.54 (s, 6 H) 4.10 - 4.17 (m, 2 H) 4.50 (s, 2 H) 4.59 (d, 

10 J-7.48 Hz, 2 H) 5.32 - 5.41 (m, 2 H) 5.89 (d, J=12.58 Hz, 2 H) 7.07 (d: J-7.70 Hz, 2 H) 7.18 (d, 

J=9.65 Hz, 2 H) 7.21 (s, 1 H) 7.32 (s, 1 H) 7.40 (d, J=8.13 Hz, 1 H) 7.49 (d, J=8.02 Hz, 1 HJ 12.01 

(dd, J=12.58, 1.08 Hz, 2 H); MS (ESi+) m/z 1003.4 (M+H)\ 

Wk //•••( 7 \ / N' N ^ 

V=o 

15 Example 3.20 

methyl {(2JS)-l-[(25)-2-{5-[(2^,5/?)-l-[3-fluoro-4-(4-phcnylpipcridin-l-yl)phenyl]-5-{2-[(2)S)-l-

{(25,)-2-[(methoxycarbonyl)amino]-3-metliylbiitanoyl}pyrrolidiii-2-yl]-lH-berizimidazol-5-

yl}pyrrolidin-2-yl]-l 

H-benzimida/,ol-2-yl}pyrroiidin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate 

20 ]H NMR (400 MHz, DMSO-^) 8 ppm 0.77 - 0.90 (m, 12 H) 1.66 - 1.75 (m, 8 H) 1.86 - 1.95 (m, 2 H) 

1.96 - 2.05 (m, 4 H) 2.14 - 2.24 (m, 4 H) 3.04 - 3.14 (m, 4 H) 3.53 (s, 6 H) 3.77 - 3.86 (m, 4 H) 4.06 

(t, J=8.40 Hz, 2 H) 5.11 - 5.17 (m, 2 H) 5.35 (q, J=6.83 Hz, 2 H) 6.05 - 6.12 (m, 2 H) 6.71 (ddd, 

J=13.99, 9.22, 4.34 Hz, 1 H) 7.07 (t, J=7.05 Hz, 2 H) 7.16 (t, J=6.94 Hz, 2 H) 7.20 - 7.32 (ra, 8 H) 

305 



WO 2012/051361 PCT/US2011/056045 

7.39 (cl, J=8.13 Hz, 1 H) 7.47 (d, J=8.46 Hz, I H) 12.05 (d, J=5.64 Hz, 2 H); MS (ESI+) m/z 1009.4 

5 Example 3.21 

methyl [(lJS,)-2-[(25)-2-{5-[(2i?,5^)-l-[3-fluoro-4-(4-phenylpiperidm-l-yl)phenyl]-5-{2-[(21S')l-{(25)-

2-[(mctboxycarbonyl)amino]-3-mcthylbitlanoyl}pyiTolidiri-2-yl]-l/7-benzimidazol-5-yl}pyiTolidin-2-

yl]-l/-/-benzirnidazo]-2-yl}pyiTolidiii-i-yrj-2-oxQ-l-(tetrahydro-2H-pyran-4-yl)ethyl]carbamate 

'H NMR (400 MHz, DMSO-d6) 5 ppm 0.76 - 0.92 (m, 6 H) 1.47 - 1.57 (m, 2 H) 1.65 - 1.76 (m, 8 H) 

10 1.81 - 1.94 (m, 2 H) 1.94 - 2.04 (m, 4 H) 2.15 - 2.23 (m, 4 H) 3.03 - 3.15 (m5 4 H) 3.53 (s,6H)3.57 -

3.67 (m, 2 H) 3.70 - 3.79 (m, 2 H) 3.79 - 3.89 (m,4H) 4.07 - 4.20 (m, 2 H) 5.10-5.19 (m, 2 H) 5.32 -

5.41 (m, 2 H) 6.04 - 6.11 (m, 2 H) 6.66 - 6.75 (m, 1 H) 7.03 - 7.36 (m, 12 H) 7.39 (dd, J=8.78, 1.63 

Hz, 1 H) 7.46 (t, J=8.78 Hz, 1 H) 12.02 - 12.14 (m, 2 H); MS (APCI+) m/z 1051 (M+H)\ 

AftS 

Example 3.22 

dimethyl ({(2£,5i?)-l-[3,5-difluoro-4-(4-phenylpiperidm-l-yl)phenyl]pyrrolidme-2,5-diyl}bis{l/7'-

benzimidazole-5,2-diyl(2)S)pyiTolidine-2,1 -diyl[( 1S)-1 -cyclohexyl-2-oxoethane-2,1 -

diyl]})biscarbamate 

20 ]H NMR (400 MHz, DMSO-d6) 6 ppm 0.81 - 1.14 (m, 11 H) 1.40 - 1.71 (m, 20 H) 1.94 - 2.05 (m, 4 

H) 2.14 - 2.26 (m, 4 H) 2.83 - 2.91 (m, 2 H) 2.93 - 3.02 (m, 2 H) 3.52 (d, J=3.80 Hz, 6 H) 3.76 - 3.87 
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(m, 4 H) 4.08 (q, J=8.53 Hz, 2 H) 5.14 (d, J-5.86 Hz, 2 H) 5.33 - 5.45 (m, 2 H) 5.85 - 5.98 (m, 2 H) 
*7 AC T51 \ ! U\ T /lO (A T— O HC '12r* 1 12\ t L L \\.L9 ii/,, i uy 

J-3.58 Hz, 1 H); MS (ESI+) m/z 1107.5 (M+H)". 

•7 AC Tit f~. 1 i U\ n A 1 / ,-J T—O 1C IJ„ 1 TJ\ H ACS IA T—© 1/1 T.Tr, 1 U\ 1 1 t\!\ /„ 1 U\ IT 1/C (A 
I.UJ - I .U L ii 11.) l.-rz. (J.1, J--y.!\S lit.., i. X1J / .~T S \U., J O.Z--T i.J.L., i 11J li.uv 1 ±1J li.ilj ̂ u, 

PSS 

Example 3.23 

dimethyl ({(2i?,5/?)-l-[3,5-difliioro-4-(4-phenylpipcridir3-l-yl)phenyl]pyiTolidiiie-2,5-diyl}bis{l//-

beiizimidazole-5,2-diyl(26)pyrro]idine-2,l-diyl[(l^-2-oxo-l-(tetrahydro-2H-pyran-4-yl)ethane-2,l-

diyl]})biscarbamate 

10 ]H NMR (400 MHz, DMSO-t/fi) 8 ppm 1.14 - 1.37 (m, 4 H) 1.43 - 1.57 (m, 4 H) 1.61 - 1.72 (m, 6 H) 

1.77-1.91 (m, 2 H) 1.96 - 2.05 (m, 4 H) 2.14 - 2.25 (m, 4 H) 2.87 - 3.02 (m, 6 H) 3.06 - 3.22 (m, 2 H) 

3.53 (s, 6 H) 3.58 - 3.67 (m, 2 H) 3.68 - 3.79 (m, 5 H) 3.81 - 3.89 (m, 4 H) 4.11 - 4.19 (m, 2 H) 5.1.4 

(dd, 1=7.32, 2.98 Hz, 2 H) 5.34 - 5.42 (m, 2 H) 5.85 - 5.95 (m, 2 H) 7.06 - 7.17 (m, 3 H) 7.19 - 7.29 

(rn, 6 H) 7.35 (t, J=9.05 Hz, 2 H) 7.42 (d, J=8.57 Hz, 1 H) 7.47 (d, 1=8.78 Hz, 1 H) 12.05 (s, 1 H) 

15 12.16 (d, J=1.41 Hz, 1 H); MS (ESR) m/z 1111.5 (M+H)"\ 

ABS 

Example 3.24 

dimethyl ({(2ft,57?)-1 -[3,5-difhaoro-4-(4-phenylpiperidin-1 -yl)phenyi]pyiTolidine-2,5-diyl}bis {1H-

20 benzimidazole-5,2-diyl(2fS)pyn-olidine-25l-diyl[(l-S)-l-cyclopentyl-2-oxoethane-2,l~ 

diyl]})biscarbamate 
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1H NMR (400 MHz, DMSO-cfe) 5 ppm 1.16 - 1.28 (m, 4 H) 1.31 - 1.54 (m, 10 H) 1.55 - 1.73 (m, 10 

H) 1.95 - 2.06 (m, 4 H) 2.09 - 2.24 (m, 7 H) 2.85 - 3.07 (m, 4 H) 3.53 (s, 6 H) 3.82 (s, 4 H) 4.15 (t, 

J—8.51 Hz, 2 H) 5.11 - 5.18 (m, 2 H) 5.34 - 5.43 (m, 2 H) 5.92 (d, J=12.69 Hz, 2 H) 7.06 - 7.18 (m, 3 

H) 7.19 - 7.31 (m, 6 H) 7.37 - 7.45 (m, 3 H) 7.50 (d, J=8.35 Hz, 1 H) 12.01 (s, 1 H) 12.08 (s, 1 H); 

5 MS (ESI+) m/z 1079.4 (M+H)+. 

ias 

Example 3.25 

methyl {(2/2)-l-[(25')-2-{5-[(2^57?)-l-[3s5-difluoro-4-(piperidm-l-yl)phenyl]-5-{2-[(2>S>l-{(2R)-2-

10 [(melhoxycarbonyl)amino]-3-methylbutanoyl}-2,3-dihyd.ro-l/7-indol-2-yl]-l/7-benzimidazol-5-

yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}-2,3-dihydro-l//-iiidol-l-yl]-3-methyl-1-oxobutan-2-

yl}carbamate 
]H NMR (400 MHz, DMSC)~d6) ft ppm 0.90 (dd, J-31.72, 6.23 Hz, 12 H) 1.31 - 1.51 (m, 7 H) 1.52 -

1.70 (m, 2 H) 2.06 - 2.29 (m, 4 H) 2.74 (s, 6 H) 3.08 (d, J=15.40 Hz, 6 H) 3.69 - 3.89 (m, 2 H) 4.27 (s, 

15 1 H) 5.26 - 5.39 (m, 2 H) 5.77 - 6.01 (m, 4 H) 7.01 - 7.33 (m, 12 H) 7.37 - 7.53 (m, 2 H) 8.12 - 8.2.5 

(m, 2 H) 12.34 (d, J-42.07 Hz, 2 H); MS (ESI+) m/z 1047.4 (M+H)+. 

ABS 

Example 3.26 

20 methyl {(25)-l-[(21S)-2-{5-[(2^5i2)-l-(4-ferf-butylphenyl)-5-{2-[(2^)-l-{(2)S)-2-

[(methoxycarbonyl)amino]-3-methyibutanoyl}-4-methylidenepyiTolidin-2-yl]-l//-benzimidazol-5-

yl}pyiTolidin-2-yl]-l//-benzimidazol-2-yl}-4-methylidenepyrrolidin-l-yl]-3-methyl-l-oxobutan-2-

yl} carbamate 
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iH NMR (400 MHz, DMSC)-d6) 5 ppm 0.74 - 0.92 (m, 12 H) 1.07 (s, 9 II) 1.68 (s, 2 H) 1.91 (ddd, 
T ^ A K A n c A n A rr... n rn a /*1 ^ nr ^ T r\ ^ r\n •*> nrv /n rr\ n 1 "> /~ t ir\ i r A /~ ^ TT\ I c\ A J — it.ui, / .u% / .tj ri/% z. ii) z..u J - z.; J (ui5 z n; z.y / - j.uy ^iu, z n) J. I J (S, J nj J.JH- u n) 

- 4.08 (m, 2 H) 4.46 (d, J=12.36 Hz, 2 H) 4.60 (d, J=14.20 Hz, 2 H) 5.02 (s, 3 H) 5,10 (s, 2 H) 5.31 -

5.45 (m, 4 H) 6.24 (d, J=8.67 Hz, 2 H) 6.86 - 6.94 (m, 2 H) 7.07 (t, J=8.51 Hz, 2 H) 7.20 (s, 1 H) 7.26 

5 (s, 1 H) 7.34 - 7.50 (m, 4 H) 12.05 (d, J=15.72 Hz, 2 H); MS (ESI+) m/z 912.4 (M+H)". 

Example 3.27 

dimethyl ({(27?,5J/?)-l-[3,5-difluoro-4-(4-pheny3pipcridin-l-yI)phenyl3pyrrolidine-2,5-diyl}bis{l/7-

10 benzimida/,oic-5,2-diyl(25')pyrrolidine-2,l-diyl[(IlS)-l-(2,3-diliydi"0~iJf/--inden-2-yl)-2-oxoethaiie-2,l-

diyl]})bisearbamate 

'^H NMR (400 MHz, DMSO-de) 5 ppm 1.51 - 1.76 (m, 6 H.) 1.94 - 2.06 (m, 4 H) 2.12 - 2.28 (m, 8 H) 

2.69 - 2.89 (m, 12 H) 2.92 - 3.05 (m, 1 H) 3.55 (s, 6 H) 3.77 - 3.86 (m, 4 H) 4.36 - 4.43 (m, 2 H) 5.16 

- 5.24 (m, 2 H) 5.35 - 5.48 (m, 2 H) 5.97 (d, J-12.90 Hz, 2 H) 7.01 - 7.30 (m, 17 H) 7.34 (s, 1 H) 7.46 

15 (d, J=8.35Hz, 1 H) 7.54 - 7.60 (m, 2 H) 12.07 (s, 1 H) 12.18 (s, 1 H); MS (ESI+) m/z 1175.5 (M+H)+. 
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melhyl {(2JS)-l-[(2;S',3a5,,6a)S,)-2-{5-[(2i?,5i?)-l-[3,5-difliioro-4-(4-phenylpiperidiii-l-yi)plienyl]-5-{2-
[Y9As Cl_ 1 -i(1 h<"wwi"'orKr\n'v?nci-m-mr\1..'5_.mrvrt'i'wH-vnfcirw"\'w1 \n/McjhT/"lrr>pwplr>r»r>iTf afWninrnl. 

2-yl]-]//-beiizimidazol-5-yl}pyrrolidm-2-yl]-l/i*-beiizimidazol-2-y3}hexahydi"()cyelopenta[/)]py]Tol-

l(2/i)-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

5 ]H NMR (400 MHz, DMSO-i/g) 8 ppm 0.72 - 0.92 (m, 12 H) 1.50 - 1.59 (m, 4 H) 1.62 - 1.72 (m, 8 H) 

1.73 -1.81 (m, 2 H) 1.83 - 1.92 (m,4H) 1.95 -2.03 (m, 2 H) 2.06 - 2.15 (m:4H)2,38 - 2.46 (m, 2 H) 

2.75 - 2.83 (m, 1 H) 2.86 - 3.01 (m, 4 H) 3.54 (s, 6 H) 4.01 (td, J=13.28, 6.83 Hz, 4 H) 4.78 (dd, 

J-7.70, 4.23 Hz, 2 H) 5.13 (t, J-8.24 Hz, 2 H) 5.33 - 5.45 (m, 2 H) 5.92 (dd, J=12.90, 2.82 Hz, 2 H) 

7.07 (d, J=8.67 Hz, 2 H) 7.15 (1,1=6.94 Hz, 1 H) 7.20 - 7.29 (m, 5 H) 7.34 (d, J=4.01 Hz, 1 H) 7.39 -

10 7.47 (m, 3 H) 7.50 (d, J=8.02 Hz, 1 H) 11.97 (s, 1 H) 12.06 (s, 1 H);MS (ES1+) m/z 1107.4 (M+H)1". 

ABS 

Example 3.29 

methyl {l-[(2tS)-2-{5-[(2^,5i2)-l-[3,5-difluoro-4-(4-phenylpiperidin-l-yl)phenyl]-5-{2-[(25)-l-{3-

15 ethyl-2-[(methoxycarbonyl)ammo]penlanoyl}pyn-oiidin-2-y!]-l//-bcnzimid.azol-5-yl}pyrrolidin-2-yr|-

l//-beiizimidazol-2-yl}pyrro3idm-l-yl]-3~ethyl-l-oxopentan-2-yl}carbamale 
]H NMR (400 MHz, DMSO-cfe) 8 ppm 0.16 (t, 7=6.02 Hz, 1 H) 0.34 (1, 7-6.89 Hz, 1 H) 0.56 - 0.99 

(m, 10 H) 1.16 - 1.36 (m, 4 H) 1.53 - 1.80 (m, 8 H) 1.93 - 2.09 (m5 4 H) 2.14 - 2.30 (m, 4 H) 2.80 -

3.13 (m, 11 H) 3.53 (s, 6 H) 3.73 - 3.95 (m, 4 H) 4.24 - 4.41 (m, 2 H) 5.09 - 5.20 (m, 2 H) 5.30 - 5.44 

20 (m, 2 H) 5.83 - 5.96 (m, 2 H) 7.03 - 7.36 (m, 11 H) 7.39 - 7.62 (m, 2 H) 12.00 (s, 1 H) 12.13 - 12.20 

(m, 1 H); MS (ESI+) m/z 1083.5 (M+Hf. 
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ABS 

Example 3.30 

dimethyl ({(2i?,5i?)-l-[3,5-difluoro-4-(piperidin-i-y])phenyl]pyiTolidine-2,5-diyl}bis{l//-

bcnzimida/,olc-5,2-diyl(25',3alS',6a6)hexabydrocycIopenta[6]pyrrolc-2,l(2//)-diy{[(16"')-i-cyclopenty]-

5 2-oxoelhane-2,1 -diy l]})biscarbamate 
]H NMR (400 MHz, DMSO-cfe) 5 ppm 1.17 - 1.32 (m, 10 H) 1.36 - 1.49 (m, 10 H) 1.51 - 1.79 (m, 10 

H) 1,87 (dd, J=15.83, 7.26 Hz, 2 H) 1.9S (dd, J=13.07, 8.40 Hz, 2 H) 2.05 - 2.16 (m, 6 H) 2.36 - 2.46 

(m, 4 H) 2.72 - 2.81 (m, 6 H) 3.54 (s, 6 H) 4.11 (q, J=9.40 Hz, 2 H) 4.75 - 4.85 (m, 2 H) 5,08 - 5.18 

(m, 2 H) 5.36 (dl, J= 13.66, 6.83 Hz, 2 H) 5.88 (ddd, J=12.69, 3.52, 3.42 Hz, 2 H) 7.07 (d, J=8.35 Hz, 

10 2 H) 7.21 (s, 1 H) 7.31 (d, J=4.0i Hz, I H) 7.41 (d; J-8.24 Hz, 1 H) 7.46 - 7.56 (m, 3 H) 11.88 (d, 

J=2.49 Hz, 1 H) 12.01 (d,J=3.36Hz, 1 H); MS (ESI+)m/r 1083.5 (M+H)+. 

Example 3.31 

15 ({(2i??5ft)-l-[3,5~difiuoro~4-(4~phenylpiperidin-l-yl)phenyi]pyrrolidme-2s5-diyl}bis[l/i-

benzimidazole-5,2-diyl(21S,)pyrrolidine-2,l-diyl])bis[(2,S')-tetrahydrofiiran-2-ylmelhanone] 
]H NMR (400 MHz, DMSO-4) 5 ppm 1.36 - 1.49 (m, J-15.83 Hz, 2 H) 1.60 - 1.75 (m, 8 H) 1.77 -

1.91 (m, 6 H) 1.94 - 2.12 (m, 8 H) 2.16 - 2.27 (m, 2 H) 2.86 - 3.08 (m, 5 H) 3.74 (t, J=6.99 Hz, 6 H) 

4.57 - 4.63 (m, 2 H) 5.13 (dd, J=9.00, 1.30 Hz, 2 H) 5.33 - 5.43 (m, 2 H) 5.93 (d, J=13.34 Hz, 2 H) 
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7.06 - 7.16 (m, 3 H) 7.20 - 7.29 (m, 5 H) 7.32 (s, 1 H) 7.42 (d, J-8.57 Hz, 1 H) 7.52 (d, J=8.13 Hz, 1 
mnn/Uc imnA9/p 1 m- wc recm ono 4 CN/f4.u\ X x V ! yo, i. 11;, i.»w • j . 

ABS 

Example 3.32 

dimethyl ({(2i?,5^)-l-[3,5-difhioto-4-(piperidm-l-yl)phenyl]pyrrolidine-2,5-diyl}bis{l//-

benzimidazole-5)2-diyl(2,Ss3a^,6aJS)hexahydrocyclopen.ta[6]pyiTole-2sl(2/i)-diyl[(lJS)-2-oxo-l-

(tetrahydro-2//-pyran-4-yl)elhane-2, i. -diyl]} )biscarbamate 

'H NMR (400 MHz, DMSO-cfc) 8 ppm 1.10-1.27 (ms 4 H) 1.33-1.51 (m, 12 H) 1.51 - 1.65 (m, 6 H) 

1.67 - 1.80 (m, 4 H) 1.83 - 2.00 (m, 6 H) 2,08 - 2.17 (m, 4 H) 2.39 - 2.45 (m, 2 H)2.73 - 2.85 (m, 8 H) 

3.03 - 3.12 (m, 2 H) 3.53 (s, 6 H) 3.70 - 3.87 (m, 2 H) 4.04 - 4.17 (m, 2 H) 4.74 - 4.83 (m, 2 H) 5.08 -

5.3 7 (m, 2 H) 5.31 -5.42 (m,2H) 5.83 - 5.93 (m, 2 H) 7.04 - 7.11 (m, 2 H) 7.21 (d, J=I5.83 Hz, 2 H) 

7.41 (d, J=8.02 Hz, 1 H) 7.46 -7.55 (m5 3 H) 11.96 (d,J=4.12Hz, 1 H) 12.11 (d, J=4.55 Hz, 1 H); MS 

(ESI+) m/z 1115.4 (M+H)\ 

ABS 

Example 3.33 

methyl {(25,3^)-l-[(2;S,3a1S,!6a5)-2-{5-[(2/?557?)-l-[3,5-difliioro-4-(piperidin-3-yl)plienyl]-5-(2-

{{26,,3a^,6a)S')-l-[vV-(methoxycarbonyl)-0-methyl-L-lhreonyl3octahydrocyclopenla[fe]pyiTol-2-yl}-

l//-benzimidazoi-5-yl)pyrrolidin-2-yl]-l/3r-benzimidazol-2-y3}hexa3iydrocyc]openta[/)]pyiTo]-3(2/i)-

yl]-3-methoxy-l-oxobiitan-2-yl} carbamate 
312 



]H. NMR (400 MHz, DMSO-<fc) 5 ppm 0.95 (d, J=6.18 Hz, 3 H) 1.03 (d, J-5.75 Hz, 3 H) 1.35 - 1.49 
ro TT\ i f/\ 1 r A / . A TT\ 1 r r 1 oi /• rr\ i o A n AI /... r TT\ <-> n-7 1 /_ A TT\ y\xi> o Li) i JU - i.u^t (in, H- ii; I.UU -i,oi iiii, o ii; i .o*t - z.ux (ui, u n) z.u/ - z. j u ^JIJ, M- nj z. / j - Z.OH 

(m, 6 H) 3.13 (s, 3 H) 3.17 (s, 3 H) 3.54 (s, 6 H) 4.20 - 4.29 (m, 2 H) 4.76 - 4.84 (m, 2 H) 5.12 (t, 

J=8.19 Hz, 2 H) 5.37 (dd, J=6.51, 4.88 Hz, 2 H) 5.88 (d, 1=13.45 Hz, 2 H) 7.05 (d, J=8.13 Hz, 2 H) 

5 7.20 (s, 1 H) 7.30 (s, 1 H) 7.40 (d, J=7.81 Hz, 1 H) 7.47 - 7.57 (m, 3 H) 11.98 - 12.15 (m, 2 H); MS 

(APCI+) m/z 1063.4 (M+H)". 

AI3S 

Example 3.34 

10 ethyl {(25)-l-[(25)~2-{5-[(2i?,5^)-l-[3,5-difluoro-4-(4-phenylpiperidin-l-yl)phcnyl]-5-{2-[(25)-l~ 

{(2,5)-2-[(cthoxycarbonyl)araiiio]-3-methylbutanoyl}pyiTolidin-2-yl]-li7-benzimidazol-5-

yl}pyrrolidin-2-yl]-l/-/-benzimidazol-2-yl}pyrTolidin-l-yi]-3-methyl-l~oxobutan-2-yl} carbamate 

'HNMR (400 MHz, DMSO-d6) 8 ppm 0.75 - 0.93 (m, 32 H) 3.15 (t, J-7.43 Hz, 6 H) 1.60 - 1.74 (m, 

6 H) 1.85 - 2.07 (m, 8 H) 2.36 - 2.27 (m, 4 H) 2.86 - 3.04 (m, 4 H) 3.40 - 3.48 (m, 3 H) 3.76 - 3.85 (m, 

15 4 H) 3.98 (q, J=7.08 Hz, 4 H) 4.05 (t, J-8.29 Hz, 2 H) 5.U - 5.19 (m, 2 H) 5.34 - 5.44 (m, 2 H) 5.92 

(d, J—12.69 Hz, 2 H) 7.05 - 7.31 (m, 2 H) 7.35 (l, J=6.94 Hz, 1 H) 7.20 - 7.27 (m, 7 H) 7.31 (s, 1 H) 

7.42 (d, J-8.24 Hz, 1 H) 7.50 (d, 3=7.92 Hz, 1 H) 12.07 (s, 1 H) 12.12 (s, 3 H); MS (ESI+)m/z 1055.4 

(M+H)\ 
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Example 3.35 

dimethyl ({(2ft,5i?)-l-[3,5-difluoro-4-(piperidin-l-yl)phenyl]pynx)lidine-2,5-diy!}bis{(6-fluoro-l./i-

ben2imidazole-5J2-diyl)(25)pyiTolidine-29l-diyl[(ljS)-2-oxo-l-(tetrahydro-2//-pyran-4-yl)ethane-2,l-

5 diyl]})biscarbamate 

'HNMR (400 MHz. DMSO-ofe) 5 ppm 1.12 - 1.33 (m, 4 H) 1.38 - 1.55 (m, 10 H) 1.66 - 1.90 (m, 6 H) 

1.94 -2.04 (m, 4 H) 2.11 -2.24 (m, 2 H) 2.75 - 2.85 (m, 6 H) 3.01 - 3.19 (m,2H) 3.52 (s, 6 H) 3.63 -

3.77 (m, 4 H) 3.78 - 3.89 (m, 6 H) 4.08 - 4.18 (m, 2 H) 5.07 - 5.16 (m, 2 H) 5.46 - 5.63 (m, 2 H) 5.81 -

5.93 (m, 2 H) 6.99- 7.12 (m,2H) 7.31 - 7.44 (m, 4 H) 12.04- 12.15 (m, 1 H) 12.28 - 12.35 (m, 1 H); 

10 MS (APC1+) m/z 1071.2 (M+H)"!". 

ABS 

Example 3.36 

methyl {(2S,3R)~l-[(25}-2-{5-[(2/^5i?)-l-[3(5-difliioro-4-(piperidin-l-yl)phenyl]~5~(6-fliioro-2-{(25)-

15 l-[7V-(methoxyeaibonyl)-(9-methyl-L-threonyl]pyiTolidm-2-yl}-iit/-benzimidazol-5-yl)pyiTolidin-2-

yl]-6-fhioro-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methoxy-l -oxobutan-2--yl} carbamate 

'HNMR (400 MHz, DMSO-^) 8 ppm 0.87 - 1.11 (m, 8 H) 1.35 - 1.52 (in, 6 H) 1.71 - 1.84 (m, 2 H) 

1.91 -2.07 (m,4H) 2.12 - 2.26 (m, 4 H) 2.79 (s, 4 H)3.08 (d, J=37.41 Hz, 6 H) 3.41 -3.48 (m, 2 H) 

3.53 (s, 6 H) 3.82 (d, J=4.88 Hz, 4 H) 4.18 - 4.30 (m, 2 H) 5.11 (s, 2 H) 5.47 - 5.63 (m, 2 H) 5.81 -

20 5.97 (m. 2 H) 6.99 - 7.28 (m, 4 H) 7.37 (dd, J=25.54, 9.60 Hz, 2 H) 12.10 (s, i H) 12.22 - 12.35 (m, 1 

H); MS (ESI+) m/z 1019.4 (M+H)+. 
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ABS 

0 

/ \ 

Example 3.37 

melhyl {(26yi-[(2S,3a£,6a<S)-2-{5-{(27?,5./?)-l-[3,5-difhioro-4-(piperidin-l-yi)phenyl]-5-{6-f]uoro-2-

[(25',3a5',6a5)-l-{(25)-2-[(metlioxycarbonyl)amino]-3-methylbiilanoyl}octaliydrocyclopenla[Z)]pyiTol-

2-yl]-l//-benzimidazol-5-yl}pyrrolidin-2-yl]-6-fl"uoro-l//-benzimidazol-2-

yl}hexahydix>cyclopenla[Z)]pyrrol-l(2i^)-yr|-3-melhyl-l -oxobutan-2 -yllcarbamate 

'H NMR (400 MHz, DMSO-d6) 8 ppm 0.80 (dd, 3=24.13, 6.45 Hz, 12 H) 1.36 - 1.67 (m, 10 H) 1.69-

1.87 (m, 8 H) 1.92 - 2.17 (m, 6 H) 2.37 - 2.47 (m, 2 H) 2.78 (s, 6 H) 3.53 (s, 6 H) 3.92 - 4.07 (m, 2 H) 

4.69 - 4.84 (in, 2 H) 5.08 (t, 1=8.29 Hz, 2 H) 5.36 - 5.68 (m, 4 H) 5.86 (dd, 3=11.71, 8.67 Hz, 2 H) 

7.10 (dd, 3=31.39, 6.89 Hz, 2 H) 7.28 - 7.51 (ra, 4 H) 12.02 (s, 1 H) 12.21 (d, 3=7.27 Hz, 1 H); MS 

(ESI+) m/z 1067.4 (M-H)'. 

methyl {(25\3^)-l-[(2£,3a5,6a5)-2-{5-[(2ft,5/?)-l-[3,5-difhiOTO-4-(piperidin-l-yl)phenyl]-5-(6-fluoro-

2-{(21S',3a£,6aS)-l-[Ar-(methoxycarbonyl)-0-methyl-L-lhreoiiyl]octahydrocyclopenta[fr]py;iTol-2-yl}-

l//-benzimidazol-5-yl)pyrro3idin-2-yl]-6-fluoro-l //-benzimidazol-2-

yl} hexahydrocyclopenta[£>]pyiToi-1 (2//)-yl]-3-methoxy-1 -oxobutan-2 -yl} carbamate 
[HNMR (400 MHz, DMSO-rf6) 8 ppm 0.78 - 1.07 (m, 8 H) 1.36 - 1.51 (m, 8 H) 1.51 - 1.67 (m, 4 H) 

1.75 (dd, 3=12.20, 6.56 Hz, 4 H) 1.90 (dd, J=20.22, 8.95 Hz, 4 H) 2.00 - 2.14 (m, 4 H) 2.37 - 2.47 (m, 

2 H) 2.79 (s, 6 H) 3.04 - 3.20 (m, 6 H) 3.54 (s, 6 H) 4.14 - 4.29 (m, 2 H) 4.77 (dd, .1=18.00, 7.48 Hz, 2 

ABS 

Example 3.38 
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H) 5.07 (t, J-8.24 Hz, 2 H) 5.47 - 5.65 (m, 2 H.) 5.80 - 5.94 (m, 2 H) 7.08 (dd, 1=27.27, 6.78 Hz, 2 H) 
1 Is? 7^ A U\ 11 C\A /c 1 m 11 1£ 1 T-TV \/fC /"GCT-lA I HOO A f\/TJ-UV , -x-u - , , V .11, -rtii li.UT . 11) . V o, 1 . . JY.VJ ' > uui. • v s s< umn/ . 

ABS 

Example 3.39 

dimethyl ({(2i?,5i?)-l-[3,5-difliioro-4-(pipendin-l-yl)phenyl]pyiTolidme-2,5-diyl}bis{(6-fluoro-l/-/-

benzhrtidazole-5,2-diyl)(2£jpyiTolidine-2,l-diyl[(] S)-l -cyclopentyl-2-oxoethaiie-2,] -

diyl]})biscarbamate 

10 'H NMR (400 MHz, DMSO-d6) 5 ppm 1.10 - 1.29 (m, 6 H) 1.34 - 1.62 (m, 18 H) 1.71 - 1.86 (m, 2 H) 

1.94 - 2.10 (m, 4 H) 2.11 - 2.24 (m, 4 H) 2.74 - 2.84 (m, 4 H) 2.94 - 3.12 (m, 2 H) 3.53 (s, 6 H) 3.73 -

3.87 (ra, 4 H) 4.06 - 4.17 (m, 2 H) 5.07 - 5.18 (m, 2 H) 5.47 - 5.63 (m, 2 H) 5.82 - 5.95 (m, 2 H) 7.03 

(d, J-6.40 Hz, 1 H) 7.13 (d, J-7.37 Hz, 1 H) 7.30 - 7.46 (m, 4 H) 12.07 (s, 1 H) 12.23 (s, 1 H); MS 

(APCl+) m/z 1040.3 (M+H)\ 

15 

ABS 

Example 3.40 

dimethyl ({(2ft,57?)-l-[3,5-difh.ioro-4-(piperidin-l-yl)phenyl]pyiTolidine-2,5-diyl}bis{(6-iluoro-l/7-

20 benzimidazole-5,2-diyl)(2S,3a£,6a£)hexahydrocyck>penta[£>]pyrrole-2,l(2//)--diyl[(l 5")-1 -cyclopentyl-

2-oxoethane-2,l-diyl]})biscarbamate 
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'HNMR (400 MHz, DMSO-tf6) 8 ppm 1.12- 1.25 (m, 8 H) 1.35 - 1.64 (m, 18 H) 1.70 - 1.88 (m, 6 H) 

1.92 - 2.15 (m, 8 H) 2.36 - 2.46 (m, 4 H) 2.78 (s, 6 H) 3.53 (s, u H) 4.07 (dt, 1=18.38, 9.24 Hz, 2 II) 

4.72 -4.83 (m, 2 H)5,07 (t, J=8.08 Hz, 2 H) 5.46 - 5.65 (m, 2 H)5.81 -5.91 (m, 2 H) 7.06 (d, J=6.07 

Hz, 1 H) 7.11 -7.19 (m, 1 H) 7.34 (dd, J=10.63, 4.88 Hz, 1 H) 7.43 (dd, 1=11.22, 7.21 Hz, 1 H) 7.51 

5 (dd, J=13.99, 7.92 Hz, 2 H) 11.95 (s, 1 H) 12.20 (s, I H); MS (ESI+) m/z 1119.4 (M+H)1". 

ASS 

Example 3.41 

dimethyl ({(2i?,5./?)-l-[3,5-difmoro-4-(piperidm-l-y3)phenyl]pyrroiidine-2,5-diyI}bis{(6-fli!oro-l//-

10 benz?mklazo]e-5?2-diyl)(25,3a5,6a5)hexahydrocyctopenta[6]pyn-ole-2,l(2/f)-diyl[(lS)-2-oxo-l-

(/tetrahydro-2/"/-pyraii-4-yl)ethane-2,1 -diy I] })biscarbamate 
5H NMR (400 MHz, PMSO-<afe) 8 ppm 1.30 - 1.65 (m, 18 H) 1.69 - 1.94 (m, 12 H) 2.05 - 2.15 (m, 4 

H) 2.37 - 2.45 (m, 4 H) 2.73 - 2.87 (m, 6 H) 2.97 - 3.11 (m, 3 H) 3.53 (s, 6 H) 3.77 (dd, J-27.65, 

10.08 Hz, 4 H) 4.06 - 4.14 (m, 2 H) 4.71 - 4.81 (m, 2 H) 5.07 (t, J-8.35 Hz, 2 H) 5.43 - 5.65 (m, 2 H) 

15 5.78 - 5.92 (m, 2 H) 6.99 - 7.05 (m, 1 H) 7.09 (t, 1-6.94 Hz, 1 H) 7.33 (dd, J=10.03, 6.13 Hz, 1 H) 

7.50 (dd, J=18.16, 7.86 Hz, 2 H) 11.99 (s, 1 H) 12.29 (d, J=5,75 Hz, 1 H); MS (ESI+) m/z 1151.4 

(M+Hf. 

20 Example 3.42 
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methyl {(2lS')-l-[(2lS>2-{5-[(27?,5/?)-l-{3,5-<liiTuoro-4-[4-(4-fliiorophenyl)pipendm-l-yl]phenyl}-5-

{2-[(25)-l-{(25)-2-[(mcthoxycarhonyl)amixio]-3 methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-

5-yl}pyrrolid.in-2-yl]-l//-benzimidazol-2-yl}pyr]-olidin-l-yl]-3-methyl-l-oxobiitaii-2-yl}carbamate 

*H NMR (400 MHz, DMSO-4) 5 ppm 12.08 (d, J = 18.9, 2H), 7.50 (d, J= 8.0, IH), 7.41 (d, J = 8.3, 

5 IH), 7.33 - 7.IB (m, 6H), 7.13 -7.01 (m, 4H), 5.93 (d,J= 13.1, 2H), 5.42 - 5.33 (m, 

2H), 5.19 - 5.10 (m, 2H), 4.06 (t, ,/= 8.6, 2H), 3.86 - 3.77 (m, 4H), 3.53 (s, 6H), 3.03 - 2.83 (m, 5H), 

2.28 - 1.54 (m, I8H), 0.91-0.73 (m, 12H); MS (ESI+) m/z 1045.4 (M+H)''. 

ABS 

10 Example 3.43 

methyl {(25,)-l-[(25)-2-{5-[(2i?,5/?)-l-(3,5-dif3uoro-4-{4-[3-(trimethylsilyl)phenyl}piperidm-l-

yl}pheny])-5-{2-[(2S)-]-{(21S)~2-[(melhoxycarbonyl)amino]-3-melhylbulanoyl}pyiTo]idm-2-yl]-li?-

bcnzimidazoJ-5-yl}pyrrolidin-2-yl]-l//-benzimidazoI-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobulan-2-

yl} carbamate 

15 JH NMR (400 MHz, DMSO-afe) 5 ppm 12.31 32.04 (m, 2H), 7.49 (d, J = 8.4, IH), 7.40 (d,,/= 8.2, 

IH), 7.34 - 7.17 (m, 8H), 7.31 - 7.04 (m, 2H), 5.95 - 5.86 (m, 2H), 5.43 - 5.31 (in, 2H), 5.18 - 5.09 

(m, 2H), 4.05 (t, 7= 8.3, 2H), 3.86 - 3.76 (m, 4H), 3.52 (s, 6H), 3.3 2 -2.82 (m, 4H), 2.58 - 2.52 (m, 

2H), 2.26 - 1.83 (m, 1 IH), 1.72 - 1.58 (m, 6H), 0.90 - 0.73 (m, 12H), 0.20 (s, 9H); MS (ESI+) m/z 

1099.4 (M+H)", 
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ABS 

0 

Example 3.44 

methyl ((21S')-l-[(25')-2-{5-[(2i?,5i?:)-l-{4-[4-(3,4~difi-uoroplienyl)piperidin-l--yl]-3,5-difluorophenyl}-

5-{2-[(25)-l~{(21S')-2-[(methoxycarbonyl)amiiio]-3-melhyIbiiiimoyl}pyr!-olidin--2-yl]-l//-

5 benzimidaz()l-5-yI}pyrrolidin-2-yl]-l/:/-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutaii-2-

yl} carbamate 

NMR (400 MHz, DMSO-rf6) 8 ppm 12.32 - 12.04 (m, 2H), 7.50 (d,.7-8.5, IH), 7.41 (d,J = 8.3, 

IH), 7.36-7.25 (m, 5H),7.21 (s, IH), 7.12-7.05 (m, 3H), 5.91 (d,J = 1.2.8, 2H), 5.37 (dd, J = 6.0, 

2.1, 2H), 5.18 - 5.11 (m, 2H), 4.06 (1, J= 8.3, 2H), 3.86 - 3.79 (m, 4H), 3.53 (s, 6H), 3.12 - 2.83 (m, 

10 4H), 2.27 - 2.10 (m, 4H), 2.08 - 1.49 (m, 15H), 0.93 - 0.67 (m5 12H); MS (ES1+) m/z 1063.3 

(M+H)". 

Example 3.45 

15 methyl {(2S)-l-[(25)-2-{54(2i?,5i?)-l-{4-[4K3,5-ditluorophenyl)piperidm~l-yl]-3,5-difliiorophenyl}~ 

5-{2~[(2,S)-l-{(25')-2-[(methoxycarboiiyl)amino]-3-methylbutaiioyl}pyn"olidin-2-y]]-l/7-

ABS 
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benzimidazol-5-yl}pyrrolidin-2-yl]-l/f-benzimidazol-2-yl}pyrrolidin-l-y].]-3-methyl-l-oxobutan-2-

'H NMR (400 MHz, DMSO-d6) 5 ppm 12.47 - 11.91 (m, 2H), 7,52 - 7.40 (m, 2H), 7.36 - 7.19 (m, 

4H), 7.10 (d,,/ = 7.9, 2H), 7.04 - 6.92 (m, 3H), 5.92 (d,./= 12.7, 2H), 5.46 - 5.32 (m, 2H), 5.20 -

5 5.10 (m, 2H), 4.06 (t, ./= 8.3, 2H), 3.89 - 3.75 (m, 4H), 3.53 (s, 6H), 3.13 - 2.82 (m, 4H), 2.63 - 2.54 

(m, 3H), 2.28 - 2.12 (m, 4H), 2.08 - 1.84 (m, 6H), 1.77 - 1.56 (m, 6H), 0.91 - 0.71 (m, 12H); MS 

(ESI+) m/z 1063.4 (M+H) . 

[(methoxycarbonyl)ammo3-3-methylbutanoyl}pyrrolidin-2-yl]-l.#'-benzimidazol-5-yl}-l-[2-(4-

phenylpipcridin-l-y])pyrimidin-5-yl]pyrroljdin-2-yl}-li7-benzimidazol-2-yl)pyrrolidin-l-yl]-3-

methyl-1 -oxobutan-2-y 1} carbamate 

IH NMR (400 MHz, DMSO) S = 12.42 - 12.16 (m, 2H), 7.81 - 7.55 (m, 4H), 7.45 - 7.12 (m, 9H), 

15 5.23 - 5.06 (m, 2H), 5.02 - 4.86 (m, 2H), 4.57 - 4.45 (m, 2H), 4.13 - 3.96 (m, 2H), 3.92 - 3.70 (m, 

4H), 3.53 (s, 6H), 2.75 (t, J-12.8, 2H), 2.62 - 2.54 (m, J=8.1,2H), 2.28 -1.59 (m, 15H), 1.53 - 1.36 

(m, 2H), 0.98 - 0.66 (m, 12H). MS (ESI; M+H) m/z = 1029.4. 

10 

Example 3.46 

methyl {(250-1 -[(2>S)-2-(6-flxxoro-5- {(27?,5,S)-5- {6-fluoro-2- [(260-1 - {(2^-2 
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Example 3.47 

methyl {(2,S)-l-[(2,S)-2-(6-fluon)-5-{(2^,51S)-5-{6-fluoro-2-[(25>l-{(25)-2-

[(methoxycarbonyl)amino]-3-methyIbiita,noyl}pyrrolidm-2-yl]-li:f-beiizimidazol-5-yl}-l-[2-

(piperidin-l-yl)pyrimidm-5-yl]pyrrolidin-2-yl}-li1/-beiizimidazol-2-yl)pyn'olidin-l-yl]-3-metliyl-l-

1H NMR (400 MHz, DMSO) 8 ] 2.41 - 12.15 (m, 2H), 7.79 - 7.54 (ra, 4H), 7.45 - 7.24 (m, 4H), 5.20 

- 5.06 (m, 2H), 5.01 - 4.85 (m, 2H), 4.12 - 4.01 (m, 2H), 3.88 - 3.73 (m, 4H), 3.52 (s, 6H), 3.50 -

3.42 (m, 4H), 2.55 (s, 2H), 2.27 - 1.77 (m, 12H), 1.51 (s, 2H), 1.38 (s, 4H), 0.93 - 0.73 (m, 12H). MS 

(ESI; M+H) ml/ -953.4. 

methyl {(25,3i?)4-[(21S)-2-{5-[(2i?,5i?)-l-{4-[4-(2,6-difluorophenyl)piperazm-l-yl]-3,5-

difluorophenyl}-5-(6-fluoro-2-{(25')-l-[^/-(methoxycarbonyl)-0-methyl-L-tlii-eoiiyl]pyiTolidm-2-yl}-

l/i-beiizimidazol-5-yl)pyiTolidin-2-yl]-6-fluoro-l/f-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methoxy-l-

oxobulan-2-y 1} carbamate 
321 

oxobutan-2-yl} carbamate 

ABS 

Example 3.48 
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1H NMR (400 MHz, DMSO) 5 12.37 - 12.08 (m, 2H), 7.41 (dd, .1= 11.2, 6.3, IH), 7.34 (dd, J= 10.4, 
A 1 1 n "> A fA I — <11 1 T-J\ 1 1 Q 
I.I f Ui;, I r j u.^, in J, i . i U 

C. n-7 C on {Ar1 T — HI C\ -7 TU"\ C CH ! r, 1"LJ\ C 1 C \j. s i V"-1, u-''}, > u J •" x-i-.j, y. / , z-iiy, j .j i z-ii j. 1 u 

5.06 (m, 2H), 4.25 (dd, J = 15.5, 8.2, 2H), 3.87 - 3.76 (m, 3H), 3.53 (s, 6H), 3.50 - 3.40 (m, 2H), 3.25 

(d, J = 3.5, IH), 3.13 (d, J = 1.1, 3H), 3.09 (s, 4H), 3.04 (d, J = 2.6, 3H), 2.96 (s, 4H), 2.55 - 2.47 (m, 

5 2H), 2.26- 1.71 (m, 10H), 1.08 - 0.89 (m, 6H). MS (ESI; M+H) m/z = 1132.4. 

10 

ABS 

15 

Example 3.49 

methyl {(21S',3^)-l-[(25)-2-{5-[(21S,5)S)-l-{4-[4-(2,6-<iifluorophenyl)piperazin-l-yl]-3,5-

difliiorophenyl}-5-(6-fluoro-2-{(25)-l-[.?Vr-(methoxycarbonyl)-0-methyl-L-threoTiyl]pyrrolidiii-2-yl}-

l//-benzimidazol-5-yl)pyrrolidin-2-yl]-6-flLiOTO-l//-benzimidazol-2-yl}pyrrolidin-i -yl]-3-methoxy-l-

oxobutan-2-yl} carbamate 

IH NMR (400 MHz, DMSO) 5 12.33 - 12.04 (m, 2H),7.41 (dd, .1-11.3, 4.7, IH), 7.36 (dd, J = 10.5, 

3.0, IH), 7.28 (d, 1 = 7.9, IH), 7.21 (d, J-8.1, IH), 7.16(1,1-7.8, 1.H), 7.10 6.96 (m, 4H), 5.92 (q, 

J - 10.7, 2H), 5.69 - 5.49 (m, 2H), 5.12 (dd, J = 7.6, 4.1, 2H), 4.27 (t, J = 7.6, 2H), 3.82 (s, 3H), 3.53 

(d, J - 3.1, 6H), 3.47 (d, J - 6.3, 2H), 3.24 (d, J = 2.3, 1H), 3.19 (s, 3H), 3.13 (s, 3H), 3.09 (s, 4H), 

2.96 (s, 4H), 2.46 (s, 2H), 2.28 - 1.71 (m, 10H), 1.09 - 1.00 (m, 6H). MS (ESI; M+H) m/z = 1132.4. 
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ABS 

Example 3.50 

methyl {(21S)-l-[(2JS')-2-{5-[(25,,55)-l-{4-[4-(2s6--difliioropheny])piperazin-l-yl]-3,5-t3ifliiorophenyl}-

5-{6~fluoro-2-[(2S)4-{(2iS)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-]/f-

benzimidazoi-5-y]}pyn"olidm-2-yl]-6-fluoro-l//-ben/.imidazol-2-yl}pyiTolidin-I-y]]-3-mcthyl-l-

oxobutan-2 -y 1} carbamate 

IH NMR (400 MHz, DMSO) 6 12.47 - 11.97 (m, 2H), 7.44-7.26 fm, 4H), 7.19-6.96 (m, 5H), 5.93 

(q, J - 12.0, 2H), 5.67 - 5.48 (m, 2H), 5.18 - 5.07 (m, 2H), 4.05 (dd, J = 14.8, 8.3, 2H), 3.87 - 3.71 

(m, 4H), 3.53 (d, J = 3.1, 6H), 3.09 (s, 4H), 2.96 (s, 4H), 2.46 (s, 2H), 2.25 - 1.70 (m, I2H), 0.89 -

0.76 (m, 12H). MS (ESI; M+H) m/z = 1100.4. 

ABS 

10 Example 3.51 
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dimethyl ([(2i?,5#)-l-{4-[4-(2,6-difluorophenyl)piperazin-l-yI]-3,5-difluorophenyl}pyrrolidine-2,5-

diyl]his{(6-fliioro-l//-henzimidazole-5,2 diyl)(25}p>iTolid;ne-2,l--diyl[(15)-2-oxo-l-(tetrahydro-2//"-

pyran-4-yl)ethane-2,l-diyl3})biscarbamate 

IH NMR (400 MHz, DMSO) 5 12,37- 12.08 (m, 2H), 7.44- 7.30 (m, 4H), 7.i 2 - 6.95 (m, 5H),5.90 

5 (q, J= 11.6, 2H), 5.66 -5.47 (m, 2H), 5.16-5.05 (m, 2H), 4.17-4.04 (m, 2H), 3.88-3,61 (m, 7H), 

3.52 (d, J = 3.1, 6H), 3.23 - 2.80 (m, 13H), 2.26 - 1.67 (m, 12H), 1.55 - 1.05 (m, 10H). MS (ESI; 

M+H) m/z = 1184.4 

F 

ffl 

N 

Example 3.52 methyl {(25,3i?>l-[(25)-2-{5-[(2i?,5/?)-l-{3,5-difliK)ro-4-[4-(4-

10 fliaoropheny l)piperidin-1 -yl]phenyl} -5-(6-fluoro-2- {(2S)~ 1 -[N-(methoxycarbony l)-0-methyl-L-

threonyl]pyrrolidin-2-yl}-l//-benzimidazol-5-yl)pyiTolidin-2-yl]-6-fluoro-l//-benzimidazol-2-

yl}pyrrolidm~l-yl]-3-methoxy-l-oxobutan-2-yl}carbamatclH NMR (400 MHz, DMSO) 8 12.36 -

12.06 (m, 2H), 7.41 (dd, J = 11.2, 6.3, IH), 7.34 (dd, J = 10.4, 4.8, IH), 7.30 - 7.20 (m, 3H), 7.1.7 -

6.98 (m, 5H), 5.98 5.82 (m, 2H), 5.65 - 5.47 (m, 2H), 5.17 - 5.06 (m, 2H), 4.25 (dd, J = 15.6, 8.1, 

15 2H), 3.88 - 3.74 (m, 3H), 3.53 (d, J - 1.3, 6H), 3.49 - 3.38 (m, 2H), 3.31 (d, IH), 3.25 (d, J = 3.7, 

IH), 3.13 (d, J = 1.3, 3H), 3.03 (d, J= 2.3, 3H), 3.00-2.84 (m, 3H), 2.60-2.53 (m, J = 2.5, 2H), 2.26 

- 1.55 (m, 14H), 1.28 - 1.13 (m, 1H), 1.10 — 0.88 (m, 6H). MS (ESI; M+H) m/z - 1113.4. 
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F 

Example 3.53 dimethyl ([(2/?,5i?)-l-{3,5-d.ifiuoro-4-[4-(4-fluorophenyl)piperidin-l-

yl]phenyl}pynxilidine-2,5-diy3]bis{(6-fluoro-li/-benzim.idazole-5,2-diyl)(2£)pyrrolidine-2,l-

d.iyl[( 15>2-oxo 1 -(teixahydro-2/f-pyran-4-yl)ethane-2,1 -diyl] })biscarbamate 1H NMR (400 MHz, 

5 DMSO) 5 12.36 - 12.07 (m, 2H), 7.44 - 7.22 (m, 6H), 7.12-6.99 (m, 4H), 5.88 (dd, J = 23.6, 11.2, 

2H), 5.64 - 5.47 (m, 2H), 5.15 - 5.06 (m, 2H), 4.17 - 4.06 (m, 2H), 3.89 - 3.61 (ra, 7H), 3.52 (d, J -

3.3, 6H), 3.25 - 2.82 (m, 9H), 2.26 -2.08 (m, 4H), 2.05 - 1.92 (m, 4H), 1.91 - 1.57 (m, 9H), 1.54 -

1.38 (m, 4H), 1.38 - 1.02 (m, 6H). MS (ESI; M+H) m/z - 1165.5. 

10 

The following Example compounds 4.1-4.62 can be made from the appropriate listed intermediate 

following the methods of General Procedures 12/I2B. 

Intermediate amines: 

(5)-6)6,-((2i?,5i?)-l-(4-(cyclopentyloxy)-3-fluorophenyl)pyrrolidine-2,5-diyl)bis(2-((5)-pyrrolidin-2-

15 yl)- l//-benzo[tf]imidazole); 

(5)-6,6,-((2^?5i?)-l-(3-melhyl-4-(piperidm-l-yl)phenyl)pyrrolidinc-2,5-diyl)bis(2-((1S)-pynolidin-2-

yl)-l//-benzo[(fjimidazo3e); 

((y)~6,6,-((2i^,5i^)-l-(3(5-'diiliioro-4-((3ai2?7a(S,)-l//~isoiiidol-2(3//,3a//,4//,5/f,6/f,7//,7a/L7)-

yi)phenyl)pyrrolidme-2?5-diyl)bis(2-((£)-pyrrolidin-2-yl)4//-benzo[<i]imidazole); 

20 (1S)-6)6,-((2fi)5^)-i-(3,5-dichloro-4-(piperidin-l~yl)plienyl)pyrrolidine-2>5-diyl)bis(2-((5)-pyrrolidin-

2-y 1)-1 //-benzo [c/Jimidazol e); 

(5)-6,6,-((2i?,5i?)-l-(2,5-difluoro-4-(piperidiii-l-yl)plienyl)pyrrolidine-2,5-diyl)bis(2-((5)-pyrrolidin-

2-y 1)-1 //-benzo [J] imidazole); 

(5)-6,6'-((2_S,5i?)-1 -(4-((2^,65)-2,6-dimethylpiperidin-1 -yl)-3,5 -difluorophenyl)pyrrolidine-2;5-

25 diyl)bis(2-((S)-pyrrolidin-2-yl)-l //-bcnzo[^]imidazo!e); 
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(5)-6,6,-((2i?,5i?)-l-(2,3,5-trifluoro-4-(piperidin-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-((5)-
W_kfMV7i"kfrV\\ II-II rly -yr\l • 

t,j — ..... 

(J5)-6,6l-((2^'!5i?)-l-(4-cyclohexyl-3-fluorophenyl)pyrrolidine-2!5-diyl)bis(2-(((Sf)~pyiTolidir!-2-yl)-l//-

b enzo [d] imidazol e); 

5 (5)-6,6L((2i?,5^)-l-(3,4-difluorophenyl)pyrroiidiiie-2)5"diyl)bis(2--((1S')-pyri'olidm-2-y!)-l//-

b enz o [d] imid azo 1 e); 

(5)-6,6'-((2i?,5i?)"l-(4-ethoxyphenyl)pyiTolidme-2,5-diyl)bis(2-((lS')-pyiToIidin-2-y!)-l//-

b enzo [(/] i rn i dazole); 

(1S)-6,6'-((2i?,5i?)-l-(4-(2,2-difi"uoroethoxy)pheiiyl)pyrrolidine-2,5-diyl)bis(2"((1?)"pyrrolidm-2-yl)-l H-

10 benzoft/jimidazole); 

(5)-6,6'-((2^,5i?)-l-C4-(3,5-dimelhylpiperjdm-l-yl)-3,5-difiuoropbenyi)pyrrolidine-2,5"diyl)bis(2-((5)-

pyrro]idin-2-yl)-l/f-benzo[i:/3imidazole); 

6,6'-{(2i?,5ii')-I-[4-(pei3tafIiiorO"X6-sulfaiiyl)phenyl]pyiTolidme-2!5-diyl}bis{2-[(25')-pyr.rolidm-2-yl]-

1//-benzimidazole} (ACDName vl2); 

15 (tS,)-6;6'-((2.S,,55)-l-(4-cyclopropylpheny])pytToSidine~2J5-diy])bjs(2-((5)-pyiTolidin-2-yl)-li7-

benzofc/jimidazole); 

(6r)-6,6'-((2(S,,5iS)-l-(4-cyclopropyl-3,5-diflitorophenyl)pyrrolidine-2?5-d.iyl)bis(2-((5)-pyiTolidin-2~yl)-

l//-benzo[(i] imidazole); 

(S)-6!6'-((2i?!57t')-l -(4-ier/-butylphenyl)pyrrolidine-2,5-diyi)bis(2-((JS')-pyrrond.in-2-yi)-l/-/-

20 b enzo [d] im id azol e); 

1-(l-(4-((27?,5j?)-2,5-bis(2-(((S)-pyrrolidin-2-yl)-l//~benzo[^]imidazol"6-yl)pyrrolidm-l-y])-2,6-

difluorophenyl)-4-phenylpiperidin-4-yl)ethanone; 

(S,S,S)-6,&-((2R,5R)-} -(3,5-difliioro-4-(piperidin-l-yl)plienyl)pyrrolidine-2,5-diyl)bis(2-

((2iS,,3a5",6a1S)-octahydrocyclopenta[b]pyn"ol-2-yl)-l//-benzo[(/]imidazole); 

25 (5,5,)5,)-6,6'-((2^,5/?)-l~(4~ter;-butylphenyl)pyn"olidine-255-diy])bis(2-((2lS',3a5,6a5)-

oclahydrocyclopcnta[b]pyn'oi-2-yl)-l//-benzo[fiT}imidazole); 

2-(4-((2/2,5i2)-2,5-bis(2"((iS)-pyirolidin-2-yl>l/f-beiizoEflGimidazol-6-yl)pyTTolidin-l-yl)-256-

difluorophenyl)-2-azabicycio[2.2,2]octane; 

(5)-6,6'-((2^,5-S)-l-(3,5-difluoro-4-(4-isopropylpiperidm-l"yI)phenyl)pyn-o]idiTie-2,5-diyl)bis(2-(()y)-

30 pyrrolidin-2-y i)-1 H-beiiza[d] imidazole); 

(5)-6!6'-((2^,5^)-l-(4-(4,4-dimetliylpiperidin-l-yl)-3,5-d.ifliioroplieiiyl)pyiTolidine-2,5-diy])bis(2-(()S')-

pyiTolidm-2-yl)-l//-benzo j/fjimidazolc); 

(5)-6,6'-((2^,5^)-l-(4-(3f3-dimethylazetidin4-yl)-3,5-difliioropheny])pyrrolidine-2,5-diyl)bis(2-((5)-

pyrrolidin-2-yl)-I/f-benzo[(/]imidazole); 

35 (1S)-6,6'-((2i?,5i?)-l-(4-(4-plienylpiperidin-l-yl)phenyl)pyiTolidme-2,5-diyl)bis(2-((JS,)-pyrrolidin-2-yl)-

l//-benzo[^fjimidazole); 
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(S)-6,6'-((2R,5R)-l-(3,5-difluoro-4-(4-(3-plienylpropyl)piperidm-l-yl)p3ieiiyl)pyiTolidme-2,5-
jM_: .. rc n ^ //ON — .._v, -3'— ,„t\ nr L uxyjj-pyuunum-z-yij-1 ri-ucjiAU[Ujiuijua/,ujc), 

(S)-6,6'-((2R,5R)-l-(4-(4-te/'?-butylpiperid.m-l-yl)-3,5-difluorophenyl)pyrrolidiiie-2,5-diy])bis(5-

fl"uoro-2-((S)-py]To]idin-2-yl)-1 H-benzo[d] imidazole); 

5 (S)-6.6'-((2R,5R)-l-(3,5-difluoro-4-(4-(naphtlialen-2-yl)piperidin-l-yl)pheiiyi)pyiTolidme-2,5-

diyl)bis(5-fluoro-2-((S)-pyiTolidin-2-yl)-lH-bcn/.o[d]imidazole); 

(S)-6.6L((2R,5R)-1 -(4-(2.3-dihydrospiro[mdcne-1.4'-piperidme}-1 '-yl)-3.5-

difliiorophciiy])pyiTolidme-2,5-diyl)bis(5-fliioro-2-((S)-pyn-olidin-2-yl)-lH-beiizo[d]imidazole); 

(S)-6,6'-((2R,5R)-l-(3,5-difli3oro-4-(3-phenylpiperidin-l.~yl)phcny!)pym">lidine-2!5-diyl)bis(2-((S)-

10 pyrrolidin-2-yl)-l H-benzo[d]imidazole); 

(S)-6,6'-((2R,5R)4-(3f5-difliioro-4-(3-pheriylpynT>lidiii4-yl)phenyl)pyrrolidme-2,5-diyl)bis(2--((S)-

pyiTolidin-2-yl)-1 H-benzo [d] imidazole); 

(S)-6,6'-((2R,5R)-l-(3,5-difliioro-4-(4-(4-metlioxyphenyl)piperidm-l-yl)pheny])pyrrolidine-2,5-

diyl)bis(2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazolc); 

15 (S)-6,6,-((2R,5R)-l-(3>5-diflaoro-4-(4-fluoro-4~phciiylpiperidin-l-y])phenyl)pyrrolidine-2,5-

diyl)bis(2-((S)-pyirolidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6,-((2Rs5R)-I-(4-(4-fluoio-4-phenylpiperidin-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-((S)-

pyrrolidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6,6'-((2R,5R)-l -(3f5-difl"uoro-4-(4-(fluorodiphenylmetliyl)piperidin-l-yl)phenyl)pyiTolidine-2?5-

20 diyl)bis(5-fluoro-2-((S)-pyiTolidm-2-yl)-iH-benzo[d]imidazole); 

(S)-6,6'-((2R,5R)-l-(3,5-difliioro-4-(4-pheiiylpiperidin-l-yl)pbenyl)pyrro]idine-2,5-d.iyl)bis(5-fluoro-

2-((S)-pyiTolidin-2-yl)-1 H-benzo[d]imidazole); 

(S)-6?6'-((2R:5R)-l-(4-(benzyloxy)plienyl)pyrrolidiiie-2,5-diyl)bis(2-((S)~pyiTolidm-2-yl)-lH-

benzo[d]imidazole); 

25 (S)-6,6'-((2R,5R)-l-(3,5-difliioro-4-(4-(4-(trifliioromelhyl)phenyl)piperazm-l-yl)plienyl)pyiTolidine-

2,5-diy])bis(5-fluoTO-2-((S)-pyrrolidm-2-yl)-lH-benzo[d]imidazo3e); 

6-((2R,5R)-l"(3,5"difliioro-4-(piperidin-l-yl)phenyl)-5-(2~((S)~pyiToIidin-2-yl)-lH-benzo[d]imidazol-

6-yl)pyiTolid.in-2-yl)-5-fliioro-2-((S)-pyrrolidin-2-yl)-lH-beiizo[d]imidazo]e; 

(S)-6,6'-((2R,5R)-i-(4-(4-benzylpiperidin-l-yl)-3,5-difluorophenyl)pyiToridine-2,5-diyl)bis(5-fluoro-

30 2-((S)-pyrrolidin-2-yl)-l H-benzo[d]imidazole); 

(S)-6!6'-((2R,5R)-l-(4-(4-benzylpiperidm-l-yl)-3?5~difluorophenyl)pyrro!idine--2,5-diyl)bis(2-((S)-

pyn-olidin-2-yl)-lH-benzo[d]imidazole); 

(S)-6s6L((2S;5R)-l-(3!5-difluoro-4~(4"plienylpiperid.iivl-yl)phenyl)pyn'oiidme-2,5-diyl)bis(2-((S)-

pyrrolidm-2-yl)-lH-benzo[d]imidazole); 

35 4-(4-((2R,5R)-2,5-bis(2-((S)-pyn'olidin-2-yi)-lH-bettzo[d]imidazol-6~yl)pyrrolidiii-l-yl)-2,6-

difluorophenyl)-2-phenylmoiplioline; 
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(S)-6,6!-((2R,5R)-l-(3,5-difluoro-4-(2-phenylpiperidin-l-yl)phenyl)pyn-olidine-2,5-diyl)bis(2-((S)-
^ 1 Tt u pyuunuifi-.i-yij-iii-ucii/.u [ujimiuaiuit-j, 

(2Ss6R)-4-(4-((2Rf5R)-2,5-bis(5"fluoro~2-((S)-pyiTolidin-2-yl)-lH-benzo[d.]imidazol-6-yl)pyTroHdjn-
} -yS)-2,6-difluorophenyl)-2,6-dimethy]morpholiiie; 

5 (S)-6,6'-((2R,5R)-l-(3,5~difliioro-4-(3-azaspiro[5.5]undecan~3~yl)phenyl)pyrrolidine-2,5-diyl)bis(5-
f]iioro-2-((S)-pyrrolidin-2-yl)4H-bcnzo[d]imidazole); 
(S)-6,6,-((2R,5R)-l-f4-(4-cyclohexylpiperidin-l-yl)-3,5-difluorophenyl)pyn-olidine-2,5-diyl)bis(5-
fliioro-2-(fS)-pyrrolidin-2-y3)-lH-bonzo[d]imidazole); 
(S)-4-(4'((2R,5R)-2!5-bis(5-fluoro-2-((S)-pyiTolidiiv2-yl)-lH-benzo[d]imidazo!-6-y[)pyrrolidin-] -yl)-

10 2,6-difborophenyl)-2-phenylmorpholine; 
(S)-6,6'-((2S,5R)-l~(3,5-difliioro-4-(pipcrid.m-l-yl)phenyl)pyrroHdme-2s5-diyl)bis(5-fliioro-2-((S)-
pyrrolidin-2-yl)-lH-bcnzo[d3imidazole); 
(S)-6,6'-((2R,5R)-]-(3,5"difliioro-4-(4"pheiiylpipcrazjn-l-yI)phenyl)pyn-olidme-2f5-diyl)bis(2-((S)-
pyrro!idin-2-yl)-lH-benzo[d]imidazole); 

15 (S,R)-6,6,-((2R,5R)-l-(3,5-difluoro-4-(piperidii>l-yl)phenyl)pyrroHdme-2,5-diyl)bis(2-((2S,4R)-4-
fluoropyn'oiidin-2-yl)-lH-benzo[d3imidazole); 
(S)~6;6,-((2R;5R)-l-(355-difliioro-4-(4-(pyriiBidin-2-yl)piperazin-I-yl)plienyl)pyiTolidme-2,5-
diyl)bis(5-fluoro-2-((S)-pyn-olidin-2-yl)-lH-benzo[d]imidazolc); 
(S)-656'-((2R,5R)-l-(4-(4-(2,4-difluoropheiiyl)piperidin-l-yJ)-3,5-difluorophenyl)pyn-olidine-2,5-

20 diyl)bis(5-fliioro-2-((S)-pyrrolidin-2-yl)-1 H-benzo[cl] imidazole); 
(S)-6,6,-((2R,5R)-l-(3:5-difluoro-4-(4-(4-fluoroplT.enyL)piperidm~l-yl)plienyl.)pyrrolidme-2!5-
diy3)bis(5"fluorO"2-((S)-pyiTolidm-2-yl)-lH-benzo[d.]imidazole). 
(S)-6,6'-((2R,5R)-l-(3,5-difliioro-4-(4-(5-mcthylthiophen-2-yl)piperidin-l-yl)phenyl)pyrrolidine-2,5-
diyl)bis(5-fluoro-2-((S)-pyrrolidiii"2-yl)-3H-beiizo[d]imidazole); and 

25 (S)-6,6'-((2RJ5R)-l-(3!5-difluoro-4-(4-fluoro-4-phenylpiperidin-l"yl)phenyl)pyiTolidine~2;5-
diyl)bis(5-fluoro-2-((S)-pyxrolidin-2-yI)-lH-beiizo[d]imidazole). 

Intermediate acids: 
30 (5)-2-(methoxycarbonylamino)-3-methylbiitanoic acid; 

(5)-2-(methoxycarbonylamino)-2-(tetrahydro--2H-pyran-4-yl)acetic acid; 
(2lS,,3i?)-3-metlioxy-2-(methoxycarbonylamino)butanoic acid; 
(5)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid; 
(2S3Ry3-2e^biitoxy-2-(methoxyeaTbonylammo)butaiioic acid; 

35 (5)-2-(met]ioxycai-bonylamino)-2-(letrahydro-2//-pyraii-4-yl)acelic acid; 
(5)-2-cyclopeiityl-2-(iTiethQxycarbonylamino)acetic acid; and 
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(25',3-^)-3-metlioxy-2-(methoxycarbonylamino)butaiioic acid. 

PCT/US2011/056045 

P£G 

5 Example 4.1 
methyl {(25)-l-[(25)-2-{6-[(2^)5if)-l~[4-(cyclopenlyloxy)-3-fluorophenyl]-5-{2~[(25)-l-{(25)-2-

[(mcthoxycarbonyl)amino]-3-methylbutanoyl}pyrTolidin-2-yl]-l//-benzimidazol-6-yl}pyrrolidin-2-
yl]-lJY-benzimidazol-2-yl}pyrrolid.i:o-l-yl]-3-methyi-l-oxobiitan-2-yl}carbamate 

]H NMR (400 MHz, DMSO-rfg) 5 ppm 0.74 - 0.89 (m, 12 H), 1.37 - 1.77 (m, 12 H), 1.81 - 2,06 (m, 6 
10 H), 2.11 - 2.29 (m, 4 H), 3.54 (s, 6 H), 3.72 - 3.92 (m, 4 H), 3.95 - 4.16 (m, 2 H), 4.40 - 4.52 (m, 1 H), 

5.07 - 5.23 (m, 2 H)5 5.26 - 5.44 (m,2H), 5.96 - 6.17 (m, 2 H), 6.63 - 6.98 (m, 2 H), 7.00 - 7.16 (m, 2 
H), 7.16 - 7.35 (m, 4 H), 7.35 - 7.54 (m, .7-31.23 Hz, 2 H), 11.93 - 12.32 (m, 2 H); MS (ESI) m/z = 
934.5 (M+Hf. 

ASS o 

Example 4.2 
methyl {(25)-l-[(ZS^-2-(5-{(2i?,5i2)-5-{2-[(25)-l-{(25)-2-[(methoxycarbonyl)amiiio]-3-

methylbutanoyl}pynAolidm-2-yl]-l/-/-benzimidazol-5-yl}-l-[3-methyl-4-(piperidm-l-
yl)phenyl]pyiTolidin-2-yl}-171/-benzimidazol-2-yl)pyrrolidiii-l -yl]-3-methyl-l-oxobntan-2-

20 yl} carbamate 
]H NMR (400 MHz, DMSO-fife) 8 ppm 0.74 - 0.89 (m, 12 H) 1.35 - 1.41 (m, 2 H) 1.44 - 1.52 (ra, 4 H) 

1.62 - 1.67 (m, 2 H) 1.86 - 1.93 (m, 5 H) 1.94 - 2.03 (m,4H) 2,15 - 2.24 (m, 4 H) 2.48 - 2.54 (m, 6 H) 
3.52 (s, 6 H) 3.74 - 3.84 (m, 4 H) 4.00 - 4.09 (m, 2 H) 5.06 - 5.18 (m, 2 H) 5.28 - 5.37 (m, 2 H) 6.07 -
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6.12 (m, 3 H) 6.17 - 6.21 (m, 1 H) 6.56 - 6.62 (m, 1 H) 6.99 - 7.30 (m, 6 H) 7.35 (d, J=8.24 Hz, 1 H) 

Example 4.3 

methyl {(25)-l-[(21S)-2-{54(2i2,5i?)-l-{3,5-difluoro-4-[(3aJ2,7aS)-octahydro-2H-isomdol-2-

yl]phenyl}-5-{2-[(2,S)-l-{(25)-2-[(methoxycarbonyl)ammo]-3-methyibiitaiioyl}pyrrolidin-2-yl]-li7-

benzimidazol-5-yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}pyrrolidin-l-yl3-3-methyl-l-oxobutan-2-

yl} carbamate 

'HNMR (400 MHz, DMSCWg.) 8 ppm0.71 - 0.94 (m, 12 H) 1.22-1.31 (m: 2 H) 1.35 - 1.53 (m, 6 H) 

1.66 - 1.74 (m, 2 H) 1.86 - 2.24 (m, 12 H) 2.90 - 2.97 (m, 2 H) 3.05 - 3.15 (m, 2 H) 3.36 - 3.42 (m, 2 

H) 3.54 (s, 6 H) 3.77 - 3.86 (m, 4 H) 4,06 (I, .1-8.29 Hz, 2 H) 5.09 - 5.20 (m, 2 H) 5.29 - 5.40 (m, 2 H) 

5.89 (d, J=12.25 Hz, 2 H) 7.03 - 7.13 (m, 2 H) 7.18 - 7.33 (m, 4 H) 7.40 (d, J=8.13 Hz, 1 H) 7.48 (d, 

J=8.24 Hz, 1 H) 11.95 - 12.25 (m, 2 H); MS (ESI+) m/z 991.5 (M-H l)'. 

methyl {(25)-l-[(25)-2-{5-[(2i2,5i2)-l-[3,5-dichloro-4-(piperidin-l-yl)phenyl]-5-{2-[(2S)-l-{(25)-2-

[(methoxycarbonyl)amino]-3-methylbulanoyl}pyrrolidin-2-yl]-l//-benzimidazol-5-yl}pyrrolidin-2-

yl]-l/i-benzimidaz,oJ-2-yl}pyrrolidin-l-yl3-3-methyl-l-oxobutan-2-yl}carbamate 
]H NMR (400 MHz, DMSO-^6) 5 ppm 0.68 - 0.94 (m, 12 H) 1.36 - 2.28 (m, 20 H) 2.84 (s, 4 H) 3.54 

(s, 6 H) 3.82 (s, 4 H) 4.04 - 4.09 (m, 2 H) 5.09 - 5.19 (m, 2 H) 5.33 - 5.50 (m, 2 H) 6.30 (t, ,7=2.49 Hz, 

2 H) 6.99 - 7.57 (m, 8 H) 1.2.04 (s, 1 H) 12.09 (s, 1 H); MS (ESI+) m/z 983 (M+H)'. 

f \ 

Example 4.4 
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/ES 

/ 

Example 4.5 

methyl {(2JS)-l-[(2l5,)-2-{5-[(2i?,5^)-l-[2s5-difliioro-4-(piperidhi-l-'yl)phenyl]-5-{2-[(2iS)-l-{(25)-2-

[(methoxy carbonyl)ammo]-3-melhylbutanoyl}pyrrolidin-2-y]]-l//-benzimidazol-5-yl}pyrrolidin-2-

yl]-l/f-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
1H NMR (400 MHz, DMSO-4) 5 ppm 0.80 (s, 12 H) 1.08 - 2.71 (m, 24 H) 3.53 (s, 6 H) 3.81 (s, 4 H) 

3.97-4.11 (m, 2H) 5.13 (s,2H)5.51 (s, 2 H) 6.34 - 6.70 (m, 2 H) 7.00 -7.60 (m, 8 H) 11.87-3.2.30 

(m, 2 H); MS (ESI+) m/z 952 (M+H)\ 

/ 

Example 4.6 

methyl {(25f)-l-[(2iS)-2-{5-[(2j?!5i?)-l-{4-[(2J/?,65)-2?6-dimethylpiper!din-l-yI]-3.5-difluorophenyl}-5-

{2-[(21S)4-{(25)-2-[(methoxyearbonyl)amino]-3-methy]bulanoyl}pyrrolidin-2-yl]-l//-benzimidazol-

5-yl}pyiTolidin-2-yl]-l/i-benzimidazol-2-yl}pyiToHdin-l-yl]-3-melhy!-l-oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-d6) 5 ppm 0.58 (s, 6 H) 0.73 - 0.92 (m, 12 H) 1.08 - 2.37 (m, 20 H) 3.53 

(s, 6 H) 3.82 (s, 4 H) 4.06 (q, .7=7.92 Hz, 2 H) 5.35 (s, 2 H) 5.39 (s, 2 H) 5.88 (d, J=13.01 Hz, 2 H) 

7.02 - 7.58 (m, 10 H) 12.01 (s, 1 H) 12.18 (s, 1 H); MS (ESI+) m/z 979 (M+H)". 
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Example 4.7 

methyl {(2^-l-[(2tS)-2-(5-{(2/?55/?)-5-{2-[(25)-l-{(ZS)-2-E(methoxycarbony3)ammo]-3-

methylbTJtanoyl}pyrrolidin-2-yl]-3//-benzimidazol-5-yl}-3-[2,3,5-trifliioro-4-(piperidin-l-

5 y])pheiiy1]pyrrolidin-2-yl}-l//-beiizimidazo]-2»yl)pyiTolidin-l-yl]-3-methyl-1-oxobutan-2-

yl} carbamate 
[H NMR (400 MHz, DMSOcfe) 5 ppm 0.72 - 0.93 (m, 12 H) 1.34 - 2.38 (m, 20 H) 2.77 (s, 4 H) 3.53 

(s, 6 H) 3.82 (s. 4 H) 4.00 - 4.13 (m5 2 H) 5.14 (s, 2 H) 5.56 (s, 2 H) 6.27 - 6.47 (m, 1 H) 6.97 - 7.49 

(m, 8 H) 12.01 (s, 1 H) 12.08 (d, .7=1.84 Hz, 1 H); MS (ESI+) m/z 970 (M+H)+. 

30 

/»SS 

Example 4.8 

methyl {(21S)4-[(21S')-2-{5-[(2./?,5^)-l-(4-cycbhexyl-3-£3uorop3ienyI)-5-{2-[(2lS,)-l-{(2.V)-2-

[(mcthoxycaa-bonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-6-yl}pyrrolidin-2-

15 yl]-i/i-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
SH NMR (400 MHz, CDC13) 5 ppm 30.48 (m, 1 H), 10.32 (s, 1 H), 7.70 (d,./= 8.0 Hz, 1 H), 7.53 (s, 1 

H)? 7.34 (d, J = 8.1 Hz, 1 H), 7.13 (d, J - 5.5 Hz, 3 H), 6.72 (s, 1 H), 6.03 (m, 2 H), 5.40 (m, 5 H), 

5.26 (d,./= 1.7 Hz, 3 H), 4.34 (dd,/= 8.7, 7.0 Hz, 2 H), 3.84 (6SJ = 7.6 Hz, 2 H), 3.70 (s, 6 H), 3.62 

(m, 3 H), 3.09 (m, 2 H), 2.57 (m, 4 H), 2.33 (m, 2 H), 2.17 (m, 5 H), 1.97 (m, 3 H), 1.73 (m, 8 H), 

20 1.17 (m, 8 H), 0.89 (t5 J = 6.4, 12 H); MS (ESI+) m/z (rel abundance) 933 (300, M+H), 934 (53). 
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fiSS 

Example 4.9 

methyl {(25)-l-[(2lS)-2-{5-[(2i;,57?)-l-(3,4-difliiorophenyl)-5-{2-[(25)-U{(2lS)~2-

[(rnethoxycarbonyl)amino]-3-methylbiitanoy]}py3Tolidin-2-yl]-l//-bci'izimidazo]-6-yl}pyn,olidin-2-

5 yl]-l.//-benzimidazol-2-yl}pyrrolidm-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate 
]H NMR (400 MHz, CDC13) 5 ppm 10.49 (d, J=9.0 Hz, 1 H), 10.38 (s, 1 H), 7.70 (d, J = 8.1 Hz, 1 

H), 7.51 (s, 1 H), 7.35 (d,./=8.3 Hz, 1 H), 7.12 (dd./- 10.9,6.3 Hz, 3 H), 6.69 (dd,J = 9.4, 5.7 Hz, 

1 H), 6.1.3 (d, J=7.2 Hz, 1 H), 6.00 (s, 1 H), 5.41 (m, 4 H), 5.27 (m, 2 H),4.34 (m,2H), 4.06 (d,J = 

6.6 Hz, 1 H), 3.85 (m, 2 H), 3.73 (s, 6 H), 3.64 (m, 2 H), 3.08 (m, 2 H), 2.61 (m, 2 H), 2.34 (m, 2 H), 

10 2.19 (m, 4 H), 1.96 (m, 2 H), 1.79 (m, 2 H), 1.64 (m, 4 H), 0.92 (m, 12 H); MS (ESI+) m/z (rel 

abundance) 868 (100, M+H), 869 (43). 

Example 4.10 

15 methyl {(2iS)-l-[(2,S,)-2-{6-[(2/?,5^)-l-(4-ethoxypheny[)-5-{2-[(25)-l-{(25)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrro]idin-2-yl3-l#-benzimidazol-6-yl}pyrrolidin-2-

yl]-l/f-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobiitan-2-yl} carbamate 

Hi NMR (400 MHz, DMSO-d6) 8 ppm 0.92 - 0.75 (m, 12H), 1.21 - 1.10 (m, 3H), 1.33 - 1.21 (m, IH), 

1.76 - 1.64 (m, 2H), 2.06 - 1.85 (m, 7H), 2.28 - 2.08 (m, 4H), 3.54 (s, 6H), 3.73 (q, J = 7.0, 2H), 3.81 

20 (s, 4H)» 4.11 - 3.99 (m, 2H), 5.18 - 5.06 (m, 2H), 5.33 (s, 2H), 6.24 (d, J = 8.9, 2H), 6.51 (dl, J = 4.9, 

9.4, 2H), 7.04 (t5 j = 7.7, 2H), 7.34 - 7.18 (m, 4H), 7.36 (d, J = 8.2, IH), 7.44 (d, J = 8.2, IH), 12.02 

(s, 2H); MS (ESI) m/z 876 (M+H)+, 874 (M-H)". 

333 



WO 2012/051361 PCT/US2011/056045 

ABS 

Example 4.11 

methyl {(2^-l-[(2tS)~2~{6-[(2^,5i?)-l-[4-(2)2-difluoroclhoxy)phenyl3-5-{2-[(25,)-l-{(ZS)-2-

[(methoxycarbony])ammo]-3-methylbiitaiioyl}pyrrolidin-2-yl]-17/-ben/imidazol-6-yl}pyiTolid.in-2-

5 yl]4/7-beiizhmdazol-2-yl}pyrrolidin4-yl]-3-methyi-l-oxobiitan-2-yl} carbamate 

lE NMR (400 MHz, methanol-^) 8 ppm 0.85 (dd, J = 6.7, 20.0, 12H), 1.88 - 1.75 (m, 2H), 2.06 -

1.95 (m, 3H), 2.22 - 2.06 (m, 3H), 2.34 - 2.23 (m, 2H), 2.49 - 2.34 (m, 2H), 2.71 - 2.56 (m, 2H), 3.64 

(s, 6H), 4.13 - 3.76 (mt 6H), 4.22 (dd, J = 5.4, 10.3, IH), 5.28 - 5.17 (m, 2H), 5.37 (t, J - 6.4, 2H), 

5.96 (tt, J - 3.9, 55.2, IH), 6.31 (t, J - 9.7, 2H), 6.60 - 6.51 (m, 2H), 6.98 (d, J = 8.4, IH), 7.23 (d, J = 

10 8.3, 2H), 7.35 (d, J = 17.8, 2H), 7.50 (d, J = 8.3, 2H); MS (ESI) m/z 912 (M+H)+,910 (M-H)". 

ABS 

Example 4.12 

methyl {(25')-l-[(2lS')-2-{6-[(2i?,5i?)-l-[4-(3,5-dimclhyipiperidm-i-yi)-3,5-difluorophenyl]-5-{2-[(21S')-

l-{(2S)-2-[(methoxycarbony])amino]-3-methylbutanoyl}pyrrolidm-2-yl]-]//-bettzimidazol-6-

15 yl}pyrrolidm-2-yl3-l/f-benzmiidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

!H NMR (400 MHz, DMSO-^) 8 ppm 0.50 (q, .1 = 11.9, IH), 0.97 - 0.64 (m, 18H), 1.32 - 1.20 (m, 

2H), 1.81 -1.46 (m, 5H), 2.09 - 1.80 (m, 6H), 2.32 - 2.13 (m, 5H), 2.75 (dd, J = 10.0, 40.2, 2H), 3.1.8 -

3.05 (m, IH), 3.54 (s, 6H), 3.82 (s, 4H), 4.14 - 3.95 (m, 2H), 5.14 (s, 2H), 5.36 (d, J = 7.2, 2H), 5.88 

(d, J = 12.8, 2H), 7.14 - 7.02 (m, 2H), 7.19 (s, IH), 7.33 - 7.23 (m, 3H), 7.41 (d, J = 8.2, IH), 7.49 (d, 

20 J = 8.2, IH), 12.37 - 11.98 (m, 2H); MS (ESI) m/z 979 (M+H)+. 
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Example 4.13 

methyl {(2,S)-l-[(2iS)-2~(6-{(2i2,5/2)-5-{2-[(25)-l-{(25)-2-[(methoxycarbonyl)amino]-3-

methyjbutanoyl}pyrrolidin-2-yl]-3//-benzimidazol-6-yl}-I-[4-(pentaf3uoro-lambda~6'— 

5 sulfanyl)phenyl}pyiTolidin-2-yl}-l//-bcnzimidazol-2-yl)pyrrolidin-l-yl]-3-methy]-l-oxobutan-2-

yl} carbamate 

]HNMR (400 MHz, DMSCW6) 8ppm 0.92 - 0.69 (mf 12H), 2.08 -1.61 (m, 8H), 2.20 (s, 4H), 3.53 (s, 

6H), 3.82 (s, 4H), 4.05 (t J = 8.0, 2H), 5.13 (dt, J = 4.9, 9.8, 2H)5 5.49 (dd, J = 10.8, 15.8, 2H), 6.37 

(d, J = 8.6, 2H), 7.13 - 6.81 (m, 3H), 7.20 (d, J = 8.8, IH), 7.28 (dd, J = 4.6, 9.9, 3H), 7.45 - 7.34 (m, 

10 4H), 7.48 (d, J - 8.2, IH), 12.16 (dd, J = 22.6, 68.2, 2H); MS (ESI) m/z 958 (M+H)+, 956 (M-H)". 

ABS 

Example 4.14 

methyl {(25,t3/^)-l -[(2iS')-2- {5-[(25,,5lS)~ 1 -(4-cyc]opropy]phenyl)-5-(2- {(25)-1 -[jV-(methoxycarbonyl)-

15 0-methyl-L-threonyl]pyrrolidin-2-yl}-l/f-benzimidazol-5-yl)pyrrolidin-2-yl]-l//-benzimidazol-2-

yl}pyrrolid.in- l-yl]-3-methoxy-l-oxobutan-2-yl} carbamate 
lH NMR (400 MHz, DMSO- d6) 6 ppm 0.37 (m, 2 H) 0.68, (s, 2 H) 1.08 (d, 6 H) 1.54 -1.64 (m, 2 H) 

1.69 (s, 2 H) 1.99 (s, 4 H) 2.17 (s, 7 H) 3.18 (s, 6 H) 3.42 - 3.53 (m, 2 H) 3.54 (s, J= 1.41 Hz, 6 H) 3.84 

(s, 3 H) 4.28 (s, 2 H) 5.12 (s, 2 H) 5.34 (s, 2 H) 6.22 (s, 2 H) 6.61 (s, 2 H) 7.05 (s, 2 H) 7.16 (s, 2 H) 

20 7.36 (s, 2 H) 11.97 (s, 1 H),12.08 (s, IH); MS (ES1+) m/z 904.5 (M+H)', (ESI-) m/z 902.3 (M-H)". 
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ABS 

Example 4.15 

melhyi {(21S,)-l-[(25)-2-{6-[(2i?,5^)-l-(4-cyc3opropyi-3!5-difliiorophenyl)-5-{2-[(25')-l-{(25)-2-

[(methoxy carbonyl)amino]-3-methy]butanoyl}pyrrolidin-2-yl]-l//-benzimidazol-6-yl}pyrrolidin-2-

5 yl]-l//-benzimidazol-2-yl}pyrrolidm-3-yl]-3-mcthyl-l-oxobutan-2-yl} carbamate 

NMR (400 MHz, CDC13) 5 ppm 10.47 (br s, IH) 10.30-10.41 (br s, IH) 7.69 (br s, IH) 7.49 (s, 

3 H) 7.30-7.43 (br s, IH) 7.04-7.20 (m, 3H) 5.75-5.89 (m, 2H) 5.37 (m, 4H) 5.23 (s, 2H) 4.34 (t, 2H) 

3.83 (m, 2H) 3.73 (s, 6H) 3.56-3.67 (m, 2H) 3.11 (m, 2H) 2.58 (br s, 2H) 2.33 (m, 2H) 2.08-2.27 (m, 

4H) 2.01 (m, 2H) 1.78 (brs,2H) 0.82-0.96 (m, 12H) 0.71 (ms 4H). 

10 

ABS 

if iJ 

Example 4.16 

dimethyl ([(27?,5./?)-l-(4-tot-biitylphenyl)pyiTolidmc-2,5-diyl]bis{l//-benzimidazole-6,2-

diyl(25,)pyrrolidine-2,l -diyl[(15)-l -cyclopropyi-2-oxoethane-2,l -diyl]})biscarbamate 

15 1 HNMR (500 MHz, DMSO-^) 5ppm 0.48 - 0.24 (m, 7H), 0.89 - 0.81 (m, IH), 1.01 (s, 3H), 1.07 (s, 

6H), 3.14 (dd, .1 = 8.7, 16.6, IH), 1.32 - 1.17 (m, 4H), 1.75 - 3.64 (m, IH), 2.05 - 3.78 (m, 4H), 2.24 -

2.09 (m, 3H)5 2.45 - 2.39 (m, 2H), 3.21 - 3.32 (m, IH), 3.53 (s, 6H), 3.72 - 3.63 (m, 2H), 3.76 (s, 2H), 

4.03 - 3.85 (m, 2H), 5.17 - 5.04 (m, 3H), 5.44 - 5.26 (m, 2H), 6.26 (d, J - 8.8, IH), 6.95 - 6.81 (m, 

2H), 7.06 - 6.95 (m, IH), 7.09 (t, J = 8.3, IH), 7.20 (d, J = 4.3, IH), 7.35 - 7.25 (m, IH), 7.55 - 7.36 

20 (m, 4H), 12.28 - 11.84 (m, 2H); MS (ES3+) m/z 884 (M+H)+, (ESI-) m/z 882 (M-H)". 
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ABS 

/ 

Example 4.17 

methyl {(25)-l-[(25)-2^"5-[(2/?,5^)-l-[4-(4-acetyl-4-pheiiylpiperidin-l-yl)-3,5-drfliioroplieiiyl]-5-{2-

[(2£)-l-{(2S)-2-[(mcthoxycaii3onyl)amino]-3-mcthylbulanoyl}pyiTolidin-2-yl]-l//-benzimidazol-5-

5 yi}py3To]idiii-2-y]3-l#-benzimidazol-2-yi}pyj"rolidin-l-yl]-3-methyl-l-oxobulan-2-yl} carbamate 

'H NMR (400 MHz, DMSO-tf6) 5 ppm 0.75 - 0.91 (m, 12 H) 1.68 (d, J=4.66 Hz, 2 H) 1.83 (s, 3 H) 

1.87 - 2.38 (m, 16 H) 2.78 - 2.90 (m, 4 H) 3.54 (s, 6 H) 3.82 (s, 4 H) 4.06 (1, J=8.35 Hz, 2 H) 5.09 -

5.18 (m, 2 H) 5.27 - 5.41 (m, 2 H) 5.88 (d, J=12.90 Hz, 2 H) 7.02 - 7.51 (m, 13 H) 12.07 (d, J=16.91 

Hz, 2 H); MS (ESI+) m/z 1070 (M+H)"\ 

M I 

• If 

Example 4.18 

methyl {(25')--l-*[(2JS,3a1S,,6a5)-2-{5"[(27?,5i?)-l-[3,5-difliioro-4-(piperidm-l-yl)phenyl]--5-{2~ 

[(3a£,6a5)-l-{(250-2-[(melhoxycarbonyl)amino]-3-mclhylbiilanoy]}octahydrocyclopenla[ft]pyrrol-2-

15 yi3-l//-benzimidazol-5-yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}hexahychocyclopenta[Z?]pyrrol-

1 (2//)-yl]-3-methyl-1 -oxobutan-2-yl} carbamate 
]H NM.R (400 MHz, DMSO-4) 8 ppm 0.64 - 0.96 (m, 13 H) 1.31 - 2.18 (m, 21 H) 3.50 - 3.57 (m, 6 

H) 3.93 - 4.07 (m, 2 H) 4.72 - 4.85 (m, 1 H) 5.13 (t, 1 H) 5.37 (s, 2 H) 5.90 (dd, 2 H) 7.06 (d, 2 H) 

7.21 (s, 1 H) 7.33 (d, 1 H) 7.36 - 7.56 (m, 7=8.13 Hz,4H) 11.96 (s, 1 H) 12.03 - 12.08 (m, 1 H) 12.24 

20 (none, i H); MS (ESI+) m/z 1031.5 (M+H)+, (ESI-) m/z 1029.4 (M-H)". 
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Example 4.19 

melhyl {(25)-l-[(21S'3aS>6ai)~2-{5-[(2J2>5i2)-l-(4-r^-bulylphcnyl)-5-{2-[(3aJS,6a1S)-l-{(2IS0-2~ 

5 [(methoxycarbonyl)amino]-3-methylbutanoyl}octahydrocyclopenta[/;>]pyrrol-2-yl]-l/Y-beiizimidazol-

5-yl}pyiTolidin-2-yl]-l//'-benzimidazol-2-yl}hexahydrocyclopenta[/?]pyn'ol-l(2//)-yl]-3-methyl-l-

oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DM.SCM0 5 ppm 0.62 - 0.93 (m, 13 H") 1.42 - 2.16 (m, 25 H) 2.78 (s, 1 H) 3.54 

(s,6H) 4.01 (s,2H) 4.77 (s, 1 H)5.11 (t, .7=8.08 Hz, 2 H) 5.35 (s, 2 H) 6.26 (d, 7=8.67 Hz, 2 H) 6.83 

10 - 6.97 (m, 2 1-1) 7.05 (s, 2 H) 7.21 (s, 1 H) 7.27 - 7.32 (m, 1 H) 7.34 - 7.55 (m, 4 H.) 11.92 (s, 1 H) 

12.01 (s, 1 H); MS (ESI+) m/z 968.5 (M+H)+, (ESI-) m/z 966.4 (M-H)", 1011.7 (M+COOH-H)/ 

AES 

Example 4.20 

15 methyl [(25')-!-(2-{5-[(2i?,5i?)-l-(4-fer;'--biitylplieny])-5-{2-[(25)-pyiTo]idin-2-yl]-l//-benzimidazol-5-

yI}pym>lidin-2-yl]-l//-benzimidazol-2-yl}pyn'olidin-l-yl)-3-methyl-l -oxobulan-2-yl]carbamate 

The title compound can be prepared by reading the amine with one equivalent of an acid instead of 

two. !H NMR (400 MHz, DMSO-ak) 8 ppm 0.67 - 0.90 (m, 6 H) 0.97 - 1.17 (m, 9 H) 1.53 - 2.46 (m, 

13 H) 3.26 - 3.42 (m, ,7=11.39 Hz, 2 H) 3.54 (s, 3 H) 3.85 (d, 7=4.34 Hz, 2 H) 4.07 - 4.13 (m, 1 H) 

20 4.88 - 4.98 (m, 1 H) 5.15 - 5.23 (m, 1 H) 5.45 (d, .7=7.16 Hz, 1 H) 5.50 (d, 7=6.94 Hz, 1 H) 6.26 (d, 

7=8.78 Hz, 2 H) 6.92 (d, .7=8.78 Hz, 2 H) 7.19 - 7.77 (m, 7 H) 9.15 (s, 1 H) 9.66 (s, 1 H); MS (ESI+) 

m/z 731 (M+H)/ 
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/«S 

Example 4.21 

methyl {(2lS,)-l-[(25,)~2-{5-[(2^!5^>l~[4-(2-azabicyclo[2.2.2]oct-2~yl)-3!5'difliiorophenyl]-5"{2-

5 [(21S)-l-{(2lS)-2-[(mcthoxycarbonyl)amino]-3-methylb'utanoyl}pyrrolidin-2-yl]-l//-bciizimidazol-5-

yl}pyrrolidiii-2-yl]-l//-beiizimidazol-2-yl}pyrrolidin-l-yrj-3-methyl-l-oxobiitan-2-yl}carbamate 
]H NMR (400 MHz, DMSO-tf6) 5 ppm 0.74 - 1.02 (m, 12 H), 1.41 - 2.27 (m, 26 H), 2.65 (s, 1 H), 

3.05 - 3.26 (m, 3 H), 3.54 (s, 6 H), 4.06 (t, .7=8.35 Hz, 2 H), 5.07 - 5.20 (m, 2 H), 5.26 - 5.45 (m, 2 H), 

5.89 (d, >12.36 Hz, 2 H), 7.00 - 7.14 (m, 2 H)} 7.16 - 7.33 (m, 4 H), 7.44 (dd, .7=32.42, 8.24 Hz, 2 

10 H), 12.06 (two s, 2 H); MS (ESI+) m/z 977 (M+H)"1', (ES1-) m/z 975 (M-H)". 

ABS 

/ \ 

Example 4.22 

methyl {(2,y)-l-[(25)-2-{5~[(ZR,5J2)-l-{3,5-<iifluoro-4-[4-(propan-2-yl)piperidin-l-yl]plienyl}-5-{2-

15 [(25)-l-{(2iS)-2-[(methoxycarbonyl)amino]-3-melhylbulanoyl}pyiTolidm-2-yl]-l/i'-benzimidazol-5-

yl}pyrrolidm-2-yl]-l/7-beiizimidazo]-2-yl}pyrrolidin-l-y]]-3-methyl-]-oxobiitan-2-yl}carbamate 
!H NMR (400 MHz, DMSO-d6) 5 ppm 0.74 - 0.91 (m, 18 H), 0.91 - 1.05 (m, 1 H), 1.07 - 1.21 (m, 3 

H), 1.31 - 1.43 (m, 1 H), 1.51 (d, >11.17 Hz, 2 H), 1.63 - 1.77 (m, 2 H), 1.84 - 2.26 (m, 11 H), 2.72 -

2.88 (m, 4 H), 3.54 (s, 6 H) 3.82 (br s, 4 H), 4.06 (t, .7=8.35 Hz, 2 H), 5.07 - 5.23 (m, 2 H), 5.29 - 5.45 

20 (m, 2 H), 5.88 (d, >12.79 Hz, 2 H), 7.02 - 7.12 (m, 2 H), 7.16 - 7.32 (m, 4 H), 7.41 (d,>8.13 Hz, 1 

H), 7.49 (d, .7=8,13 Hz, 1 H), 12.07 (two s, 2 H); MS (ESI+) m/z 994 (M+H)+. 
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Example 4.23 

dimethyl ({(2/?,5^)-l-[4-(4,4-dimethylpiperidm-l-yl)-3,5-difluorophcnyl]pyiTolidme-2,5-

diyl}bis{l/i-benzimidazole-5,2-diyl(25)pyiTolidme-2,l-d.iyl[(liS')-2-ox.o-l-(tetrahydro-2H-pyran-4-

5 yl)ethane-2,1 -diyl]} )biscarbamatc 
]H NMR (400 MHz, DMSO-4) 6 ppm 0.87 (s, 6 H), 1.18 - 1.34 (m, 9 H), 1.34 - 1.59 (m, 4 H), 1.61 -

1.93 (m, 5 H), 1.93 - 2.06 (m, 4 H), 2.09 - 2.27 (m, 4 H), 2.77 (s, 4 H), 2.90 - 3.27 (m, 4 H), 3.53 (s, 6 

H), 3.62 (d, .7=11.71 Hz, 1 H), 3.67 - 3.89 (m, 7 H), 4.14 (q, .7=8.10 Hz, 2 H), 5.08 - 5.20 (m, 2 H), 

5.30 - 5.43 (m, 2 H), 5.81 - 5.94 (m, 2 H), 7.03 - 7.52 (m, 8 H), 12.10 (two s, 2 H); MS (ESI+) m/z 

10 1063 (M+H)", (ESI-) m/z 1061 (M-H)". 

X .F 
T 

). i. /)•• "\ 1 
' N N"' ' y "N N—' 

>-,r.O ^, K / H H 
0=< >--o 

0 o / \ 

Example 4.24 

methyl {(25)-l-[(2S)-2-{5-[(2R,5/?)-l-[4-(3,3-dimelhylazetidin-l-yl)-355-difluorophenyl]-5-{2-[(25)-

15 l-{(25)-2-[(metlioxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-y]]-177-benzimid.azol-5-

yl}pyn"olidm-2-yl]-17-i-benzimidazol-2-yl}pyrrolidm-l-yl]-3-methyl-l-oxobiitan-2-yl} carbamate 

'HNMR (400 MHz, DMSO-dfe) 5 ppm 0.76-0.94 (m, 12 H), 1.13 (s, 6 H), 1.61-1.74 (m, 2 H), 1.81-

2.28 (m, 9 H), 3.07-3.18 (m, 1 H), 3.49 (s, 4 H), 3.54 (s, 6 H), 3.82 (br s, 4 H), 4.07 (t, Z-8.24 Hz, 2 

H), 5.14 (t, .7=7.54 Hz, 2 H), 5.25-5.40 (m, 2 H), 5.79-5.94 (m, 2 H), 7.01-7.07 (m, 2 H), 7.08-7.34 

20 (m, 4 H), 7.39 (d, .7=8.13 Hz, 1 H), 7.47 (d, .7=8.24 Hz, 1 H), 12.05 (two s, 2 H); MS (ESI+) m/z 951 

(M+H)H\ 
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/ \ 

Example 4.25 

melhyl {(2.S')-l"[(25)-2-(5-{(2i?s5'^)-5-{2-[(25')-l-{(2iS)-2-[(methoxycarbonyI)amino]-3-

methy]butanoyl}pyrrolidin-2-yl]-l/f-benzimidazol-5-yl}-l-[4-(4-phcnylpiperidin-l-

5 yl)pheiiyl]pyrrolid.in-2-yl}-ljc/~benzimidazol-2-y])pyiToitdm-l-yl]-3-mcthyl-l-oxobutan-2-

yl} carbamate 
]H NMR (400 MHz, DMSO-d6) 8 ppm 0.74 - 0.93 (rn, 12 H), 1.61 - 1.79 (m, 6 H), 1.84 - 2.09 (m, 6 

H), 2.11 - 2.27 (m, 4 H), 2.40 - 2.60 (m, 4 H), 3.35 (s, 3 H), 3.53 (s, 6 H), 3.82 (s, 4 H), 4.06 (t, .7=8.29 

Hz, 2 H). 5.08 - 5.19 (m, 2 H), 5.28 - 5.46 (m, 2 H), 6.26 (d, .7=8.67 Hz, 2 H), 6.55 - 6.67 (m, 2 H), 

10 7.06 (t, .7=7.32 Hz, 2 H), 7.13 - 7.32 (m, 9 H), 7.37 (d, .7=8.24 Hz, 1 H), 7.45 (d, .7=8.24 Hz, 1 H), 

12.02 (s, 2 H); MS (ES1+) m/z 991 (M+H)', (ESI-) m/z 989 (M-H)". 

A8S 

Example 4.26 

15 methyl {(2JS)-l-[(25,)-2-{5-[(2i?!5^)-i-{3!5-difluoro-4-[4^(3-phciiy]propyl)piperidin-l-yl]phenyl}-5-

{6-fluoro-2-[(25)-l -{(2£)-2~[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrro]idm-2-yl]-l/7-

bei]zimidazol-5-yl}pyrro]idm-2-yl]-6-fluoro-l//-benzimida^oI-2-yl}pyrrolidm-l-y]]-3-methyl~l-

oxobulan-2-yl} carbamate 
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!I-I NMR (400 MHz, DMSO-d<s) 8 ppm 0.68 - 0.84 (m, 12 H), 0.98 - 1.30 (m, 8 H), 1.47 - 1.60 (m, 5 

H). 1.63 - 2.07 (m. 9 2.09 - 2.24 (m; 3 H). 2.78 (% 4 H). 3,51 (s, 6 H). 3.71 - 3,87 (in, 4 H), 3 97-

4.12 (m, 2 H), 5.03 - 5.17 (m, 2 H), 5.43 - 5.63 (m, 2 H), 5.78 - 5.96 (m, 2 H), 7.02 (dd, .7=6.78, 2.33 

Hz, 1 H), 7.08 - 7.19 (m, 4 H), 7.19-7.35 (m, 5 H), 7.39 (dd, ,7=11.28, 6.29 Hz; 1 H), 11.50 - 12.73 

5 (m, 2 H); MS (ESI+) m/z 1105 (M+H)+; MS (ESI-) m/z 1103 (M-H)". 

Example 4.27 

10 methyl {(25)-l-[(2lS')-2-{5-[(2i?,5iO-144-(4-terr-butylpiperidin-l-yl)-3,5-difliiorophenyl]-5-{6-fliioro-

2-[(2S)-l-{(2£)-2-[(methoxycarbonyl)amino]-3-methylbutaiioyl}pyiTolidin-2-yj]-l/7-benzimidazol-5-

yl}pyrrolidin-2-yl]-6-fliioro-l/-7-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-

yl} carbamate 
]H NMR (400 MHz, DMSO-d6) 8 ppm 0.69 - 0.76 (m, 4 H), 0.76 - 0.91 (m, 17 H), 1.13 - 1.27 (m, 3 • 

15 H), 1.55 (d, .7=11.39 Hz, 2 H), 1.67 - 2.09 (m, 9 H), 2.11 - 2.26 (m,4H), 2.72 - 2.94 (m, 4 H), 3.50 -

3.57 (m, 6 H), 3.62 - 3.86 (m, 5 H), 3.99 - 4.11 (m, 2 H), 5.03 - 5.17 (m, 2 H), 5.46 - 5.63 (m, 2 H), 

5.87 (dd,.7=12.52, 7.21 Hz, 2 H), 7.03 (d, .7=6.40 Hz, 1 H), 7.13 (d, 7=6.94 Hz, 1 H), 7.25 - 7.37 (m, 3 

H), 7.40 (dd, .7=11.17, 6.29 Hz, 1 H), 11.67 - 12.63 (m, 2 H); MS (ESI+) m/z 1043 (M+H)+; MS (ESI-

)m/z 1041 (M-H)". 

20 

342 



WO 2032/051361 PCT/US2011/056045 

ABS 

/ \ 

Example 4.28 

dimethyl ({(2i?,5i?)-H4-(4-zm-biity]piperidin-l-yl)-3,5-difhiorophenyl]pyiTolidiiie-2,5-diyl}bis{(6~ 

fluoro- l//-bertzimidazole-5,2-diyl)(2»S)pyrrolidine-2,1 -diy i{( 1S)-1 -cyclopentyl-2-oxoethane-2,1 -

5 diy 1]} )b i scarb amate 
]H NMR (400 MHz, DMSO-dg) 6 ppm 0.80 (s, 9 H), 1.08 - 1.63 (m, 24 H), 1.65 - 1.87 (ra, 3 H), 1.92 

- 2.25 (m, 10 H), 2.37 - 2.45 (m, 1 H), 2.73 - 2.93 (rn, 4 H), 3.60 - 3.91 (m, 4 H), 4.13 (t, J=8.24 Hz, 2 

H), 5.11 (d, .7=6.83 Hz, 2 H), 5.45 - 5.63 (m, 2 H), 5.80 - 5.97 (m, 2 H), 6.95 - 7.08 (m, 1 H), 7.13 (d, 

.7=6.61 Hz, 1 H), 7.34 (dd, .7=10.25, 3.74 Hz, 1 H), 7.37 - 7.46 (m, 3 H), 11.73 - 12.50 (m, 2 H); MS 

10 (ESI+) m/z 1095 (M+H)"; MS (ESI-) m/z 1093 (M-H)". 

ABS 

Example 4.29 

methyl {(25,37e)-3-^r?-butoxy4-[(25)-2-(5-{(2/?,5i?)-5"{2-[(25)-l-{(25',3^)-3-rer/-butoxy-2-

15 [(methoxycarbonyl)ammo]butanoyl}pyiTolidin-2-yl]-6-fluoro-l77-benzimidazol-5-yl}-l-[4-(4-re/'-r-

butylpiperidm-l-yl)-3,5-difluorophenyl]pyrrolidin-2-yl}-6-fluoro-l/f-benzimidazol-2-yl)pyrrolidra-l-

y]]-l -oxobutan-2-yI}carbamate 

NMR (400 MIlz, DMSO-cfe) 8 ppm 0.82 (d, .7=14.64 Hz, 13 H), 0.88 - 0.96 (m, 4 H), 1.02 (s, 7 H), 

1.12 (d, 7=33.83 Hz, 11 H), 1.49-2.31 (m, 9 H), 2.69 - 2.93 (ra, 4 H), 3.27 (s, 1 H), 3.50 - 3.57 (m, 6 

20 H), 3.64 - 3.94 (m, 9 H), 4.03 - 4.31 (m, 3 H), 5.06 - 5.23 (m, 1 H), 5.38 - 5.69 (m, 2 H), 5.78 - 5.95 
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(m, 2 H), 6.46 - 6.63 (m, 1 H), 6.70 - 6.87 (m, 1 H), 6.92 - 7.04 (m, 1 H), 7.08 - 7.29 (m, 1 H), 7.34 
( 7— II 

t/ i * 

(M+H)'\ 

iAA 1 0/1 ZJr, 1 U"\ 7 "JO -7 CC /,-o 1 U\ 11 AC\ 100<? 1 t.T\. rEOT-L"\ ™/~ 11 CO t/ iu.VM, i .UT i JI/, /.JO - / ^iii, i i j a .-ru ~ i z-.oo z. 1ivxo 1 ^ ii^y 

5 7 

Example 4.30 

methyl {(2iS)-l-[(25,)-2-{5-[(2i?,5i?)-l-{3,5-dif!iioro-4-[4-(2-naphtliyl)pipeiidin-l-yI]phcnyl}-5-{6-

fluoro-2-[(2iS)-l-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl3-l//-

benzimidazol-5-yl}pyn"o]idin-2-yl]-6-fluoro-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-

10 oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-4) 5 ppm 0.73 (d, J=6.51 Hz, 4 H), 0.76 - 0.85 (m, 8 H), 1.19 - 1.32 (m, 

2 H), 1.69 - 2.08 (m, 12 H), 2.11 - 2.25 (m, 3 H), 2.67 - 2.78 (m, 1 H), 2.92 - 3.18 (m, 5 H), 3.52 (d, 

.7=1.19 Hz, 6 H), 3.72 - 3.87 (m, 4 H), 3.99 - 4.11 (m, 2 H), 5.06 - 5.19 (m, 2 H), 5.49 - 5.67 (m, 2 H), 

5.83 - 6.00 (m, 2 H), 7.01 - 7.09 (m, 1 H), 7.16 (d, 7=7.05 Hz, 1 H), 7.25 - 7.37 (m, 3 H), 7.38 - 7.53 

15 (m, 4 H), 7.68 - 7.93 (m, 4 H), 11.88 - 12.65 (m, 2 H); MS (ES1+) m/z 1113 (M+H)"; MS (ESI-) m/z 

1111 (M-H)". 

Example 4.31 
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methyl {(25)-l-[(25)-2-{5-[(2^,5^)-l-[4-(2,3-dihydro-l'H-spiro[mdeDe-l,4'-piperidin]-l'-yl)-3,5-

methylbutanoyl}pyrrolidin-2-yl]-l/.f-benzimidazol-5-yl}pyiTolidin-2-y]]-6-fiiioro4//-bcnzimidazol-

2-yl}pyrrolidin-l -yl]-3-methyl-l -oxobutan-2-yl}carbamate 
]H NMR (400 MHz, CDC13) 8 ppm 10.53-10.63 (m, IH) 10.31-10.41 (m, IH) 7.43-7.52 (m, IH) 7.30-

7.40 (m, IH) 7.10-7.25 (m, 5H) 6.92-7.00 (m, IH) 5.86 (d, 2H) 5.23-5.51 (m, 6H) 4.26-4.40 (m, 2H) 

3.77-3.91 (m, 2H) 3.68-3.72 (m, 6H) 3.56-3.66 (m, 2H) 2.83-3.26 (m, 8H) 1.81-2.61 (m, 16H) 0.71-

1.10 (m, 12H); MS (ESI) m/z 1089 (M+H)"\ 

methyl {(25)-l-[(2(S)-2-{5-[(27?,5i?)-l-[3,5-difluoro-4-(3-phenylpiperidin-l-yl)phenyl]-5-{2-[(2S)-l-

{(25)-2-[(methoxycarbonyl)amino]-3-methylbut.anoyl}pyrrolidin-2-yl]-l//-benzimidazol-6-

yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}pyri-olidin-l-yl]-3-niethyl-l-oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMS0-d6) 5 ppm 12.07 (s, 1 H), 12.01 (s, 1 H), 7.48 (d, J = 8.3 Hz, 1 H), 7.38 

(m, 2 H), 7.20 (s, 8 H), 7.09 (m, 2 H), 5.90 (d, J = 12.9 Hz, 2 H), 5.36 (d, J - 7.5 Hz: 2 H): 5.14 (s, 2 

H), 4.05 (t, J = 8.1 Hz, 2 H), 3.81 (s, 4 H), 3.54 (s, 6 H), 2.85 (s, 4 H), 2.18 (s, 5 H), 1.94 (m, 7 H), 

1.61 (m, 5 H), 0.77 (m, 12 H); MS (ESI+) m/z (rel abundance) 1027 (100, M+H)+. 

ABS 

O 

Example 4.32 
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Example 4.33 

methyl {(2(S)-l-[(2(S)-2-{5-[(2/?,5-^)-l-[3,5-difliioro-4-(3-phenylpyrrolidin-l~yl)pheiiyl]-5-{2-[(25)-l-

{(2iS)-2-[(melhoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-bcnzimidazoI-6-

yl}pyrrolidm-2-yl]-l//-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
JH NMR (400 MHz, DMSO-4) 8 ppm 12.09 (d, J - 14.8 Hz, 2 H), 7.47 (m, 2 H), 7.45 (m, 2 H), 7.24 

(m, 8 H), 7.08 (s, 2 H), 5.93 (d, J = 12.1 Hz, 2 H), 5.38 (s, 2 H), 5.15 (s, 2 H), 4.06 (t J = 8.4 Hz, 2 H), 

3.82 (s, 4 H), 3.53 (s, 6 H), 3.13 (m, 4 H), 2.19 (s, 4 H), 1.90 (m, 6 H), 1.70 (s, 2 H), 0.80 (m, 12 H); 

MS (ES1+) m/z (rel abundance) 1013 (100, M+H)T, 1014 (58). 

r i | | 
'"N"' | 

U 
N—I —N >-< iJ1- (Ma > 

/ N' \ / 'N 
, • j -N 

N / 

\ ^-0 

Example 4.34 

methyl {(25> l-[(26>2-{6-[(2.S,5i?)-l~{3,5-difhx>ro-4-[4-(4-methoxyphenyl)piperidi:n-] -yljpheny] }-

5-{2-[(25)-l-{(2S)-2-[(mcthoxycarbonyl)amiTio]-3-Triethylbutanoyl}pyrroliciin-2-yl]-lH'-

benzimidazoI-6-yl}pyn"olidm-2-yl]-l/f-benzimid.azol-2-yl}pyrrolidm-l-yl]-3-methyl-l.-oxobutan-2-

yl} carbamate 
]H NMR (400 MHz, DMSO-d6) 5 ppm 0.97 - 0.69 (m, 12H), 1.24 (s, IH), 1.78 - 1.50 (m, 6H), 2.10 -

1.85 (m, 7H), 2.19 (s, 4H), 2.47 - 2.38 (m, IH), 3.03 - 2.80 (m, 4H), 3.53 (s, 6H), 3.69 (s, 3H), 3.82 (s, 

4H), 4.17 - 3.93 (m, 2H), 5.22 - 5.08 (m, 2H), 5.45 - 5.29 (m, 2H), 5.91 (d, J = 12.8, 2H), 6.81 (d, J = 
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8.7, 2H), 7.17 - 7.02 (m, 4H), 7.21 (s9 IH), 7.34 - 7.26 (m, 3H), 7.41 (d, J= 8.2, IH), 7.50 (d, J= 8.2, 

IH), 12.17 (uu, J — 19.9, 74.7, 2H); MS (ESI) m/z 1057 (M+H)1, 1055 (M-H)'. 

ABS 

Example 4.35 

5 methyl {(25)-1-[(25)-2-{6-[(ZR,5^)-l-[3,5-difluoro-4-(4-fluoro-4~phenylpiperidin-l-yl)phenyl]-5-{2-

[(25')-l-{(25')-2-[(methoxycarbonyl)ammo]-3-mcthylbutanoyl}pyiTolidin-2-yi]-! //-ben.zimidazGl-6-

yl}pyiTolidin-2-yl]-17-/-benzimidazol-2-yl}pyiTolidin-l»yl]-3-methyl-l -oxobutan -2-y 1} carbamate 
5H NMR (400 MHz., DMSO-dc) S ppm 0.91 - 0.75 (m, 12H), 2.11 - 1.60 (m, 12H), 2.28 - 2.12 (m, 

4H), 2.55 (d, J - 5.5, 2H), 2.84 - 2.71 (m, 2H), 3.28 - 3.06 (m, 2H), 3.53 (s, 6H), 3.83 (s, 4H), 4.11 -

10 3.99 (m, 2H), 5.19 - 5.09 (m, 2H), 5.45 - 5.30 (m, 2H), 5.94 (d, J = 12.8, 2H), 7.13 - 7.05 (m, 2H), 

7.45 - 7.18 (m, 10H), 7.50 (d, J - 8.3, IH), 12.11 (d, J = 15.2, 2H); MS (ESI) m/z 1045 (M+H)!", 1043 

(M-H)/ 

ABS 

15 Example 4.36 

methyl {(25)-l-[(25)-2-{6-[(2i2,5i2)-l-[4-(4-flyoro-4-phcnylpipe3'idm-l -yl)phenyl]-5-{2-[(2S)-l-

{(25)-2-[(methoxycai-bonyl)amino]-3-methylbutanoyr}pyiTolidm-2-yl]-l/f-beiizimidazol-6-

yl}pyrrolidin-2-yl3-l//'-benzimidazol-2-yl}pyiTolidiri-l-y3]-3-mcthyl-l-oxobutaii-2-yl} carbamate 
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:H NMR (400 MHz, DMSO-^) 8 ppm 0.92 - 0.74 (m, 12H), 1.23 (4 J = 3.9, IH), 1.69 (d, J = 3,6, 

2H), 2.09 - 1.80 (rn, 9H), 2.26 - 2.09 (m, 5H), 2.81 •• 2.69 (ra, 2H), 3.26 3.10 (m, 3H), 3.53 (s, 6H), 

3.89 - 3.74 (m, 4H), 4.05 (t, J = 8.4, 2H), 5.18 - 5.06 (m, 2H), 5.34 (d, J = 4.5, 2H), 6.27 (d, J - 8.7, 

2H), 6.65 (dt, J - 4.2, 8.6, 2H), 7.06 (t, J = 7.8, 2H), 7.21 (s, IH), 7.43 - 7.26 (m, 9H), 7.45 (d, J = 8.2, 

5 IH), 12.04 (s, 2H); MS (ESI) m/z 1009 (M+H)"", 1007 (M-H)'1'. 

F F 

Example 4.37 

methyl {(21S)-l-[(25)-2-{5-[(2i2,5^)-l-(3,5-difluoro-4-(4-[fluoro(diphenyl)methyl]piperidm-]-

10 yl}phenyl)~5-{6-f]uoro-2-[(2£)-l-{(2S)-2-[(methoxycarbonyl)ammo]-3-methylbiitaiioyl}pyrrolidin-2-

yl]-l//-benzimidazol-5-yl}pyrrolidm-2-y]]-6-f3iioro-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-

1 -oxobutan-2-y 1} carbamate 

'HNMR (400 MHz, methanol-^) 8 ppm 0.99- 0.69 (m, 12H), 1.42 - 1.26 (m, 3H), 1.55 (dd, J= 12.0, 

24.4, 2H), 2.42 - 1.85 (m, 12H), 2.62 - 2.43 (m, 3H), 3.01 - 2.74 (m, 4H), 3.63 (s, 6H), 3.90 - 3.77 (m, 

15 2H), 4.05 - 3.90 (m, 2H), 4.20 (d, J = 7.4, IH), 5.24 - 5.08 (m, 2Ii), 5.52 (t, J = 5.8, 2H), 5.92 - 5.72 

(m, 2H), 7.07 (s, IH), 7.18 (t, J= 7.3, 2H), 7.29 (t, J = 7.5, 6H), 7.33 (s, IH), 7.43 (d, J - 7.3, 4H); MS 

(ESI) m/z 1171 (M+H)"'. 

20 Example 4.38 

methyl {(21S,,3i?)-l-[(25)-2-{5-[(2/?,5^)-l-[3,5-difluoro-4-(4-phenylpiperidiii-l-yl)phenyl]-5-(6-

iluoro-2-{(25)-1-[^-(methoxy carbonyl)-0-mcthyl-L-threonyl3pyiTolidm-2-yl}-l/7-beiizimidazol-5-
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y1)pyrrolidin-2-yl]-6-fluoro-l//-ben2imidazol-2-yl}pyiTolidin-l -y]]-3-methoxy-l-oxobutaii-2-

y]} carbamate 

'HNMR (400 MHz, DMSO-afe) 5 ppm 0.92 (d,J = 5.5, 2H), 1.04 (dd, J = 5.8, 12.0, 4H), 1.68 (s, 4H), 

1.80 (s, 2H), 2.09 - 1.91 (m, 4H), 2.27 - 2.10 (m, 4H), 3.01 - 2.82 (m, 3H), 3.03 (s, 4H), 3.13 (s, 4H), 

5 3.25 (s, 2H), 3.44 (dd, J - 6.5, 12.8, 3H), 3.53 (s, 6H), 3.81 (s, 3H), 4.31 - 4.14 (m5 2H), 5.17 - 5.02 

(m, 2H), 5.66 - 5.41 (m, 2H), 5.97 - 5.80 (m, 2H), 7.13 - 6.99 (m, 2H), 7.19 - 7.13 (m, 2H), 7.31 - 7.19 

(m, 5H), 7.38 (dd, J - 9.8, 26.3, 2H), 12.39 - 12.01 (m, 2H); MS (EST) m/z 1095 (VI 41) . 1093 (M-

H) -

ABS 

Example 4.39 

dimethyl ({(2i?,5i?)-l-[3,5-difIuoro-4-(4-phenyipiperidin-l-yl)phenyl]pyrrolidine-2,5-diyl}bis{(6-

fluoro-l//-bcnzimidazole-5,2-diyl)(25)pyiTolidii3e-2,l-diyl[(15)-2-oxo-l-(tetrahydro-2//-pyrari-4-

yl)ethane-2,l-diyl]})biscarbamate 

15 'H NMR (400 MHz, DMSO-^) 8 ppm 1.37 - 1.07 (m, 6H), 1.56 - 1.36 (m, 4H), 1.73 - 1.60 (m, 4H), 

1.78 (s, 4H), 2.06 - 1.93 (m, 4H), 2.26 - 2.06 (m, 4H), 3.26 - 2.81 (m, 8H), 3.52 (s, 6H), 3.91 - 3.60 

(m, 8H), 4.12 (dd, J = 6.9, 15.8, 2H), 5.11 (s, 2H), 5.54 (d, J = 10.0, 2H), 5.99 - 5.81 (m, 2H), 7.05 

(dd, J = 6.3, 23.5, 2H), 7.16 (t, J" = 6.9, IH), 7.31 - 7.20 (m, 5H), 7.45 - 7.30 (m, 4H), 12.23 (d, J = 

83.3, 2H); MS (ESI) m/z 1147 (M+H)"1". 

ABS 

Example 4.40 
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dimethyl ({(2./?,5i?)-l-[3,5-difliion>4-(4-phenylpiperidm-l-yl)phenyl]pyr:r()lidine-2,5-diyl}bis{(6-
•fllirvrrw 1 WK®r,im;/lo-,Ala O ^u,1VTC\n.nWi;/];n0 1 1 ,11Y1 1 o o 1 
11WUJV Ui HOA4^V/l«^ w',^. LX\)LLKA111>^~A,> L "Ui^ 1|_\ U i. ^iUpVlH^ 1" ̂  A V/ WilCLl 1:V Z. , J ~ 

diyl]} )biscarbamate 

*H NMR (400 MHz, DMSO-fife)6ppm 1.61 - 1.10 (m, 18H), 1.67 (s, 4H), 1.90 - 1.72 (m, 2H), 2.13 -

1.93 (m, 6H), 2.18 (s, 4H), 3.08 - 2.86 (m, 4H), 3.17 (d, J = 5.1, IH), 3.52 (s, 6H), 3.89 - 3.70 (m, 

4H), 4.20 - 4.01 (m, 2H), 5.11 (s, 2H), 5.56 (d, J = 21.5, 2H), 5.96 - 5.83 (m, 2H), 7.04 (d, J - 6.7, 

IH), 7.16 (t, J- 7.0, 2H), 7.31 -7.20 (m, 4H), 7.39 (dt, J = 8.1, 25.5, 4H), 12.16 (d, J = 61.1, 2H); MS 

(ESI.) m/z 1115 (M+H)', 1113 (M-H)+. 

10 
Example 4.41 

methyl {(2,S')-l-[(2tS,)-2-{54(2/e,5^>l-[4-(beiizyloxy)phcnyi]-5-{2-[(2lS)-l-{(2lS,)-2-

[(methoxycarbonyl)amiiio]-3-methylbutanoyl}pyn"olidin-2-yl]-l.//-beiizimidazol-5-yl}pyiTolidin-2- • 

yl]-l/7-benzimidazol-2-yl}pyiTolidin-1 -yi]-3-methyl-1 -oxobutan-2-yl} carbamate 

15 3H NMR (400 MHz, DMSO-rf6) 8 ppm 12.02 (s, 2H), 7.28 (m, 13H), 6.60 (m, 2H), 6.23 (m, 2H), 5.33 

(ID, 2H), 5.14 (m, 2H), 4.90 (m, 2H), 3.81 (m, 4H), 3.56 (s, 6H), 2.20 (m, 6H), 1.98 (m, 6H), 1.70 (m, 

2H), 0.86 (m, 12H); MS (ESI) m/z 938 (M+H)"1. 
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Example 4.42 
JA—i f /ry n\ \ r/^oN i r r/^ r» r r>\ 1 r A CA TA I\._I n - • 1 

yl}phenyl)-5-{6-fluoro-2-[(2S)-l-{(2S)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidiii-2-

yl]-l/f-benzimida2ol-5-y])pyrrolidin-2-yl]-6-fluoro-l//-bcnzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-

5 1 -oxobulan-2-yl}carbamatc 
!H NMR (400 MHz, DMSO-4) 5 ppm 7.55 (m, 2H), 7.48 (d, J=8.8Hz, 2H), 7.34 (m, 2H), 7.18 (m, 

2H), 7.04 (d, J=7.8Hz, 2H), 5.99 (m, 2H), 5.63 (m, 2H), 5.13 (m, 2H), 4.06 (m, 2H), 3.80 (m, 2H), 

3.53 (s, 6H)S 3.25 (m, 8H), 2.99 (m, 4H), 2.05 (m, 12H), 0.81 (m, 12H); MS (ESI) m/z 1132 (M+H)+. 

ABS 

Example 4.43 

melhyl {(25,)-l-[(26)-2-{6-[(2i^?5-S)-l-[3,5-difl-uoro-4-(piperidm-]~yl)phcny!]-5-{5-fluoro-*2-[(2l?)-l~ 

{(2£)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidm-2-yl]-l//-benzimida2ol-6-

yl}pyrrolidin-2-yl]-l/f-benzimidazo]-2-yl}pyiTolidin-l-yl]-3-melhyl-l-oxobutan-2-yl}carbamate 

15 'HNMR (400 MHz, DMSO-4) 5 ppm 0.68 - 0.89 (m, I2H) 1.34- 1.50 (m, 6 H) 1.65 - 2.06 (m, 9 H) 

2.12 - 2.24 (m, 4 H) 2.70 - 2.82 (m, 4 H) 3.52 (d, J=2.49 Hz, 6 H) 3.73 - 3.86 (m5 4 H) 3.99 - 4.08 (m, 

2 H) 5.06 - 5.19 (m, 2 H) 5.26 - 5.43 (m, 1 H) 5.46 - 5.56 (m, 1 H) 5.86 (d, J-12.04 Hz, 2 H) 6.98 (d, 

J—6.51 Hz, 1 H) 7.02-7.11 (m, 1 H)7.21 (d,J=6.94Hz, 1 H) 7.26 - 7.35 (m, 2 H) 7.39 (d, J=8.35 Hz, 

1 H) 7.45 - 7.51 (m, 1 H) 12.01 - 12.26 (m, 2 H); MS (ES1+) m/z 969 (M+H)". 

20 
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ABS 

/ \ 

Example 4.44 

methyl {(25')-l-[(25')-2-{6-[(27?,5^)-l-[4-(4-benzylpiperidiii-l-yl)-3,5-difliiorophenyl]-5-{5-fluoro-2-

[(2S)-l-{(25)-2-[(methoxyearbonyl)amino]-3-methylbutanoyl}pyiTolidin-2-yl]-l/7-benzimidazol-6-

5 yl}pyiTolidin-2-yl]-5-fluoro-li/-benzimidazol-2-yl}pyrrolidin-l-yl3-3-methyl-l-oxobutan-2-

yl}cai"bamate 
]H NMR (400 MHz, DMSCMOSppm 0.67 - 0.88 (m, 12 H) 1.22 (s, 12 H) 1.42 - 1.51 (m,5H) 1.73-

2.04 (m, 12 H) 2.12 - 2.21 (m, 4 H) 2.72 - 2.81 (m, 5 H) 3.48 - 3.54 (m, 6 H) 3.72 - 3.83 (m, 3 H) 3.97 

- 4.06 (m, 2 H) 5.05 - 5.13 (m, 2 H) 5.46 - 5.58 (m, 2 H) 5.79 - 5.89 (m, 2 H) 6.99 - 7.04 (m, 1 H) 7.09 

10 - 7.16 (m, 5 H) 7.20 - 7.34 (m, 6 H) 7.35 - 7.42 (m, 1 H) 7.51 - 7.64 (m, 3 H) 12.10 (s, 1 H) 12.23 (s, 1 

H); MS (ESI+) m/z 1077 (M+H)". 

ABS 

/ \ 

Example 4.45 

15 dimethyl ([(2i?,5/?)-l-(3,5-difiuoro-4-{4-[4-(trifluoromethyl)pbenyl]piperazin-l-

yl}phenyl)pyrrolidinc-2,5-diyl]bis{(5-f]uoro-l//-benzimidazole-6,2-diyl)(25')pyiTolidine-2,l-

diyl[(15)-l-cyclopeiityl-2-oxoethane-2,l-diyl]})biscarbamate 
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JH NMR (400 MHz, DMSO-&) 5 ppm 1.09 - 1.64 (m, 18 H) 1.71 - 1.86 (m, 2 H) 1.92 - 2.23 (m, 10 

H) 2.91 - 3.03 (m, 5 H) 3.22 - 3.30 (m, 4 H) 3.52 (s, 6 H) 3.71 - 3.87 (m, 4 H) 4.12 (t, J=8.40 Hz, 2 H) 

5.05 - 5.16 (m, 2 H) 5.48 - 5.65 (m, 2 H) 5.85 - 5.99 (m, 2 H) 7.03 (d, J=8.89 Hz, 3 H.) 7.1.4 (d, 1=6.29 

Hz, 1 H) 7.30 - 7.38 (m, 1 H) 7.40 (d, J=9.54 Hz, 2 H) 7.46 (d, J=8.67 Hz, 2 H) 12.08 (s, 1 H) 12.20 

5 (s, 1 H); MS (ESI+) m/z 1184 (M+H)'1. 

ABS 
F 

/ \ 

Example 4.46 

dimethyl ([(2/2,5/2)-l-(3,5-difluoro-4-{4-[4-(trifluoromethyl)phcnyl]piperazin-l-

yl}phenyl)pyrrolidme-2,5-diyl]bis{(5-fliioro-l/f-beiizimidazole-6,2-diyi)(25')pyrrolidine-2,l-

10 diyl[(liS')-2-oxo-i-(tetrahy(h-o-2ff-pyran-4-yl)ethaiie-2,l-diyl]})biscarbamatc 
;H NMR (400 MHz, DMSO-&) 5 ppm 1.09 - 1.33 (m, 4 H) 1.38 - 1.54 (m, 4 H) 1.70 - 1.88 (m, 4 H) 

1.92 - 2.05 (m, 4 H) 2.10 - 2.25 (m, 3 H) 2.95 - 3.03 (m, 4 H) 3.03 - 3.20 (m, 3 H) 3.21 - 3.29 (m, 4 H) 

3.51 (s, 6 H) 3.62 - 3.89 (m, 6 H) 4.05 - 4.17 (m, 2 H) 5.06 - 5.15 (m, 2 H) 5.48 - 5.64 (m, 2 H) 5.83 -

5.98 (m, 2 H) 7.03 (d, J=8.67 Hz, 3 H) 7.07 (d, .1=6.29 Hz, 1 H) 7.29 - 7.42 (m, 3 H) 7.46 (d, J=8.78 

15 Hz, 2 H) 12.11 (s, 1 H) 12.32 (s, 1 H); MS (ESI+) m/z 1216 (M+H)+. 

A8S 

/ \ 

Example 4.47 
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methyl {(2,S)-l-[(2)S,)-2-{6-[(2i?,5i?)-l-[4-(4-benzyipiperidiii-l-yl)-3,5-difliiorophenyi]-5-{2-[(25)-l-
JY9inAihnvvrl!3rhAm;1\ariwir\L^--molhi;IVnH\rvwr»w1iHin-T-irll-l - u.uvu.u.«i,v«uulvvmiu,.uj ^ j ij uviu,muuut,ui w 

yl}pyrrolidin-2-yl]-l //-benzimidazol-2-yl}pyrrolid.in-l-yl]-3-methyl-l-oxobiatan-2-yl} carbamate 
!H NMR (400 MHz, DMSO-&) 5 ppm 12.07 (d, J = 19.1, 2H), 7.48 (d, J = 8.3, 2H), 7.40 (d, J = 8.1, 

5 2H), 7.34 -• 7.10 (m, 8H), 7.07 (s, 2H), 5.87 (d, J - 12.3, 2H), 5.35 (s, 2H), 5.14 (s, IH), 3.78 (d, J = 

28.9, 2H), 3.54 (s, 6H), 2.76 (s, 3H), 2.19 (s, 4H), 2.07 - 1.80 (m, 6H), 1.68 (s, 2H), 1.46 (d, J - 10.4, 

3H), 1.25 - 1.08 (m, 2H), 0.92 - 0.71 (m, 12H); MS (ESI+) m/z 1041.4 (M+H)1, (ESI-) m/z 1039.3 

(M-H)\ 

ABS 

Example 4.48 

methyl {(25*)-l"[(25')-2-{5-[(25',5A')-l-[3,5-difluoro-4-(4-pheiiylpiperidm-l-yl)pheny!]-5-{2-[(219)-l-

{(2iS0-2-[(methoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidin-2-yl]-1//-benzimidazol-5-

yl}pyrroljdin-2-y!]-l/f-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

15 1H NMR (400 MHz, DMSO-ri6) 5 ppm 0.76 - 0.94 (m, 12 H), 1.60 - 2.30 (m, 14 H), 2.88 - 3.09 (m, 4 

H), 3.54 (s, 6 H), 3.84 (s, 3 H), 4.02 - 4.15 (m, .7=8.1, 8.1 Hz, 2 H), 4.77 - 4.97 (m, 2 H), 5.17 (d, 

.7=2.9 Hz, 2 H), 5.95 - 6.10 (m, 2 H), 7.08 - 7.70 (m, 13 H), 12.09 - 12.23 (m, 2 H). 

ABS 
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Example 4.49 
-f-i-fl-n/vv-, / 

{(2iS)-2-[(methoxycarbony])amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-5-

yl}pyrrolidin-2-yl]-l//-bcnzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate 

NMR (400 MHz, DMSO-4) 5 ppm 0.69 - 0.92 (m, 12 H), 1.69 (d, .7-5.1 Hz, 2 H), 1.82 - 2.30 (m, 

12 H), 2.70 - 3.16 (m, J=63.6 Hz, 6 H), 3.54 (s, 6 H), 3.81 (s, 3 H), 3.99 - 4.12 (m, 2 H), 4.47 (dd, 

.7-9.1, 3.7 Hz. 1 H), 5.08 - 5.19 (m, 2 H), 5.29 - 5.48 (m, 2 H), 5.92 (d, ,7-13.4 Hz, 2 H), 7.07 (t, .7=7.9 

Hz, 2 H), 7.16 - 7.35 (m, .7=0.8 Hz, 10 H), 7.40 (d, .7=8.1 Hz, 1 H), 7.49 (d, .7=8.3 Hz, 1 H), 12.06 (s, 1 

H), 12.] 1 (s, 1 H); MS (APCI+) m/z 1030.1(M+H). 

melhyl {(25)-l-[(25)-2-{5-[(2i?,5i2)-l-[3,5-difluoro-4-(2-phenylpiperidin-l-yl)phenyl]-5-{2-[(2<S)-l-

{(21S)-2-[(melhoxycarbonyl)amino]-3-melhylbutanoy]}pyiTo3idm-2-yl3-l/7-benzimidazol-5-

yI}pyrrolidin-2-yl]-17f-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamale 

'H NMR (400 MHz, DMSCMO 5 ppm 0.81 - 1.01 (m, 12 H), 1.24 - 2.35 (m, 22 H), 3.60 (s, 6 H), 

3.89 (s, 4 H), 3.94 - 4.20 (m, 3 H), 5.22 (s, 2 H), 5.30 (d, .7=4.3 Hz, 2 H), 5.73 (dd, .7-13.1, 3.6 Hz, 2 

H), 6.92 - 7.44 (m, 13 H), 7.48 (d, .7=8.1 Hz, 1 H), 12.08 (s, 1 H), 12.17 (s, 1 H); MS (APCI+) m/z 

1028.2 (M+H)1. 

Example 4.50 

ABS 

XT 

/ 

Example 4.51 
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methyl [(21S)-l-{(25)-2-[5-(l-{4-[(2i?,6-.9)-2,6-dimelhylmorpholin-4-yI]-3,5-difluorophenyl}-5-{6-
flimrn O fYO C\ 1 it O C\ 0 r/mofK \orv-,nr,^l 1 w, ofh, ,1k, rfonAx,! \ ,-r.vxl i ,1 iv, 0 ,,11 1 W 
iiUVJVj z- x l_\A v'tuv.'/v j v^tvi y i J<A.IXIXXI\J J U IAIWUJ^V IU u-iwxiv/^ i j jyjr- xx Valium i. j ij xxx 

benzimidazol-5-yl}pyrrolidin-2-yl)-6-fliioro-li?'-benzimidazol-2-yl]pyrrolidin-l-yl}-3-methyl-l-

oxobn.tan-2-yl]carbamate 

5 'H NMR (400 MHz, DMSO-rf6) 8 ppm 0.67 - 0.90 (m, 12 H), 0.96 (s, 6 H), 1.01 - 1.31 (m, 2 H), 1.68 

- 2.25 (m, 12 H), 3.51 (s, 6 H)s 3.78 (s, 3 H), 4.01.(q, .7=7.2 Hz, 2 H), 5.10 (d, 7=4.8 Hz, 2 H), 5.43 -

5.65 (m, 2 H), 5.79 - 5.97 (m, 2 H), 7.02 (d, .7-5.3 Hz, 1 H), 7.11 (d, .7=6.8 Hz, 1 H), 7.21-7.46 (m, 4 

H), 12.11 (s, 1 H), 12.24 (s, 1 H); MS (ESI) m/z 101 7.4 (M+H)". 

ABS 

Example 4.52 

methyl {(25)-l-[(21S)-2-{5-[(2>S,5J/?)-l-[3!5-difiuoro-4-(piperidm-l-yl)phenyl]~5-{6-fluoro-2-[(2>S)-l-

{(2S,)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyiTolid:in-2-yl]-l/7-benzimidazol-5-

yl}pyrrolidin-2-yl]-6-fluoro-l//-benzimidazol-2-yl}pym>lidm-l-yl]-3-methy 1-1-oxobutan-2-

15 yl} carbamate 
lB NMR (400 MHz, DMSO-d6) 5 ppm 0.72 - 0.94 (m, ,/-10.5, 10.5 Hz, 12 H), 1.36 - 1.58 (m, 6 H), 

1.77 - 2.28 (m, 14 H), 2.83 (s, 4 H), 3.53 (s, 6 H), 3.82 (s, 4 H), 3.97 - 4.14 (m, 2 H), 4.92 - 5.07 (m, 2 

H), 5.09 - 5.20 (m, 2 H), 5.83 - 6.02 (m, 2 H), 7.21 - 7.79 (m, 6 H), 12.14 - 12.44 (m, 2 H); MS 

(APC1+) m/z 987.8 (M+H)"1". 

20 

ABS 

Example 4.53 
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methyl {(25)-]-[(2<S)-2-{5-[(2i?,5/?)-l-[4-(3-azasphx)[5.5]undec-3-yl)-3,5-difluorophenyl]-5-{6-

fiiioro-2-[(25)~l-{(2jS)-2-[(mcthoxycarboRy!)amino]-3-methylbutanoyl}pyrrolidm-2 yl]-lH-

bcnzimidazol-5-yl}pyn*olidin-2-yl]-6-fluoro-l//-beiizimidazol-2-yl}pyrrolid.in-l-yl]-3-methy]-] -

oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-</6) 8 ppm 0.64 - 0.94 (m, 12 H), 1.21 - 1.44 (m, 16 H), 1.68 - 2.25 (m, 

.7=78.0 Hz, 12 H), 2.78 (s, 4 H), 3.53 (s, 6 H), 3.80 (s, 4 H), 4.04 (t, .7=7.1 Hz, 2 H), 5.11 (s, 2 H), 5.55 

(dd, J=19.8, 4.2 Hz, 2 H), 5.79 - 5.99 (m,2H),7.03 (d, .7=6.0 Hz, 1 H), 7.13 (d,.7=6.5 Hz, 1 H), 7.24 -

7.48 (m, 4 H), 12.12 (s, 1 H), 12.24 (s, 1 H); MS (ESI) m/z 1055.4 (M+H)+. 

ABS 

Example 4.54 

methyl {(2JS)-l-[(ZS)-2-{5-[(2fl,5i?)-l-[4-(4-cyclohexylpiperidin-l-yl)-3,5-difiuorophenyl]-5-{6-

fluoro-2-[(25)-l -{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-177-

bcnzimidazol-5-yl}pyiTolidm-2-yl]-6-fluoro-li1f-benzimidazol-2-yl}pyiTo]idiri-I-yl]-3-methyl-l -

oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-rf6) 8 ppm 0.65 - 0.97 (m, 12 H), 0.98 - 1.33 (m, 10 H), 1.50 - 2.25 (m, 

20 H), 2.72 - 2.91 (m, 4 H), 3.53 (s, 6 H), 3.79 (s, 4 H), 4.04 (t, J=8.1 Hz, 2 H), 5.11 (s, 2 H), 5.54 

(dd, .7=14.7, 6.7 Hz, 2 H), 5.79 - 5.97 (m, 2 H), 7.03 (d, .7=6.7 Hz, 1 H), 7.13 (d, .7=6.9 Hz, 1 H), 7.24 -

7.46 (m, 4 H), 12.11 (s, 1 H), 12.23 (s, 1 H); MS (ESI+) m/z 1069.5 (M+H)"f. 
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ABS 

/ 

Example 4.55 

methyl {(25)-l-[(21S)-2-{5-[(2^5i?)-]-{3,5-difluoro-4-[(2tS)-2-phenylmorpholin-4-yl]phenyl}-5-{6-

fluoro-2-[(2lS)-l-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-

5 benzimidazol-5-yi}pyrrolidin-2-yl]-6-tliioro-l/f-benzimidazol-2-yl}pyrrolidiii-l-yl3-3-methyl-l-

oxobutan-2-y]} carbamate 
lH NMR (400 MHz, DMSO-rf6) 5 ppm 0.60 - 0.95 (m, 12 H), 1.64 - 2.08 (m, 10 H), 2.09 - 2.25 (m, 4 

H), 2.70 - 3.18 (m, 4 H), 3.53 (s, 6 H), 3.64 - 3.86 (m, 4 H), 3.91 (d, 7=11.4 Hz, 1 H), 4.03 (1,7=8.2 

Hz, 2 H), 4.48 (d, 7=7.5 Hz, 1 H), 5.10 (s, 2 H), 5.43 - 5.69 (m, 2 H), 5.80 - 6.03 (m, 2 H), 7.03 (d, 

10 7=6.8 Hz, 1 H), 7.14 (d, 7=6.7 Hz, 1 H), 7.20 - 7.45 (m, 10 H), 12.10 (s, 1 H), 12.24 (s, 1 H); MS 

(ESI+) m/z 1065.4 (M+H)"". 

F F 

Example 4.56 

15 methyl {(2S)-l-[(21S)-2-{5-[(2/?,5i2>l-{4-[4-(2J4-difluoTOpheiiyl)piperidin-l-yl]-3,5-difluorophenyiy-

5-{6-fluoro-2-[(25)-l-{(25')-2-[(methoxycarbonyl)amino]-3-methylbutaiioyl}pyrrolidin-2-yr]-l//-

benz]midazol-5-yl}pyiTolidm-2-yl]-6-f]uoro-l/f-benzimidazol-2-yl}pyrroljdin-l-yl]-3-methyl-l-

oxobutan-2 -y 1} carbamate 
]H NMR (400 MHz, DMSO-&) 5 ppm 0.68 - 0.92 (m, 14 H), 1.58 - 2.08 (m, 11 H), 2.09 - 2.27 (m, 4 

20 H), 2.71 - 3.14 (m, 6 H), 3.52 (s, 6 H), 3.68 - 3.89 (m, 4 H), 3.98 - 4.10 (m, 2 H), 5,05 - 5.17 (m, 2 H), 

5.48 - 5.68 (m, 2 H), 5.83 - 5.99 (m, 2 H), 6.95 - 7.08 (m, 2 H), 7.09 - 7.21 (m, 2 H), 7.25 - 7.46 (m, 5 

H), 12.06 - 12.39 (m, 2 H); MS (ESI.+) m/z 1099.3 (M+Hf. 
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Example 4.57 

methyl {(2,S)-l-[(25)-2-{5-[(2ie,5i?)-l-{3s5-difluoio4-[4-(4-fluorophenyl)piperidm-l-yl]phenyl}-5-

5 {6-fluoro-2-[(25)-l -{(25)-2-[(methoxycarbonyl)ammo]-3-methylbutanoyl}pyn'olidin-2-yl]-l//-

benzimidazol-5-yl}pyiTolidm-2-yl]-6-fhioro-i/f-benzimidazol-2-yl}pyrrolidm-l-yl]-3-melhyi-l -

oxobutan-2-yl} cai'bamate 
]H NMR (400 MHz, DMSO~d6) 5 ppm 0.67 - 0.93 (m, 14 H), 1.53 - 2.09 (m, 11 H), 2.10 - 2.25 (m, 4 

H), 2.83 - 3.15 (m, 6 H), 3.53 (s, 6 H), 3.69 - 3.88 (m, 4 H), 3.98 - 4.10 (m, 2 H), 5.05 - 5.17 (m, 2 H), 

10 5.48 - 5.67 (m, 2 H), 5.83 - 5.99 (m, 2 H), 6.99 - 7.20 (m, 4 H), 7.22 - 7.47 (m, 6 H), 12.02 - 12.47 (m, 

2 H); MS (ESI+) m/z 1081.4 (M+H)+. 

ABS o V 

Example 4.58 

15 methyl {(25)-l-[(21S)-2-{5-[(2i2,5JR)-l-[3)5-difluoro-4-(4-phenylpiperazin-l-yl)phenyl]-5-{2-[(25)-l-

{(25)-2-[(methoxycaj-bonyl)amino]-3-methylbutanoyl}pyiTolidin-2-yl]-l/:/-benzirnidazo]-5-

yl}pyn'olidin-2-yl]-l/f-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
]H NMR (400 MHz, DMSO-rf«) 5 ppm 0.72 - 0.95 (m, 12 H) 1.69 (s, 1 H) 1.84 - 2.11 (m, 2 H) 2.20 

(s, 4 H) 2.97 (s, 4 H) 3.09 (s, 4 H) 3.54 (s, 6 H) 3.82 (s, 4 H) 4.03 (q, J=7.05 Hz, 6 H) 5.15 (s, 2 H) 

20 5.39 (s, 2 H) 5.95 (s, 2 H) 6.75 (s, 2 H) 6.90 (d, J-8.24 Hz, 2 H) 7.08 (t, 2 H) 7.17 (t, 1=7.92 Hz, 2 H) 

7.30 (s, 2 H) 7.48 (s, 2 H) 7.66 (s, 2 H) 7.92 (s, 2 H) 12.09 (s, 2 H); MS (ESI+) m/z 1028.4, (ESI-) m/z 

1026.4 (M-H)\ 
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o 

Example 4.59 

methyl {(2S)-l-[(25y4./?)-2-{5-[(2i?s5.£)-l-[3,5-difhioro-4-(piperidm-l-yl)phenyl]-5-{2-[(2£,4i?)-4-

5 fluoro- l-{(2S)-2-[(methoxycarbonyl)ammo]-3-methylbutanoyl}pynx>lidin-2-yl]-l/7-benzvm.k1azol-5-

yl}pyrrolidin-2-yl]-l/7-bcnzimida/ol-2-y]}-4-fluoropyrrolidm-l-yl]-3-methyl-l-oxobutan-2-

yl} cai'bamate 

*H NMR (400 MHz, DMSO-d6) 6 ppm 0.76 (m,16 H) 0.89 (m, 3 H) 1.45 (m, 5 H) 1.70 (m, 2 H) 1.85 

(m, 1 H) 2.76 (d, 2 H) 3.17 (d, J=5.10 Hz, 2 H) 3.53 (s, 6 H) 3.87 - 4.13 (m, 4 H) 4.31 (m, 1 H) 5.17 

10 (d, 2 H) 5.36 (m, 3 H) 5.57 (s, 1 H) 5.89 (d, 2 H) 7.09 (m, 2 H) 7.18 - 7.25 (m, 1 H) 7.29 (m, 3 H) 

7.48 (m, 3 H) 12.22 (s, 2 H); MS (ESI+) m/z 987.4, (ES1-) m/z 985.2 (M-H)". 

Example 4.60 

15 methyl {(25)-l-[(2tS)-2-{5-[(2/2,5i?)-l-{3,5-difiuoro-4-[4-(pyrimidin-2-yl)piperaziii-l-yl3pheny]}-5-

{6-fluoro-2-[(25)-l-{(25,)-2-[(methoxycarbonyl)ammo3-3-methylbutanoyl}pyrrolidin-2-yl]-l/f-

benzimidazol-5-yl}pyiTolidin-2-yl]-6-fluoro-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-

oxobulan-2-y 1} carbamate 
SH NMR (400 MHz, DMSO-4) 5 ppm 0.67 - 0.93 (m, \ 2 H) 1.99 (m, 16 H) 2.18 (m, 4 H) 2.87 (m, 4 

20 H) 3.53 (s, 6 H) 3.56 m, 2H) 3.74 (m, 10 H) 5.11 (m, 2 H) 5.53 (m, 2 H) 5.90 (m, 2 H) 6.60 (t, J=4.72 

Hz, 1 H) 7.04 (m, 2 H) 7.32 (m, 4 H) 8.33 (d, J=4.77 Hz, 2 H) 12.14 (s, 1 H) 12.22 (s, IH); MS 

(ESI+) m/z 1066.4, (ES1-) m/z 1064.1 (M-H)". 

ABS 
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ABS 

Example 4.61 

methyl {(25)-l-[(2£)-2-{5-[(2£,5tf)-H3,5-difluoro-4-[4-(5-methyl-2-thienyl)piperidin-l-ylJphenyl}~ 

5-{6-fluoro-2-[(25)-l-{(26)-2-[(methoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-

ben2imidazol-5-yl}pyiTolidm-2-yl]-6-fluoro-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-i-

oxob utan-2-y 1} carbarn ate 

IH NMR (400 MHz, DMSO-D6) 5 ppm 0.71 - 0.98 (m, 12 H), 1.49 - 2.31 (m, 18 H), 2.42 (s, 3 H), 

2.87 - 3.11 (m, J=14J Hz, 5 H), 3.59 (s, 6 H), 3.77 - 3.94 (m, .7-9.1 Hz, 4 H), 4.05 - 4.17 (m, 2 H), 

5.08 - 5.26 (rn, 2 H), 5.53 - 5.74 (m, 2 H), 5.89 - 6.05 (m, 2 H), 6.64 (d, J=2.4 Hz, 1 H), 6.68 (d, J= 3.5 

Hz, 1 H), 7.04 - 7.14 (mf 1 H), 7.16 - 7.25 (m, 1 H), 7.31 - 7.53 (m, 4 H), 12.09 - 12.23 (m, 1 H), 

12.26-12.41 (m, 1 H); MS (ESI) m/z 1083.3 (M+H). 

ABS 

F F 
Example 4.62 

methyl {(25)-l-[(25)-2-{5-[(2i2,5i2)-l-[3,5-diftuoro-4-(4-fluoro-4-phenylpiperidin-l-yl)phenyl]-5-{6-

fluoro-2-[(2£)-l-{(25)-2-[(methoxycarbonyl)amino]-3-methylbulanoyI}pyrrolidin-2-yl]-l/f-
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benzimidazol~5-yl}pyiTolidin-2-yl]-6-fluoro-l/f-benzimidazol-2-yl}pyrrolidin-l -yl]-3-methyl-l-

UAuuuian-^-^ i j ^cu U<M±L<XI^ 

'HNMR (400 MHz, DMSO) 8 0.84 - 0.69 (m, 12H), 0.90 - 0.84 (m, 2H), 1.93 - 1.76 (m, 7H), 2.00 

(dd, J = 6.8, 14,5, 8H), 2.23 - 2.12 (m, 5H), 3.52 (s, 6H), 3.87 - 3.73 (m, 4H), 4.08 - 3.97 (m, 2H), 

5 5.16 - 5.06 (m, 2H), 5.65 - 5.48 (m, 2H), 5.99 - 5.86 (m, 2H), 7.06 (d, J = 6.7, IH), 7.15 (d,/= 6.9, 

1.H), 7.31 (d, J = 7.0, 3H), 7.36 (d, J= 7.7, 2H), 7.41 0,7-7.6, 4H), 12.19 (d, 7 =44.3, 2H). MS 

(ESI) m/z 1081 (M+H)+. 

10 Example 5.1 

methyl {(25)-1 -[(25)-2-{5-[(2^,5i?)-l-[3:5~difIuoro-4-(4-pherLylpiperidin~l-yl)phenyI]-5-{2-[(25)-l -

{(25)-2-[(methoxycarbonyl)amiiio]-3-methylbutanoyl}pyiTolidin-2-yl]-l//-benzimidazol-5-

yl}pyrrolidin-2-yl]-l /7-benzimidaz.ol-2-yl}pyrrolidm-l-yl]-3-methyl-l-oxobutan-2-y]} carbamate 

In a 250 mL round-bottomed flask cooled in an ice bath was added (>S,)-6,6,-((2jr?,5i?)-l-(3,5-

15 difluoro-4-(4-pheny]piperidm-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-((1S)-pyrrolidin-2-yl)-l//-

benzo[d]imid.azole) (2.57 mmol), (5)~2-(methoxycarbonylamino)-3-methylbutanoic acid (0.945 g, 

5.40 mmol) and l//-beiizo[^i][l,2,3]lTiazol-l-ol hydrate (0.984 g, 6.43 mmol) in DMF (25 mL) to give 

an orange solution. 4-Methylmorpholine (2.83 mL, 25.7 mmol) and Af1-((ethylimino)methylene)-

A^NMimethylpropane-i. ,3-diamine hydrochloride (1.232 g, 6.43 mmol) were added, and the mixture 

20 was stirred at ambient temperature for 2 hours and then diluted into EtOAc. The EtOAc layer was 

washed with aqueous saturated NaHCO}, HjO, and saturated NaCl. The organic layer was treated 

with 3-mercaptopropyl silica for 1 hour, dried (Na2S04), filtered and concentrated to a yellow foam 

(2.74 g). Purification by flash cliromatography on a 120 g silica cartridge eluting with 2-5% methanol 

in dichloromethane afforded 1.7 g (61%) of the title compound as a yellow powder. The title 

25 compound can additionally be purified by recrystailizalion from acetonitrile. 'H NMR (400 MHz, 

DMSO-i6) 8 ppm 0.73 - 0.91 (m, 12 H) 1.60 - 1.74 (m, 6 H) 1.86 - 2.04 (m, 6 H) 2.17 - 2.30 (m, 4 H) 

2.52 - 2.53 (m, 4 H) 2.84 - 3.02 (m, 4 H) 3.52 - 3.56 (m, 6 H) 3.78 - 3.87 (m, 3 H) 4.00 - 4.12 (m, 2 H) 
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5.10-5.18 (m, 2 H) 5.32 - 5.42 (m, 2 H) 5.88 - 5.95 (m, 2 H) 7.05 - 7.33 (m, 11 H) 7.41 (d, J=8.24 

Hz, 1 H) 7.50 (d, J—8.35 Hz, 1 H) 11.97 • 12.30 (in, 2 H); MS (ESI+) m/z 1027 (M+H)'. 

A3S 

5 Example 5.2 

methyl {(21S)-l-[(21S)-2-{5-[(2i2,5i?)-l-[4-(4,4-djphenylpiperidin-l-yl)-3)5-difluorophenyl]-5-{2~[(2,S)-

l-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-5-

yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate 

In a 100 mL round bottom was added (5)-6,6'-((2/2,5i?)-1-(4-(4,4-diphenyIpiperidin-1-yl)-

10 3,5-difliJorophenyl)pyrrolidine-2,5-diyl)bis(2-((5)-pyiTolidin-2-yl)-lff-benzo[rf]imidazole) (0.385 g, 

0.488 mmol), (5)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.180 g, 1.025 mmol), and 1H-

benzo[J][l,2,3]triazol-l-ol hydrate (0.187 g, 1.220 mmol) in DMF (25 mL) to give an orange 

solution. 4-Methylmorpholine (0.537 mL, 4.88 mmol) and ^-((ethyiimino^nethylene)-^,^5-

dimethylpropane-l,3-diamine hydrochloride (0.234 g, 1.220 mmol) were added, and. the mixture was 

15 stiired at ambient temperature for 2 hours and then diluted with EtOAc. The organic solution was 

washed sequentially with saturated NaHCOs, H20. and saturated NaCl. The organic layer was treated 

with 3-mercaptopropyl silica for 1 hour, dried (Na2S04), filtered and concentrated to a yellow foam. 

Purification by flash chromatography on a 24 g silica cartridge eluting with 2-7% methanol in CH2CI2 

provided material that was 90% pure by HPLC. A second cliromatogi'aphy of selected fractions 011 a 

20 12 g silica cartridge eluting with 2-5% methanol in CH2CI2 gave the title compound as a cream 

colored solid (100 mg, 17%). ]H NMR (400 MHz, DMS0-4) S ppm 0.76 - 0.91 (m, 12 H) 1.68 (d, 

J=4.01 Hz, 2 H) 1.85 - 2.07 (m, 6 H) 2.19 (s, 4 H) 2.38 (s, 4 H) 2.86 (s, 4 H) 3.54 (s, 6 H) 3.82 (s, 4 

H) 4.06 (t, J—8.35 Hz, 2 H) 5.10 - 5.17 (m, 2 H) 5.34 (d, J=7.16 Hz, 2 H) 5.85 (d, J=12.79 Hz, 2 H) 

6.84 - 7.54 (m, 20 H) 12.06 (d, J-18.98 Hz, 2 H); MS (ESI+) m/z 1103 (M+H)". 

25 
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ABS 

Example 5.3 

methyl {f25,,3i?)-I-[(21S,)-2-{5-[(2y?;5/?)-l-[3,5-difluoro4-(4-phenylpiperidm-l-y])phenyl]-5-(2-{(25')^ 

1 -[jV-(methoxycarbonyl)-0-methyl-L-threonyl]pyrrolidin-2-yl}-l//-benziraidazol-5-yl)pyiTolidin-2-

5 ylJ-l/7-hcnzimidazol-2-yl}pyiTolidin-l-yl]-3-mcthoxy-l-oxobutan-2-y]}carbamate 

(5)-6,6^(2/?,5^)-1.-(3,5-Difliioro-4-(4-phenylpiperidin-] -yl)phenyl)pyrrolidine-2,5-

diyl)bis(2-((5)-pyrrolidin-2-y])-l//"-benzo[r/3imidazole) hydrochloride (0.12 g) was dissolved in 

dimethyl sulfoxide (2 mL) and treated with diisopropylethylamine (0.195 mL, 1.12 mmol) at ambient 

temperature followed by (25,3/?)-3-methoxy-2-(methoxycarboiiylamino)butanoic acid (0.059 g, 0.307 

10 mmol) and HATU (0.112 g, 0.293 mmol). After 1 hour, the solution was diluted with water and 

extracted into dichloromethane, concentrated and purified by chromatography., eluting with 0-8% 

methanol in dichloromethane to give 0.071 g of a yellow solid (48%). lH NMR (400 MHz, DMSO-

d6) 5 ppm 1.03 (dd, 1=18.22, 6.18 Hz, 6 H) 1.63 - 1.72 (m, 6 H) 1.99 - 2.08 (m, 6 H) 2.15 - 2.26 (m, 6 

H) 2.87 - 3.00 (m, 2 H) 3.10 (s, 3 H) 3.15 (s, 3 H) 3.17 - 3.20 (m, 1 H) 3.43 - 3.52 (m, 2 H) 3.54 (s, 6 

15 H) 3.79 - 3.89 (m, 4 H) 4.25 - 4.30 (m,2H) 5.11 - 5.18 (m, 2 H) 5.35 - 5.42 (m, 2 H) 5.87 - 5.95 (m, 2 

H) 7.09 (I, J=8.19 Hz, 2 H) 7.12 - 7.32 (rn, 9 H) 7.41 (d, J=8.35 Hz, 1 H) 7.49 (d, 1=8.78 Hz, 1 H) 

12,03 (s, 1 H) 12,10 (s, I H); MS (ESI+) m/z 1059.4 (M+H)+. 

AGS 

20 Example 5.4 
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methyl {(25)-l-[(25)-2-{5-[(2i?,5i?)-l-[3,5-difluoro-4-(4-phenylpiperidin-l-yl)phenyl]-5-{2-[(25')-l-
o iv <.1 —.1 1\.—-> J: o ..n i r.r u., ; „i <r _;-/.-[\_mouiUA_y^ai UUIIJJ iuuuuiuy i /pynuuuxu-^-y IJ-

yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}pyrrolidin-l -yl]-3,3-dimethy]-l-oxobutan-2-yl/carbamate 

(LV)-6,6,-((2^,5-fi)-l-(3,5-Difliioro-4-(4-phenylpipcridin-l-yl)phenyl)pyrrolidine-2,5-

5 diyl)bis(2-((.S,)-pyrrolidin-2-yl)-l//-benzo[rf]imidazo]c) hydrochloride (0.12 g) was dissolved in 

dimethyl sulfoxide (2 mL) and treated with diisopropylethylamine (0.195 mL, 1.12 mmol) at ambient 

temperature followed by (S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid (0.058 g, 0.307 

mmol) and HATU (0.112 g, 0.293 mmol). After 1 hour, the solution was diluted with water and 

extracted into dichloromethane. The organic phases were concentrated and purified by 

10 chromatography, eluting with 0-6% methanol in dichloromethane to give the title compound (0.065 g, 

44%) as a yellow solid . *H NMR (400 MHz, DM'SC)-d6) 5 ppm 0.89 (d, J=13.88 Hz, 18 H) 1.61 -

1.73 (m, 8 H) 1.95 - 2.08 (m, 4 H) 2.15 - 2.24 (m, 6 H) 2.86 - 3.02 (m, 4 H) 3.55 (s, 6 H) 3.78 - 3.85 

(m, 4 H) 4.23 (dd, J=8.89, 4.66 Hz, 2 H) 5.13 - 5.22 (m, 2 H) 5.33 - 5.43 (m, 2 H) 5.92 (dd, J=12.85, 

2.98 Hz, 2 H) 7.05 - 7.18 (m, 4 H) 7.20 - 7.29 (m, 5 H) 7.33 (s, 1 H) 7.42 (d, J=8.13 Hz, 1 H) 7.49 (d, 

15 1=8.46 Hz, 1 H) 12.05 (d,J=1.63 Hz, 1 H) 12.09 (d, 1=1.30 Hz, 1 H); MS (ESI+) m/z 1055.4 (M+H)+. 

ABS 

Example 5.5 

methyl {(26')-l-[(21S,,4^)-2-{5--[(2/^,5i?)-l"[3,5-difluoro-4-(piperidin-l-yl)phenyl]-5-{2-[(21S'f4/?)-4-

20 methoxy-l-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidiii-2-yl]-l/f-benzimidazol-

5-yl}pyrrolidm-2-yl]-l/:/-berizimidazol-2-yl}-4-methoxypyri-olidin-l-yl]-3-methyl-l-oxobutan-2-

yl} cai'bamate 

(1S',-S)-6!6'-((2i?,5j?)-l-(3,5-Difluoro-4-(piperidin-l -yl)phenyl)pyiTolidme~2,5-diyl)bis(2-

((21S,,4/?)-4-methoxypyn'o1idm-2-yl)-l/7-benzo[£f}imidazo3e) (0.20g, 0.287 mmol) was dissolved in 

25 dimethyl sulfoxide (3 mL) and treated with diisopropylethylamine (0.400 mL, 2.29 mmol) at ambient 

temperature followed by (<S)-2-(methoxycarbony]amino)-3-methylbutanoic acid (0.111 g, 0.631 

mmol) and HATU (0.229 g, 0.603 mmol). After 2 hours, the solution was diluted with water and 

extracted into dichloromethane. The organic layer was concentrated and purified by chromatography, 

eluting with 0-6% methanol in dichloromethane to give the title compound (0.163 g, 56%) as a yellow 

30 solid. !H NMR (400 MHz, DMSO-4) 8 ppm 0.71 - 0.84 (m, 12 H) 1.35 - 1.49 (m, 8 H) 1.69 (d, 
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J=5.42 Hz, 2 H) 1.83 - 1.94 (m, 2 H) 2.22 - 2.32 (m, 4 H) 2.76 (s, 4 H) 3.29 (s, 6 H) 3.54 (s, 6 H) 3.87 

(dd, J—11.11, 3.85 Mz, 2 H) 4.03 (q, .1=7.05 llz, 4 II) 4.2! (s, 2 II) 5.02 - 5.15 (m, 2 II) 5.36 (d, .1=3.25 

Hz, 2 H) 5.84 - 5.94 (m, 2 H) 7.04 - 7.11 (m, 2 H) 7.19 (s, 1 H) 7.27 - 7.34 (m, 3 H) 7.41 (d, J=8.24 

Hz, 1 H) 7.48 (d, J=8.24 Hz, 1 H) 12.13 (s, 1 H) 12.19 (s, 1 H); MS (ESI+) m/z 1011.6 (M+H)". 

N» •\ I V--N 
^ J, •'/ \ 

/ N* V / ~N 

V-T.O 

/0"A r~\ 
r\ •> 

Example 5.6 

dimethyl ({(2/2,5.K)-l-[3,5<lifluoro-4-(piperidm4-yl)phenyl]pyrrolidine-2,5-diyl}bis{li7-

benzimidazole-5,2-diyl(24S)pyrrolidine-2,l-diyl[(15)-l -cyclohexyl-2-oxoethane-2,l-

10 diyl]} )biscarbamatc 

(5)-6,6'-((2i2,5^)-l-(3,5-Difluoro-4-(piperidin-l-yl)phenyl)pyrrolidine-2,5-diyl)bis(2-((JS)-

pyrrolidin-2-yl)4//-benzo[7]imidazole) (0.192 g, 0.302 mmol) was dissolved in dimethyl sulfoxide (4 

m'L) and treated with diisopropylethylamine (0.421 mL, 2.41 mmol) at ambient temperature followed 

by (5)-2-cyclohexyl-2-(melhoxycarbonylarnino)acetic acid (0.143 g, 0.663 mmol) and HATU (0.241 

15 g, 0.633 mmol). After 1 hour, the solution was diluted with water and extracted into dichloromethane. 

The organic phase was concentrated, and the residue was purified by chromatography, eluting with 0-

8% methanol in dichloromethane to give the title compound (0.166 g, 53%) as a yellow solid. 'H 

NMR (400 MHz, DMSO-d6) 5 ppm 0.80 - 1.12 (m, 8 H) 1.36 - 1.70 (m, 24 H) 1.98 (d, J=4.45 Hz, 4 

H) 2.15 - 2.25 (m, 4 H) 2.75 (s, 4 H) 3.52 (s, 6 H) 3.81 (d, J=2.39 Hz, 4 H) 4.08 (q, J-8.57 Hz, 2 H) 

20 5.14 (d, J=4.23 Hz, 2 H) 5.36 (d, J=3.58 Hz, 2 H) 5.82 - 5.93 (m, 2 H) 7.1.0 (dd, J=13.93, 8.30 Hz, 2 

H) 7.15 - 7.28 (m, 4 H) 7.42 (d, J=7.37 Hz, I H) 7.48 (dd, 1-8.35, 1.84 Hz, 1 H) 12.00 (s, 1 H) 12.16 

(s, 1 H); MS (ESI+) m/z 1031.4 (M+H)"1'. 

25 Example 5.7 
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methyl {(2iS,)-l-{(21S)-2-{6-[(2i?,57?)-l-[4-(3,5-dimethylp2peridin-l-yl)-3,5-d.ifluorophenyl]-5-{2-[(2lS)-
i (Yicn "> T i ,,n 1 r:.r r-L- ucu uuiij' i jai nxu^j-j-uj.^uj_y IUU u:uiu_y ij ij- ix J-V^H£,I>UUJ.CI*L\.'X-\J-

yl}pyrrolidin-2-yl]4//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l--oxobutan-2-yl}carbamate 

Diisopropylethylamine (3 mL, 17.18 mmol) was added to a suspension of (5)-6,6'-((2i?,5i?)-l-

5 (4-(3,5-dimethylpiperidin-I-yl)-3,5-difluorophenyl)pyn'olidine-2,5-diyl)bis(2-((lS)-pyiTolidin-2-yl)-

l//-benzo[fi]imidazolc) (1.045 g, 1.572 mmol), (£)-2-(methoxycarbonylammo)--3-methylbutanoic acid 

(0.6852 g, 3.91 mmol), and HATU (1.4995 g. 3.94 mmol) in dichloromethane (20 mL). The reaction 

mixture was stirred, at ambient temperature for 30 minutes. The reaction was diluted with 

dichloromethane, washed with water (2*), brine (lx), and concentrated. The residue was purified by 

10 flash clii'omatography (2-5% mclhanol/dichloromethaiie) to afford the title compound (0.7107 g, 

46%0- *H NMR (400 MHz, DMSO-d6) 5 ppm 0.50 (q, J = 11.9, IH), 0.97 - 0.64 (m, 18H), 1.32 -

1.20 (m, 2H), 1.81 - 1.46 (m, 5H), 2.09 - 1.80 (m, 6H), 2.32 - 2.13 (m, 5H), 2.75 (dd, J = 10.0, 40.2, 

2H), 3.18 - 3.05 (m, IH), 3.54 (s, 6H), 3.82 (s, 4H), 4.14 - 3.95 (m5 2H), 5.14 (s, 2H), 5.36 (d, J = 7.2, 

2H), 5.88 (d, J - 12.8, 2H), 7.14 - 7.02 (m, 2H), 7.19 (s, IH), 7.33 - 7.23 (m, 3H), 7.41 (d, J = 8.2, 

15 IH), 7.49 (d, J = 8.2, IH), 12.37 - 1 1.98 (m, 2H); MS (ESI+) m/z 979 (M+H)+. 

ABS 
F 

F* : ,F 

/ \ 

Example 5.8 

methyl {(25)-]-[(2JS)-2-{5-[(2i2,5^)-l-{395-difluoro-4-[4-(uifluoromethyl)piperidin-l-yl]phenyl}-5-

20 {2-[(2£)-l-{(25>2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-

5-yl}pyrrolidin-2-yl]-l/7-benzimidazol-2-yi}pyrrolidin-i-yl]-3-mcthy!-l-oxobutan-2-yl}carbamate 

(5)-6,6,~((2i295i2)-l-(3,5-Difluoro-4-(4-(trifluoTomethyl)piperidin-l-yl)phcnyl)pyrroiidme-2)5-

diyl)bis(2-((5,)-pyrrolidin-2-yl)-l/f~benzo[^]imidazole) tetrahydrochloride (250 mg, 0.294 mmol) and 

(,5>2-(methoxyearbonylammo)-3-methyibu.tanoic acid (113 mg, 0.647 mmol) were combined in 

25 anhydrous DMF (3 mL) under nitrogen. HOBT hydrate (113 mg, 0.735 mmol) and EDAC (144 rag, 

0.735 mmol) were added. The amber-colored solution was cooled to 0 °C. 4-M ethy 1 morpholine 

(0.323 mL, 2.94 mmol) was added, the cooling bath was removed., and the reaction mixture was 

stin-ed at 20 °C. After 2 hours, the reaction was diluted with EtOAc (50 mL) and. washed with water 

(3X25 mL) and brine (25 mL). The organic phase was di'ied over anhydrous MgS04, filtered, and 
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concentrated by rotary evaporation to a tan solid (300 mg). An aliquot (50 mg) of crude material was 

dissolved in 2 mL acetonitrile and 2 mL 0.1% TFA in H20, and purified by RP-C18 HPLC (Waters 

Prep LC, 40 mm Module with Nova-Pak HR CIS 6jam 40' 100 mm Prep Pak cartridge) eluting with a 

30 minutes gradient of 95:5 0.1% TFA in HoO/acetonitrile to 25:75 0.1% TFA in H20/acetoiutnlc% 

5 then 10 minutes to 100% acetonitrilc at 20 mL/mimite (10 mL fractions). Pure fractions were treated 

with saturated aq NaHCO} (2 mL/tube), each tube was vortexed to thoroughly neutralize TFA, and the 

neutralized solutions were combined in a 250-mL round bottom flask. The acetonitrile was removed 

by rotary evaporation, and extracted the remaining aqueous phase with EtOAc (2*50 mL). The 

combined organic extracts were dried over anhydrous MgS04, filtered, and concentrated by rotary 

10 evaporation to afford the title compound as a white solid (18 mg). Repeated purification of an 

additional 100 mg as above by prep-HPLC in two 50-mg injections. Workup as above afforded 

additional title compound as a white solid (34 mg). NMR (400 MHz, DMSO-de) 8 ppm 0.73 -

0.90 (m, 12 H), 1.23 (s, 1 H), 1.34 - 1.49 (m, 2 H), 1.63 - 1.76 (m, 4 H), 1.83 - 2.04 (m, 6 H), 2.11 -

2.25 (m, 4 H), 2.84 (m, 4 H), 3.52 (s, 6 H), 3.81 (br s, 4 H), 4.00 - 4.09 (m, 2 H), 5.08 - 5.18 (m, 2 H), 

15 5.28 - 5.42 (m, 2 H), 5.89 (d, 7=12.79 Hz, 2 H), 7.06 (t, 7=7.26 Hz, 2 H), 7.16-7.32 (ra, 4 H), 7.39 (d, 

7-8.24 Hz, 1 H), 7.47 (d, 7=8.13 Hz, 1 H), 12.06 (two s, 2 H); MS (ESI+) m/z 1019 (M+H)\ 

*3S 

0=r( )=0 

/ \ 

Example 5.9 

20 methyl {(2S)-l-[(25)-2-{5-[(2^,5i?)-l-[4-(4-(ert-bmylpipcridm-l-yl)-3,5-difluoropheny]]-5-{2-[(2)S)-

l-{(2S)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidm-2-yl]-l//-benzimidazol-5-

yl}pyrrolidin-2-yl]-l./7-benzimidazol-2-yl}pyrrolidm-l-yl]-3~methyl-l-oxobutan-2-yl}carbamate 

(5)-6,6'-((2y?,5i?)-l-(4-(4-iert-Butylpiperidin-l-yl)-3,5-difluoTophenyl)pyrrolidmc-2,5-

diyl)bis(2-((lS)-pyrrolidin-2-yl)-177-benzo[73imidazole) tetrahydroch]oride (250 mg, 0.298 mmol) and 

25 (iS)-2-(methoxycarbonylamino)-3-metliylbutanoic acid (115 mg, 0.656 mmol) were combined in 

anhydrous DMF (3 mL) under nitrogen. HOBT hydrate (114 mg, 0.745 mmol) and EDAC (146 mg, 

0.745 mmol) were added, and then the amber-colored solution was cooled to 0 °C. 4-

Methylmorpholine (0.328 mL, 2.98 mmol) was added, the cooling bath was removed, and the reaction 

mixture was stirred at 20 °C. After 18 hours, the reaction mixture was diluted with EtOAc (50 mL), 
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washed with water (3X25 mL) and brine (25 mL). The organic phase was dried over anhydrous 

MgS04, filtered, and coiiccntratcd by rotary evaporation to a yellow solid. Prc-punficd by S1O2 flash 

chromatography (Alltech Extract-Clean™ column, 10 g bed) eluting with 3% CH3OH/CH2CI2 

afforded a yellow solid (119 mg). An aliquot (50 mg) of the residue was dissolved in 2 mL 

5 acetonitrile and 2 mL 0.1% TFA in H20, and purified by RP-C18 HPLC (Waters Prep LC, 40 mm 

Module with Nova-Pak HR C18 6 |im 40x100 mm Prep Pak cartridge) eluting with a 30 minutes 

gradient of 95:5 0.1% TFA in H20/acetonitrile to 25:75 0.1% TFA in H20/acetonitrile, then 10 

minutes to 100% acetonitrile at 20 mL/minute (10 mL fractions). Pure fractions were treated with 

saturated aq NaHCO-, (2 mL/tube), each tube was vortcxed to thoroughly neutralize TFA, and the 

10 solutions were combined in a 250-mL round bottom flask. The remaining 69 mg of material was 

purified by prep-HPLC as described above. The pure product-containing fi-actions were treated with 

saturated aq NaHC03 as above and combined in the same 250-mL round bottom flask. The 

acetonitrile was removed by rotary evaporation, the remaining aqueous phase was extracted with 

EtOAc (2^50 mL). The combined organic extracts were dried over anhydrous MgS04, filtered, and. 

15 concentrated by rotary evaporation to afford the title compoimd as a white solid (56 mg). 1H NMR 

(400 MHz, DMSO~76) 6 ppm 0.68 - 0.93 (m, 22 H), 1.09 - 1.25 (m, 2 H), 1.53 (d, .7=11.93 Hz, 2 H), 

1.63 - 1.75 (ra, 2 H), 1.80 - 2.08 (m, 7 H), 2.12 - 2.27 (m, 4 H), 2.71 - 2.91 (m, 5 H), 3.54 (s, 6 H), 

3.82 (br s, 4 H), 4.06 (1,7=8.35 Hz, 2 H), 5.09 - 5.19 (m, 2 H), 5.30 - 5.44 (m, 2 H), 5.89 (d, 7-12.69 

Hz, 2 H), 7.02 -7.11 (m, 2 H), 7.17 - 7.32 (m, 4 H), 7.40 (d, 7=8.24 Hz, 1 H), 7.49 (d, 7=8.13 Hz, 1 

20 H), 12.07 (two s, 2 H); MS (ES1+) m/z 1007 (M+H)"1. 

A3 5 

Example 5.10 

methyl {(26>l-[(21S)-2-{5-[(27?,5^)-l-[4-(4,4-dimethylpiperidm-l-yl)-3,5-difluorophenyl]-5-{2-[(25)-

25 l-{(21S)-2-[(methoxycarbonyl)ainino]-3-methylbiitanoyl}pyiTolidin-2-yl]-177-benzimidazol-5-

yl}pyrrolidin-2-yl3-l//-benzimidazol-2-y]}pyiTolidin-l-yl]-3-melhyl-l-oxobutan-2-yl}carbamate 

(^)-6,6L((27?,57?)-l-(4-(4,4-Dimethylpiperidin-l-yl)-3)5-difluoropheiiy])pyrrolidine-2,5-

diyl)his(2-((S)-pyrrolidm-2-yi)-17/-benzo[7]imidazole) pentahydrochloride (250 mg, 0.295 mmol) 

and (Sy2-(methoxycarbonylamino)-3-melhylbutanoic acid (109 mg, 0.620 mmol) were combined in 

30 anhydrous DMF (3 mL) under nitrogen. HOBT hydrate (104 mg, 0.679 mmol), and. EDAC (133 mg, 
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0.679 mmol) were added, and then the amber-colored solution was cooled to 0 °C. 4-
•',„* f(\ "2 0C wvT AC ,-vsw%,%1\ «AAr*A 4U(V UM-U A + svA^uj/yxiuvi|moiiu^ knx^y mXAIVJA; VV<IO auutu, UJO LHXILI wa^ I^AHUV^U, aJIU. UAV i^a^uvu 

mixture was stirred at 20 °C. After 2 hours, the reaction mixture was diluted with EtOAc (50 mL), 

and washed with water (3X25 mL) and brine (25 mL). The organic phase was dried over anhydrous 

5 MgS04, filtered, and concentrated by rotary evaporation to a tan solid. Purification by Si02 flash 

chromatography (3.8 cm* 15 cm) eluting with a step gradient of 3% to 4% CH3OH/CH2CI2 afforded 

the title compound as a solid (115 mg). An aliquot (50 mg) was dissolved in 1.5 mL acetonitrile and 

1.5 mL 0.1% TFA in H20, and purified by RP-C18 HPLC (Waters Prep LC, 40 mm Module with 

Nova-Pak HR C18 6 jj.m 40x100 mm Prep Pak cartridge) eluting with a 30 minutes gradient of 95:5 

10 0.1% TFA in HjO/acetonitrile to 25:75 0.1% TFA in H20/acetonitrile, then 10 minutes to 100% 

acetonitrile at 20 mL/minute (10 mL fractions). Pure fractions were treated with saturated aq 

NaHCO;) (2 mL/tube), each tube was vortexed to thoroughly neutralize TFA, and the solutions were 

combined in a 250-mL round bottom flask. Acetonitrile was removed by concentration in vacuo. The 

remaining aqueous phase was extracted with EtOAc (2><50 mL). The combined organic extracts were 

15 dried over anhydrous MgS04, filtered, and concentrated by rotary evaporation to afford the title 

compound as a white solid (33 mg). The remaining 65 mg of impure product (from silica gel column) 

were purified by RP-C18 prep HPLC as described above to obtain additional title compound as a 

white solid (33mg). lH NMR (400 MHz, DMS0-76) 5 ppm 0.75 - 0.91 (m, 12 H), 0.87 (s5 6 H), 1.21 

- 1.35 (m, 4 H), 1.63 - 1.77 (m, 2 H), 1.81 - 2.09 (m, 6 H), 2.11 - 2.29 (m, 4 H), 2.49 - 2.59 (m, 2 H), 

20 2.76 (s, 4 H), 3.54 (s, 6 H), 3.82 (br s, 4 H), 4.06 (t, .7=8.46 Hz, 2 H), 5.09 - 5.22 (m, 2 H), 5.30 - 5.44 

(m,2H), 5.89 (d, 7=12.79 Hz, 2 H), 7.03-7.11 (m, 2 H), 7.17-7.32 (ra, 4 H), 7.41 (d, 7=8.13 Hz, 1 

PI), 7.49 (d, 7=8.02 Hz, 1 H), 12.07 (two s, 2 H); (ESI+) m/z 979 (M+H)'*"; MS (ESI-) m/z 977 (M-H)". 

25 Example 5.11 

methyl {(21S,)-l-[(25,)-2-{5-[(27?;5^)-l-[4-(6-azaspiro[2.5]oct-6-yl)-3,5-difluorophenyl]-5-{2-[(26>l-

{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-5-

yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 
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(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (119 mg, 0.680 mmol) were combined in 

anhydrous DMF (3 mL) under nitrogen. HOBT hydrate (118 mg5 0.773 mmol) and BDAC (151 mg, 

5 0.773 mmol), were added, and then the amber-colored solution was cooled to 0 °C. 4-

Methylmorpholine (0.340 mL, 3.09 mmol) was added, the cooling bath was removed, and the reaction 

mixture was stirred at 20 °C. After 16.5 hours, the reaction mixture was diluted with FstOAc (50 mL), 

and washed with water (3><25 mL) and brine (25 mL). The organic phase was dried over anhydrous 

M.gS04, filtered, and. concentrated, by rotary evaporation to a yellow solid. Pre-piirificalion by Si02 

10 flash chromatography (Alltech Extract-Clean™ column, 10 g bed) eluting with 3% CH1OH/CH2CI2 to 

afforded a beige solid (172 mg). An aliquot (50 mg) was dissolved in 1.5 mL acetonitrile and 1.5 mL 

0.1% TFA in H20, and purified by RP-C18 HPLC (Waters Prep LC, 40 mm Module with Nova-Pak 

HR C18 6 pm 40*100mm Prep Pak cartridge) eluting with a 30 minutes gradient of 95:5 0.1% TFA 

in H20/acetonitrile to 25:75 0.1% TFA in H20/acetonitrile, then 10 minutes to 100% acctonitrile at 20 

15 mL/minute (10 mL fractions). Pure fractions were treated, with saturated aq NaHC03 (2 mL/tube), 

each tube was vortexed to thoroughly neutralize TFA, and the solutions were combined in a 250-mL 

round bottom flask. Two additional 50 mg lots were purified by prep-HPLC as described above, and 

the pure product-containing fractions were treated with saturated, aq NaHC03 as above and. combined 

in the same 250-mL round bottom flask. The acetonitrile was removed by concentration in vacuo, 

20 ancl the remaining aqueous phase was extracted with EtOAc (2*50 mL). The combined organic 

phases were dried, over anhydrous MgS04, filtered, and concentrated by rotary evaporation to afford 

the title compound as a white solid (42 mg). 'H NMR (400 MHz, DMSO-^) 5 ppm 0.22 (s, 4 H), 

0.72 - 0.93 (m, 12 H), 1.21 - 1.36 (rn, 5 H), 1.61 - 1.78 (m,2H), 1.83 - 2.08 (m, 7 H), 2.13-2.27 (m, 

4 H), 2.81 (br s, 4 H), 3.53 (s, 6 H), 3.82 (br s, 4 H), 4.06 (t, ./-8.40 Hz, 2 H), 5.10-5.19 (m, 2 H), 5.29 

25 - 5.45 (m, 2 H), 5.90 (d, ,7-12.79 Hz, 2 H), 7.02 - 7.32 (m, 6 FI), 7.41 (d, ,7-8.24 Hz, 1 H), 7.49 (d, 

.7=8.24 Hz, 1 H), 12.07 (two s, 2 H); MS (ESI+) m/z 977 (M+H)\ 

0 o / 

Example 5.12 
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methyl {(25')-l-[(2>S)-2-{5-[(2./?,5i?)-l-[4-(3-azaspiro[5.5]imdec-3-yl)-3,5-difluorophenyl]-5-{2-[(25)-

i - \ vcu xj~w»~xiJ.vi-iij ifuuiiiu) ij n -j J J- X Z i-uuiii-n - -

y 1 }pyr.rolidin-2-yl]- 17f-benzimid.azol-2-yl} pyrrolidin-1 -y lJ-3-mcthy 1-1 -oxobutan-2-yl }carbamate 

(5')-6,6'-((2i?,5./?)-l-(3,5-Difluoro-4-(3-azaspiro[5.5]"uiideoan-3-yl)pheny])pyrrolidine-2,5-

5 diyl)bis(2-((5)-pyrrolidin-2-yl)-17/-benzo[7]imidazole) tetrahydrochloride (250 mg, 0.294 mmol) and 

(5)-2-(methoxycarbonylamino)-3-methylbutanoic acid (113 mg, 0.646 mmol) were combined in 

anhydrous DMF (3 mL) under nitrogen. HOBT hydrate (113 mg, 0.735 mmol) and EDAC (144 mg, 

0.735 mmol), were added, and then the mixture was cooled to 0 °C. 4-Methyimorpholine (0.323 mL, 

2.94 mmol) was added, the cooling bath was removed, and the reaction mixture was stirred at 20 °C 

10 for 18 hours. The reaction mixture was diluted with EtOAc (50 mL) and washed with water (3*25 

mL) and brine (25 mL). The organic phase was di'ied over anhydrous MgS04, filtered, and 

concentrated by rotary evaporation to a beige foam. The crude material was purified by Si02 flash 

chromatography (3.8 cmxl 5 cm) eluting with 4% CH3OH/CH2CI2 to afford the title compound as a 

white solid (82 mg). 'H NMR (400 MHz, DMSO-t/g) 8 ppm 0.72 - 0.93 (m, 12 H), 1.22 - 1.41 (m, 15 

15 H), 1.63 - 1.74 (m, 2 H), 1.80 - 2.07 (m, 7 H), 2.12 - 2.27 (m, 4 H), 2.75 (s, 4 H), 3.54 (s, 6 H), 3.82 

(s, 4 H), 4.06 (I, .7=8.40 Hz, 2 H), 5.14 (d, .7-1.19 Hz, 2 H), 5.27 - 5.42 (m, 2 H), 5.88 (d, .7-12,69 Hz, 

2 H), 7.03 - 7.11 (m, 2 H), 7.20 (s, 1 H), 7.29 (d, 7=5.96 Hz, 3 H), 7.40 (d, .7=8.24 Hz, 1 H), 7.49 (d, 

.7=8.24 Hz, 1 H), 12.07 (m, 2 H); MS (ESI+) m/z 1019 (M+H)"", (ESI-) m/z 1017 (M-H)". 

ABS 

Example 5.13 

methyl {(2lS}-l-[(2lS')-2-{5-[(2j!?;5-S)-l-[4--(l,3-dihydro-2H-isoindol-2-yl)-3,5-difluorophenyl]"5-{2-

[(25)-l-{(21S)-2-[(methoxycarbonyi)amino]-3-methylbi]tanoyl}pyrrolidin-2-yl]-17/-benzimidazol-5-

yl}pyrrolidm-2-yi]-177-benzimidazoi-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2~yl}carbamale 

25 (5,)-6,6'-((2^,57?)-l-(3,5-Difluoro-4-(isoindolin-2-yl)phenyl)pyiTolidine-2,5-diyl)bis(2-(((S')-

pyrroiidin-2-yl)-l/7-ben/o[<7}irnidazole) tetrahydrochloride (250 mg, 0.306 mmol) and (S)-2-

(methoxycarbonylamino)-3-methylbulanoic acid (11 8 mg, 0.673 mmol) were combined in anhydrous 

DMF (3 mL) under nitrogen. HOBT hydrate (117 mg, 0.765 mmol) and EDAC (150 mg, 0.765 

mmol) were added, then the amber-colored solution was cooled, to 0 HC. 4-Methylmorpholine (0.337 
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mL, 3.06 mmol) was added, the cooling bath was removed, and the reaction mixture was stirred at 20 

°r for {6 hours. The reaction mixture was diluted with EtOAc (50 mL) and this mixture was washed 

with water (3X25 mL) and brine (25 mL). The organic phase over dried over anhydrous MgS04, 

filtered, and concentrated by rotary evaporation to a greenish-yellow solid. The solid was purified by 

5 Si02 flash chromatography (3.8 cm><15 cm) eluting with 4% CH30H/CH2C12 to afford an off-white 

solid (104 mg). An aliquot (52 mg) was dissolved acetonitrile (2 mL) and 0.1% TFA in H20 (2 mL) 

and purified by RP-C18 HPLC (Waters Prep LC, 40 mm Module with Nova-Pak HR C18 6 jam 

40x100 mm Prep Pak cartridge) eluting with a 30 minutes gradient of 95:5 0.1% TFA in 

H20/acetonitrile to 25:75 0.1% TFA in H20/acetonitrile, then 10 minutes to 100% acetonitrile at 20 

10 mL/minute (10 mL fractions). Pure fractions were treated with saturated aq NaHC03 (2 mL/tube), 

each tube was vortexed to thoroughly neutralize TFA, and the solutions were combined in a 500-mL 

round bottom flask. The remaining 52 mg of material were purified by prep-HPLC as described 

above and the pure product-containing fractions were treated with saturated aq NaHCO; as described 

above. The product containing fractions were combined in the same 500-mL round bottom flask. 

15 The acetonitrile was removed by rotary evaporation. The remaining aqueous phase was extracted 

with EtOAc (2X50 mL). The combined organic phases were dried over anhydrous MgS04, filtered, 

and concentrated by rotary evaporation to afford the title compoimd as a white solid (88 mg). 1 Fi 

NMR (400 MHz, DMSO-76) 8 ppm 0.75 - 0.92 (m, 12 H), 1.61 - 2.08 (m, 8 H), 2.11 - 2.26 (m, 3 H), 

2.57 (s, 2 H), 3.54 (s, 6 H), 3.83 (s, 4 H), 4,07 (t, ,7-8.29 Hz, 2 H), 4.26 - 4.43 (m, 4 H), 5.10 - 5.23 

20 (m, 2 H), 5.33 - 5.50 (m, 2 ii), 5.99 (df 7=12.79 Hz, 2 H), 7.09 (t, 7=6.83 Hz, 2 H), 7.20 (s, 4 H)f 7.22 

- 7.37 (m, 4 H), 7.42 (d, 7=8.24 Hz, 1 H), 7.50 (d, 7=8.13 Hz, 1 H), 12.09 (m, 2 H); MS (ESI+) m/z 

985 (M+H)"5', (ESI-) m/z 983 (M-H)". 

ABS 

o==C y=o 

25 Example 5.14 

methyl {(21y)-l-[(21S)-2-{5-[(27?;57?)-]-[4-(l,4-dioxa-8-azaspiro[4.5]dec-8-yl)-3,5-difluoroplienyl]-5-

{2-[(2/S)-l-{(25,)-2- [(methoxy carbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-

5-yl}pyrrolidin-2-yl]-l/7-benziimdazol-2-yl}pyrrolidin-l-yl]-3-methyl-l -oxobutan-2-yl} carbamate 

Part A 
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The compound 8-(4-((2i?,5i?)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-l-yl)-2,6-
j;n 1. i\ 1 A A: o r/i u.-. <. (|,„ ,,,<r uiiiuuiU|_mcnylj-! ,i--uiUAti-o-ciz,<ij>pi.tu[-r.->juc^mic um uo ucuiMutiucu. iv^nuwiiig uiv mviuuvin m 

General Procedure 8.1 and General Procedure 9D (Pt02) to obtain dimethyl f2S,2\S')-1,1 L((2»S',2,IS)-

2,2,-(4,4,-((2i?,5i?)-l-(3,5-difliioro-4-(l>4-dioxa-8-azaspiro[4.5]decan-8-yl)pheTiyl)pyrroIidme-2,5-

5 diyl)bis(2-amino-4,l-phcnyleiie))bis(azancdiyl)bis(oxomethyiene)bis(pyrrolidine-2,l-diyl))bis(3-

mcthyl-1 -oxobutane-2,1 -diyl)dicarbamate. 

Part B 

In an oven-dried 10-mL round bottom flask, dimethyl (25;2,1S)-l,l'-((25'f2,5)-2,2,-(4,4'-

((2i2!5i?)-l-(3;5-difluoro-4-(l,4-dioxa-8-azaspiro[4.5]decan-8-yl)phenyl)pyrrolid.hie-2,5-diyl)bis(2-

10 amino-4,l-phenylene))bis(azanediyl)bis(oxomethylcne)bis(pyrrolid.me-2,l-d.iyi))bis(3-methyl-l-

oxobutane-2,1-diyl)dicarbamate (200 mg, 0.191 mmol) was dissolved in anhydrous toluene (2 mL) 

under nitrogen. Glacial acetic acid (0.110 mL, 1.914 mmol) was added, and the solution was stirred 

in an oil bath at 60 °C. After 1.5 hours, the reaction mixture was cooled to room temperature, diluted 

with EtOAc (50 mL), and washed with saturated aq NaHC03 (25 mL). The organic phase was dried 

15 over anhydrous MgSO.*, filtered, and concentrated by rotary evaporation to afford the crude title 

compound as a tan solid (185 mg). An aliquot (93 mg) of the impure material was dissolved 

acetonitrile (2 mL) and 0.1% TFA in H20 (2 mL) and purified by RP-C18 HPLC (Waters Prep LC, 40 

mm Module with Nova Pak HR CIS 6 um 40x100 mm Prep Pak cartridge) eluting with a 30 minutes 

gradient of 95:5 0.1% TFA in H20/acetonitrile to 25:75 0.1% TFA in HjO/acetouitrile. then 10 

20 minutes to 100% acetonitrile at 20 mL/minute. Pure fi-actions were immediately treated with 

saturated aq NaHCOj (2 mL/tube), each tube was vortexed to thoroughly neutralize TFA, and the 

solutions were combined in a 500-mL round bottom flask. The remaining 92 mg were purified by 

preparative-HPLC as described above and the pure product-containing fractions were treated, with 

saturated aq NaHCO.3 as described, above. The additional fractions were combined in the same 500-

25 mL round bottom flask. The acetonitrile was removed by rotary evaporation, and the remaining 

aqueous phase was extracted with EtOAc (2><50 mL). The combined organic extracts were dried over 

anhydrous MgS04, filtered, and concentrated by rotary evaporation to afford the title compound as a 

white solid (103 mg). IH NMR (400 MHz, DMSO-c/e) 8 ppm 0.73 - 0.94 (m, 12H), 1.51 - 1.61 (m, 4 

H), 1.63 - 1.75 (m, 2 H), 1.83 - 2.10 (m, 8 H), 2.13 - 2.29 (m, 4 H), 2.86 (s, 4 H), 3.54 (s, 6 H), 3.83 

30 (s, 8 H), 4.06 (t, 7=8.51 Hz, 2 H), 5.09 - 5.21 (m, 2 H), 5.30 - 5.42 (m, 2 H), 5.90 (d, J-12.69 Hz, 2 

H), 7.01 - 7.12 (m, 2 H), 7.17 - 7.32 (m, 4 H), 7.40 (s, 1 H), 7.49 (d, .7-8.24 Hz, 1 H), 11.71 - 12.53 

(m, 2 H); MS (ESI+) m/z 1009 (M+H)"1, (ESI-) m/z 1007 (M-H)". 
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O O / \ 

Example 5.15 

methyl {(25)44(25)-2-{5-[(2i?,5./?)-l-[3,5-difluoro-4-(4-phenyl-3,6-dihydropyridin-l(2H)-

yl)phenyl]-5-{2-[(25>l-{(2£)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yi]-l/:/"-

5 benzimidazol-5-yl}pyrrolidin-2-yl]-l/:f-benzimidazol-2-yl}pyrrolidiii-l-yl]-3-methyl-l-oxobutaii-2-

yl}carbamate 

Part A 

The compound l-(4-((2j?,5^)-2,5-bis(4-chloro-3~nitrophenyl)pyrrolidin-l-yl)-2,6-

difluorophenyl)-4-phenyj-l ,2,3,6-tetrahydropyridinc can be transformed following the methods of 

10 General Procedure 8.1 and General Procedure 9E to obtain dimethyl (2S,2'Sy\,V~{(2S,TS)-2,2'~{A^-

((2i2,5/^)~l~(3!5~difluoro-4-(4-phcnyl-5,6-dihydropyridin-l (2H)-yl)phenyl)pyrrolidme-2,5-diyl)bis(2-

amino-4,l-phenylene))bis(azaned.iyl)bis(oxomethylene)bis(pyrroiidine-2,l-diyl))bis(3-methyl-l-

oxobutane-2,1 -diyl)di carbamate. 

PartB 

15 In an oven-dried 5-mL round bottom flask, dimethyl (2S,2'S)- 1,1 ,-((25',2'5')-212'-(4!4'-

((2^,5./?)-l-(3,5-difluoro-4-(4-phenyl-5,6-dihydropyridin-l(2H)-yI)phenyl)pyrrolidine-2,5-diyl)bis(2-

amino-4,l-phenylene))bis(azanediyi)bis(oxometb.ylene)bis(pyrrolidine-2,l-diyl))bis(3-methyl-l-

oxobuta.ne-2, l-diyl)d.icarbamate (75 mg, 0.071 mmol) was dissolved in anhydrous toluene (1 mL) 

under nitrogen. Glacial acetic acid (0.041 mL, 0.707 mmol) was added, and the solution was stirred 

20 in an oil bath at 60 °C. After 1.5 hours, the yellow reaction mixture was cooled to room temperature, 

diluted in EtOAc (50 mL), and washed with saturated aq NaHC03 (25 mL). The organic phase was 

di'ied over anhydrous MgS04, filtered, and. concentrated by rotary evaporation to a yellow solid (-80 

mg). The residue was dissolved in 2 mL acetonitrilc and 2 mL 0.1% TFA in H2O, and purified by 

RP-C18 HPLC (Waters Prep LC, 40 mm Module with Nova-Pak HR C18 6 p,m 40x 100 mm Prep Pak 

25 cartridge) eluting with a 30 minutes gradient of 95:5 0.1% TFA in H20/acetonitrile to 25:75 0.1% 

TFA in HsO/acetonitrile, then 10 minutes to 100% acetonitrilc at 20 mL/minule (10 mL fractions). 

Pure fractions were treated with saturated aq NaHCOs (2 mL/tube), each tube was vortexed to 

thoroughly neutralize TFA, and the solutions were combined in a 250-mL round bottom flask. The 
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acelonitrile was removed by rotary evaporation, and the remaining aqueous phase was extracted with 
RtHAn O V^A TYi T /vtTrOv>i/^ r\-\ r&v -PJ1 -iamA r»/\rv 1-/i w y*- • J. 1 ui gjUjiiv piAttov w ca-o vu J ^V) yj Y^I vuv/ua AVJ.£IJV''49 nitvmi, tfciivi v\;iiwnuuivu 

by rotary evaporation to afford the product as an off-white solid (34 mg). ;H NMR (400 MHz, 

DMSO-^e) 8 ppm 0.76 - 0.94 (m, 12 H), 1.70 (d, .7=4.55 Hz, 2 H), 1.83-2.10 (m, 6 H), 2.11 - 2.26 

5 (m, 3 H), 2.44 (s, 1 H), 2.56 (s, 4 H), 3.09 (s, 2 H), 3.48 (s, 2 H), 3.54 (s, 6 H), 3.82 (s, 4 H), 4.07 (t, 

.7=8.35 Hz, 2 H), 5.09 - 5.22 (m, 2 H), 5.30 - 5.46 (m, 2 H), 5.95 (d, .7=12.90 Hz, 2 H), 6.09 (s, 1 H), 

7.04 - 7.17 (111, 2 H)? 7.19 - 7.25 (m, 2 H), 7.26 - 7.34 (m, 5 H), 7.36 - 7.45 (m, 3 H), 7.50 (d, ,7=8.35 

Hz, 1 H), 11.71 - 12.63 (m, 2 H); MS (ESI+) m/z 1025 (M+H)+, (ESI-) m/z 1023 (M-H)'. 

ABS 

Example 6.1 

methyl {(21S)-l-[(21S)-2-{5-[(27e,5/?)-l-(4-tert-buty1phenyl)-5-{5-fluoro-2-[(2iS)-l-{(21S)-2-

[(mcthoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-lif-benzimidazol-6-yl}pyrrolidin-2-

yl]-6-f]uoro-l//-benzimidazol-2-yl}pyrrolidm-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

15 To 6,6'-[(2^,5S)-l-(4-fer/-butylphenyl)pyrrolidine-2!5-diyi]bis{5-f]uoro-2-[(25)-pyrrolidin-2-

yl]-l//-benzimidazolc} was added DMF (1.0 ml.) followed by ,¥-methylmorpholine (0.045rnL, 0.41 

mmol), (£)-2-(methoxycarbonylamino)-3-methylbutanoic acid (15mg, 0.09 mmol), EDC (20mg, 0.1 

mmol) and HOBT (16mg, 0.1 mmol). The solution was stirred at room temperature for 18 hours. 

The reaction mixture was diluted with EtOAc, washed with H?„0 and brine, dried (Na2S04), filtered. 

20 and. concentrated. The product was purified by reverse-phase HPLC chromatography (5-100% 

CH3CN/0.1%TFA-H20); the desired fractions were neutralized with aqueous NaHC03 solution, 

extracted with EtOAc, dried, filtered and solvent evaporated to give the title compound (6.7mg, 7.2 

l_imol, 18%): !HNMR (400 MHz, CDC13) 8 ppm 10.48 (m, IH) 10.25 (m, IH) 7.39 (m, IH) 7.14 (ra, 

IH) 6.98 (m, 3H) 6.29 (m, IH) 5.54 (br s, IH) 5.34 (br s, 4H) 4.31 (m, IH) 3.82 (m, 2H) 3.70 (s, 6H) 

25 3.51-3.65 (m, 2H) 3.03 (br s, 2H) 2.51 (br s, 2H) 2.23-2.40 (m, 2H) 2.14 (m, 4H) 1.95 (m, 4H) 1.27 

(m, 2H) 1.09-1.23 (m, 9H) 1.07 (m, 3H) 0.87 (m, 9H) 0.67-0.79 (m, 2H); MS (ESI) m/z 924 (M+H)". 
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ABS 

Example 6.2 

methyl {(25)-l-[(ZS)-2-{5"[(2^,553-l-(4-/ert-butylphenyl)-5-{5-fluoro-2-[(2^-l-{(25)-2-

[(methoxycaibonyi)amino]-3-mcthylbutanoyl}pyrrolidin-2-yl]-l/-/-be:nzimidazo]-6-yl}pyrroiidin-2-

5 yl3-6-fluoro-l//-bcnzimidazol-2-yl}pyrrolidin-l-yl3-3-methyl-l-oxobiitan-2-yl}carbamatc 

From the HPLC purification of Example 6.1, the cis isomer (6.4mg, 6.9[imol, 17%) was also 

obtained; ]H NMR (400 MHz, CDC13) 5 ppm 11.62 (s, IH) 11.37 (s, IH) 7.45-7.55 (m, 3H) 7.36 (d, 

IH) 7.04 (d, 2H) 6.92 (d, IH) 6.77 (d, IH) 6.41 (d, 2H) 5.36-5.40 (ra, 2H) 5.33 (m, IH) 5.07 (f IH) 

3.98-4.07 On, IH) 3.93 (m, IH) 3.74-3.86 (m, 2H) 3.72 (m, IH) 3.59 (m, 2H) 2.80 (m, IH) 2.50 (s, 

10 6H) 2.32 (s, 4H) 1.86-2.27 (m, 7H) 1.78 (m, IH) 1.17 (s, 9H) 0.86-1.01 (m, 9H); MS (ESI) m/z 924 

(M-HHT. 

The following example compounds 6.3-6.11 can be made from the appropriate listed 

intermediate amine following generally the method of Example 6.1: 

15 Intermediate amines: 

6,6'-[(2/?,5^)-l -(4-re7^-bulylphcnyl)pyiTolidme-2,5-diyl]bis{7-fliioro-2-[(2lS)-pyiTo]idm-2-yIj-l//-

benzimidazole} (ACD Name vl2); 

6f6'-[(2^,51S,)-l-(4-Ze7^bulylphenyl)pyn-olidine-2,5-diyl]bis{7-fluoro-2-[(2lS)-pyrrolidm-2-yl]-l/7-

benzimidazole} (ACDName vl2); 

20 6,6'-[(2/?,5i?)-l-(4-/er;~biitylphenyl)pyiTolidine-2,5-diyl]bis{7-chloro-2-[(2fS)-pyiTolidiii-2-yl]-l//-

benzimidazole} (ACDName vl2); 

6,6'-[(2^,51S')-1-(4-;er;-biilylphenyl)pyrroIidine-2?5-diyl]bis{7-chloro-2-[(2;S<)-pyrrolidin-2-y]3-l/f-

benzimidazole} (ACD Name vl2); 

6?6'-[(2i?;57?)-l-(4-^rJ-biitylphenyl)pyrrolidine-2,5-diyl]bis {7-methyl-2-[(25)-pyrrolidin-2-yl]-l//-

25 benzimidazole} (ACD Name v!2); 

6,6'-[(2i?,5,S,)-l-(4-fert-butylphenyl)pyrrolidine-2,5-diyl]bis{7-methyl-2-[(2)S')-pyrrolid.in-2-yl]-l//-

benzimidazole} (ACDName vl2); 

6,6'-{(2i<',5^)-l-[3-fluoro-4-(piperidin-l-yl)phenyl3pyiTolidine-2,5-diyl}bis{5-fluoro-2-[(2J5)-

pyrrolidin-2-yl]-1 //-benzimidazole} (ACD Name vl 2); 
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6,6'-{(2.ft,5/?)-l-[3,5-difliioro-4-(piperidra-l -yl)phenyl]pyrrolidine-2,5-diyl}bis{5-fluoro-2-[(25)-

yy Li\.)LiKiLiL~h~y ij-iii-vt anu 

6,6,-{(2^,5/?)-l-[3,5-difluoro-4-(4-phenylpiperidin-l-yl)phenyl]pyrroHdine-2,5-diyl}bis{5-flaoTo-2-

[(25)-pyrroiidin-2-yl]-U/-bcnzimidazole} (ACDName v!2). 

5 

ABS 

O / 

Example 6.3 

methyl {(25,)-I-[(21S)-2-{5-[(2i?,5/?)-l-(4-re/'r-buty]phenyl)-5-{7-fli]oro-2-[(21S)-l -{(25)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l/f-benzimidazol-6-yl}pyiTolidin-2-

10 yl]-4-fluoro-l//-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methyl-l-oxobutaii-2-yl} carbamate 
!H NMR (400 MHz, CDC13) 5 ppm 10.41-10.64 (m, 2H) 6.84-7.06 (m, 6H) 6.25-6.36 (m, 2H) 5.55-

5.68 (ra, IH) 5.25-5.46 (m, 4H) 4.27-4.40 (m, IH) 3.79-3.92 (m, 2H) 3.71 (s, 6H) 3.56-3.67 (m, 2H) 

3.03-3.27 (m, 2H) 1.S3-2.66 (m, 10H) 1.14 (s, 9H) 0.77-1.31 (m, 14H); MS (ESI) m/z 924 (M-H) . 

ABS 

0 

15 Example 6.4 

methyl {(25)~l-[(21S)-2~{5-[(2i?,55)-l-(4~ferf-biity]phenyl)-5-{7-fluoro-2-[(25)-l-{(2iS)-2-

[(methoxycarbonyl)amino]-3~methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-6-yl}pyiTolidm-2-

yl]-4-fluoro-l#-benzimkiazol-2-yl}pynx)lidm-l-yl]-3-methyl-l-oxobutan-2-yl}carbamate 
:H NMR (400 MHz, CDC13) 6 ppm 10.54-10.71 (m, 2H) 7.54-7.68 (m, 2H) 7.00-7.21 (m, 4H) 6.43-

20 6.54 (m, 2H) 5.27-5.50 (m, 4H) 5.20 (br s, 2H) 4.29-4.42 (m, IH) 3.80-3.94 (m, 2H) 3.71 (s, 6H) 

3.59-3.69 (m, 2H) 3.04-3.29 (m, 2H) 1.86-2.66 (m, 10H) 1.18 (s, 9H) 0.79-1.33 (m, 1.4H); MS (ESI) 

m/z 924 (M+H)'". 
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ABS 

Example 6.5 

methyl {(21S)d^[(21S)-2^5-[(2i?,5JR)-l-(4-Zert-butylphenyl)^5-{4~chloro-2-[(25)-l-{(25,)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzi:midazol-5-yl}pyrro3idm-2-

5 yl]-4-chioro-l//-beiizimidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l -oxobutan-2 -yl} carbamate 

'H NMR (400 MHz, DMSO-rf6) 5 12.70 (s, OH), 12.39 (s, IH), 8.07 (s, IH), 7.32 (dd, J - 26.1, 8.1, 

3H), 6.91 (d5 i = 37.0, 4H), 6.08 (d, J-7.9, IH), 5.64 (s, IH), 5.17 (s, IH), 4.66 (s, IH), 4.10 (d, J = 

5.2, IH), 3.86 (s, 3H), 3.52 (d, J - 14.1, 6H), 3.17 (d, J = 5.2, IH), 2.30-2.10 (m, 2H), 2.00 (s, 4H), 

1.77 (s, IH), 1.23 (s, IH), 1.18 - 1.01 (m, 9H), 1.01 - 0.72 (m, 11H); MS (APCI+) m/z 958.76 

10 (M+H)"". 

Example 6.6 

methyl {(21S)-l-[(25v)-2-{5-[(2/?,5JS')-l-(4-;er/-butylphenyl)-5-{4-chloro-2-[(21.S)-l-{(21S)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-benzimidazol-5-yl}pyrrolidin-2-

15 yl]-4-chloro-l//-benzimidazol-2-yl}pyrrolidin-i-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

'H NMR (400 MHz, DMSO-4) 5 12.45 (s, 1 H), 8.06 (d, J = 3.3, IH), 7.68 (d, I - 8.6, 2H), 7.48 (1, J 

= 12.5, 2H), 7.31 (d, J = 8.2, 2H), 7.00 (d, J = 8.1, 2H), 6.20 (d, I = 8.7, 2H), 5.16 (d, J = 32.0, 4H), 

4.66 (s, 1 HX4.11 (s, IH), 3.88 (s, 3H), 3.56 (d, J = 8.1, 6H), 2.30 -2.09 (m, 5H), 2.02 (s, 7H), 1.80 

(s, 2H), 1.23 (s, 2H), 1.09 (s, 9H), 1.00 - 0.78 (ra, 12H); MS(APCI+) m/z 958.64 (M+H)+. 

ABS 

Example 6.7 

methyl {(2JS)-l-[(2l?)-2-{5-[(2i?,5i?)-l-(4-tert-biitylphenyl)--5-{2-[(25')-l-{(25)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyiTolidin-2-yl]-4-methyl-l//-benzimidazol-5-
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yl}py.iTolidm-2-yl]-4-methyl-li7-benzimidazol-2-yl}pyiTolidm-l-yl]-3-methyl-l-oxobutan-2-

y I} ca.rbaiTi.al0 
!H NMR (400 MHz, DMSO-^6) 5 ppm 0.78 - 1.05 (m, 14 H), 1.06 (s, 9 H), 1.86 - 2.06 (m, 8 H), 2.09 

- 2.31 (m, 4 H), 2.58 - 2.72 (m, 6 H), 3.54 (s, 6 H), 3.79 - 3.93 (m, 4 H), 4.02 - 4.17 (m, 2 H), 5.11 -

5 5.23 (m, 2 H), 5.42 - 5.51 (m, 2 H), 6.02 - 6.12 (m, 2 H), 6.71 - 6.83 (m, 2 H), 6.83 - 6.96 (m, 2 H), 

7.04 - 7.19 (m, 2 H), 7.24 - 7.35 (m, 2 H), 1 1.84 - 12.26 (m, 2 H). 

ABS 

Example 6.8 

methyl {(2.S)-l~[(2,S)-2~{5-[(2i2,5)S)-l-(4-rert-bu1ylphenyl)-5-{2-[(2lS)-]-{(2^-2-

10 [(methoxycarbonyl)amiiio]-3-raethylbutanoyl}pyrroliclin-2-yl]-4-methyl-l/f-benzimidazol-5-

yl}pyrrolidin-2-yl]-4-methyl-li,:/-benzimidazol-2-yl}pyrrolidin-l-yl]-3~methyl-l-oxobutan-2-

yl} cai'bamate 
SH NMR (400 MHz, DMSO~d6) 8 ppm 0.79 - 1.06 (m, 12 H), 1.23 (s, 9 H), 1.87 - 2.31 (m, .7-30.69 

Hz, 12 H), 2.58 - 2.65 (m, J=3.25 Hz, 6 H), 3.55 (s, 6 H), 3.81 - 3.96 (m, 4 H), 4.01 -4.19 (m, 2 H), 

15 4.92 (s, 2 H), 5.12 - 5.26 (m, 2 H), 6.14 - 6.26 (m, 2 H), 6.86 •• 7.02 (m, 2 H), 7.22 - 7.39 (m, 4 H), 

7.57 - 7.79 (m, 2 H), 11.90 - 12.32 (m, 2 H); MS (ESI) m/z =916.4 (M+H)+. 

Example 6.9 

melhyl {(2S)~ 1 -[(ZS>2-(6-fluoro-5- {(2R,5^)-5- (6-fluoro-2-[(25)-1 - {(2,S>2-

20 [(methoxycarbonyl)ammo]-3-methy]bi!tanoyl}pyn-olidin-2-yl]-l//'-benzimid.azol-5-yl}-l-[3-fli!oro-4-

(piperidiivl-yl)phenyl]pyi'rolid.in-2-yl}-l/f-benzimidazol-2-yl)pyn'olidin-l-yl]-3-methyl-l-oxobuta:n-

2-yl} carbamate 
]H NMR (400 MHz, CDC13) 8 ppm 10.21-10.67 (m, 2H) 6.55-7.99 (m, 6H) 5.95-6.14 (m, IH) 5.19-

5.56 (m, 6H) 4.25-4.39 (m, IH) 3.77-3.92 (m, 2H) 3.70 (s, 6H) 3.42-3.76 (m, 3H) 2.95-3.17 (m, 2H) 
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2.64-2.95 (m, 2H) 2.43-2.64 (m, 1.H) 1.78-2.42 (m, 11H) 0.62-1.78 (ra, 18H); MS (ESI) m/z 969 
(M+H)'\ 

Example 6.10 
5 methyl {(25)-l-[(25)-2-{5-[(2i2,5^)-l-[3s5-difluoro-4-(piperidin-l-yl)phenyl]-5-{6-fluoro-2-[(25)-l-

{(2>S)-2-[(methoxycarbonyl)amino]-3-methylbutaiioyl}pyiTolidin-2-yl]-l//-benzimidazol-5-
yl}pyrrolidin-2-yl]-6-fluoro-l#-benzimidazol-2-yl}pyrrolidm-l-yl]-3-methyl-l -oxobutan-2-

yl} carbamate 
To a solution of 6,6!-{(2/?,5i?)-I-[3,5-difluoro-4-(piperidin-l-yl)phenyl]pyiTolidine-2J5-

10 diyl}bis{5-fluoro-2-[(25)-pyrroiidin-2-yl]-l/f-benzimidazole} (64 mg, 0.095 mmoij in DMF (2378 
jiL) was added (S)-2-(methoxycarbonylammo)-3-methyIbutanoic acid. (35.0 mg, 0.200 mmol), EDC 
(45.6 mg, 0.238 mmol), HOBT (36.4 mg, 0.238 mmol) and TV-methylmorpholine (105 uL, 0.951 
mmol), and the resultant solution was stirred at ambient temperature overnight. The reaction solution 
was diluted with EtOAc, washed with H2O and brine, dried (MgS04), filtered and concentrated. The 

15 crude material was dissolved in 1:1 CH3CN:0.1% TFA/H20 and purified, by HPLC (C18, 0-100% 
CH3CN/'0.1%TFA/I-l20). The product containing fractions were combined, made basic with saturated 
sodium bicarbonate solution, and extracted with EtOAc. The organic layer was dried (MgS04), 
filtered and conccntratcd to give the title compound (43.3 mg, 0.044 mmol, 46.1 % yield). The title 
compound can also be prepared according to General Procedure 1.2C described above. !H NMR (400 

20 MHz, CDC10 5 ppm 10.25-10.70 (m, 2H) 6.83-7.53 (m, 4H) 5.70-5.91 (m, 2H) 5.20-5.52 (m, 4H) 
4.21-4.42 (m, 2H) 3.70 (s, 6H) 3.53-3.94 (m, 6H) 1.75-3.17 (m, 16H) 0.63-1.74 (m, 18H); MS (ESI) 
m/z 987 (M+H)". 
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Example 6.11 

methyl {(25")-!-[(2£)-2-{5-[(2i;,5i?)-l-[3,5-difluoro-4-(4-phenyIpiperidin- l-yl)phenyl]-5-{6-f!uoro-2-

[(25)4-{(26y2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidm-2-yl]-!//-benzimidazo]-5-

5 yl}pyrrolidin-2-yl]-6-fluoro-l/i-benzimidazol-2-yI}pyrrolidin-I-yl]-3-methyl-l-oxobutan-2 -

yl} carbamate 
]H NMR (400 MHz, CDCU) S ppm 10.54 (br s, 2H) 7.09-7.33 (m, 9H) 5.77-5.92 (m, 2H) 5.23-5.52 

(m, 4H) 4.24-4.39 (rn, 2H) 3.79-3.91 (m, 2H) 3.70 (s, 6H) 3.55-3.67 (m, 2H) 2.92-3.21 (m, 5H) 1.73-

2.65 (m, 10H) 0.97-1.74 (m, 8H) 0.76-0.96 (m, 12H); MS (ESI) m/z 1063 (M+H)+. 

10 

ABS 

Example 6.12 

methyl {(2iS)-l-[(25f)-2-{5-[(27?s5/?)-l-[4-(6-azaspiro[2.5}oct-6-yl)-3,5-difluorophenyl]-5-{6-fliioro-2-

[(25)-l-{(2S)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//'-benzimidazoi-5-

15 yl}pyrrolidin-2-yl]-6-fluoro-l//-benzimidazol-2-yl}pyiTolidin-l-yl]-3-inethyl-l -oxobutan-2-

yl} carbamate 

In an oven-dried 5-mL pear-shaped flask, dissolved (S)-2-(mcthoxycarbonylamino)-3-

methylbutanoic acid (56.6 mg, 0.323 mmol) in anhydrous CH2CI2 (1 mL) und.er nitrogen, added 

EDAC (63.2 mg, 0.323 mmol), and stirred at 20 °C for 20 min. The resulting solution was added via 

20 gas-tight syringe to a solution of (S)-6,6'-((2R,5R)-l-(3,5-difluoro-4-(6-azaspiro[2.5]octan-6-

yl)phenyl)pyrrolidine-2,5-diyl)bis(5-fiuoro-2-((S)-pyiTolidin-2-yl)-lH-benzo[d]imidazole) 
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hydrochloride (91 mg) and diisopropylethylamine (0.188 mL, 1.077 mmol) in anhydrous CH2CI2 (2 

ni.L^ UUUCi muu^Cii, auut'u nyuicuu \yy.j mg9 u.~>/ 1 IUXII\JIJ9 aiiu .Sun^u at xC/1 i ill. i HC 

reaction was diluted, with CH2C12 (50 mL), washed with water (25 mL), dried over anhydrous Na2S04, 

filtered, and concentrated by rotaiy evaporation to a dark yellow foam (-140 mg). Dissolved 70 mg 

5 of the impure material in 2 m.L Acetonitrile and 2 mL 0.1% TFA in H20, and purified by RP-CJS 

HPLC (Waters Prep LC, 40mm Module with Nova Pak HR C18 6^m 40x100mm Prep Pak cartridge) 

eluting with a 30 min gradient of 95:5 0.1% TFA in H20/Acetonitrile to 25:75 0.1% TFA in 

HjO/Acetonitrile, then 10 min to 100% Acetonitrile at 20 mL/min. Pure fi-actions were treated with 

saturated aqueous NaHCO? (2 mL/tube), vortexed each tube to thoroughly neutralize TFA, and 

10 combined the solutions in a 500-mL round bottom flask. Purified, the remaining 70 mg by prep-HPLC 

as above and the pure product-containing fractions were treated with saturated aqueous NaHCO] as 

above and combined in the same 500-mL round bottom flask. Removed the Acetonitrilc by rotary 

evaporation, extracted the remaining aqueous phase with EtOAc (2 x 50 mL), dried the combined 

organic extracts over anhydrous MgS04, filtered, and concentrated by rotary evaporation to afford the 

15 product as a white solid (49 mg, 0.048 mmol). ]H NMR (400 MHz, DMSO-de) 8 ppm 0.24 (s, 4 H), 

0.68 - 0.91 (m, 12 H), 1.21 - 1.35 (m, 5 H), 1.67 - 2.07 (m, 9 H), 2.13 - 2.24 (m, 4 H), 2.84 (s, 4 H), 

3.53 (s, 6 H), 3.73 - 3.87 (m, 4 H), 3.99 - 4.11 (m, 2 H), 5.02 - 5.23 (m, 2 H), 5.45 - 5.65 (m, 2 H), 

5.81 - 5.99 (m, 2 H), 7.04 (d, 7=6.07 Hz, 1 H), 7.14 (d, .7=6.94 Hz, 1 H), 7.26 - 7.36 (m, 3 H), 7.41 

(dd, J=11.06, 6.18 Hz, 1 H), 11.73 - 12.63 (m, 2 H); MS (ESI+) m/z 1013 (M+H)"; MS (ESI-) m/z 

20 1011 (M-H)". 

ABS 

Example 6.13 

methyl {(2lS,,3^)-l-[(2,V)-2-{5-[(2i?,5i?)-l-[4-(4-tert-butylpiperidin-l-yl)-3,5-difluorophenyl]-5-(6-

25 fluoro-2-{(2,S)-l-[^-(methoxy carbonyl)-0-methyl-L-threonyl]pyiTolidin-2-yl}-l//-benzimid.azol-5-

yl)pyrrolidin-2-yl]-6-fluoro-l//-benzimidazol-2-yl}pyiTolidin-l-yl]-3-methoxy-l-oxobutan-2-

yl} carbamate 
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(2S,3R)-3-Methoxy-2-(methoxycarbonylamino)butanoic acid (65.6 mg, 0.343 mmoi) was 

iissoived in anhydrous CH-CU (1 mL) under nitrogen. EDAC (67.1 mg, 0.343 mmol) was onH 

the mixture was stirred at 20 °C for 20 minutes. The resulting solution was added via to a solution of 

(S)-6,6,-((2R,5R)-l-(4-(4-feri-butylpiperidin-l-yl)-3,5-difluorophenyl)pyirolidme-2s5-diyl)bis(5-

5 fluoro-2-((S)-pyrro1idin-2-yl)-lH-benzo[d]imidazole) hydrochloride (100 mg) and diisopropylamine 

(0.200 mL, 1.143 mmol) in anhydrous CH2CI2 (2 mL) under nitrogen. HOBt hydrate (52.5 mg, 0.343 

mmol) was added, and. the mixture was stirred at 20 °C for 1 hour. The reaction was diluted with 

CH2CI2 (50 mL), washed with water (25 mL), dried, over anhydrous Na2S04, filtered, and 

concentrated by rotary evaporation to a dark yellow foam (140 mg). The crude material (70 mg) was 

10 dissolved in acetonitrile (2 mL) and 0.1% TFA in H20 (2 mL), and purified by RP-Qs HPLC (Waters 

Prep LC, 40 mm module with Nova-Pak® H R C18 6^m 40* 100mm Prep Pak cartridge) eluting with 

a 30 minute gradient of 95:5 0.1% TFA in ^O/acctonitrile to 25:75 0.1% TFA in H20/acetonitrile, 

then 10 minutes to 100%o acetonitrile at 20 mL/minute. Pure fractions were treated with saturated 

aqueous NaHCOj (2 mL/tube), each tube was vortexed to thoroughly neutralize TFA, and the 

15 fractions were combined, in a 500-mL round bottom flask. The remaining 70 mg of material was 

purified by prep-HPLC as described above and the pure product-containing fractions were treated 

with saturated aqueous NaHCOa as above and combined in the same 500-mL round bottom flask. The 

acetonitrile was removed by rotary evaporation, the remaining aqueous phase was extracted with 

EtOAc (2x50 mL), the combined organic extracts were di'ied. over anhydrous MgS04, filtered, and 

20 concentrated by rotary evaporation to afford the product as a white solid (62 mg, 0.057 mmol). ]H 

NMR (400 MHz, DMSO-d6) 8 ppm 0.80 (s, 9 H), 0.92 (d, y=6.07 Hz, 2 H), 0.98 - 1.09 (m, 4 H), 1.12 

- 1.22 (m, 2 H), 1.44 - 1.63 (m, 3 H), 1.65 - 1.89 (m, 3 H), 1.91 - 2.10 (m, 4 H), 2.11 - 2.28 (m, 4 H), 

2.73 - 2.92 (m, 4 H), 3.04 (d, .7=1.73 Hz, 2 H), 3.13 (s, 3 Pi), 3.25 (d, 7=3.47 Hz, 1 H), 3.41 - 3.50 (m, 

3 H), 3.53 (s, 6 H), 3.72 - 3.92 (m, 4 H), 4.25 (q, 7-7.99 Hz, 2 H), 5.02 - 5.17 (m, 2 H), 5.46 - 5,63 

25 (m, 2 H), 5.79 - 6.00 (m, 2 H), 7.02 (d, 7=6.72 Hz, 1 H), 7.08 - 7.18 (m, 2 H), 7.24 (d, 7=8.02 Hz, 1 

H), 7.33 (dd, 7=10.36, 4.50 Hz, 1 H), 7.40 (dd, 7=11.22, 6.23 Hz, 1 H), 11.84 - 12.63 (m, 2 H); MS 

(ESI+) m/z 1075 (M+H)""; MS (ESI-) m/z 1073 (M-H)". 
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A3S 

0 

0 0 

0 o / \ 

Example 6.14 

dimethyl ({(27?,5-ft)-l-[4-(4-ter^butylpiperidin-l-y])-3,5-d.ifhx>rophenyl]pyrrolidine-2,5-diyl}bis {(6-

fluoro-l/f-benzimidazole-5,2-diy])(25)pyrrolidinc-2,l-diyl[(l1S>2-oxo-l.-(tetrahydro-2//-pyran-4-

(S)-2-(Methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl)acetic acid (74.5 mg, 0.343 

mmol) was dissolved in anhydrous CH2CI2 (1 mL) under nitrogen. EDAC (67.1 mg, 0.343 mmol) 

was added, and the mixture was stin-ed at 20 °C for 20 minutes. The resulting solution was added to a 

solution of (S)-6,6'-((2R,5R)-l-(4-(4-ferz-bulylpiperidin-l-yl)-3,5-difluorophenyl)pyrrolidine-2,5-

10 diyl)bis(5-fluoro-2-((S)-pyrroiidin-2-yl)-lH-bcnzo[d]imid.azole) hydrochloride (100 mg) and 

diisopropylethylamine (0.200 mL, 1.143 mmol) in anhydrous CH2C12 (2 mL) under nitrogen. HOBt 

hydrate (52.5 mg, 0.343 mmol) was added, and the mixture was stirred at 20 °C for 1 hour. The 

reaction was diluted with CH2CI2 (50 mL), washed with water (25 mL), dried over anhydrous Na2S04, 

filtered, and concentrated by rotaiy evaporation to a dark yellow solid (210 mg). The impure material 

15 (70 mg) was dissolved in 2 mL acetonitrile and 2 mL 0.1% TFA in H20, and purified by RP-Cig 

HPLC (Waters Prep LC, 40mm module with Nova-Pak® HR C18 6 jam 40 * 100mm Prep Pak 

cartridge) eluting with a 30 minute gradient of 95:5 0.1% TFA in H20/acetonitrile to 25:75 0.1%) TFA 

in H20/acetonitrilc, then 10 minutes to 100% acetonitrile at 20 mL/minute. Pure fractions were 

treated with saturated, aqueous NaHCOa (2 mL/tube), each tube was vortexed to thoroughly neutralize 

20 TFA, and the fractions were combined in a 500-mL round, bottom flask. The remaining material was 

purified in two 70 mg injections by prep-HPLC as described above, and the pure product-containing 

fractions were treated with saturated, aqueous NaHC03 as above and combined in the same 500-mL 

round bottom flask. The acetonitrile was removed by rotaiy evaporation, the remaining aqueous 

phase was extracted with EtOAc (2x50 mL), the combined organic extracts were dried over 

25 anhydrous MgS04, filtered, and concentrated by rotaiy evaporation to afford the product as a white 

solid (69 mg, 0.060 mmol). ]H NMR (400 MHz, DMSO-d6) 8 ppm 0.80 (s, 9 H), 0.89 - 1.01 (m, 1 

H), 1.07 - 1.38 (m, 7 H), 1.39 - 1.63 (in, 6 H), 1.67 - 1.91 (m5 5 H), 1.92 - 2.05 (m, 4 H), 2.10 - 2.26 

(m, 4 H), 2.71 - 2.95 (m, 5 H), 2.96 - 3.25 (m, 3 H), 3.52 (s, 6 H), 3.62 - 3.92 (m, 8 H), 4.06 - 4.23 (m, 

5 yl)ethane-2,l -diyl]} )biscarbamate 
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2 H), 5.10 (t, J= 6.23 Hz, 2 H), 5.39 - 5.65 (m, 2 H), 5.77 - 5.99 (m, 2 H), 7.01 (d, .7=6.72 Hz, 1 H), 
n r\n / J T—n Af rr- i TT\ n ^ 
/.VI (U, 11/., i ilj, /.z 

MS (ESI-) m/z 1125 (M-H)". 

-? A-r / J r_-7 Ac r T—, i TT\ n oo n A<\ A T_T\ 1 1 TO /to O U\. "N/TC1 /"DOT_L\ ™/- 1 m /"\/T-Ll-n /.v/ (u,»/—/.UJ ii/-, i ii;, /.^o - /.-t? \iij, t LI;, ii./o - \IJ1, 2 ri), iVlo (£^1+) 1 12/ (jVrrrij 

Example 6.15 

methyl {(25',3i?)-l-[(25')-2-{5-[(2i?.,5^)-l-(3,5-difluoro-4-{4-[4-(tnfluoromethyl)phenyl]piperazin4-

y l}phenyl)-5-(6-fluoro-2-{(25)-1 -[W-(methoxycarbonyl)-0-methyl-L-threony l]pyrrolidin-2-yl} -177-

benzimidazol-5-yl)pyrrolidin-2-yl]-6-fluoro-i//-benzimidazol-2-yl}pyrrolidin-l -yl]-3-methoxy-l-

10 oxobutan-2-yl} carbamate 

(S)-6,6'-((2R,5R)-1 -(3,5-Difliioro-4-(4-(4-(trifliK)romethyl)pheiiy l)piperazin-1 -

yl)phenyl)pyrrolidine-2,5-diyl)bis(5-fluoro-2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole) 

hydrochloride (88 mg), (2S,3R)-3-mcthoxy-2-(methoxycarbonylamino)butanoic acid (41 mg, 0.216 

mmol), N-(3-dimethylaminopropyl)-N'-ethy]carbodiimidc hydrochloride (46 mg, 0.238 mmol), 1-

15 hydroxybenzotriazole hydrate (36 mg, 0.238 mmol) and 4-methylmorpholine (0.095 mL, 0.864 

mmol) were dissolved in DMF (3.0 mL), and. the mixture stirred at room temperature for 3 hours. 

Afterwards, an isopropyl alcohol and chloroform mixture was added then extracted with 1 N aqueous 

hydrochloric acid. The organic extract was dried., filtered, and concentrated, and then the residue was 

purified by cliromatogi'aphy (silica gel, methanol in dichloromethane) which afforded 71 mg of the 

20 title compoimd. ]B NMR (400 MHz, DMSO-efe) 8 ppm 7.56 (m, 2.H), 7.48 (d, J=8.8Hz, 2H), 7.34 (m, 

2H), 7.18 (m, 2H), 7.04 (d, J=8.6Hz, 2H), 5.97 (m, 2H), 5.62 (m, 2H), 5.17 (m, 2H), 4.28 (m, 2H), 

3.82 (m, 2H), 3.60 (m, 2H), 3.54 (s, 6H), 3.25 (m, 8H), 3.17 (s, 6H), 2.99 (m, 4H), 2.05 (m, 12H), 

1.25 (m, 6H); MS (ESI) m/z 1164 (M+H)T. 
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JT^J. 

Example 6.16 

methyl {(25)-l-[(2S)-2-{6-[(2i2s5/?)-l -{4~[4-(2,6~difliiorophenyl)piperaziii-l-yl]-3,5-difluorophenyl}-

5-{5-fluoro-2-[(2^)-i-{(2iS)-2-[(methoxycarbonyl)amino]-3-methyibutanoyI}pyrrolidin-2-yl]-l/f-

5 bcnzimidazo1-6-y]}pyiTolidin-2-yl]-5-fluoro-l//-bcnzimida/,ol-2-yl}pyrrolidin-l -yl]-3-methyl-l-

oxob utan-2 -y 1} carbam ate 

(S)-2-(Methoxycarbonyiamino)-3-iricthylbutanoic acid (0.072 g, 0.410 mmole) and HOBt 

(0.063 g, 0.410 mmole) were combined in DMF (2 mL). To the clear solution was added EDAC 

(0.079 g, 0.410 mmole) with a 0.2 ml DMF rinse, and the resulting clear solution was stirred at room 

10 temperature for 20 minutes. (S)-6,6'-((2R,5R)-i-(4-(4-(2,6-Difluorophenyl)piperazin-l-y!)-3,5-

difluorophenyl)pyrrolidine-2,5-diyl)bis(5-fluoro-2-((S)-pyrrolidin-2-yl)-lH-benzo[d]imidazole) 

hydrochloride (0.160 g) was dissolved in 2 ml DMF, treated with N-methylmorpholine (1.863 mmol, 

0.205 ml), and then treated with the activated amino acid, solution and the resulting clear brown 

solution was stirred at room temperature for 1 hour. The pH of the solution was measured to be 8 by 

1.5 pH paper. Reaction progress was determined by LC-MS at 1 hour and analysis d.eemed reaction 

complete. The reaction mixture was concentrated in vacuo to a brown mobile oil. The oil was diluted 

with 50 ml EtOAc and. washed with 30 mL 10% NaHCO;. The layers were separated and the aqueous 

layer was extracted with another 50 mL EtOAc. The combined organic extracts were washed with 

10% NaCl, dried over anhydrous Na2S04(s), filtered and solvent removed in vacuo leaving a brown 

20 oily residue. The residue was purified on a 12 g silica gel column eluted with a gradient of 

CH2CI2/CH3OH, 99/1 to 95/5 over 13 minutes, then 95/5 to 90/10 over 8 minutes. The fractions 

containing product were combined and repurified on a 12 g gold column eluted with a gradient of 

CH2CI2/CH3OH, 98/2 to 90/10 over 15 minutes. The fractions were concentrated in vacuo leaving a 

light brown solid as the title compoimd (50.3 mg). !H NMR (400 MHz, DMSO-J6) 8 ppm 0.82 (m, 

25 12 H) 1.99 (m, 9 H) 2.18 (m, 2 H) 2.95 (ra, 4 H) 3.05 - 3.17 (m, 5 H) 3.53 (s, 6 H) 3.79 (m, 4 H) 3.95 

- 4.11 (m, 4 H) 5.11 (111, 2 H) 5.55 (m, 2 H) 5.91 (111, 2 H) 7.01 (m, 5 H) 7.29 (m, 4 H) 12.14 (m, 2 H); 

MS (ESI+) m/z 1100.3, (ESI-) m/z 1098.3(M-H)\ 
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H 
N-. 

Example 7.1 

methyl {(25)-l-[(2(S)-2-(4-{4-[2-(4-terr-biitylphenyl)-l-(4-{2-[(26,)-l-{(2,S)-2-

[(methoxycarbonyl)amino]-3~methylbutanoyl}pyrrolid.in-2-yl]-l/f-imidazol-4-yl} phenyl)-1//-pyrrol-

3-yl]phenyl}-l/f-imidazol-2-yl)pyiTolidiii-l-yi]-3-methyl-l-oxobntan-2-yl} carbamate 

To a solution of 4-bromoaniline (10.0 g, 58.1 mmol) in THF (100 mL) was add.ed 4-tert-

butylbcnzaldehyde (9.72 mL, 58.1 mmol), acctic acid (13.3 mL, 233 mmol), potassium cyanide (3.79 

g, 58.1 mmol) and water (50 mL). The resultant mixture was stin-ed at room temperature for 16 

houi'S. The resultant solid that formed was collected by vacuum filtration, washed with hexane, and 

then dried to afford ! 5.3 g, (77%) of the title compound. NMR (400 MHz, CDC{3) 8 ppm 7.49 (m, 

4H), 7.37 (d, 1=8.7 Hz, 2H), 6,66 (d, J=8.8 Hz, 2H), 5.34 (d, J=8J. Hz, IH), 4.02 (d, .1=8.0 Hz, IH), 

1.34 (s, 9H). 

To a solution of (7i)-ethyl 3-(4-bromophenyl)acrylate (10.0 g, 39.2 mmol) in dichloromethane 

(151 mL) cooled to -78°C was added a solution of diisobutylaluminiim hydride (1.0 M in 

dichloromethane, 82 mL, 82 mmol) dropwise over 15 minutes time. The solution was then stirred for 

an additional 2 hours followed by the addition of a solution of 10% aqueous sodium hydroxide (250 

mL). The mixture was allowed to warm to room temperature, and then the mixture was exti-acted 

with dichloromethane. The organic layer was dried and concentrated to afford 8.35 g (100%) of the 

title compound used directly in the next reaction. 

Example 7.1 A 

2-(4-bromophenylamino)-2-(4-terr-butylphenyl)acetonitrile 

'OH 

Example 7.IB 

(£)-3-(4-bromophcnyI)prop-2-en-l-ol 
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0 

Br 

Example 7.1C 

(/s)-3-(4-bromophenyl)acrylaldehyde 

To the product of Example 7. IB (8.35 g, 39.2 mmol) dissolved in dichloromethane (151 mL) 

5 was added pyridinium dichromate (22.11 g, 58.8 mmol), and the resultant mixture was stirred for 16 

hours at room temperature. A solution of hexane was added, and the resultant mixture filtered 

through diatomaeeous earth, and then concentrated. Water was added to the residue, and the mixture 

was extracted with ethyl acetate. The organic layers were combined, dried, and then concentrated. 

The residue was purified by chromatography (silica gel, hexanes in ethyl acetate) which afforded 5.5 

10 g, (67%) of the title compound. !H NMR (400 MHz, CDC13) 8 ppm 9.62 (d, J=7.6 Hz, IH), 7.57 (d, 

J=8.5 Hz, 2H), 7.42 (m, 3H), 6.70 (dd, J-15.9, 7.6 Hz, IH). 

To the product of Example 7.1C (0.676 g, 3.2 mmol) and the product from Example 7.1A 

(1.0 g, 2.91 mmol) was added ethanol (30 mL) followed by potassium hydroxid.e (0.163 g, 2.91 

mmol), and the mixture was stirred at room temperature for 16 hours. Afterwards the mixture was 

concentrated. The residue was partitioned between water and. ethyl acetate. The organic layers were 

20 combined, dried and then concentrated. The residue was purified by chromatography (silica gel, 

hexanes in ethyl acetate) which afforded 150 mg, (10%) of the title compound. 'H NMR (400 MHz, 

CDCI3) 5 ppm 7.37 (m, 3H), 7.32 (d, J=8.5, 2H), 7.21 (d, J=8.4 Hz, 2H), 7.06 (d, J=8.3 Hz, 2H), 6.93 

(m, 4H), 6.51 (dd, J=2.9 Hz, IH), 1.29 (s, 9H). 

Br 

15 

Example 7. ID 

l,3-bis(4-bromophenyi)-2-(4-ferr-butylphenyl)-l/-f-pyrrole 

25 
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Example 7.IE 
2-{4-ter?-butylphenyl)-l,3-bis(4-(4,4,5,5-tetramethyl-lJ3,2-dioxaborolan-2 yl)pbenyl) IH-pyrrole 

A solution of the product from Example 7.ID (150 mg, 0.295 mmol), 4,4S4\4',5S5,5,,5'-
octamethyl-2,2!-bi(l,3,2-dioxaborolane) (165 mg, 0.648 mmol), potassium acetate (87 mg, 8.84 
mmol) and [l,}'-bis(diplienylphosphino)feiTOcene]dicliloropalladium(Il), complex with 
dichloromethane (21.6 mg, 0.029 mmol) in dioxane (5.5 mL) was heated at 100°C for 18 hours. The 
mixture was then filtered through diatomaeeous earth and concentrated to an oil which was dissolved 
in EtOAc and extracted with brine. The organic extract was concentrated to afford 230 mg of the title 
compound that was used directly in the next step. 

Example 7. IF 
di-ferf-butyl (25',2'5')-2,2'-{[2-(4-';err-'butylpheiiyl)-l//-pyn-olc-l,3-diyl]bis(benzene-4,l-diyl-l//-

imidazole-4,2-diyl)}dipyrrolidine-l.-carboxylate (ACD Name vl2) 
The product from Example 7.IE (227 mg, 0.376 mmol), (S)-tert-butyl 2-(5-bromo-liT-

imidazol-2-yl)pyrrolidine-l -carboxylate or (S)-lert-bx\ty\ 2-(4-bromo-l/f-imidazoi-2-yl)pyiTolidine-l-
carboxylate (357 mg, 1.13 mmol), [1 ,r-bis(diphenylphosphino)fcrrocene]dichloropalladium(II), 
complex with dichloromethane (27.5 mg, 0.038 mmol), and a solution of sodium carbonate (1.0 M in 
water, 1.13 mL, 1.13 mmol) were heated in a solution of ethanol (3 mL) and toluene (3 mL) at 85°C 
for 18 hours. The mixture then had water (10 mL) added followed by extraction with EtOAc (2y-10 
mL). The organic extract was dried, filtered and concentrated, and then the residue was purified by 
chromatography (silica gel, methanol in dichloromethane) which afforded 29 mg, (9 %) of the title 
compound; MS (ESI) m/z 823 (M+H)+. 

CW 
N N 
H 

Example 7.1G 
4,4'-{[2-(4-ter?-butylphenyl)-l/f-pyrrole-l,3-diyl]dibenzene-4,l-diyl}bis{2-[(2lS,)-pyn'olidin-2-yl]-l//-

imidazole} (ACDName vl2) 
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The product of Example 7.IF (29 mg, 0.035 mmol) was dissolved in dioxane (0.5 mL) and 

hydrochloric acid in dioxane (4.0 N. 0.14 mL. 0.54 mmol) was added. The mixture was stirred at 

room temperature for 4 hours. Afterwards the mixture was concentrated to afford the title compound 

methyl {(25)-l-[(25)-2-(4-{4-[2-(4-to-z-butylplieny])-l-(4-{2-[(25)-l-{(26>2-

[(methoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidin-2-yl]-l/f-imidazol-4-yl}p]ienyl)-l/f-pyrrol-

3-yl]phenyl}-l//-imidazol-2-yl)pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

methylbutauoic acid (12.7 mg, 0.072 mmol), A/-(3-dimethylammopropyl)-A"-ethylcarbodiimide 

hydrochloride (15.2 mg, 0.079 mmol), 1-hydroxybenzotriazole hydrate (12.2 mg, 0.079 mmol) and 4-

methylmorpholine (0.021 mL, 0.29 mmol) were dissolved in DMF (0.7 mL), and the mixture was 

stirred at room temperature for 3 hours. Afterwards, 1 N aqueous hydrochloric acid (5 mL) was added 

15 followed by extraction with dichloromethane (2X5 mL). The organic extract was dried, filtered and 

concentrated. Then the residue was purified by chromatography (silica gel, methanol in 

dichloromethane) which afforded 3.3 mg, (10 %) of the title compound. 'H NMR (400 MHz, DMSO-

d6) 5 ppm 10.57 (s, IH), 10.26 (s, IH), 7.62 (m, 4H), 7.20 (m, 8H), 6.99 (m, 4H), 5.37 (m, 2H), 5.24 

(m, 2H), 4.30 (m, 2H), 3.80 (m, 2H), 3.08 (m, IH), 2.96 (s, 3H), 2.88 (s, 3H), 2.30 (m, 2H), 2.19 (m, 

20 2H), 2.08 (m, 2H), 1.92 (m, 2H), 1.23 (m, 9H), 0.85 (m, 12H); MS (ESI) m/z 936 (M+H)\ 

as a hydrochloride salt. MS (ESI) m/z 622 (M+H)+. 

5 

Example 7.1H 

10 The product from Example 7.1G (22 mg, 0.036 mmol), (i5)-2-(methoxycarbonylamino)-3 

ABS 

Example 8 

dimethyl ({(25)-l-[3,5-difluoro-4-(4-phenylpiperidin-l-yl)phenyl]pyrrolidine-2,5-diyl}bis{4,l-

25 phenylenecarbamoyl(25)pyrrolidine-2,1 -diyl[(2S)-3-methyl-1 -oxobutane-1,2-diyl]} )biscarbamate 
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^ Y rr NO-

Example 8A 

l-(4-((2S,5S)-2,5-bis(4-nitrophenyl)pyrrolidin-l-yl)-2,6-difliioroplicnyl)-4-phenylpiperidine 

A mixture of Intennediate 6 (2.68 g, 5.49 mmol), 3,5-d.ifliioro-4-(4-phenylpiperidin-l-

yl)aniline (1.90 g, 6.58 mmol) and diisopropylethylamine (9.58 mL, 54.9 mmol) in DMF (18.3 mL) 

was heated at 60 °C for 18 hours. Afterwards ethyl acetate was added to the solution followed by 

extraction with water. The organic extract was dried, filtered, and concentrated then the residue 

purified by chromatography (silica gel, ethyl acetate in hexanes) which afforded 197 mg, (6 %) of the 

title compoimd. MS (ESI) m/z 585 (M+H)". 

4,4'-((2S,5S)-l-(3,5-difluoro-4-(4-phenylpiperidin-l-yl)phenyl)pyrrolidme-2,5-diyl)dianilme 

The product of Example 8A (197 mg, 0.337 mmol) was dissolved in a mixture of THF (3 

mL), ethanol (3 mL) and water (0.5 mL), and then iron (95 mg, 1.69 mmol) and ammonium chloride 

(27 mg, 0.506 mmol) were added and the mixture heated at 80 °C for 3 hours. Afterwards ethyl 

acetate was added to the solution followed by extraction with sodium bicarbonate. The organic 

extract was dried, filtered and concentrated which afforded 177 mg (100%) of the title compound. 

MS (ESI) m/z 525 (M+H)\ 

Example 8B 
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Example 8C 

(2S,2'S)-tert-butyl 2,2'-(4,4'-((2S,5S)-l-(3)5-difhioro-4-(4-phenylpiperidin4-y])phenyl)pyrr0lidmc-

2,5-diyl)bis(4,l-pheny]cne))bis(azanediyl)bis(oxomethy]ene)dipyrroJidinc-l-carboxylate 

5 The product from Example 8B (177 mg, 0.337 mmol), (S)-l-(terl-

butoxycarbonyl)pyrrolidine-2-carboxylic acid (160 mg, 0.742 mmol), N-(3-d.imethylaminopropyl)-

N"-ethylcarbodiimide hydrochloride (162 mg, 0.843 mmol), 1-hydroxybenzotriazole hydrate (129 mg, 

0.843 mmol) and 4-methylmorpholine (0.370 mL, 3.37 mmol) were dissolved in dichloromethane (3.5 

mL), and the mixture stirred at room temperature for 19 hours. Afterwards, aqueous sodium 

10 bicarbonate was added followed by extraction with dichioromethane. The organic extract was dried, 

filtered and concentrated, and then the residue was purified by chromatography (silica gel, methanol 

in dichloromethane) which afforded 130 mg, (42 %) of the title compoimd. MS (ESI) m/z 920 

(M+H)"1'. 

Example 8D 

(2S,2,S)-N,l\l,-(4,4'-((2S?5S)-l-(3!5-difliioro-4-(4-phenylpiperidiii-l-yl)phenyl)pyiTolidme~2,5-

diy])bis(4,l-phenylene))dipyrrolidiiie-2-carboxarnide 

The product of Example 8C (130 mg, 0.141 mmol) was dissolved in dichloromethane (2.7 

20 mL) and trifluoroacetic acid (0.27 mL, 3.5 mmol) and the mixture was stirred at room temperature for 

1 hour. Afterwards the mixture was concentrated, the residue was dissolved in an isopropyl alcohol 

and chloroform mixture and then extracted with aqueous sodium bicarbonate. The organic phase was 

then dried and concentrated to afford 100 mg (99%) of the title compound. MS (ESI) m/z 719 

(M+H)4'. 

25 
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Example 8E 

diyl}bis{4,l-phenylcnecarbamoyl(2lS)pyiTolidine-2,l-diyl[(25)-3-methyl-l-oxobiitane-l>2-

diyl]} )biscarbamate 

The product from Example 8D (100 mg, 0.142 mmol), (S)-2-(methoxycarbonylamino)-3-

methylbutanoic acid (60 mg, 0.341 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 

hydrochloride (68 mg, 0.355 mmol), 1-hydroxybenzotriazole hydrate (54 mg, 0.355 mmol) and 4-

methylmorpholine (0.156 mL, 1.42 mmol) were dissolved in DMF (1.5 mL), and the mixture was 

stirred at room temperature for 19 hours. Afterwards, an isopropyl alcohol and chloroform mixture 

was added and then extracted with aqueous sodium bicarbonate. The organic extract was dried, 

filtered and concentrated, and then the residue was purified by chromatography (silica gel, methanol 

in dichloromethane) which afforded 20 mg, (14 %) of the title compound. !H NMR (400 MHz, 

DMSO-d6) 5 ppm 10.03 (s, 2H), 7.53 (d, J = 8.5Hz, 4H), 7.30 (m, 9H), 5.83 (d, J= 12.6 Hz, 2H), 5.18 

(m, 2H), 5.08 (m, 2H), 4.43 (m, 2H), 4.02 (m, 4H), 3.61 (m, 2H), 3.54 (s, 6H), 2.98 (m, 4H), 2.18 (m, 

2H), 1.93 (m, 6H). 1.70 (m, 6H), 0.81 (m, 12H); MS (ESI) m/z 1033 (M+Hf. 

methyl {(25)-l-[(25,)-2-(4-{4-[(2/?,5i?)-l-[3,5-difliioro-4-(4-pheiiylpiperidin-l-yl)pheny]3-5-(4-{2-

[(25)-l-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrro]idin-2-yl]-l/i-imidazo]-4-

yl}phenyl)pyrrolidm-2-yl]phenyl}-l//-imidazol-2-yl)pyrrolidin-l-yl]-3-methyl-l-oxobutaii-2-

ABS 

\ 

Example 9 

yl} carbamate 
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Exampi e 9A 
1 -{A-ffOli 4_hrAinr>nVii^n\/nn\;rrnlirlin_1 A-Hi fl) inrnnVipn v] \-<l_nh f*m/lninr»rir[inp 

A mixture of Intermediate 7 (2.35 g, 4.22 mmol), 3,5-difluoro-4-(4-phenylpiperidin-l-

yl)aniline (2.44 g, 8.45 mmol) and diisopropylethylamine (2.21 mL, 12.67 mmol) in acetonitrile (25 

5 mL) was healed al 80°C for 9 hours. Aftei-wards the resultant solid was removed by filtration and 

purified, by chromatography (silica gel, hexanes in ethyl acetate then dichloromethane in hexanes) 

which afforded 130 mg, (4.7%) of the title compound. MS (ESI+) m/z 653 (M+H)". 

l-(4-((2R,5R)-2,5-bis(4-(4,4,5,5-tetramethyi-l,3,2-dioxaborolan-2-yl)pheiiyl)pyrrolidin-l-yl)-2,6-

A solution of the product from Example 9A (130 mg, 0.199 mmol), 4,4,4',4',5,5,5',5'-

octamethyl-2,2'-bi(l,3,2-dioxaborolane) (121 mg, 0.478 mmol), potassium acetate (59 mg, 0.598 

15 mmol) and [l,r-bis(diphenylphosphino)ferrocene]dichloropalladium(II) (29 mg, 0.04 mmol) in 

dioxane (4.5 mL) was heated at 100 °C for 3 hours. The mixture was then filtered through 

diatomaeeous earth and concentrated to an oil which was dissolved in EtOAc and extracted with 1 N 

aqueous hydrochloric acid. The organic extract was dried, filtered and concentrated, and then the 

residue was purified by chromatography (silica gel, ethyl acetate in hexanes) which afforded 50 mg, 

20 (34 %) of the title compound. MS (ESI) m/z 747 (M+H)". 

10 Example 9B 

difluorophenyl)-4-pheny Ipiperidine 

Example 9C 

(2S,2'S)-feri-butyl 2,2'-(4,4'-(4,4'-((2R,5R)-1 -(3,5-dif!uoro-4-(4-phenylpiperidin-1 -

25 yl)phenyl)pyrrolidine-2,5-diyl)bis(4,i-phenylene))bis(lH-imidazole-4,2-diyl))dipyrrolidine-l 

carboxylate 
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The product from Example 9B (50 mg, 0.067 mmol), Intennediate 1 (64 mg, 0.201 mmol), 
[1,1 -bis(u!phenylphosphr1riO)fc]Tocerjc]dichloropa!3adii:ir((II) (6.1 mg, 0.0084 mmol), and sodium 
carbonate (1.0 M in water, 0.27 mL, 0.27 mmol) were heated in ethanol (1.5 mL) and toluene (1.5 
mL) at 85 °C for 17 hours. Water (10 mL) was added to the mixture followed by extraction with 

5 dichloromethane. The organic extract was dried, filtered and concentrated, and then the residue was 
purified by chromatography (silica gci, methanol in dichloromethane) which afforded 51 mg, (79 %) 
of the title compound. VIS (ESI) m/z 966 (M+H)"1". 

10 Example 9D 
l~(4-((2R,5R)-2,5-his(4-(2-<(S)-pyrro!idin-2-yl)-lH-imidazoI~4~yl)phenyl)pyrrolidin-l-yl)-2;6-

difluoropheny])-4-pheny Ipiperidine 
The product of Example 9C (50 mg, 0.052 mmol) was dissolved in dioxane (1.5 mL) and 

hydrochloric acid in dioxane (4.0 N, 0.65 mL, 2.6 mmol), and the mixture was stin-ed at room 
15 temperature for 4 hours. Afterwards the mixture was concentrated to afford the title compound as a 

hydrochloride salt. MS (ESI) m/z 765 (M+H)1. 

Example 9E 
methyl {(25)-l-[(25)-2-(4-{4-[(272,5i?)-l-[3)5-difluoro-4-(4-phenylpiperidin-l-yl)phenyl]-5-(4-{2-

20 [(25r)-i-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-imidazol-4-
yl}phenyl)pyiTolidin-2-yl]phenyl}-l//-imid.azol-2-yl)pyn-olidin-l-yl]-3-methyl-l-oxobutan-2-

yl} carbamate 
The product from Example 9D (40 mg, 0.052 mmol), (S)-2-(methoxycarbonylamino)-3-

methylbutanoic acid (18.3 mg, 0.105 mmol), N-(3-dimethylammopropy!)-N'-ethylcarbodiimide 
25 hydrochloride (22.1 mg, 0.115 mmol), 1-hydroxybenzotriazole hydrate (17.6 mg, 0.115 mmol) and 4-

methylmorpholine (0.046 mL, 0.418 mmol) were dissolved in DMF (1.5 mL), and the mixture was 
stirred at room temperature for 19 hours. Afteiwards, 1 N aqueous hydrochloric acid was added 
followed by extraction with dichloromethane. The organic extract was di'ied, filtered and 
concentrated, and then the residue was purified by cliromatography (silica gel, methanol in 

30 dichloromethane) which afforded 25 mg, (44 %) of the title compound. 'Ii NMR (400 MHz, DMSO-

fifi) 5 ppm 7.64 (m, 5H), 7.23 (m, 1 IH), 5.89 (d, J- 12.8 Hz, 2H), 5.23 (m, 2H), 5.08 (m, 2H), 4.06 (m, 
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2H), 3.80 (m, 4H), 3.53 (s, 6Ii), 2.96 (m, 4H), 2.18 (m, 2H), 1.99 (m, 6H), 1.70 (m, 6H), 0.83 (m, 
1 tm. \,1C /"CCT\ /~ 1 AQA /AA-X-TJV 
1 1J? t^ i. VJUU \^.LVl « Ijy 

From the product of General Procedure 11C, the compounds of Examples 10.1 and 10.2 can be 

5 obtained by the steps of: (1) coupling with (S)-2-(methoxycarbonylamino)-3-melhylbutanoic acid; (2) 

removal of the single Boc protecting group; and (3) coupling with a second selected carbamate-

protected amino acid. 

Example 10.1 

10 methyl [(l1S)-2-[(2iS',3a)S',6atS)-2-{5"[(2/?!57?)-l-[3f5-difluoro-4-(piperidm-l-yi)phenyl]-5-{2-

[(21S,,3a.S',6a5,)-l-{(25)-2-[(mcthoxycarbonyl)amino]-3-methylbutanoyl}octahydi'Ocyclopenta{6]pyrrol-

2-yi]-l//-benzimidazol-5-yl}pyrrolidin-2-yl]-l//-benzimidazol-2-yl}hexahydrocyclopenta[/)]pyrrol-

l(2//)-yl]-2-oxo-l-(telrahydro-2//-pyran-4-y])ethyl]carbarnate 
!H NMR (400 MHz, DMSCMO S ppm 0.70 - 0.91 (m, 6 H) 1.10 - 1.27 (m, 2 H) 1.34 - 1.49 (m, 8 H) 

15 1.50- 1.64 (m, 4 H) 1.65 - 1.81 (m, 4 H) 1.84 - 2.03 (m, 6 H) 2.05 - 2.18 (m, 4 H) 2.36 - 2.46 (m, 4 H) 

2.72 - 2.86 (m, 6 H) 3.02 - 3.21 (m, 2 H) 3.54 (s, 6 H) 3.70 - 3.89 (m, 2 H) 3.97 - 4.17 (m, 2 H) 4.72 -

4.86 (m, 2 H) 5.07 - 5.20 (m, 2 H) 5.32 - 5.43 (ms 2 H) 5.84 - 5.94 (m, 2 H) 7.07 (t, J=10.08 Hz, 2 H) 

7.17 -7.27 (m, 2 H) 7.30 - 7.56 (m, 4 H) 11.92 - 11.99 (m, 1 H) 12.03 - 12.13 (m, 1 PI); MS (ESI+) 

m/z 1073.4 (M+H)"". 

20 

Example 10.2 
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methyl {(25,,3i2)-l-[(25,3a5,,6a5)-2-{5-[(2i2,5^)-l-[3,5-difluoro-4-(pipeTidiii-l-yl)pheny3]-5-{2-

[(25'3a5,6a^-l-{(25)-2-[(niethQxycarbonyl)ammo]-3-met!w3biitanoyI}octahydrocycIopenta[5]p)'rroI-

2-yl]-l/f-benzimidazol-5-yl}pyrrolidin-2-yl]-i//-benzimidazol-2-yl}hexahydrocyclopenta[Z)]pyrrol-

1 (2H)-y\] -3 -methoxy-1 -oxobutan-2-y]} carbamate 

5 ]H NMR (400 MHz, DMSO-^) 8 ppm 0.70 - 0.89 (m, 6 H) 0.99 (ddd, J=34.43, 6.29, 3.31 Hz, 3 H) 

1.35 - 1.48 (m, 6 H) 1.50 - 1.63 (m, 4 H) 1.66 - 1.80 (m, 6 H) 1.83 - 2.00 (m, 6 H) 2.05 - 2.16 (m, 4 B) 

2.72 - 2.83 (m, 4 H) 3.17 (s, 3 H) 3.21 - 3.28 (m, 4 H) 3.54 (s, 6 H) 4.02 (1, J-7.48 Hz, 1 H) 4.20 -

4.30 (m, 1 H) 4.80 (U >1.91 Hz, 2 H) 5.08 - 5.17 (m, 2 H) 5.32 - 5.43 (m, 2 H) 5.83 - 5.94 (m, 2 H) 

7.05 (dd, 1=8.24, 1.30 Hz, 2 H) 7.21 (s, 1 H) 7.30 (d, J=3.14 Hz, 1 H) 7.40 (d, .T=7.92 Hz, 1 H) 7.45 -

10 7.56 (m, 3 H) 11.99 (dd, J=9.87, 1.63 Hz, 1 H) 12.04 - 12.13 (m, 1 H); MS (ESI+) m/z 1047.5 

(M+H)*. 

From the product of General Procedure 8B, Example IB (mono-displacement), the compounds of 

Examples 11.1 and 11.2 can be obtained by the steps of: (I.) Buchwald reaction with an appropriate 

15 second amide (see General Procedure 8); (2) nitro reduction (see General Procedure 9); and (3) 

cyclization (see General Procedure 10). 

ABS 

Example 11.1 

methyl [(15)-2-[(2S)-2-{5-[(2i?,5i2)-l-[3)5-difluoro-4-(4-phenylpip^idm-l-yl)phenyl]-5-{2~[(21S)-I-

20 {(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-l/-/-benzimidazol-5-

yl}pyrrolidin-2-yl}-l/f-benzimidazol-2-yl}pyrrolidin-l-yl]-2-oxo-l-(tetrahydro-2/7-pyran-4-

y l)ethy 1] carbamate 
!HNMR (400 MHz, DMSO-fifi) 8 ppm 0.74 - 0.91 (m, 6 H) 1,44 - 1.56 (m, 2 H) 1.62 - 1.75 (m, 6 H) 

1.82 - 1.95 (m, 2 H) 1.97 - 2,07 (m, 4 H) 2.16 - 2.26 (m, 4 H) 2.87 - 3.16 (m, 7 H) 3.43 - 3.50 (m, 2 H) 

25 3.53 (s, 6 H) 3.58 - 3.66 (m, 2 H) 3.70 - 3.78 (m, 2 H) 3.80 - 3.89 (m, 4 H) 4.06 (t, J=8.51 Hz, 2 H) 

5.11-5.19 (m, 2 H) 5.33 - 5.43 (m, 2 H) 5.86 - 5.95 (m, 2 H) 7.06 - 7.11 (m, 2 H) 7.12 - 7.37 (m, 9 H) 

7.42 (dd, J=7.92, 1.73 Hz, 1 H) 7.46 - 7.53 (m, 1 H) 12.04 - 12.20 (m, 2 H); MS (ESI+) m/z 1069.4 

(M+H)+. 
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Example 11.2 

methyl {(2lS)-I-[(2l?)"2-(5-{(2^55/?)-5-(2-cyclopenlyI-l/f-benzimidazol-5-yl)-l-[3,5-difluoro-4-(4-

5 pheny Ipiperidin-l-yl)phenyl]pyiTolidin-2-yl}-l/f-benzimidazol-2-y r)pyrrolidin-l-yl]-3-methy 1-1-

oxobutan-2-yl} carbamate 
!H NMR (400 MHz, DMSO-rf6) 5 ppm 0.76 - 0.91 (m, 6 H) 1.59 - 1.73 (m, 10 H) 1.73 - 1.80 (m, 2 H) 

1.83 - 1.94 (m, 4 H) 1.97 - 2.08 (m, 4 H) 2.16 - 2.24 (m, 1 H) 2.86 - 3.04 (m, 6 H) 3.19 - 3.29 (m, 1 H) 

3.53 (s, 3 H) 3.79 -3.87 (m, 2 H) 5.11 - 5.19 (m, I H)5.34 - 5.42 (m, 2 H) 5.88 - 5.95 (m, 2 H) 7.03 -

10 7.11 (m, 2 H) 7.13 - 7.19 (m, 2 H) 7.20 - 7.27 (m, 4 H) 7.28 - 7.34 (m, 2 H) 7.40 (dd, J=13.88, 8.24 

Hz, 1 H) 7.50 (d, J=8.02 Hz, 1 H) 12.05 (d, J=10.63 Hz, 1 H) 12.12 (d, J=3.90 Hz, 1 H); MS (ESI+) 

m/z 869.4 (M+Hf. 

ABS 

Example 12.1 

15 methyl {(25)-l-[(25)-2-(5-{3-[l-(4-tert-butylphenyl)-3-(3-{2-E(21S)-l-{(21S)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyri'olidin-2-yl]-l//-imidazol-5-yl}phenyl)azetidin-3-

yl]pheiiyl}-l//-imidazol-2-yl)pyiTolidm-l-yl]-3-melhyl-l-oxobutan-2-yl} carbamate 

20 

Example 12.IA 

bis(3-bromophenyl)methanol 
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n-BuLi (26.5 mL, 42.4 mmol, 1.6M in hexane) was added lo a solution of 1,3-

rlibromobfinzercfc (10 42.4 inmnl) in THF (50 mL) al -78 °C. After stirred for 2 h at -78 °C, the 3-

bromobenzaldehyde (7.84 g, 42.4 mmol) was added to the reaction mixture. The reaction mixture was 

allowed to warm up to r.t. and stirred al 30 °C for 12 h. The reaction was quenched with aq.NH4Cl 

(100 mL). The mixture was extracted with dichloromethane (80 mLx5). The combined organic layers 

were di'ied and concentrated. The residue was purified by column chromatography (on silica gel, 

eluent with Petroleum ether -Petroleum ether: EtOAc=20:l) to afford 8.4 g of the title compound 

(24.5 mmol, 58%). LC/MS: [M-18+1] - 325. 'HNMR (DMSO-4J), 400MHz: S 5.74 (d, IH, 7=4.0 

Hz), 6.19 (d, IH, .7=4.4 Hz), 7.26-7.31 (m, 2H), 7.37-7.43 (m, 4H), 7.59 (s, 2 H). 

MnC>2 (21.61 g, 249 mmol) was added to a solution of bis(3-bromophenyl)methanol (8.4 g, 

24.5 mmoi) in dichloromethane (80 mL). The mixture was stirred at 25 °C for 12 h and. then filtered. 

The filter cake was washed with dichloromethane (60 mLx5). The filtrate was concentrated to afford 

7.6 g of the title compoimd (22.3 mmol, 90%). LC/MS: [M-H] = 341. ]HNMR (DMSO-<4), 400MHz: 

(5 7.52-7.56 (m, 2H), 7.71 (d, 2H, J=1.2 Hz), 7.88-7.92 (m, 4H). 

KOt-Bu (2.72 g, 24.26 mmol) was added to a stirred, suspension of bis(3-

bromophenyI)mcthanone (7.5 g, 22.06 mmol) and. trimethylsulfonium iodide (4.50 g, 22.06 mmol) in 

DMSO (20 mL) and the resulting mixture was stirred at 30 °C for 8 h. The mixture was diluted with 

ethyl acetate (500mL), washed with water (500 mL x 3) and brine (500 mL). The organic layer was 

separated and evaporated in vacuo to afford the title compound which was used directly without 

further purification. 

Example 12.IB 

bis(3-bromophenyl)methanonc 

0 

Example 12.1C 

2,2-bis(3-bromophenyl)oxirane 

Br 

Q' 
Toluene Br 

CHO 
K2C03 

aq CHzO 
Br EtOH Br 

OH OH 

Br 

heat 

Example 12.1 D 

2,2-bis(3-bromophenyl)propane-1,3-diol 
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A mixture of the cmde 2,2-bis(3-bromophenyl)oxirane (7.4 g, 20.90 mmol) and p-

toiuericSuifoiiiC acid monohydrate (360 mg, 2.1 mmol) in toluene (25 mL) vvas stirred at 95 °C for 1 h. 

The solution was washed with aq NaHCC>3 (10 mL) and water (20 mL). The organic layer was dried 

and concentrated. The residue was dissolved in EtOH (20 mL). To the solution was added 

5 formaldehyde (15.56 mL, 209 mmol, 37% aqueous solution) and K2COJ (1.44 g, 10.45 mmol). The 

mixture was stirred at 85°C for 12h. After cooling to room temperature, the reaction mixture was 

diluted with water (50 mL) and extracted with dichloromethane (60 mLx4). The combined organic 

layers were dried and concentrated. The residue was purified by column chromatography (on silica 

gel, eluent with Petroleum ether-Petroleum ether: EtOAc=2:l) to afford 4.6 g of 2,2-bis(3-

10 bromophenyl)propane-l,3-diol (11.9 mmol 57% after two steps). LC/MS: [M-18+1] = 36S. 'HNMR 

(CDCIs), 400MHz: <5 2.53 (brs, 2H), 2.41 (s, 4H), 7.09-7.20 (m, 4H), 7.36-7.40 (m, 4H). 

OMs OMs 

Example 12. IE 

2,2-bis(3-bromophenyl)propane-l,3-diyl dimethanesulfonate 

15 To a stirred solution of 2,2-bis(3-bromophenyl)propane-l,3-diol (6.0 g, 15.54 mmol) in 

dichloromethane (50 mL) at 0°C was added, methanesii ifonic chloride (27.1 g, 155 mmol) and Et;N 

(17.3 mL, 124 mmol)to give an orange solution. The reaction mixture was stirred at 0 °C for Ih, then 

at 40 °C for 8 h. The reaction was washed with aq. NH4CI (80 mL). The aqueous layer was exti-acted 

with dichloromethane (50 mLx3). The combined organic layers were di'ied and concentratcd. The 

20 residue was purified by chromatography (on silica gel column, Petroleum ether: EtOAc=2:1) to afford 

3.2 g of the title compound (5.9 mmol, 38%). LC/MS: [M+18] = 560. 'HNMR (CDC13), 400MHz: S 

2.93 (s, 6H), 4.49 (s, 4H), 7.15-7.48 (m, 8H). 

25 Example 12. IF 

3-azido-2,2-bis(3-bromophenyl)propyl methancsulfonate 

To a solution of 2,2-bis(3-bromophenyl)propane-l ,3-diy] dimethanesulfonate (3.6 g, 6.64 

mmol) in DMPU (25 mL, 207 mmol) under N2 was added NaN5 (0.52 g, 7.97 mmol) with stirring. 

The mixture was heated to 110 °C for 5 h. After cooling to room temperature, the reaction mixture 

30 was diluted with EtOAc (100 mL), and washed with water (30 mLx2) and brine (25 mL), dried and 

concentrated. The residue was purified by column chromatography (on silica gel, eluent with 
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Petroleum ether: EtOAc=3:l) to afford 1.3 g of the title compoimd (2.66 mmol, 40%). LC/MS: 
nv/p-1 an ~ <n-7 ^Miv/rp /I/VUAH.-,. ,S O /v im A m (e w* A in {c 9m I oi.i no An vv V-'J V-'> V? *•/? 

2H), 7.21-7.31 (m, 4H), 7.44-7.46 (m, 2H). 

Example 12.1G 

diethyl 3,3-bis(3-bromophenyl)azetidin-l-ylphosphonate 

To a solution of 3-azido-2,2-bis(3-bromophenyl)propyl methanesulfonate (1.3 g, 2.66 mmol) 

in anhydrous toluene (10 mL) and anhydrous THF (5 mL) under N2 was added triethyl phosphite 

(0.49 mL, 2.79 mmol) at 25 °C. The mixture was stirred for 18 h. The reaction was concentrated by 

rotary evaporation in a dried apparatus. The residue was dried in vacuo, and used in the next reaction 

without further purification. The cmde triethyl phosphorimidate was dissolved in anhydrous m-xylene 

(5 mL) under N2 and heated in an oil bath at 150 °C for 12h. After cooled to room temperature, the 

solvent was removed by rotary evaporation (vacuum pump assisted) to give a thick light orange oil 

which was purified by prep-TLC (eluent with EtOAc: dichloromethane=l:5) to afford 960 mg of 

diethyl 3,3-bis(3-bromophcnyl)azetidin-l-ylphosphonate (1.9 mmol, 71% after two steps). LC/MS: 

[M+l] = 504. 'HNMR (CDC13), 400MHz: 8 1.25-1.36 (m, 6H), 4.05-4.39 (m, 4H), 4.40 (d, 2H, J-5.2 

Hz), 7.09-7.11 (m, 2H), 7.20-7.27 (m, 2H), 7.40-7.42 (m, 4H). 

Example 12.1 H 

3,3-bis(3-bromophenyl)azetidine 

To a solution of diethyl 3,3-bis(3-bromophenyl)azetidin-l-ylphosphonate (960 mg, 1.9 mmol) 

in anhydrous dichloromethane (5 mL) under N2 was added TFA (5 mL). The mixture was stirred at 20 

°C for 3 h, then concentrated by rotary evaporation. The residue was dissolved in dichloromethane (20 

mL) and washed with aq. NaHCO.i (30 mL). The organic layer was dried and concentrated to afford 

595 mg of the title compound (1.6 mmol, 85%) as a yellow oil which was used directly to next step 

without purification. LC/MS: [M+l] = 368. 
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Example 12.11 

3,3 -bis(3 -bromoph eny 1)-1 -(4-tert-buty Ipheny l)azetidine 

A mixture of 3,3-bis(3-bromophenyl)azetidine (60 mg, 0.163 mmol), l-tert-butyl-4-

5 iodobenzene (85 mg, 0.327 mmol), xantphos (9.46 mg, 0.016 mmol), Pd2(dba)3 (3.74 mg, 4.09 pmol) 

and tert-butoxide (18.85 mg, 0.196 mmol) in dioxane (5 mL) was stirred at 110 °C for 12 h. After the 

reaction was coolcd to room temperature, water (15 mL) and dichloromethane (15 mL) was added. 

The aqueous phase was extracted with dichloromethane (15mLx3). The combined organic layers were 

dried and concentrated. The residue was purified by prep-HPLC (Instrument: waters 2767 PHW004 

10 Column YMC-Triart C18 150*20mm S-5um.l2nm Mobile Phase A: water (0.05% NH4HCO3) B: 

ACN Gradient 95-95% B in 8 min stop in 14 min Flow Rate(ml/min) 20.00 Detective 

Wavalength(nm) 214\254 Retention Time(min) 7.4 to afford 26 mg of the title compoimd (0.052 

mmol, 31.8 % yield). LC/MS: [M+l] - 500. 

15 

20 

Example 12.1J 

l-(4-tert-butylphenyl)-3,3-bis(3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl)azetidine 

A mixture of 3,3-bis(3-bromopheny])-i-(4-tcrt-buty]phenyl)azetidme (50 mg, 0.100 mmol), 

bis(pinacolato)diboron (65.9 mg, 0.260 mmol), KOAc (58.8 mg, 0.599 mmol) and PdCl2(dppf)~ 

CH2CI2 adduct (20.39 mg, 0.025 mmol) was stirred at 100 °C for 2 h under N2. After cooling to room 

temperature, water (15 m.L) and dichloromethane (15 mL) was added. The aqueous layer was 

extracted with dichloromethane (15mLx3). The combined organic layers were dried and concentrated. 

The residue was purified by prep-TLC (eluent with dichloromethane: hexane-1:1) to afford 50 mg of 

the title compound (0.078 mmol, 78 % yield). LC/MS: [M-C12H20+I] = 430; [M-GHio+l] = 512. 
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1 o 1 lx* 
i^.HV 

methyl {(2lS)-l-[(2JS)-2-(5-{3-[l~(44crt~butylphenyl)-3-(3-{2-[(25,)-l--{(25)-2-

[(methoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidin-2-yl]-l//-imidazol-5-yI}phenyl)azetidin-3-

5 yl]phenyl}-]//-imidazol-2-yl)pyrrolid-in-3-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

A mixture of l-(4-tert-butylphenyl)-3,3-bis(3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolar)-2-

yl)phenyl)azetidine (50 mg, 0.084 mmol), Intermediate 4 (66.0 mg, 0.177 mmol), PdCiifdppfl-CHjCI? 

adduct (13.76 mg, 0.017 mmol) and K2CO;, (69.9 mg, 0.506 mmol) in dioxane (5 mL) was stirred at 

100 °C for 2 h. After cooling to room temperature, the reaction mixture was diluted with 

10 dichloromethane (20 mL) and washed with aq. NH4CI (15 mLl). The aqueous layer was extracted 

with dichloromethane (15 mLx3), and the combined organic layers were washed with brine (25 mL), 

dried and concentrated. The residue was purified by prep-HPLC: Instrument waters 2767 PHW003 

Column Boston C18 lOum 21 *250mm Mobile Phase A:water(0.05%NH4HC03); B:ACN Gradient 

60-82% B in 8min, stop at 14min Flow Rate(mi/min) 30.00 Detective Wavelength(nm) 214V254 

15 Retention Time(min) 8.32. The purity was 83% after first purification by prep-HPLC. The compound 

was further purified by prep-TLC (eluent with MeOH: dichloromethane=l:15) to afford 22 mg of the 

title compound (0.024 mmol, 28.2 % yield). LC/MS: [M+l] = 926. !HNMR (MeOD-tf,), 400MHz: 3 

0.77-0.85 (m, 12H), 1.18 (s, 9H), 1.88-2.23 (m, 10H), 3.07 (d, 2H, ./= 6.4 Hz), 3.56 (s, 6H), 3.75-3.89 

(m, 4H), 4.12-4.14 (m, 2H), 4.36-4.42 (m, 4H), 5.03-5.07 (m, 2H), 6.46-6.48 (m, 2H), 6.73-6.77 (m, 

20 IH), 7.10-7.23 (m, 9H), 7.39-7.41 (m, 2H), 7.68-7.72 (m, 2H). 

ABS 

Example 12.2 

methyl {(25Vl-[(2>S)-2-(5-{3-[3-(3-{2~[(25yi-{(25)-2-[(methoxycarbonyl)amino]-3-

melhylbutanoyI}pyrrolidin-2-yl]-l//-imidazol-5-yi}phenyl)-l-phenylazetidin-3-yl]phenyl}-17/-

imidazol-2-yl)pyrrolid.in-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate 

25 
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Example 12.2A 

3,3 -bis(3 -bromopheny])-1 -phenylazetidme 

A mixture of 3,3-bis(3-bromophenyl)azetidine (200 mg, 0.545 mmol), iodobenzcne (222 mg, 

5 1.090 mmol), xantphos (31.5 mg, 0.054 mmol), Pd2(dba)3 (12.47 mg, 0.014 mmol) and sodium tert-

butoxide (62.8 mg, 0.654 mmol) in dioxane (3 ml) was stirred for 12 h at 100 °C. After cooling to 

room temperature, water (15 mL) and dichloromethane (15 mL) was added. The aqueous layer was 

extracted, with dichloromethane (15mLx3). The combined organic layers were dried and concentrated. 

The residue was purified by prep-TLC (eluent with dichloromethane: EtOAc=5:1) to afford 140 mg of 

10 the title compound (0.31 mmol, 58%). LC/MS: [M+l ] = 444, Ret. Time: 2.69 min. 'HNMR (CDCh), 

400MHz: 4.42 (s, 4H), 6.54 (d, 2H, .7=7.6 Hz), 7.09-7.11 (m, 2H), 6.79 (t, IH, >=7.2 Hz), 7.17-7.26 

(m, 6H), 7.37-7.45 (m, 4H). 

Example 12.2B 

15 l-phenyl-3,3-bis(3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl)azetidme 

A mixture of 3,3-bis(3-bromophenyl)-l-phenylazetidine (140 mg, 0.284 mmol), KOAc (167 

mg, 1.705 mmol), PdCl2(dppf)-CH2Cl2 adduct (58.0 mg, 0.071 mmol) and bis(pinacolato)diboron 

(188 mg, 0.739 mmol) in dioxane (3 mL) was stirred at 110 °C for 2h. After cooling to room 

temperature, the reaction mixture was diluted with dichloromethane (20 mL) and washed with aq. 

20 NH4C1 (15 mL). The aqueous layer was extracted with dichloromethane (15 mLx3). The combined 

organic layers were washed with brine (25 mL). The organic layers was dried and concentrated. The 

crude product was purified by prep-TLC (eluent with dichloromethane: Hexane-1:2) to afford 142 mg 

of the title compound. (0.209 mmol, 73.6 % yield). LC/MS: [M+l] = 538. 

25 Example 12.2C 
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methyl {(25)-3-[(2iS}-2-(5-{3-[3-(3-{2-[(26^-l-{(2lS)-2-[(methoxycarbonyl)amino]-3-

methylbutari0yl}pyiT0lidm-2-yl]-l /f-iiuidazol-S-yl} phenyl)- l-phcnylazetidin-3-yi]phenyl} 1H 

imidazol-2-yl)pyiTolidin-l-y]]-3-methyl-l -oxobutan-2-yl} carbamate 

A mixture of l-phenyl-3,3-bis(3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-

5 yl)phenyl)azetidine (60 mg, 0.112 mmol), Intermediate 4 (88 mg, 0.235 mmol), PdCl2(dppf)-CH2Cl2 

adduct (18.24 mg, 0.022 mmol) and K2C03 (93 mg, 0.670 mmol) in dioxane (5 mL) and water (1 mL) 

was stirred at 100 °C for 2 h under N2. The reaction mixture was diluted with dichloromethane (20 

mL) and washed with aq. NH4C1 (15 mL). The aqueous phase was extracted with dichloromcthane 

(15 mLx3). The combined organic layers was washed with brine (25 mL). The organic layers was 

10 dried and concentrated. The crude product was purified by prep-HPLC (Instrument waters 2767 

PHW003 Column Boston C18 1 Oiirn 21*250mm Mobile Phase A:water (0.05%NH4HC03);B:ACN 

Chad lent 45-70% B in 8min,stop at 14min Flow Rate(ml/min) 30.00 Detective Wavalength(nm) 

214\254 Retention Time(min) 8.47. Then the compound was further purified by prep-TLC (eluent 

with MeOH ; d.ichloromethane=l: 15) to afford 20 mg of the title compound (0.022 mmol, 19.53 % 

15 yield). LC/MS: [M+l] = 870. ]HNMR (MeOD-^), 400MHz: <5 0.86-0.97 (m, I2H), 1.97-2.33 (m, 

10H), 3.07 (d, 2H, J= 6.4 Hz), 3.66 (s, 6H), 3.83-3.99 (m, 5H), 4.21-4.23 (m, 2H), 4.49-4.55 (m, 5H), 

5.13-5.16 (m, 2H), 6.61-6.63 (m, 2H), 6.73-6.77 (m, IH), 7.19-7.58 (m, 12H), 7.78-7.80 (m, 2H). 

The present invention also contemplates pharmaceutically acceptable salts of each title 

compound described in the above examples. All of the examples disclosed in U.S. Patent Application 

20 Publication No. 2010/0317568 and U.S. Patent Application Serial Nos. 1.2/903,822 and 12/964,027 

are also incorporated herein by reference. 

When tested using HCV Ib-Coni replicon assays in the presence of 5% FBS, cach title 

compound in 1.1, 1.3, 1.5, 1.6, 1.7, 1.8, 2.1, 2.2, 2.4, 2.5, 2.6, 2.9, 2.10, 2.11, 2.12, 2.13, 2.14, 2.15, 

2.16, 2.17, 3.1, 3.2, 3.4, 3.5, 3.6, 3.7, 3.8, 3.1 I, 3.12, 3.13, 3.15, 3.17, 3.18, 3.19, 3.20, 3.21, 3.22, 

25 3.23, 3.24, 3.25, 3.26, 3.27, 3.28, 3.29, 3.30, 3.31, 3.32, 3.33, 3.34, 3.35, 3.36, 3.37, 3.38, 3.39, 3.40, 

3.41, 3,42, 3.43, 3.44, 3.45, 3.46, 3.47, 3.48, 3.49, 3.50, 3.51, 3.52, 3.53, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 

4.7, 4.8, 4.9, 4.10, 4.11, 4.12, 4.13, 4.14, 4.15, 4.16, 4.17, 4.18, 4.19, 4.20, 4.21, 4.22, 4.23, 4.24, 4.26, 

4.27, 4.28, 4.29, 4.30, 4.31, 4.32, 4.33, 4.34, 4.35, 4.36, 4.37, 4.38, 4.39, 4.40, 4.41, 4.42, 4.43, 4.44, 

4.45, 4.46, 4.47, 4.49, 4.50, 4.51, 4.52, 4.53, 4.54, 4.55, 4.56, 4.57, 4.58, 4.59, 4.60, 4.61, 4.62, 5.1, 

30 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 5.10, 5.11, 5.12, 5.13, 5.14, 5.15, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 

6.8, 6.9, 6.10, 6.11, 6.12, 6.13, 6.14, 6.15, 6.16, 7.1, 8, 9, 10.1, 10.2, 11.1, and 11.2 showed an EC50 

value of less than about 0.1 nM. When tested using HCV Ib-Conl replicon assays in the presence of 

5% FBS, each title compound in Examples 1.4, 2.8, 3.3, 3.9, 3.10, 3.16 and 4.25 showed an EC50 

value of from about 0.1 to about 1 nM. When tested using HCV Ib-Conl replicon assays in the 

35 presence of 5% FBS, each title compound in Examples 2.3, 2.7, 12.1 and 1.2.2 showed an EC50 value 
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of from about 3 to about 10 nM. The tile compounds of Example 1.2 and 3.14 showed an EC5o value 

ui uvci iu i-iivi wxien testedusmg HCV lb~Conl rcplicoii assays in the prcscncc of 5/'o FBS. 

When tested using HCV 2a, 2b, 3a and 4a replicon assays in the absence of human plasma 

(HP), the EC50 values of Example 5.1 were about at least 50-fold less than those of Example 4.25 

5 (about 200-500 pM); and the EC.so values of Example 3.20 were about at least 15 fold less than those 

of Example 4.25. The AUC value (as defined above) of Example 5.1 was about 30 fold greater than 

that of Example 2.9. When tested using HCV la replicon assays in the presence of 40% HP, the EC50 

value of Example 6.1 against L31M, Y93H or Y93N mutant was at least 5-fold less than that of 

Example 109 (about 10-100 nM) of U.S. Patent Application Publication No. 2010/0317568 (U.S. 

10 Patent Application Serial No. 12/813,301, hereinafter the '301 application); and the AUC value of 

Example 6.1 was about 9-fold greater than that of Example 109 of the '301 application. When tested 

using HCV 2a, 2b, 3a and 4a replicon assays in the absence of HP, the EC50 values of Example 4.15, 

as well as Example 302 of the '301 application, were about 2-4 fold less than those of Example 163 

(about 10-50 pM) of the '301 application. When tested using HCV 2b and 4a replicon assays in the 

15 absence of HP, the EC5o values of Example 251 of the '301 application were about 2-fold, less than 

those of Example 163 of the '301 application. When tested using HCV 2a, 2b, 3a and 4a replicon 

assays in the absence of HP, the EC5o values of Example 120 of the '301 application were about at 

least 2-fold less than those of Example 164 (about 300-1200 pM) of the '301 application, and the EC50 

values of Examples 245, 256 and. 271 of the '301 application were at least about 10-fold less than 

20 those of Example 164 of the '301 application; the AUC values of Example 245, 256 and 271 were at 

least about i 0-fold greater than that of Example 164. 

Each compound's anti-HCV activity can be determined by measuring the activity of the 

luciferase reporter gene in the replicon in the presence of 5% FBS. The luciferase reporter gene is 

placed under the translational control of the poliovirus IRES instead of the HCV IRES, and HuH-7 

25 cells are used to support the replication of the replicon. 

The inhibitory activities of the compounds of the present invention can be evaluated using a 

variety of assays known in the ail. For instance, two stable subgenomic replicon cell lines can be 

used for compound characterization in ceil culture: one derived from genotype la-H77 and the other 

derived from genotype Ib-Conl, obtained from University of Texas M.ed.ical Branch, Galveston, TX 

30 or Apath, LLC, St. Louis, MO, respectively. The replicon constructs can be bicistronic subgenomic 

replicons. The genotype la replicon construct contains NS3-NS5B coding region derived, from the 

H77 strain of HCV (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 

35 containing the NS3-NS5B coding region with addition of adaptive mutations E1202G, K1691R, 

K2040R and S2204I. The lb-Conl replicon construct is identical to the la-H77 replicon, except that 
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the HCV 5' UTR, 3' UTR, and NS3-NS5B coding region are derived from the lb-Conl strain, and 

the adaptive mutation? are K1609E, K.1846T and Y3005C. In addition, the Ib-Conl replicon 

construct contains a poliovirus IRES between the HCV IRES and the luciferase gene. Replicon cell 

lines can be maintained in Dulbecco's modified Eagles medium (DMEM) containing 10% (v/v) fetal 

5 bovine serum (FBS), 100 IU/ml penicillin, 100 mg/ml streptomycin (Invitrogen), and 200 mg/ml 

G418 (Invitrogen). 

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

determined by measuring activity of the luciferase reporter gene. For example, replicon-containing 

cells can be seeded into 96 well plates at a density of 5000 cells per well in 100 pi DMEM containing 

10 5% FBS. The following day compounds can be diSuted in dimethyl sulfoxide (DMSO) to generate a 

200x stock in a series of eight half-log dilutions. The dilution series can then be further diluted 

100-fold in the medium containing 5% FBS. Medium with the inhibitor is added to the overnight cell 

culture piates already containing 100 ul of DMEM. with 5% FBS. In assays measuring inhibitory 

activity in the presence of human plasma, the medium from the overnight cell culture plates can be 

15 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 pi of Passive Lysis buffer (Promega) 

can be added to each well, and then the plates are incubated for 15 minutes with rocking to lysc the 

cells. Luciferm solution (100 p], Promega) can be added to each wcii, and luciferase activity can be 

measured with a Victor II luminometcr (Perkin-Elmer). The percent inhibition of HCV RNA 

20 replication can be calculated for each compound concentration and the EC50 value can be calculated 

using nonlinear regression curve fitting to the 4-parameter 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 

replication. 

25 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, Ic, ID, IE» IP or IG). 

In addition, the present invention features phannaceutical compositions comprising 

pharmaceutically acceptable salts, solvates, or prodrugs of the compounds of the invention. Without 

30 limitation, pharmaceutically acceptable salts can be zwitterions or derived from pharmaceutically 

acceptable inorganic or organic acids or bases. Preferably, a pharmaceutically acceptable salt retains 

the biological effectiveness of the free acid or base of the compound, without undue toxicity, irritation, 

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

biologically or otherwise undesirable. 

35 The present invention further features pharmaceutical compositions comprising a compound 

of the invention (or a salt, solvate or prodrug thereof) and another therapeutic agent. By way of 
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illustration not limitation, these other therapeutic agents can be selected from antiviral agents (e.g., 
T.ruz T rmr irr^1! r „„„i. „„ nrnr rr rv anu-i it v aguiio, aiui-iiu v agu-ius, ui uuioi auu-j.iv,. v agents suwi <n> v jjiutccisc uiiuuuuis, nv^ v 

polymerase inhibitors, HCV helic-ase inhibitors, IRES inhibitors or NS5A inhibitors), anti-bacterial 

agents, anti-fungal agents, immunomodulators, anti-cancer or chemotherapeutic agents, anti-

5 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, pegylated interferon-lambda, 

ribavirin, viramidine, R-5158, mtazoxanide, amantadine, Debio-025, NIM-811, R7128, R1626, 

R4048, T-1106, PSI-7977 (Pharmasset) (nucleoside polymerase inhibitor), PSI-7851 (Pharmasset) 

10 (nucleoside polymerase inhibitor), PSI-938 (Phannasset) (nucleoside polymerase inhibitor), PF-

00868554, ANA-598, IDX184 (nucleoside polymerase inhibitor), 1DX102, IDX375 (non-nucleoside 

polymerase inhibitor), GS-9390 (non-nucleoside polymerase inhibitor), VCH-759, VCH-916, MK-

3281, BCX-4678, MK-3281, VBY708, ANA598, GL59728, GL60667, BMS-790052 (NS5A 

inhibitor), BMS-791325 (protease Inhibitor), BMS-650032, BMS-824393, GS-9132, ACH-1095 

15 (protease inhibitor), AP-H005, A-831 (Arrow Therapeutics) (NS5A inhibitor), A-689 (AITOW 

Therapeutics) (NS5A inhibitor), INX08189 (Inhibitex) (polymerase inhibitor), AZD2836, telaprevir 

(protease Inhibitor), boceprcvir (protease Inhibitor), ITMN-191 (Intermune/Roche), BI-201335 

(protease Inhibitor), VBY-376, VX-500 (Vertex) (protease Inhibitor), PHX-R, ACH-1625, IDX136, 

IDX316, VX-813 (Vertex) (protease Inhibitor), SCH 900518 (Schering-Plough), TMC-435 (Tibotec) 

20 (protease Inhibitor), ITMN-191 (Intermune, Roche) (protease Inhibitor), MK-7009 (Merck) (protease 

Inhibitor), IDX-PI (Novartis), BI-201335 (Boehringer Ingelheim), R7128 (Roche) (nucleoside 

polymerase inhibitor), MK-3281 (Merck), MK-0608 (Merck) (nucleoside polymerase inhibitor), PF-

868554 (Pfizer) (non-nucleoside polymerase inhibitor), PF-4878691 (Pfizer), IDX-184 (Novartis), 

IDX-375 (Pharmasset), PPI-461 (Presidio) (NS5A inhibitor), BILB-1941 (Boehringer Ingelheim), 

25 GS-9190 (Gilead), BMS-790052 (BMS), Albuferon (Novartis), ABT-333 (Abbott) (non-nucieoside 

polymerase inhibitor), ABT-072 (Abbott) (non-nucleoside polymerase inhibitor), ritonavir, another 

cytochrome P450 monooxygenase inhibitor, or any combination thereof. 

In one embodiment, a phannaceutical composition of the present invention comprises one or 

more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or more 

30 other antiviral agents. 

In another embodiment, a pharmaceutical composition of the present invention comprises one 

or more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or more 

other anti-HCV agents. For example, a phannaceutical composition of the present invention can 

comprise a compound(s) of the present invention having Formula 1, IA, IB, Ic, ID, IE, IF or IG (or a salt, 

35 solvate or prodrug thereof), and an agent selected from HCV polymerase inhibitors (including 
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nucleoside or non-nucleoside type of polymerase inhibitors), HCV protease inhibitors, HCV helicase 

inhibitors CD81 inhibitors? cvclophilirs inhibitors;, IRES inhibitors or NS5 A. iphiHiinrc 

In yet another embodiment, a phannaceutical composition of the present invention comprises 

one or more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or 

5 more other antiviral agents, such as anti-HBV, anti-HIV agents, or anti-hepatitis A, anti-hepatitis D, 

anti-hepatitis E or anti-hepatitis G agents. Non-limiting examples of anti-HBV agents include 

adefovir, lamivudine, and tenofovir. Non-limiting examples of anti-HIV drugs include ritonavir, 

lopinavir, indinavir, nelfinavir, saquinavir, amprcnavir, atazanavir, tipranavir, TMC-114, 

fosamprenavir, zidovudine, lamivudine, didanosine, stavudine, tenofovir, zalcitabine, abacavir, 

10 efavirenz, nevirapine, delavirdine, TMC-125, L-870812, S-1360, enfuvirlide, T-1249, or other HIV 

protease, reverse transcriptase, integrase or fusion inhibitors. Any other desirable antiviral agents can 

also be included in a phannaceutical composition of the present invention, as appreciated by those 

skilled in the art. 

In a prefeiTed embodiment, a pharmaceutical composition of the invention comprises a 

15 compound of the invention (e.g.., a compound of Formula I, IA, 1B, IC, ID, IE, IF or IG, or preferably a 

compound described hereinabove, or a salt, solvate or prodrug thereof), and a HCV protease inhibitor. 

In another preferred embodiment, a pharmaceutical composition of the invention comprises a 

compound of the invention (e.g.., a compound of Formula I, IA, IB, Ic, 1D, IE, IF or lG. or preferably a 

compound described, hereinabove, or a salt, solvate or prodrug thereof), and a HCV polymerase 

20 inhibitor (e.g., a non-nucleoside polymerase inhibitor, or preferably a nucleoside polymerase 

inhibitor). In yet another preferred, embodiment, a pharmaceutical composition of the present 

invention comprises (1) a compoimd of the invention (e.g.., a compound of Formula I, IA, 1B, Ic, ID, IE, 

IF or I0, or preferably a compound described hereinabove, or a salt, solvate or prodrug thereof), (2) a 

HCV protease inhibitor, and (3) a HCV polymerase inhibitor (e.g., a non-nucleoside polymerase 

25 inhibitor, or preferably a nucleoside polymerase inhibitor). Non-limiting examples of protease and 

polymerase inhibitors are described above. 

In still another embodiment, a phannaceutical composition of the invention comprises (1) a 

compound of Fonnula I, IA, IB, IC. ID, IE, IF or IQ, or preferably a compound selected from the title 

compounds of the above Examples or Table 5, or a salt, solvate or prodrug thereof, and (2) one or 

30 more HCV inhibitors/modulators selected from ABT-072 (Abbott), ABT-333 (Abbott), ACH-1095 

(Achiilion), ACH-1625 (Achillion), ACH-2684 (Achillion), ACH-2928 (Achillion), alisporovir, 

ANA-598 (Anadys), ANA-773 (Anadys), AVL-181 (Avila), AVL-192 (Avila), AZD2836 (Astra-

Zeneca), AZD7295 (Astra-Zcneca), BCX-4678 (BioCryst ), BI-201335 (Boehringer Ingelheim), BI-

207127 (Boehringer Ingelheim), BILB-1941 (Boehringer Ingelheim), BMS-650032 (BMS), BMS-

35 790052 (BMS), BMS-791325 (BMS), BMS-824393 (BMS), boceprevir, CTS-1027 (Conatus), 

danoprevir, EDP-239 (Enanta), filibuvir, GL59728 (Glaxo), GL60667 (Glaxo), GS-5885 (Gilead), 
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GS-6620 (Gilead), GS-9132 (Gilead), GS-9256 (Gilead), GS-9451 (Gilead), GS-9620 (Gilead), GS-

9559 (Gilead), GSK625433 (GlaxoSmithKline), IDX-102 (Idenix), IDX-136 (Idcnix), IDX-184 

(Idenix), IDX-316 (Idenix), IDX-320 (Idenix), IDX-375 (Idenix), INX-189 (Inhibitex), ITX-4520 

(iTherx), ITX-5061 (iTherx), MK-0608 (Merck), MK-3281 (Merck), MK-5172 (Merck), narlaprevir, 

5 NM-811 (Novartis), PF-4878691 (Pfizer), PHX-1766 (Plienomix), PPI-1301 (Presidio), PPI-461 

(Presidio), PSI-7977 (Pharmasset), PSI-938 (Pharmasset), RG7128 (Roche), R05303253 (Roche), 

SCY-635 (Scynexis), legobuvir, telaprevir, TMC-435 (Tibotec), TMC-647055 (Tibotcc), TMC64912 

(Medivir), vaniprevir, VBY708 (Virobay), VCH-759 (Vertex & ViraChem), VCH-916 (ViraChem), 

VX-222 (VCH-222) (Vertex & ViraChem), VX-500 (Vertex), VX-759 (Vertex), VX-813 (Vertex), 

10 VX-985 (Vertex), or a combination thereof. 

In another embodiment, a phannaceutical composition of the invention comprises (1) a 

compound of Formula I, IA, IB, Ic, ID, IE, IF or IG, or preferably a compound selected from the title 

compounds of the above Examples or Table 5, or a salt, solvate or prodrug thereof, and (2) one or 

more HCV protease inhibitors selected from ACH-1095 (Achillion), ACH-1625 (Achillion), ACH-

15 2684 (Achillion), AVL-181 (Avila), AVL-192 (Avila), BI-201335 (Boehringer Ingelheim), BMS-

650032 (BMS), boceprevir, danoprevir, GS-9132 (Gilead), GS-9256 (Gilead), GS-9451 (Gilead), 

IDX-136 (Idenix), IDX-316 (Idenix), IDX-320 (Idenix), MK-5172 (Merck), narlaprevir, PHX-1766 

(Phenomix), telaprevir, TMC-435 (Tibotec), vaniprevir, VBY708 (Virobay), VX-500 (Vertex), VX-

813 (Vertex), VX-985 (Vertex), or a combination thereof. 

20 In yet another preferred embodiment, a pharmaceutical composition of the invention 

comprises (1) a compound of Fonnula I, IA, IB, Ic, ID, IE, IF or IG, or preferably a compound selected 

from the title compounds of the above Examples or Table 5, or a salt, solvate or prodrug thereof, and 

(2) one or more HCV polymerase inhibitors selected from ABT-072 (Abbott), ABT-333 (Abbott), 

ANA-598 (Anadys), BI-207I27 (Boehringer Ingelheim), RILB-194I (Boehringer Ingelheim), BMS-

25 791325 (BMS), filibuvir, GL59728 (Glaxo), GL60667 (Glaxo), GS-9669 (Gilead), IDX-375 (idenix), 

MK-3281 (Merck), tegobuvir, TMC-647055 (Tibotec), VCH-759 (Vertex & ViraChem), VCH-916 

(ViraChem), VX-222 (VCH-222) (Vertex & ViraChem), VX-759 (Vertex), GS-6620 (Gilead), IDX-

102 (Idenix), IDX-184 (Idenix), INX-189 (Inhibitex), MK-0608 (Merck), PSI-7977 (Pliannasset), 

PSI-938 (Pharmasset), RG7128 (Roche), TMC64912 (Medivir), GSK625433 (GlaxoSmithKline), 

30 BCX-4678 (BioCryst), or a combination thereof. The polymerase inhibitor(s) can include (i) one or 

more nucleotide polymerase inhibitors selected from GS-6620 (Gilead), IDX-102 (Idenix), IDX-184 

(Idenix), INX-189 (Inhibitex), MK-0608 (Merck), PSI-7977 (Pharmasset), PSI-938 (Pharmasset), 

RG7128 (Roche), TMC64912 (Medivir), or a combination therefore; or (ii) one or more non-

nucleoside polymerase inhibitors selected from ABT-072 (Abbott), ABT-333 (Abbott), ANA-598 

35 (Anadys), BI-207127 (Boehringer Ingelheim), BILB-1941 (Boehringer Ingelheim), BMS-791325 

(BMS), filibuvir, GL59728 (Glaxo), GL60667 (Glaxo), GS-9669 (Gilead), IDX-375 (Idenix), MK-
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3281 (Merck), tegobuvir, TMC-647055 (Tibotec), VCH-759 (Vertex & ViraChem), VCH-916 

(ViraChem), VX-222 (VCH-222) (Vertex & ViraChem), VX-759 (Vertex), or a combination thereof; 

or (iii) both a nucleotide polymerase inhibitor(s) and a non-nucleoside polymerase inhibitor(s). 

In a further embodiment, a pharmaceutical composition of the invention comprises (1) a 

5 compound of Fonnula I, IA, IR, IC, ID, 1R, IF or IG, or preferably a compound selected from the title 

compounds of the above Examples or Table 5, or a salt, solvate or prodrug thereof, (2) one or more 

HCV protease inhibitors selected from ACH-1095 (Achillion), ACH-i625 (Achillion), ACH-2684 

(Achillion), AVL-181 (Avila), AVL-192 (Avila), BI-201335 (Boehringer Ingelheim), BMS-650032 

(BMS), boceprevir, danoprevir, GS-9132 (Gilead), GS-9256 (Gilead), GS-9451 (Gilead), IDX-136 

10 (Idenix), IDX-316 (Idenix), IDX-320 (Idenix), MK-5172 (Merck), narlaprevir, PHX-1766 

(Phenomix), telaprevir, TMC-435 (Tibotec), vaniprevir, VBY708 (Virobay), VX-500 (Vertex), VX-

813 (Vertex), VX-985 (Vertex), or a combination thereof, and (3) one or more HCV polymerase 

inhibitors selected from ABT-072 (Abbott), ABT-333 (Abbott), ANA-598 (Anadys), BI-207127 

(Boehringer Ingelheim), BILB-1941 (Boehringer Ingelheim), BMS-791325 (BMS), filibuvir, 

15 GL59728 (Glaxo), GL60667 (Glaxo), GS-9669 (Gilead), IDX-375 (Idenix), MK-3281 (Merck), 

tegobuvir, TMC-647055 (Tibotec), VCH-759 (Vertex & ViraChem), VCH-916 (ViraChem), VX-222 

(VCH-222) (Vertex & ViraChem), VX-759 (Vertex), GS-6620 (Gilead), IDX-102 (Idenix), IDX-184 

(Idenix), INX-189 (Inhibitex), MK-0608 (Merck), PSI-7977 (Pharmasset), PSI-938 (Pharmasset), 

RG7128 (Roche), TMC64912 (Medivir), GSK625433 (GlaxoSmithKline), BCX-4678 (BioCryst), ore 

20 a combination thereof. The polymerase inhibitor(s) can include (i) one or more nucleotide 

polymerase inhibitors selected from GS-6620 (Gilead), IDX-102 (Idenix), IDX-184 (Idenix), INX-

189 (Inhibitex), MK-0608 (Merck), PSI-7977 (Pharmasset), PSI-938 (Pharmasset), RG7128 (Roche), 

TMC64912 (Medivir), or a combination therefore; or (ii) one or more non-nucleoside polymerase 

inhibitors selected from ABT-072 (Abbott), ABT-333 (Abbott), ANA-598 (Anadys), BI-207127 

25 (Boehringer Ingelheim), BILB-1941 (Boehringer Ingelheim), BMS-791.325 (BMS), filibuvir, 

GL59728 (Glaxo), GL60667 (Glaxo), GS-9669 (Gilead), IDX-375 (Idenix), MK-3281 (Merck), 

tegobuvir, TMC-647055 (Tibotec), VCH-759 (Vertex & ViraChem), VCH-916 (ViraChem), VX-222 

(VCH-222) (Vertex & ViraChem), VX-759 (Vertex), or a combination thereof; or (iii) both a 

nucleotide polymerase inhibitor(s) and a non-nucleoside polymerase inhibitor(s). 

30 In still another embodiment, a pharmaceutical composition of the invention comprises (1) a 

compound of Formula I, 1A, IB, IC, ID, IE, IF or lo, or preferably a compound selected from the title 

compounds of the above Examples or Table 5, or a salt, solvate or prodrug thereof, and (2) an 

cyclophilin inhibitor (e.g., alisporovir, NM-811 (Novartis), SCY-635 (Scynexis)), an entry inhibitor 

(e.g., ITX-4520 (iTherx) or ITX-5061 (iTherx)), another NS5A inhibitor (e.g., ), or a TLR-7 agonist 

35 (e.g., GS-9620 (Gilead) or PF-4878691 (Pfizer)), and (3) optionally one or more HCV protease or 

polymerase inhibitors described above. 
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A phannaceutical composition containing multiple active ingredients can be either a co-

formulated product, a co packaged product, or a combination thereof. 

A phannaceutical composition of the present invention typically includes a pharmaceutically 

acceptable carrier or excipient. Non-limiting examples of suitable pharmaceutically acceptable 

5 carriers/excipieiits include sugars (e.g., lactose, glucose or sucrose), starches (e.g., corn starch or 

potato starch), cellulose or its derivatives (e.g., sodium carboxymethyl cellulose, ethyl cellulose or 

cellulose acetate), oils (e.g., peanut oil, cottonsecd 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, 

10 pyrogen-free water, isotonic saline, Ringer's solution, ethanol, or phosphate buffer solutions. 

Lubricants, coloring agents, releasing agents, coating agents, sweetening, flavoring or perfuming 

agents, preservatives, or antioxidants can also be included in a pharmaceutical composition of the 

present invention. 

The pharmaceutical compositions of the present invention can be formulated based on their 

15 routes of administration using methods well known in the art. For example, a sterile injectable 

preparation can be prepared as a sterile injectable aqueous or oleagenous suspension using suitable 

dispersing or wetting agents and suspending agents. Suppositories for rectal administration can be 

prepared by mixing drugs with a suitable nonirritating excipient such as cocoa butter or polyethylene 

glycols which are solid at. ordinary temperatures but liquid at the rectal temperature and will therefore 

20 melt in the rectum and release the drugs. Solid dosage forms for oral administration can be capsules, 

tablets, pills, powders or granules. In such solid dosage forms, the active compounds can be admixed 

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 fbnns may also comprise buffering agents. Tablets and pills can 

25 additionally be prepared with enteric coatings. Liquid dosage forms for oral administration can 

include pharmaceutically acceptable emulsions, solutions, suspensions, syrups or elixirs containing 

inert diluents commonly used in the art. Liquid dosage fonns may also comprise wetting, 

emulsifying, suspending, sweetening, flavoring, or perfuming agents. The pharmaceutical 

compositions of the present invention can also be administered in the form of liposomes, as described 

30 in U.S. Patent No. 6,703,403. Formulation of drags that are applicable to the present invention is 

generally discussed in, for example, Hoover, John E., REMINGTON'S PHARMACEUTICAL SCIENCES 

(Mack Publishing Co., Easton, PA: 1975), and Lachman, L., eds., PHARMACEUTICAL DOSAGE FORMS 

(Marcel Decker, New York, N.Y., 1980). 

Any compound described herein, or a pharmaceutically acceptable salt thereof, can be used to 

35 prepared, phannaceutical compositions of the present invention. 
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In a preferred embodiment, a compound of the invention (e.g., a compound of Fonnula I, IA, 
T r T T T <\i- T. r,r fprablV a OfJtTiHOlJnd HAecriKp/l nr a salt cnh/ttf^ nr nmdrno XD5 1lb '-by -L> v/a vvuijny uiiu- v^vu w * «*/ vv. ^ ^ j..-

thereof) is foirnulated in a solid dispersion, where the compound of the invention can be molecularly 
dispersed in an amorphous matrix which comprises a pharmaceutically acceptable, hydrophilic 

5 polymer. The matrix may also contain a pharmaceutically acceptable surfactant. Suitable solid, 
dispersion technology for formulating a compound of the invention includes, but is not limited to, 
melt-extrusion, spray-drying, co-precipitation, freeze drying, or other solvent evaporation techniques, 
with melt-extrusion and spray-drying being preferred. In one example, a compound of the invention 
is formulated in a solid dispersion comprising copovidone and vitamin E TPGS. In another example, 

10 a compound of the invention is formulated in a solid dispersion comprising copovidone and. Span 20. 
A solid dispersion described herein may contain at least 30% by weight of a pharmaceutically 

acceptable hydrophilic polymer or a combination of such hydrophilic polymers. Preferably, the solid 
dispersion contains at least 40% by weight of a pharmaceutically acceptable hydrophilic polymer or a 
combination of such hydrophilic polymers. More preferably, the solid dispersion contains at least 

15 50%) (including, e.g., at least 60%, 70%, 80% or 90%) by weight of a pharmaceutically acceptablc 
hydrophilic polymer or a combination of such polymers. A solid dispersion described herein may 
also contain at least 1% by weight of a pharmaceutically acceptable surfactant or a combination of 
such surfactants. Preferably, the solid dispersion contains at least 2% by weight of a pharmaceutically 
acceptable surfactant or a combination of such surfactants. More preferably, the solid dispersion 

20 contains from 4% to 20% by weight of the surfactant(s), such as from 5% to 10% by weight of the 
surfactant(s). In addition, a solid dispersion described herein may contain at least 1% by weight of a 
compound of the invention, preferably at least 5%, including, e.g., at least 10%. In one example, the 
solid dispersion comprises 5% of a compound of the invention (e.g., a compound of Fonnula I, IA, IB, 
Ic, ID, IR, IF or IG, or preferably a compoimd described hereinabove, or a salt, solvate or prodrug 

25 thereof), which is molecularly dispersed in a an amorphous matrix comprising 7% Vitamin E-TPGS 
and 88% copovidonc; the solid dispersion can also be mixed with other excipients such as 
mannitol/aerosil (99:1), and the weight ratio of the solid dispersion over the other excipients can range 

from 5:1 to 1:5 with 1:1 being preferred. In another example, the solid dispersion comprises 5% of a 
compound of the invention (e.g., a compound of Fonnula 1,1A, IB, Ic, ID, IE, Ip or IG, or preferably a 

30 compound described hereinabove, or a salt, solvate or prodrug thereof), which is molecularly 

dispersed in a an amorphous matrix comprising 5% Span 20 and 90% copovidone; the solid 
dispersion can also be mixed with other excipients such as mannitol/aerosil (99:1), the solid 
dispersion can also be mixed with other excipients such as mannitol/aerosil (99:1), and the weight 

ratio of the solid dispersion over the other excipients can range from 5:1 to 1:5 with 1:1 being 
35 preferred. 
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Various additives can also be included in or mixed, with the solid dispersion. For instance, at 

least one additive selected from flow regulators, binders, lubricants, fillers, disintegrants, plasticizers, 

colorants, or stabilizers may be used in compressing the solid dispersion to tablets. These additives 

can be mixed, with ground or milled solid dispersion before compacting. Disintegrants promote a 

5 rapid disintegration of the compact in the stomach and keeps the liberated granules separate from one 

another. Non-limiting examples of suitable disintegrants are cross-linked, polymers such as cross-

linked polyvinyl pyrrolidone, cross-linked sodium carboxymethylcellulose or sodium croscarmellose. 

Non-limiting examples of suitable fillers (also referred to as bulking agents) are lactose monohydrate, 

calcium hydrogenphosphate, macrocrystalline cellulose (e.g., Avicell), silicates, in particular silicium 

10 dioxide, magnesium oxide, talc, potato or corn starch, isomalt, or polyvinyl alcohol. Non-limiting 

examples of suitable flow regulators include highly dispersed silica (e.g., colloidal silica such as 

Aerosil), and animal or vegetable fats or waxes. Non-limiting examples of suitable lubricants include 

polyethylene glycol (e.g., having a molecular weight of from 1000 to 6000), magnesium and calcium 

stearates, sodium stearyl fumarate, and the like. Non-limiting examples of stabilizers include 

15 antioxidants, light stabilizers, radical scavengers, or stabilizers against microbial attack. 

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

invention (or salts, solvates or prodrugs thereof) to inhibit HCV replication. The methods comprise 

contacting cells infected with HCV vims with an effective amount of a compound of the present 

invention (or a salt, solvate or prodrug thereof), thereby inhibiting the replication of HCV vims in the 

20 cells. As used herein, "inhibiting" means significantly reducing, or abolishing, the activity being 

inhibited (e.g., viral replication). In many cases, representative compounds of the present invention 

can reduce the replication of HCV virus (e.g., in an HCV replicon assay as described above) by at 

least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more. 

The compounds of the present invention may inhibit one or more HCV subtypes. Examples 

25 of HCV subtypes that are amenable to the present invention include, but are not be limited to, HCV 

genotypes 1, 2, 3, 4, 5 and 6, including HCV genotypes la, lb, 2a, 2b, 2c, 3a or 4a. 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 

30 replication of HCV genotype lb. In still another embodiment, a compound or compounds of the 

present invention (or salts, solvates or prodrugs thereof) are used to inhibit the replication of both 

HCV genotypes la and. lb. 

The present invention also features methods of using the compounds of the present invention 

(or salts, solvates or prodrugs thereof) to treat HCV infection. The methods typically comprise 

35 administering a therapeutic effective amount of a compound of the present invention (or a salt, solvate 

or prodrug thereof), or a pharmaceutical composition comprising the same, to an HCV patient, 
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thereby reducing the HCV viral level in the blood or liver of the patient. As used herein, the term 
IA TPVPT^ITl f*" ?Hm?i« 11nrr i-nVnk-H-ina ih<* nrnarpcc nf nr nm/pnfino fhp» Hicmv5pr nr UVUUUg, IWiVlO WV IV'ViJUljj, UXXV ' ^ - ..«.£, w. v, -

condition, or one or more symptoms of such disorder or condition to which such term applies. The 
tern "treatment" refers to the act of treating. In one embodiment, the methods comprise 

5 administering a therapeutic effective amount of two or more compounds of the present invention (or 
salts, solvates or prodrugs thereof), or a phannaceutical composition comprising the same, to an HCV 
patient, thereby reducing the HCV viral level in the blood or liver of the patient. 

A compound of the present invention (or a salt, solvate or prodrug thereof) can be 
administered as the sole active phannaceutical 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 phannaceutically acceptable salt thereof, can be employed in the 
methods of the present invention, in one embodiment, the present invention features methods of 
treating HCV infection, wherein said methods comprise administering a compound of the invention 

15 (e.g., a compound of Fonnula I, IA, IB. Ic, ID, IE, h or I.G, or preferably a compound described 
hereinabove, or a salt, solvate or prodrug thereof), interferon and ribavirin to an HCV patient. The 

interferon preferably is a-interferon, and more preferably, pegylated interferon-a such as PEGASYS 

(peginterferon alfa-2a). 
In another embodiment, the present invention features methods of treating HCV infection, 

20 wherem said methods comprise administering a compound of the invention (e.g., a compound of 

Fonnula I, IA, IB, Ic, ID, IE, IF or IG, or preferably a compound selected, from the title compounds of the 
above Examples or Table 5, or a salt, solvate or prodrug thereof), and one or more HCV 
inhibitors/modulators described above, with or without interferon. 

A compound, of the present invention (or a salt, solvent or prodrug thereof) can be 
25 administered to a patient in a single dose or divided doses. A typical daily dosage can range, without 

limitation, from 0.1 to 200 mg/kg body weight, such as from 0.25 to 100 mg/kg body weight. Single 
dose compositions can contain these amounts or submultiples thereof to make up the daily dose. 
Preferably, each dosage contains a sufficient amount of a compound of the present invention that is 
effective in reducing the HC V viral load in the blood or liver of the patient. The amount of the active 

30 ingredient, or the active ingredients that are combined, to produce a single dosage form may vary 
depending upon the host treated and the particular mode of administration. It will be understood that 
the specific dose level for any particular patient will depend upon a variety of factors including the 
activity of the specific compound employed, the age, body weight, general health, sex, diet, time of 
administration, route of administration, rate of excretion, drug combination, and the severity of the 

35 particular disease undergoing therapy. 
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The present invention further features methods of using the pharmaceutical compositions of 

the present invention to treat HCV infection. The methods typically comprise administering a 

pharmaceutical composition of the present invention to an HCV patient, thereby reducing the HCV 

viral level in the blood or liver of the patient. Any pharmaceutical composition described herein can 

5 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 compoimd 

described herein, or a pharmaceutically acccptable salt thereof, can be used to make medicaments of 

the present invention. 

10 The compounds of the present invention can also be isotopically substituted. Preferred 

isotopic substitution include substitutions with stable or nonradioactive isotopes such as deuterium, 
ljC, I5N 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 the drug. In one example, at 

least 5 mol % (e.g., at least 10 mol %) of hydrogen in a compound of the present invention is 

15 substituted with deuterium. In another example, at least 25 mole % of hydrogen in a compound of the 

present invention is substituted, with deuterium. In a further example, at least 50, 60,70, 80 or 90 mole 

% of hydrogen in a compound, of the present invention is substituted with deuterium. The natural 

abundance of deuterium is about 0.015%. Deuterium substitution or enrichment can be achieved, 

without limitation, by either exchanging protons with deuterium or by synthesizing the molecule with 

20 enriched or substituted, starting materials. Other methods known in the art can also be used for 

isotopic substitutions. 

The foregoing description of the present invention provides illustration and description, but is 

not intended to be exhaustive or to limit the invention to the precise one disclosed. Modifications and 

variations arc possible in light of the above teachings or may be acquired from practice of the 

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

equivalents. 
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CLAIMS: 
1. Methyl {(21S,s3^)-l-[(2tS}-2-{5-[(2£,5^>l-{3,5-difluoro-4-[4-(4-

fmorophenyl)piperidm-i-yljphenyi}-5-(6-fmoro-2-{(25)-l-[/v-(methoxycarbonyI}-0-msthyl-L-
threonyl]pyrrondin-2-yl}-lif-benzimidazol-5-y!)pyn-oIidin-2-yl]-6-fiuoro-l#-benzimidazc)l-2-
yljpynolidin-1-yl]-3-methoxy-l-oxobutari-2-yl} carbamate 

(3,5-difluoro-4-[4-(4-fluorophenyl)piperidin-1 -yl]phenyl}-5-(6-fluoro-2- {(25)-1 -[N-
(mefooxycarbonyl)-0-methyl-L-threonyl]pyrrolidin-2-yl}-l#-benzimidazol-5-yl)pyrrolidin-2-yl]-
6-fluoro-liF/-benzimidazo]-2-yI}pyrrolidin-l-yI]-3-methoxy-l-oxobntan-2-yl} carbamate. 

3. Use of the compound of claim 1, or a pharmaceutically acceptable salt thereof, in the 

manufacture of a medicament for treating a patient infected with HCV. 

F 

0 ^ )s or a pharmaceutically acceptable salt thereof. 

2. A pharmaceutical composition comprising methyl {(2S,3R)-l-[(2S)-2-{5-[(2R,5R)-] 
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